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Preface

In recent years there has been an overwhelming 
interest in the role of diet and nutrition in gastroin-
testinal health and disease. There are a number of 
general books that focus on combining these topics 
but not  specifically at an advanced level. The aim of 
this book is to be an essential and authoritative ref-
erence and review for an international audience of 
health professionals involved in the management or 
research of patients with gastrointestinal disorders.

The book is divided into four main sections:

 • The first section is devoted to the physiology and 
function of the gastrointestinal and hepatobiliary 
tract including all the major organs, the gastro-
intestinal microbiota and the role of the gut 
 neuroendocrine system in appetite regulation.

 • The second section covers specific dietary com-
ponents including fibre, short-chain fermentable 
carbohydrates, probiotics and the gastrointestinal 
microbiota and prebiotics in relation to gastro-
intestinal health.

 • The third and fourth sections focus on gastroin-
testinal and hepatobiliary disorders respectively. 
These are comprehensive sections reviewing the 
evidence base relating to the pathogenesis, nutri-
tional consequences and dietary management of 
disease.

The book provides a cutting-edge review of the evi-
dence base relating to the basic aspects (for example, 
mechanistic aspects of physiology, immunology, 
microbiology, etc.) and applied aspects (for example, 
 dietary impact and intervention) of diet and nutrition 
in gastrointestinal health and extensive focus on diet 
in the causation and treatment of gastrointestinal 
disease.

Each chapter provides a critical review of the 
key literature in each area, focussing on estab-
lished areas of understanding and also on current 
controversies and areas of current and future 
development and investigation. The chapters 
extensively draw upon the literature with a focus 
on mechanisms as well as critical reviews of the 
efficacy of interventions and, where available, ref-
erence systematic reviews and meta-analyses.

The book is pitched at an advanced level to reflect 
the expertise of the readership. The intended reader-
ship is practitioners, researchers and educators in 
the area of gastrointestinal health and disease. This 
will include an interprofessional mix of dietitians, 
gastroenterologists, hepatologists, nutritionists, 
specialist nurses and surgeons. Due to the advanced 
level of the book, it may also be an invaluable 
resource for students in the final year of a Bachelors 
or Masters Degree in dietetics, nutrition, medicine 
or nursing, especially those undertaking relevant 
course units or research projects. It will also be of 
interest to those doing applied research in the areas 
of gastrointestinal immunology or microbiology. 
The book will also be of use for  university educa-
tors preparing teaching materials in the above areas.

Miranda Lomer Phd rd
senior consultant dietitian

Guy’s and st thomas’ nHs Foundation trust

Honorary senior Lecturer
King’s college London

editor
Advanced Nutrition and Dietetics in 

Gastroenterology



viii  Preface

This book is the first title in a series commissioned as 
part of a major initiative between the British Dietetic 
Association and the publisher, Wiley. Each book in 
the series provides a comprehensive and critical 
review of the key literature in each clinical area. Each 
book is edited by one or more experts who have 
themselves undertaken extensive research and pub-
lished widely in the relevant topic area. Each book 
chapter is written by experts drawn from an interna-
tional audience and from a variety of disciplines as 
required of the relevant chapter (for example, dietet-
ics, medicine, public health, basic sciences). We are 

proud to present the first title in the series: Advanced 
Nutrition and Dietetics in Gastroenterology. We 
hope that it impacts on health professionals’ under-
standing and application of nutrition and dietetics in 
the management of people with gastrointestinal dis-
ease and improves outcomes for such patients.

Kevin Whelan Phd rd
Professor of dietetics

King’s college London
series editor

Advanced Nutrition and Dietetics Book Series



Foreword

It is an honour and a privilege to write a foreword 
for this exceptional book devoted to nutrition and 
dietetics in gastrointestinal health and disease. 
Nutrition is a major discipline in gastroenterology 
and is often overlooked.

The first question a patient asks when faced with 
gastrointestinal problems is regarding diet. Up to 
now gastroenterologists have been poorly informed 
in answering this question. Nutrition should be an 
integral part of the undergraduate curriculum. It 
should also be included as a module for trainees in 
gastroenterology. This is largely ignored. Dietitians 
have a key role in the multidisciplinary team that 
cares for patients with gastrointestinal conditions 
and are experts in food and nutrition.

This book is very welcome as it has contributions 
from key opinion leaders in gastroenterology 
who  have contributed significantly to the field of 
nutrition. Advanced Nutrition and Dietetics in 
Gastroenterology is edited by Miranda Lomer 
who  has extensive knowledge and an enviable 
Curriculum Vitae in both research and clinical man-
agement of dietary challenges.

This book is a comprehensive text, and reviews 
concisely and succinctly, carefully annotated sec-
tions relating to the physiology and function of the 
gastrointestinal and hepatobiliary tract; dietary 
components relevant to gastrointestinal health; and 

the role diet plays in gastrointestinal and hepatol-
ogy disorders. It is logical that diet has an effect on 
the microenvironment of the gut. Diet can affect the 
gastrointestinal mucosa directly and indirectly by 
altering the gastrointestinal microbiota. Nutrition in 
gastroenterology is a vast area to cover and in addi-
tion to practical aspects, this book thoroughly 
reviews the evidence base and proposes new areas 
for research.

This book is the result of close collaboration 
between dietitians, gastroenterologists and scien-
tists dedicated to gastroenterology. It highlights the 
importance of diet in the multidisciplinary manage-
ment of patients with gastrointestinal and hepatobil-
iary disease. It explores the therapeutic dietary 
strategies required and will improve patient care.

I would recommend Advanced Nutrition and 
Dietetics in Gastroenterology as essential reading 
for dietitians, physicians, surgeons and scientists 
with an enquiring mind on the role of diet in health 
and disease, and it should be mandatory for trainees 
in gastroenterology.

Professor colm o’Morain
emeritus Professor of Medicine

trinity college dublin
President of the united european 

Gastroenterology Federation 2011–2013
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SECTION 1

Physiology and function of 
the gastrointestinal and  
hepatobiliary tract





Advanced Nutrition and Dietetics in Gastroenterology, First Edition. Edited by Miranda Lomer. 
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

Chapter 1.1

1.1.1 Physiology

The mouth is an important organ as it is the entry 
point into the gastrointestinal (GI) tract and damage 
and disease can compromise dietary intake. Even 
very minor disorders can have a profound impact on 
nutritional status.

Anatomy

The oral cavity consists of a number of structures.
The lips surround the mouth and comprise skin 

externally and a mucous membrane (which has 
many minor salivary glands) internally, which 
together with saliva ensure adequate lubrication for 
the purposes of speech and mastication.

The cheeks make up the sides of the mouth and 
are similar in structure to the lips with which they 
are continuous but differ in containing a fat pad in 
the subcutaneous tissue. On the inner surface of 
each cheek, opposite the upper second molar tooth, 
is an elevation that denotes the opening of the 
parotid duct which leads back to the parotid gland 
located in front of the ear.

The palate (roof of the mouth) is concave and 
formed by the hard and soft palate. The hard 
 palate is formed by the horizontal portions of 
the  two palatine bones and the palatine portions 
of the maxillae (upper jaws). The hard palate 
is   covered by thick mucous membrane that is 
 continuous with that of the gingivae. The soft 
 palate is continuous with the hard palate anteri-
orly and with the mucous membrane covering 

the floor of the nasal cavity posteriorly. The soft 
palate is made up of a fibrous sheet together with 
the  glossopalatine and pharyngopalatine muscles 
and the uvula hangs freely from its posterior 
border.

The floor of the mouth can only be seen when 
the tongue is raised and is formed by the mucosa 
overlying the mylohyoid muscle. In the midline is 
the  lingual frenum (a fold of mucous membrane), 
on either side of which is the opening of the 
 submandibular duct from the associated subman-
dibular gland.

The gingivae form a collar around the neck of the 
teeth and consist of mucous membranes connected 
by thick fibrous tissue to the periosteum surround-
ing the bones of the jaw. The gingivae are highly 
vascular and well innervated.

The teeth are important in mastication and in 
humans, who are omnivores, they enable both plant 
and animal tissue to be chewed effectively. Each 
tooth consists of a crown, which varies in shape 
dependent on the position in the mouth, and one or 
more roots. There are eight permanent teeth in each 
quadrant, consisting of two incisors, a canine, two 
premolars and three molars, resulting in a total of 
32 permanent teeth.

The tongue is a highly mobile, muscular organ in 
the floor of the mouth which is important in speech, 
chewing and swallowing. In conjunction with the 
cheeks, it guides food between the upper and lower 
teeth until mastication is complete. The taste buds 
situated on the tongue are responsible for the 
 sensation of taste (salt, bitter, sweet and sour).

Physiology and function of the mouth
Michael P. escudier
King’s College London and Guy’s and St Thomas’ NHS Foundation Trust London, UK
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Function

The main role of the mouth is to prepare food for 
swallowing via the oesophagus and its subsequent 
passage to the stomach. The first phase of this 
 process is mastication (chewing) which requires 
activity in the muscles of mastication (masseter, 
temporalis, medial and lateral pterygoids and buc-
cinator). Chewing helps digestion by reducing food 
to small particles and mixing it with the saliva 
secreted by the salivary glands. The saliva lubricates 
and moistens dry food whilst the movement of the 
tongue against the hard palate produces a rounded 
mass (bolus) of food which can be swallowed.

The saliva required for this process is produced 
by the three paired major salivary glands (parotid, 
submandibular and sublingual), together with the 
many minor salivary glands throughout the oro-
pharynx. The total daily production of saliva is 
around 500 mL, with the rate of production around 
0.35 mL/min at rest which increases to 2.0 mL/min 
during eating and falls to 0.1 mL/min during sleep. 
The contribution of the various glands varies at rest 
and during eating (Table 1.1.1).

In addition to its role in digestion and taste, saliva 
produces a film which coats the teeth and mucosa and 
helps to cleanse and lubricate the oral cavity. It also 
prevents dessication of the oral mucosa and acts as a 
barrier to oral microbiota [1], both physically and 
through its antimicrobial activity. The buffers within it 
also help to maintain optimal pH for the action of the 
salivary amylase and maintain the structure of the teeth.

Role in digestion

Very little digestion of food occurs in the oral  cavity. 
However, saliva does contain the enzyme amylase 
which begins the chemical process of digestion by 
catalysing the breakdown of starch into sugars.

1.1.2 Measurement and 
assessment of function

Salivary function is the most commonly assessed 
measure of oral function and can be achieved clini-
cally by using the Challacombe dry mouth scale 
(Box 1.1.1).

A reasonable indication of salivary function may 
be obtained by measuring the resting (unstimulated) 
salivary flow over a period of 10 min. In health, the 
rate will normally be around 0.35 mL/min with a 
range of 0.2–0.5 mL/min. However, this will be 
reduced in the presence of xerostomic medications 
or underlying conditions such as Sjögren’s syn-
drome and a value below 0.2 mL/min requires 
 further investigation and below 0.1 mL/min is indic-
ative of an underlying condition or disease process. 
Whilst the stimulated parotid flow rate may also be 
determined, neither is particularly reliable and 
hence both should only be viewed as indicative 
rather than diagnostic.

1.1.3 Dental disease

The oral cavity is home to around 500 different 
microbial species. These bacteria together with 
saliva and other particles constantly form a sticky, 
colourless ‘plaque’ on the surface of teeth. Brushing 
and flossing help to remove this layer which is inti-
mately involved in the development of dental caries 
and gingivitis. Plaque that is not removed can harden 

Box 1.1.1 Challacombe dry mouth scale

One point for each feature to a maximum of 10

•  Mirror sticks to one buccal mucosa
•  Mirror sticks to both buccal mucosa
•  Mirror sticks to tongue
•  Saliva frothy
•  No saliva pooling in floor of mouth
•  Tongue shows loss of papillae
•  Altered (smooth) gingival architecture
•  Glassy appearance to oral mucosa
•  Cervical caries (more than two teeth)
•  Tongue highly fissured
•  Tongue lobulated
•  Debris on palate

Table 1.1.1 Contribution of groups of salivary 
glands to overall saliva production at rest and 
during eating

Resting % Stimulated %

Parotid 20 50
Submandibular 65 49
Sublingual  8
Minor  7  1
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and form calculus which requires professional clean-
ing by a dentist or dental hygienist to prevent the 
development of periodontal disease which can lead 
to the destruction of the dental support structures and 
eventually loss of the affected tooth or teeth.

Whilst both dental caries and periodontal disease 
have been common for many years, non-carious 
tooth surface loss, particularly in the form of ero-
sion, is a more recent development and is associated 
with modern lifestyle and dietary intake.

Dental caries

Dental caries can occur at any stage throughout life 
and is one of the most common preventable diseases 
in childhood [2]. In developed countries there has 
been a fall in the lifetime experience of dental  caries by 
at least 75% since the 1960s but it still remains a 
 concern in children from low socioeconomic groups 
and immigrants from outside Western Europe.

The occurrence of decay requires the presence 
of  teeth, oral micobiota, carbohydrate and time. 
Following a meal, oral microbiota in plaque on the 
tooth surface ferment carbohydrate to organic acids. 
This rapid acid production lowers the pH at the 
enamel surface below the level (the critical pH) at 
which enamel will dissolve. When the carbohydrate 
supply is exhausted, the pH within plaque rises, due 
to the outward diffusion of the acids and their metab-
olism and neutralisation, and remineralisation of 
enamel can occur. Dental caries only progresses when 
demineralisation is greater than remineralisation.

As a result, the risk of dental decay is greatly 
increased by the intake of fermentable carbohy-
drate, e.g. sugars, at a frequency which results in the 
pH remaining below the critical level (the highest 
pH at which there is a net loss of enamel from the 
teeth, which is generally accepted to be about 5.5 
for enamel). This risk can be negated by the total 
avoidance of sugar or at least minimised by limiting 
the frequency of intake, e.g. no between-meals 
consumption.

Periodontal disease

The presence of bacteria on the gingiva causes 
inflammation (gingivitis), resulting in the gums 
becoming red and swollen and often bleeding 
 easily. Gingivitis is a mild form of gum disease that 

can usually be reversed with regular tooth brushing 
and flossing. This form of gum disease does not 
include any loss of bone or support tissue.

If gingivitis is not treated, the inflammation can 
spread and result in the loss of attachment of the 
gum to the tooth and the development of ‘pockets’ 
that are colonised by bacteria. The body’s immune 
system fights these bacteria and as a by-product 
the  body’s natural response and bacterial toxins 
break down the bone and connective tissue that sup-
port the teeth. If this condition remains untreated, 
the teeth may eventually become mobile and require 
removal.

While some people are more susceptible than 
others to periodontal disease, smoking is one of 
the most significant risk factors and also reduces 
the  chances of successful treatment. Periodontal 
 disease has been reported as a potential risk factor 
for  cardiovascular disease, poorly controlled diabe-
tes and preterm low birth weight [3].

Non-carious tooth surface loss

Regular consumption of acidic foods and drinks can 
reduce the pH below the critical level and the sur-
face layer of enamel is then lost through a combina-
tion of erosion, attrition (action of teeth on teeth) 
and abrasion (by foodstuffs). Over time, the full 
thickness of the enamel may be lost in this way, 
leaving exposed dentine which is often associated 
with sensitivity to temperature changes. This situa-
tion may be avoided by limiting the intake of acidic 
food and drink, e.g. carbonated drinks.

1.1.4 Oral manifestations 
of gastrointestinal disease

Oral manifestations can arise either as a direct 
 presentation of the condition itself or secondary to 
the effects of the condition or its treatment.

Malabsorption may lead to iron, vitamin B12 or 
folate deficiency whilst blood loss is most com-
monly associated with iron deficiency. In all cases, 
a deficiency state may occur, resulting in anaemia. 
This can present with depapillation of the tongue 
(glossitis), a burning sensation affecting the 
oral  mucosa, angular cheilitis or oral ulceration. 
Correction of the underlying deficiency state will 



6  SECTION 1: Physiology and function of the gastrointestinal and hepatobiliary tract

therefore be associated with their improvement 
and resolution.

Medical therapy commonly involves the use of 
corticosteroids or other immunosuppressive medi-
cations. Both of these increase the risk of opportun-
istic infections and hence oral candidosis [4] is 
frequently seen in the form of angular cheilitis 
 (redness, crusting and splitting of the corners of the 
mouth), denture stomatitis (erythema of the mucosa 
in contact with the fit surface of a denture), acute 
pseudomembranous candidosis or oral soreness/
burning affecting the tongue or oral mucosa. Some 
medications, e.g. methotrexate, may also cause oral 
ulceration which will only resolve on cessation of 
the treatment.

In contrast, disease-specific presentations vary 
and are discussed below.

Gastro-oesophageal reflux disease

Due to the high acidity of the gastric contents 
(pH 1), chronic gastro-oesophageal reflux disease 
may result in erosion of the teeth [5]. This classi-
cally affects the palatal aspect of the upper anterior 
teeth but may extend further to affect the upper 
 premolar and molar teeth.

Coeliac disease

Coeliac disease may present with oral ulceration or 
dental enamel defects and, less commonly, atrophic 
glossitis. In addition, whilst the caries indexes are 
often lower than in unaffected individuals, they may 
experience delay in tooth eruption [6].

Crohn’s disease and orofacial 
granulomatosis

The precise relationship between Crohn’s disease 
and orofacial granulomatosis remains unclear [7]. 
They share many orofacial manifestations including 
cervical lymphadenopathy, lip swelling, angular 
cheilitis, mucosal tags, full-thickness gingivitis, 
submandibular duct ‘staghorning’, fibrous banding 
and oral ulceration [8].

The oral ulceration seen may arise in relation to 
an associated deficiency state or medical therapy 
when it is usually aphthoid in appearance. However, 

when it takes a linear form and occurs in the sulci, it 
is suggestive of underlying GI involvement requir-
ing further investigation [8].

Crohn’s disease may also rarely present with 
pyostomatitis gangrenosum (chronic ulceration) 
affecting the tongue or oral mucosa [9].

Ulcerative colitis

Oral features of ulcerative colitis are generally 
 secondary to the underlying condition or its treat-
ment. Rarely, pyostomatitis vegetans (a generalised 
ulceration of the oral mucosa) may be the initial pres-
entation of previously occult ulcerative colitis [10].

Irritable bowel syndrome (IBS)

A significant number of patients with IBS also have 
orofacial pain such as facial arthromyalgia (16%, 
[11]) or persistent orofacial pain (atypical facial 
pain, atypical odontalgia) [12]. Conversely, IBS has 
been shown to be present in many (64%) patients 
diagnosed with facial arthromyalgia [11].
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Chapter 1.2

The oesophagus co-ordinates the transport of food 
and fluid from the mouth to the stomach. The 
oesophagogastric junction (OGJ) is a physiological 
barrier which reduces reflux of gastric contents. In 
harmony, these processes limit contact of the swal-
lowed bolus, refluxed acid and other chemicals with 
oesophageal mucosa. Disruption of function can inter-
rupt bolus delivery or induce gastro- oesophageal 
reflux. Symptoms produced may range in severity 
from heartburn and regurgitation to dysphagia 
and pain.

1.2.1 Anatomy

Oesophagus

The oesophagus is a muscular tube connecting the 
pharynx to the stomach. The cervical oesophagus 
extends distally from the cricopharyngeus and the 
thoracic oesophagus terminates at the hiatal canal 
before it flares into the gastric fundus. The muscu-
laris propria consists of the outer longitudinal and 
inner circular muscle layers. The musculature is 
divided into the proximal striated and mid-distal 
smooth muscle. This proximal ‘transition zone’ is 
located one-third of the distance from the pharynx 
and is the site with the weakest force of peristaltic 
contractions [1].

Histologically, the oesophageal wall is composed 
of the mucosa, submucosa and muscularis mucosa. 
The oesophageal body is lined by non-keratinised 
stratified squamous epithelium which abruptly joins 
with the glandular gastric columnar epithelium at 

the squamocolumnar junction. This can be the site 
of mucosal change associated oesophagitis and 
Barrett’s oesophagus.

The antireflux barrier

The OGJ is not a clearly identifiable sphincter but 
its sphincter-like properties can be defined func-
tionally as a high-pressure zone between the 
 stomach and oesophagus. Sphincter competence is 
dependent on the integrity and overlap of the intrin-
sic lower oesophageal sphincter (LOS) and dia-
phragmatic crura. A separation, hiatus hernia, is 
associated with disruption of LOS integrity, loss of 
the intra-abdominal LOS segment and an increased 
susceptibility to gastro-oesophageal reflux.

1.2.2 Physiology and function

Voluntary swallowing initiates with ‘deglutitive 
inhibition’ of the smooth muscle oesophagus and 
LOS. This reflex relaxation is nitric oxide mediated 
and permits passage of the bolus with minimal 
resistance. The subsequent excitatory, predomi-
nantly cholinergic, activity produces a progressive 
wave of smooth muscle excitation. A co-ordinated 
peristalsis clears the bolus from the oesophagus.

The LOS exhibits a continuous resting (basal) 
tone which relaxes on stimulation of the intramural 
nerves such as during deglutitive inhibition (swallow-
ing). Disruption of this physiological process may 
impact on bolus transport and induce  symptoms 

Physiology and function of the oesophagus
rami sweis
University College London Hospital, London, UK
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(Box  1.2.1). A representative normal swallow 
using  high-resolution manometry is presented in 
Figure 1.2.1.

Spontaneous LOS relaxations normally occur as 
a response to gastric postprandial distension and 
bloating: ‘transient lower oesophageal sphincter 
relaxation’ (TLOSR). LOS relaxation can also fol-
low peristaltic activity: ‘swallow-induced lower 
oesophageal sphincter relaxation’ (SLOSR). 
Gastro-oesophageal reflux and belch occur when 
there is equalisation of pressure between the stom-
ach and oesophagus (common cavity) (Figure 1.2.2). 
Patients with gastro-oesophageal reflux disease 
(GORD) do not have an increased frequency of 
TLOSRs; rather, the tendency of reflux to occur 
during these events is greater [2]. The effectiveness 
of oesophageal clearance of refluxed material is an 
important contributor to the severity of GORD 
 [3–5]. Other determinants of GORD include the 
presence and size of a hiatus hernia, increasing age 
and obesity as well as the calorie and fat content of 
the diet [6,7].

Measurement and assessment of 
function

In the absence of disease on endoscopy and failure 
to respond to empirical therapy, guidelines recom-
mend manometry and ambulatory reflux testing 
[8,9]. Recent advances in technology provide better 
insight into the assessment of oesophageal function 
and disease.

Manometry

Peristalsis and OGJ activity can be measured with 
manometry. Conventional manometry (4–8 sensors) 
measures the circumferential contraction, pressure 
wave duration and peristaltic velocity of single 
water swallows. High-resolution manometry 
(HRM; 21–36 sensors) is an advance on conven-
tional systems as it provides a compact, spatiotem-
poral representation of oesophageal pressure 
activity. In addition, it can measure the forces that 
drive movement of food and fluid through the 
oesophagus and OGJ [10]. An uninterrupted 
 well-co-ordinated peristalsis defines oesophageal 
motility while the presence of a positive pressure 
gradient in the absence of obstruction describes 
whether this motility is effective and likely to clear 
the bolus [11] (see Figure  1.2.1). Thus HRM 
improves diagnostic sensitivity to peristaltic dys-
function as symptoms and mucosal damage are more 
likely to occur as a result of disturbed bolus transport 
and poor clearance [5]. Furthermore, recent advances 
in methodology have shown how HRM can also 
 facilitate the assessment of swallowing behaviour 
(eating and drinking) when symptoms are more likely 
to be triggered [5,12,13] (Box 1.2.2).

Ambulatory reflux studies

Gastro-oesophageal reflux disease (GORD) occurs 
when gastric contents pass into the oesophagus at 
an increased frequency, are not effectively cleared 
or are perceived in an exaggerated manner. This 
can lead to mucosal damage and/or symptoms with 
varying degrees of severity. Presenting symptoms 
alone are an unreliable guide to identifying 
oesophageal dysfunction [14,15]. Objective testing 
is required to avoid inappropriate medical and sur-
gical therapy. Ambulatory pH monitoring provides 
an assessment of oesophageal acid exposure and 
symptoms. Standard testing is performed using a 
24-hour nasopharyngeal pH catheter (with or 
 without impedance, see next section). Diagnosis 
is  made based on measurements of oesophageal 
acid exposure (e.g. total number of reflux events 
and percent time reflux events cause a pH drop 
below a threshold of 4) as well as the association of 
reflux events with symptoms. Measurements can 

Box 1.2.1 Co-ordinated peristaltic activity

Co-ordinated peristaltic activity is a multistep 
process which usually requires:

•  a pharyngeal ‘pump’ – to push food and fluid 
through the oesophagus

•  gravity – whereby bolus weight contributes to its 
aboral progress

•  appropriate relaxation and opening of the 
 oesophagogastric junction

•  effective oesophageal motor function –  deglutitive 
inhibition followed by co-ordinated  peristaltic 
contraction

•  a positive oesophagogastric pressure drop.
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be  further  subdivided into upright and supine. 
However, intolerance to the nasal catheter can 
influence the result.

Multiple intraluminal impedance with pH 
monitoring (MII-pH)

Oesophageal symptoms are often related to dis-
turbed bolus transport rather than acid reflux [16]. 
Also symptoms may persist despite effective acid 
suppression as acid-reducing medications do not 

influence the frequency or volume of non-acid 
reflux episodes [17,18]. Multiple intraluminal 
impedance (MII) can determine the direction of 
bolus movement, the success or failure of bolus 
transit and the proximal extent of the refluxate. 
Furthermore, it can discriminate between liquid and 
gas reflux. When combined with a pH sensor 
(MII-pH), it can differentiate between acid (pH <4), 
weakly acid (pH 4–7) or weakly alkaline (pH >7) 
reflux [19]. Therefore, MII-pH is considered to be 
more sensitive than standard pH testing, with up 
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Figure 1.2.1 High-resolution manometry of a normal swallow, with pressure data presented as a spatiotemporal 
plot. Sensors are spaced at <2 cm intervals which provide a vivid depiction of oesophageal pressure activity from 
the pharynx to the stomach with changes in pressure represented as changes in colour (in clinical practice). 
Deglutitive inhibition is seen as the synchronous relaxation of the upper oesophageal sphincter (UOS) and lower 
oesophageal sphincter (LOS) followed by a co-ordinated peristalsis with increasing pressure duration as it 
progresses distally. Important landmarks are highlighted. Images acquired by 36-channel SSI Manoscan 360. IBP, 
intrabolus pressure.
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Figure 1.2.2 Transient lower oesophageal sphincter relaxation followed shortly afterwards by a common cavity 
during which there is equalisation of pressure between the stomach and oesophagus when reflux is most likely to 
occur. The event is terminated and the oesophagus is cleared of refluxed contents with the arrival of a well- co-
ordinated primary peristalsis. Oesophageal and lower oesophageal sphincter pressures return to baseline levels 
following completion of peristalsis. TLOSR, transient lower oesophageal sphincter relaxation. 

Box 1.2.2 Hierarchical analysis of   high-resolution manometry

Hierarchical analysis of high-resolution manometry studies according to the Chicago Classification whereby 
pathology in the OGJ is considered first. Major motility disorders (achalasia, absent peristalsis, diffuse oesophageal 
spasm and extreme hypertensive disorders) are never found in healthy individuals, are commonly associated with 
impaired bolus transport and, in turn, often lead to symptoms. The significance of peristalsis abnormalities 
described in ‘Other motility disorders’ is not clear as these can also be found in asymptomatic individuals [20].

i. oGJ obstruction
Achalasia
Classic (non-relaxing LOS + aperistalsis + dilated oesophagus)
Compression (non-relaxing LOS + aperistalsis + oesophageal pressurisation)
Vigorous (non-relaxing LOS + oesophageal spasm)

other obstruction
Eosinophilic oesophagitis
Benign or malignant stricture
Post surgery (e.g. antireflux procedure)

ii. Major motility disorder
Absent peristalsis
Diffuse spasm
Jackhammer oesophagus (nutcracker with extreme pressures)

iii. other motility disorders
Weak peristalsis
Frequent failed peristalsis
Hypertensive peristalsis
Rapid contractility



12  SECTION 1: Physiology and function of the gastrointestinal and hepatobiliary tract

to 20% improvement in diagnostic yield [21]. 
Indications for its use are the same as for standard 
ambulatory pH studies. In those with established 
GORD but ongoing symptoms despite optimal medi-
cal therapy, MII-pH can be performed while on acid 
reducing medication in order to identify if (non-acid) 
reflux is the culprit or to exclude breakthrough acid 
reflux. In addition, in the assessment of atypical 
 disease (e.g. laryngopharyngeal reflux, aerophagia, 
supragastric belching, cough).

Wireless pH monitoring (Bravo®)

Wireless pH monitoring (Bravo®, Given Imaging) 
is an endoscopically placed, catheter-free, ambu-
latory pH monitoring system (Figure  1.2.3). 
Bravo® is a viable option for those who are intoler-
ant to the nasal catheter [6]. It can measure for 

prolonged periods (at least 48 h) [22,23] and is 
especially suitable for patients with intermittent 
symptoms [22,24] or those with  persistent typical 
symptoms whose catheter-based study was incon-
clusive [25]. However, Bravo® cannot discriminate 
between liquid and gas reflux nor can it differenti-
ate between acid and nonacid reflux.

1.2.3 Pathology

Motility

An important advance of the modern HRM-based 
classification (the Chicago Classification) [26–28] 
is that it is hierarchical; the OGJ is  considered 
first because pathology within the OGJ will 
 influence oesophageal  function above [20] 

(A)

(B)

(D)

(C)

Figure 1.2.3 Bravo delivery system. The delivery device (A, B) is normally inserted orally through the pharynx. 
Markings on the delivery device depict the distance from the incisors. The capsule is deployed at the proximal 
LOS high-pressure zone (C). The receiver remains with the patient (via belt clip or shoulder pouch) for the 
 duration of the study (D). The capsule falls off spontaneously at a median of 5 days. Complications requiring its 
early removal are rare.
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(see  Box  1.2.2). In  addition, the Chicago Classi-
fication makes a clear distinction between dysmotil-
ity that is ‘never seen in normal individuals’ (Major 
motility disorders) and that which may be merely 
‘outside the normal range’. In the former, treat-
ment is usually directed at correcting the underly-
ing pathology whereas in the latter, therapy often 
 targets symptoms [29,30].

Achalasia, a ‘Major motility disorder’, is cha-
racterised by a non-relaxing LOS and the absence of 
oesophageal  peristalsis. The Chicago Classi fication 
further categorises achalasia into three subtypes, each 
with its own response to medical (pneumatic dilation 
and botulinum toxin) and surgical (Heller myotomy) 
therapy [31,32] (see Box 1.2.2). Left untreated, the 
compression subtype (an HRM diagnosis) is thought 
to ‘decompensate’ and lead to classic achalasia. 
Furthermore, this compression subtype has the best 
response to all forms of therapy (botulinum toxin, 
dilatation, myotomy) classic achalasia [33,34]. On 
the other hand, many hypertensive oesophageal dis-
orders can also be found in asymptomatic individuals 
and have shown varying degrees of success with 
therapy. Nitrates, calcium channel blockers and silde-
nafil can influence function in some but often tricy-
clic antidepressants and selective serotonin receptor 
inhibitors are required to target symptoms [35,36].

Gastro-oesophageal reflux disease

Gastro-oesophageal reflux disease is subclassi-
fied into erosive oesophagitis, endoscopy-negative 
reflux disease (positive oesophageal acid exposure 
and/or reflux-symptom association with normal 
endoscopy) and functional heartburn (negative 
oesophageal acid exposure, negative reflux-symptom 
association, poor response to acid-reducing medi-
cation with normal endoscopy but ongoing symp-
toms) [37,38]. Differentiating between erosive 
oesophagitis, endoscopy-negative reflux disease and 
functional heartburn is essential to target appropri-
ate therapy and oesophageal physiology studies are 
required to secure a diagnosis. In addition, an assess-
ment of GORD should also be sought in patients 
presenting with dysphagia as oesophageal dys-
function can be exacerbated by or be a  consequence 
of reflux disease.

1.2.4 Conclusion

In conclusion, GORD and dysphagia are common in 
the community and can be associated with significant 
morbidity and reduced quality of life. Furthermore, 
chronic reflux is related to the rising incidence of 
oesophageal adenocarcinoma, especially in those with 
Barrett’s oesophagus [39]. Such concerns emphasize 
the importance of appropriate and early investigation 
and management. In the absence of disease on endos-
copy and failure to respond to empirical therapy, 
guidelines recommend manometry and ambulatory 
reflux  testing. Advances in technology and methodol-
ogy have revolutionised the way the oesophagus is 
investigated and provide a more ‘realistic’ assessment 
of function which can help guide therapy.
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Chapter 1.3

1.3.1 Physiology, anatomy and 
function

The human stomach is a J-shaped organ of the 
gastrointestinal (GI) tract, located between the 
oesophagus and the duodenum, and it has a key 
role in digestion and absorption. The main 
 anatomical regions are shown in Figure  1.3.1. 
The stomach’s main functions are to store and 
break down food and deliver digesta to the small 
intestine.

The stomach receives boluses of food via the 
lower oesophageal sphincter. It is able to reduce 
gastric wall tone via a vagally mediated reflex 
(‘accommodation’) which allows the reservoir to 
expand and accommodate increasing amounts of 
food without important increases in intragastric 
pressure [1]. In addition to ‘receptive’ accommoda-
tion mediated by mechanoreceptors in the gastric 
wall, once nutrients pass into the small intestine the 
gastric response is modulated by chemoreceptors 
and osmoreceptors to ensure that gastric emptying 
through the pylorus is controlled and optimized for 
efficient digestion [1,2].

During intragastric food processing, the stomach 
secretes hydrochloric acid, lipase and pepsin. This 
process is regulated by the central and enteric nerv-
ous system and neuroendocrine cell networks [3]. 
These secretions together with salivary enzymes 
active within the bolus start the chemical break-
down of food. At the same time, highly co-ordinated 
antropyloroduodenal contractions effect mechani-
cal breakdown (trituration) of solid food. Gastric 
emptying is ultimately the result of these 
 co-ordinated actions, controlled opening of the 
pylorus and antroduodenal differences in pressure 
which drive gastric emptying [4,5]. Liquids empty 
faster than solids, which are first triturated to small 
particles, usually less than 3 mm in size, to promote 
chemical digestion and absorption after delivery to 
the duodenum and small intestine [6]. Other physi-
cal factors such as meal viscosity, the density and 
breaking strength of food particles also affect the 
rate of  gastric emptying [6–8].

Oesophagus

Lower oesophageal
sphincter

Antrum

Body

Pylorus

Fundus

Duodenum

Figure 1.3.1 Schematic diagram of the human 
stomach.
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1.3.2 Measurement and 
assessment of gastric function

Measurement of gastric function has improved 
understanding of the physiological response to food 
in health and disease and in response to dietary or 
pharmacological intervention. A number of tests are 
available and are briefly described in the following 
sections [9].

Gastric accommodation and 
sensation

Gastric accommodation can be evaluated using 
the barostat test. This involves intubating the sub-
jects orally using a double-lumen catheter with a 
plastic bag on the tip. The balloon is commonly 
placed in the proximal stomach. An electronic 
barostat device is then used to control expansions 
of the bag to assess, for example, volume expan-
sion during pressure-guided distension or after 
delivery of a test meal [10]. This is the ‘standard 
test’ of gastric accommodation though availa-
bility is limited, the method is invasive and the 
presence of a balloon in the stomach affects 
 gastric relaxation. Gastric sensation elicited by 
barostat distension paradigms leads to brain cor-
tical activations that can be assessed using func-
tional brain magnetic resonance imaging (MRI) 
and positron emission tomography (PET) meth-
ods [11,12].

A simple and inexpensive alternative to the 
barostat is the drink test [13]. This involves ingest-
ing water or a nutrient drink at a given rate until the 
maximum tolerated volume is reached. Subjective 
scores of sensation are collected during and after 
the test. The results are not easy to  interpret due to 
variation in gastric capacity and the merits of this 
test are debated.

Conventional ultrasound has been used to meas-
ure the area of the proximal stomach after a meal in 
a sagittal section and the maximal diameter in an 
oblique frontal section [14]. Three-dimensional 
reconstruction of ultrasound images integrates this 
information and gives volume measurements; how-
ever, the technique is user dependent and can be 
used only with liquid meals.

The distribution of gastric contents within the 
stomach on scintigraphy provides some impression 
of gastric accommodation [15]. Another nuclear 
medicine test that can measure change in gastric 
volumes is single photon emission computed 
tomography (SPECT). This method involves inject-
ing intravenously a 99mTc-labelled compound which 
is taken up in the mucosa. A dual-headed gamma 
camera is used to measure the radiation emitted and 
reconstruct axial images of the stomach. A three-
dimensional image can be reconstructed later; 
 however, the temporal and spatial resolution are 
limited compared to MRI.

Magnetic resonance imaging is an emerging 
technique used to assess fasting and postprandial 
gastric volumes [16] due to the lack of ionising 
radiation, multiplanar imaging, speed and excellent 
contrast between different organs and intragastric 
meal components. It has been used to evaluate the 
effects of the barostat balloon in the stomach [17], 
finding that the bag increased postprandial gastric 
volumes. Cross-sections of the fundus [18] and 
maximum antral diameters following model meals 
[7] have also been measured using MRI and changes 
in these variables correlate closely with sensation of 
fullness and other symptoms in health and disease 
[8,19].

Gastric contractility

Antroduodenal motility can be measured using 
intraluminal manometry by passing a catheter 
nasogastrically through the pylorus and into the 
proximal duodenum. The catheter has a varying 
number of water-perfused or solid-state sensors. 
These detect the periodical stomach wall contrac-
tions and the pressure amplitude profiles with time 
can be displayed and analysed [20].

The high-resolution and high-speed capabilities 
of MRI allow imaging of the stomach serially at 
intervals of a few seconds. These images can be 
played as motility ‘movies’ and subsequently post-
processed to measure motility in terms of antral 
contractions, frequency, speed and percentage 
occlusion [21–24]. An interesting finding from MRI 
studies is the lack of correlation between meal 
 volumes and antral contractility that suggests these 
contractions are highly stereotyped after a meal and 
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do not determine the rate of gastric emptying through 
the pylorus [5,25]. Dynamic gamma scintigraphy 
can measure antral motility but this requires higher 
radiation doses and the resolution is poor.

Gastric emptying

Gastric emptying can be measured by labelling test 
meals with 13C stable isotopes such as octanoic acid. 
The label is absorbed in the small intestine during 
digestion, metabolised to 13CO

2
 and then expelled 

with the breath. As such, serial breath samples are 
taken at baseline and postprandially to calculate the 
increase of 13CO

2
 with time, which is then assumed 

to be proportional to gastric emptying [26]. This is 
an advance on the oral paracetamol absorption 
under the assumption that the appearance in the 
blood is directly related to gastric emptying [27].

Using imaging, the simple radiopaque marker 
test involves the subject ingesting a number (about 20) 
of small radiopaque pellets with a test meal and 
 following their emptying with fluoroscopy [28]. 
Results depend on the size and density of the pellets 
and test meal composition.

Gastric scintigraphy involves the patient eating a 
radiolabelled meal and measuring the gamma radia-
tion emitted from the ‘region’ of the stomach using 
a gamma camera. This is carried out at various time 
points to measure the postprandial gastric emptying 
curve. The normal range of results depends on the 
test meal, though simplified protocols have been 
reported [29] and standardised scrambled egg 
 substitute test meals have been validated in multi-
centre studies [30]. It is a widely used test and so far 
 considered the ‘gold standard’ although it involves 
a radiation dose to the subject and results correlate 
only poorly with patient symptoms [31].

Wireless capsule pills that can measure pH, 
 pressure and temperature have recently appeared on 
the market. Subjects swallow the pills with a test 
meal and a receiver worn on the belt records data 
continuously. The time at which the pill detects a 
step change up in pH is taken as the time at which 
the pill is emptied from the stomach [32]. However, 
given their large size and indigestibility, the empty-
ing of a pill from the stomach is due to strong phase 
III contractions and not the fed pattern of meal emp-
tying, making interpretation of the data difficult.

A different approach that uses pills to measure 
gastric emptying is based on magnetically marked 
solid pills that are ingested by the subjects with 
a  meal and their spatial location monitored over 
time using non-invasive magnetic source imaging 
 methods [33]. This method is elegant, but requires 
the use of superconducting quantum interference 
device (SQUID) magnetometers and has limited 
applications, mostly to monitor the dissolution of 
dosage forms for pharmaceutical use.

As described, ultrasound, SPECT and MRI can 
all measure cross-sections or entire volumes of 
the stomach. As such, they have all been employed 
to measure gastric emptying. MRI in particular 
can measure serially intragastric gas and meal 
volumes from which one can assess the gastric 
emptying curves [34,35]. Of particular interest is 
MRI’s  ability to observe the intragastric fate of 
many food materials and their mixing and dilution 
[8,36–39].

1.3.3 Pathology

Reflux

Gastro-oesophageal reflux disease (GORD) is a 
very common disorder caused by the return of 
 gastric contents (‘reflux’) back to the oesophagus, 
causing inflammation (e.g. oesophagitis) or 
 symptoms (e.g. heartburn, acid regurgitation). 
Changes in gastric structure have been reported 
in patients with GORD that compromise the  putative 
 ‘flap-valve’ mechanism of the gastro-oesophageal 
reflux barrier. Additionally, delayed gastric empty-
ing is common in patients with severe disease, 
 prolonging the period after the meal during which 
reflux can occur.

Disorders of gastric emptying 
(gastroparesis)

Gastroparesis is a condition in which gastric empty-
ing is delayed. It is classically found in diabetic 
patients but can be linked to connective tissue 
 diseases, related to previous gastric surgery or have 
no clear cause (idiopathic). In diabetes, abnormal 
gastric emptying impairs glucose control and intake 
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and digestion of nutrients and medications. 
Symptoms include prolonged fullness, nausea and 
vomiting after meals; however, a clear link between 
delayed emptying and symptoms is observed only 
in very severe cases. Rather, typical symptoms are 
associated more closely with impaired gastric 
accommodation and psychosocial factors as seen in 
functional dyspepsia.

Rapid gastric emptying can cause symptoms due 
to ‘dumping’ of nutrients into the small intestine 
which leads to a powerful neurohormonal response 
that can cause nausea but also faintness and other 
symptoms related to insulin-induced hypoglycae-
mia. In addition, rapid emptying can impair diges-
tion and tolerance of certain nutrients (e.g. fat).

Functional dyspepsia

Functional dyspepsia is thought to be a heterogene-
ous condition characterised by specific gastric 
motor and sensory abnormalities. Symptoms 
include fullness, nausea, bloating and epigastric 
pain. Impaired gastric accommodation is linked to 
early satiety and weight loss, delayed gastric emp-
tying to prolonged fullness and nausea, and visceral 
hypersensitivity to epigastric pain. It may be that 
breakdown of the dynamic, neurohormonal and 
functional response to food underlies all these 
abnormalities.

Rumination

Rumination is a behavioural disorder in which, 
responding to dyspeptic or reflux symptoms, patients 
subconsciously contract their abdominal muscles, 
forcing gastric contents back to the mouth repeatedly 
after meals. At this point, the patient often swallows 
the food again (hence ‘rumination’) or spits out the 
food, which can lead to undernutrition. This condition 
is often mistaken for vomiting or reflux disease; 
however, it does not respond to antiemetics or antacid 
medication and requires behavioural therapy.

Cyclic vomiting

Cyclic vomiting syndrome is a rare condition charac-
terised by paroxysmal bouts of severe nausea and 
vomiting lasting several days separated by periods of 

normal health. It may be triggered by cannabis use; 
however, most cases are idiopathic and are thought to 
be linked to autonomic nerve dysfunction.

Acute gastroenteritis

Gastric infection is unusual except for Helicobacter 
pylori (see next section). However, ingestion of con-
taminated food can cause nausea and vomiting either 
directly due to toxins or indirectly due to infection 
and dysfunction of the small or large intestine.

Helicobacter pylori

Helicobacter pylori, a spiral-shaped bacterium 
located in the mucous layer of the stomach, may 
inhibit or promote acid secretion and causes differ-
ent diseases depending on how the infection affects 
the stomach. Distal (antral) gastritis increases the 
production of gastric acid and increases the risk 
of  duodenal ulceration. Conversely, generalised 
atrophic gastritis decreases the production of gastric 
acid with an increased risk of gastric cancer.

Gastric cancer

Gastric cancer usually arises in the glandular epithe-
lium (‘adenocarcinoma’) although rare cancers of 
the smooth muscle (‘leiomyosarcoma’) and immune 
cells (‘lymphoma’) can also occur. The risk of ade-
nocarcinoma is increased by smoking, alcohol 
abuse, certain factors in the diet (e.g. nitrites derived 
from preservatives) and, most importantly, atrophic 
gastritis induced by Helicobacter pylori infection. 
These cancers usually present in an advanced stage 
due to obstruction of food passage through the stom-
ach with pain and vomiting or progressive anaemia. 
Treatment options are often limited and less than one 
in five patients survives more than 5 years.
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Chapter 1.4

The main functions of the small intestine are to 
 complete the digestion of food through co-ordinated 
motility and secretion and to facilitate the 
absorption of water, electrolytes and nutrients. 
Approximately 9 L of fluid derived from oral intake 
(1.5 L) and exocrine secretions (7.5 L) enter the 
small intestine each day. Ninety per cent of this is 
reabsorbed in the small intestine with a further 8% 
absorbed in the colon. As such, only 100–150 mL of 
fluid is lost in faeces each day. The average length 
of the small intestine is 6.9 m but structural adapta-
tions including mucosal folds, villi and microvilli 
mean that its surface area is 200–500 m2. The first 
100 cm of the small intestine are highly adapted to 
the absorption of nutrients, whereas the more distal 
portions are involved in reclaiming fluid and elec-
trolytes. The small intestine is able to absorb far in 
excess of the body’s requirements and as such, large 
portions of this organ can be removed without del-
eterious effects. However, changes in absorption 
and secretion homeostasis can rapidly lead to diar-
rhoea, dehydration, electrolyte disturbance and 
malnutrition.

1.4.1 Anatomy and histology

The small intestine includes three substructures 
termed the duodenum, jejunum and ileum, which 
extend sequentially from the gastric pylorus to 
the ileocaecal valve. The wall comprises an outer 
serous coat (tunica serosa), a layer of smooth 

 muscle fibres (muscularis externa), submucosa 
 consisting of dense connective tissue, a thin layer of 
smooth muscle (mucularis mucosa) and a mucosal 
layer (tunica mucosa) covered by epithelial cells 
(Figure  1.4.1). The tunica mucosa is thrown into 
numerous subfolds, creating the intestinal villi, 
which contain a dense blood capillary and lym-
phatic network that supplies the epithelial cells. 
Enterocytes are the most abundant epithelial cells 
(80%) and are characterised by the presence of 
enterocytic microvilli (brush border) that further 
increases the small intestinal surface area. Goblet cells 
are interspersed between enterocytes and secrete 
mucus that acts as a protective coat and lubricant. 
Tubular intestinal glands are found at the base of the 
villi (crypts of Lieberkuhn), which contain cells that 
differentiate into enterocytes, goblet cells, endo-
crine, paracrine and immune cells (Paneth cells). 
Changes in the cellular structure between sections 
of the small intestine allow for functional subspeciali-
sation (Table 1.4.1).

Duodenum

The duodenum is approximately 25–35 cm in 
length and is split into four parts. It starts as the 
duodenal bulb, which arises from the gastric 
pylorus, and ends at the ligament of Treitz, where 
it joins the jejunum at the duodenojejunal flex-
ure. The common bile duct enters the small intes-
tine in the second part of the duodenum via the 
ampulla of Vater.
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Figure 1.4.1 Structure of the small intestine.

Table 1.4.1 Differences in the ultrastructure and function of the small intestine

Layer Duodenum Jejunum Ileum

Serosa No change No change No change
Muscularis externa Longitudinal and  

circular smooth  
muscle supplied by 
Auerbach’s plexus

Similar to duodenum Similar to 
duodenum

Submucosa Brunner’s glands +++
Meissner’s plexus

Brunner’s glands + Brunner’s glands +

Muscularis mucosae No change No change No change
Lamina propria No Peyer’s patches No Peyer’s patches Peyer’s patches +++
Intestinal epithelium Simple columnar

Goblet cells
Endocrine cells
Paracrine cells
Paneth cells

Villi longer than  
duodenum

Villi shorter than 
duodenum

Sodium content 145 mmol/L 125 mmol/L
Specialised functions Iron and folate  

absorption
Iron and folate  
absorption in proximal 
jejunum
Absorption of  
vitamin B1 and B2

Vitamin B12 and 
bile salt absorption 
in terminal ileum
Absorption of 
vitamin C
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The duodenum is distinguished from other parts 
of the small intestine by the presence of numerous 
Brunner’s glands which secrete urogastrone (human 
epidermal growth factor), which is required for 
 epithelial cell proliferation [1]. Consequently, 
the  tips of the villi are continuously shed into the 
lumen and replaced by new cells from the crypts 
of  Lieberkuhn. As such, the entire small intestine 
 epithelium is renewed every 2–6 days.

Jejunum and ileum

The jejunum is approximately 2.5 m in length, 
whereas the length of the ileum is more variable 
(average 2–4 m). Both are contained within the 
peritoneum and are suspended by a mesentery. 
Most of the jejunum lies in the left upper quadrant 
of the abdomen, whereas the ileum mainly occupies 
the right lower quadrant. The jejunal folds are larger 
than those found in the duodenum or ileum.

1.4.2 Physiology and function

The gastric antrum sieves liquid chyme through the 
remaining solid matter in the stomach and delivers a 
continuous slow rate of gastric contents into the 
duodenum. The presence of chyme in the small 
intestine leads to the release of the hormones chol-
ecystokinin (CCK) and secretin, which stimulate 
secretion of bicarbonate and pancreatic enzymes, 
and cause contraction of the gallbladder, which 
releases bile [2–4]. Proteins and peptides are 
degraded into amino acids through the action of 
pancreatic trypsin, chymotrypsin and elastase and 
subsequently by enzymes on the brush border. 
Lipids are degraded into fatty acids and glycerol and 
following emulsification by bile salts, triglycerides 
are split into free fatty acids and monoglycerides 
by pancreatic lipase. Carbohydrates may be broken 
down by pancreatic amylase into oligosaccharides 
or may pass into the colon where they are metabolised 
by GI microbiota. Brush border enzymes including 
dextrinase, glycoamylase, maltase, sucrase and 
lactase further break down oligosaccharides into 
monosaccharides prior to absorption. It is estimated 
that up to 65% of the adult population demonstrate 
a deficiency in lactase activity.

Reflex peristaltic waves mediated by musculo-
motor neurones propel the small intestinal contents at 
a rate of 1–2 cm/min, meaning that it takes an average 
of 2–6 h to reach the colon [5]. The intensity of the 
muscular contractions is influenced by the nature of 
the ingested food. Solid foods induce greater activity 
than liquid meals, and those that are high in  glucose 
cause greater stimulation than ones high in fat.

Several mechanisms are involved in the absorp-
tion of nutrients by enterocytes, including passive 
diffusion, cytosis, active transfer and carrier- 
mediated transport [6]. Uptake of water is driven by 
the absorption of sodium (Na+), potassium (K+) and 
organic compounds and occurs through the forma-
tion of osmotic gradients. The absorption of Na+ is 
mediated by several different mechanisms includ-
ing specific transmembrane carrier proteins.

1.4.3 Investigation of the small 
intestine

Correct diagnosis and management of small intestinal 
pathology are dependent on accurate history taking, 
clinical examination and specialist investigations. 
Non-bloody liquid stools greater than 1.5 L a day 
strongly suggest disease of the small intestine and 
weight loss may signify malabsorption. Here we 
summarise the key small intestinal investigations 
and describe their relevance to pathology.

Blood tests

Anaemia is detected on a full blood count (FBC). Iron 
deficiency anaemia is characterised by red cell micro-
cytosis (low mean corpuscular volume, MCV), low 
serum ferritin and iron, low transferrin saturation and a 
high total iron-binding capacity. The most common 
causes of iron deficiency anaemia are a lack of dietary 
iron, gastrointestinal bleeding or proximal small intes-
tinal pathology. Low serum folate may suggest dis-
ease in the duodenum or proximal jejunum, and is 
associated with a macrocytic anaemia (high MCV). 
Vitamin B12 deficiency also causes macrocytic anae-
mia and may be due to inadequate intake, autoimmune 
destruction of  gastric parietal cells or antibodies to 
intrinsic factor (pernicious anaemia), pancreatic exo-
crine deficiency or disease in the terminal ileum.
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Albumin is a protein synthesized in the liver that 
can be measured in blood tests. Hypoalbuminaemia 
may be due to a number of different causes but 
when associated with a history consistent with small 
intestinal disease, it may suggest protein-losing 
enteropathy or small intestinal inflammation [7].

Coeliac serology forms part of a screen for small 
intestinal pathology given the high prevalence of 
 coeliac disease in northern Europeans (1 in 300–500). 
Antitissue transglutaminase (anti-tTG) is the best 
test, and is also useful to monitor response to gluten 
withdrawal.

Endoscopy

Upper gastrointestinal endoscopy (OGD) detects 
mucosal abnormalities in the oesophagus, stomach 
and duodenum. It also allows biopsies to be taken 
and is therefore the gold standard test in coeliac dis-
ease. Furthermore, OGD offers potential for thera-
peutic intervention in the management of upper 
gastrointestinal bleeding. Enteroscopes are longer 
than standard gastroscopes and allow deeper intuba-
tion of the small intestine.

Wireless capsule endoscopy involves swallowing 
a pill containing a small camera which transmits 
images to a receiver as it passes through the small 
intestine, allowing them to be viewed at a later date. 
This technique is particularly useful in the diagno-
sis of small intestinal vascular lesions and sites of 
inflammation that cannot be reached with conven-
tional endoscopy [8] but is contraindicated in 
patients with small intestinal strictures and does not 
permit biopsies to be taken.

Radiology

A plain abdominal X-ray is useful in the diagnosis 
of intestinal obstruction. However, to provide intra-
luminal or mucosal detail, either enterography or 
enteroclysis is needed. Enterography, or small 
intestine follow-through, involves the ingestion of 
barium with X-rays being taken as it moves through 
the small intestine, thus potentially demonstrating 
small intestinal dilation, mucosal thickening, stric-
tures, fistulae and tumours. Enhanced mucosal 
detail may be obtained through enteroclysis in which 
barium is rapidly infused through a nasoduodenal 

or nasojejunal tube. Computed tomography (CT) 
allows for better examination of intra- and extralu-
minal structures than barium X-rays but also involves 
ionising radiation exposure. Small intestinal mag-
netic resonance imaging (MRI) is an alternative to 
CT and, because it does not involve radiation expo-
sure, has an increasingly important role to play in 
patients who require repeated imaging such as those 
with small intestinal Crohn’s disease.

Hydrogen breath tests

Breath tests are used to identify incomplete absorp-
tion of sugars such as lactose and fructose by the 
small intestine. If incompletely absorbed, the sugars 
will be fermented by colonic microbiota, resulting 
in the production of hydrogen which can be detected 
in exhaled breath. The test results may aid dietary 
advice on carbohydrate restriction.

Bacterial overgrowth in the proximal small intes-
tine can be detected by using lactulose or glucose as 
the test sugar. The concept of distal small intestinal 
bacterial overgrowth is somewhat more controver-
sial and is probably overdiagnosed by lactulose 
breath tests, the majority of positive results proba-
bly being explained by rapid transit of lactulose 
through the small intestine to the caecum [9].

Tests for malabsorption

Several other tests are sometimes used for the 
 investigation of malabsorption, including xylose 
absorption (through detection of urinary xylose 
 concentrations 5 h after oral ingestion), measure-
ment of faecal alpha-1 antitrypsin (as a marker of 
protein-losing enteropathy) and measurement of 
faecal fat over 3 days following an orally administered 
fat load of 70 g to detect fat malabsorption. The 
 latter is sometimes combined with measurement of 
faecal elastase as a marker of exocrine pancreatic 
function, with low enzyme concentrations denoting 
pancreatic insufficiency.

Bile malabsorption study  
(SeHCAT scan)

Normally bile acids are produced in the liver, stored 
in the gallbladder and released into the duodenum 
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in response to a meal; 90% of bile acids are reab-
sorbed in the terminal ileum and circulated via the 
portal vein back to the liver. The presence of 
excess bile acids in the colon can result in diar-
rhoea. Malabsorption of bile salts may occur in 
patients with terminal ileal disease or following its 
resection. In such cases, diarrhoea may respond to 
 treatment with bile salt sequestrants such as 
cholestyramine which chelates bile salts/acids 
[10,11]. In patients with short ileal resections (<1 m), 
the liver is able to synthesize sufficient replace-
ment bile acids to maintain normal fat absorption. 
However, in long ileal resections (>1 m), it is una-
ble to do so, resulting in fat malabsorption and, 
consequently, steatorrhoea [12]. Such patients will 
usually respond to dietary fat restriction. To main-
tain energy requirements, dietary fats may need to 
be substituted with medium-chain triglyceride 
(MCT) oil, since MCTs are absorbed directly into 
the portal vein without the need for bile acids/
salts. Bile acid malabsorption can be detected 
using a radiolabelled synthetic bile acid scan 
(SeHCAT).

1.4.4 Pathology

Villous atrophy

Malabsorption occurs when there is a failure to 
absorb nutrients from the GI tract. It is either gen-
eralised or specific to a particular molecule (e.g. 
lactose), which may have associated clinical con-
sequences. For example, fat malabsorption leads not 
only to steatorrhoea but also to malabsorption of the 
fat-soluble vitamins A, D, E and K. The causes of 
malabsorption are myriad; the major ones are listed 
in Table 1.4.2. The symptoms of malabsorption are 
variable but diarrhoea, undernutrition and fatigue 
are common (Table 1.4.3).

In Western countries, the most common cause of 
villous atrophy is coeliac disease, in which small 
intestinal inflammation occurs in response to the 
ingestion of gluten. The disease usually affects the 
duodenum and jejunum and is characterised by loss 
of the normal finger-like villi (villous atrophy), 
which decreases the surface area available for 
absorption. Coeliac serology and duodenal biopsy 

are diagnostic and the majority of patients respond 
to a gluten-free diet. Infections such as Tropheryma 
whippelii (Whipple’s disease), tropical sprue and 
giardia may also lead to villous atrophy.

Inflammation

Inflammation affecting the small intestine may be 
either acute or chronic. Acute inflammation is often 
related to infection or medications (for example, 
non-steroidal inflammatory drugs).

Small intestinal Crohn’s is a cause of chronic 
inflammation. Crohn’s disease most commonly 
affects the terminal ileum and right colon whereas 
isolated duodenal or jejunal disease is rare [13]. 
Crohn’s  disease affecting the proximal small intestine 
can  present with weight loss, iron deficiency anae-
mia and protein-losing enteropathy, whereas distal 
small intestinal inflammation presents with the more 
typical symptoms associated with Crohn’s disease, 
including abdominal pain and diarrhoea [14]. Over 
time, complications such as strictures, penetration 
of inflammation through the intestinal wall or per-
foration may occur and 50–60% of patients will 
require  surgery for Crohn’s disease within 5 years of 
diagnosis [13,15].

Infection

There are several different mechanisms by which 
bacterial and viral infections may interfere with the 
normal absorptive and secretory functions of the 
small intestine to cause diarrhoea and malabsorp-
tion. For example, the enterotoxin of Vibrio cholerae 
stimulates chloride secretion, leading to secretory 
diarrhoea and copious fluid losses [16]. 
Enteropathogenic Escherichia coli (EPEC), which 
is a common cause of traveller’s diarrhoea, impairs 
intestinal permeability [17] while rotavirus, the 
major cause of infantile gastroenteritis, limits fluid 
absorption [18].

Hypertonic oral rehydration solution (ORS) is 
able to reduce fluid losses from the small intestine 
by stimulating Na+ and glucose transport, which 
 concomitantly facilitates the absorption of water. 
This simple intervention is responsible for saving 
many millions of lives, particularly in developing 
countries.
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Tumours of the small intestine

Benign tumours of the small intestine are rare and are 
usually derived from either the smooth muscle  layers 
(leiomyoma), fat within the submucosa (lipoma) 
or  from the enteric nervous system  (neuroma). 

Occasionally large lesions may present with small 
intestinal obstruction or occult gastrointestinal bleed-
ing but most are asymptomatic. Primary malignant 
lesions of the small intestine are very rare. In up to 
1% of the population, tumours derived from enteroc-
hromaffin cells (carcinoid tumours) may be found. 

Table 1.4.3 Clinical consequences of specific micronutrient deficiencies

Deficient micronutrient Clinical consequence

Vitamin A Night blindness
Vitamin B1 Wernicke’s encephalopathy

Wernicke–Korsakoff syndrome
Vitamin B6 Dermatitis, peripheral neuropathy, angular cheilitis
Vitamin B12 Anaemia, altered mood, subacute combined degeneration of the spinal cord
Vitamin C Scurvy
Vitamin D Osteomalacia
Vitamin E Neuropathy, myopathy, immunosuppression
Vitamin K Impaired clotting (extrinsic clotting pathway – factors 2, 7, 9, 10)
Iron Anaemia, glossitis, angular stomatitis
Calcium Osteopenia/osteoporosis, muscle spasm, cardiac arrhythmias
Copper Myelopathy, peripheral neuropathy, optic neuropathy
Magnesium End-organ resistance to parathyroid hormone leading to hypocalcaemia. 

Cardiac arrhythmias, myopathy, fatigue
Selenium Cardiomyopathy
Zinc Acrodermatitis enteropathica, reduced fertility

Table 1.4.2 Causes of malabsorption

NSAID, non-steroidal anti-inflammatory drug.

Changes in small  
intestinal contents

Changes in the small 
intestinal mucosa

Changes outside the 
small intestine

Inadequate small 
intestinal length

Inadequate mixing of 
contents (motility 
disorders, post 
gastrectomy)

Bacterial overgrowth

Lack of bile salts 
(obstruction to the flow of 
bile, distruption of the 
enterohepatic circulation)

Exocrine pancreatic 
dysfunction

Loss of intestinal villi 
(coeliac disease, Whipple’s 
disease, tropical sprue)

Inflammation of small 
intestinal mucosa (Crohn’s 
disease, diffuse small 
intestinal vasculitis, 
NSAID-induced 
enteropathy, infection)

Lymphatic 
obstruction (primary 
and secondary 
lymphangiectasia)

Congenital short bowel
Short bowel syndrome 
after intestinal resection

Malabsorption following 
gastric bypass surgery

Enterocolic and 
enteroenteric fistulation
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In general, these are small, benign lesions found in 
the appendix but are more likely to become malignant 
if located in the small intestine. Such tumours may 
cause symptoms such as flushing, diarrhoea, sweat-
ing and shortness of breath (carcinoid syndrome).

Short bowel syndrome

Short bowel syndrome describes problems arising 
from a reduced small intestinal length, usually fol-
lowing surgical resection. If less than 1 m of small 
intestine remains, enteral nutrition alone may 
be inadequate. Patients with short bowel syndrome 
may present with dehydration, malabsorption, weight 
loss and micronutrient deficiencies. Occasionally, 
parenteral nutrition is required to supplement feed-
ing but oral feeding should still be encouraged where 
possible to prevent GI atrophy.

1.4.5 Conclusion

The small intestine is a highly adapted organ with 
the capacity to absorb water and nutrients far in 
excess of the body’s requirements. Whilst large por-
tions of the small intestine can be resected without 
deleterious effects, changes in absorption and secre-
tion homeostasis, for example in gastroenteritis, can 
cause copious diarrhoea, malabsorption and under-
nutrition. There are myriad diagnostic tests for the 
detection of small intestinal pathology and their 
application should be directed by accurate clinical 
history taking and examination. Furthermore, dis-
ease of the small intestine should be considered in 
any patient presenting with systemic symptoms 
occurring as a result of micronutrient deficiency.
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Chapter 1.5

The colon is the principal organ of the distal 
 gastrointestinal tract. It plays a vital role in fluid and 
electrolyte homeostasis, digestion of food, absorp-
tion of nutrients, propulsion of intestinal contents 
and ultimately expulsion of waste products. 
Disorders of colonic function such as irritable 
bowel syndrome, inflammatory bowel disease, 
chronic constipation and diarrhoea are highly 
 prevalent and cause significant morbidity with a 
negative impact on quality of life and consequently 
high socioeconomic costs. A keen understanding 
of  colonic function is therefore required for the 
 successful management of gastrointestinal disease.

1.5.1 Anatomy

Embryology

The primitive intestine begins to form in the third 
week of gestation. It arises secondary to ventral 
folding of the embryonic yolk sac and results in a 
tubular structure, lined with endoderm (ultimately 
forming the colonic mucosa) and covered with mes-
oderm (from which arises the surrounding muscle 
and serosa) [1]. This subsequently develops into 
foregut, midgut and hindgut regions, an understand-
ing of which allows an appreciation of each sec-
tion’s resultant blood supply, lymphatic drainage 
and neuronal innervation. The colon is derived from 
the midgut and hindgut regions (the midgut span-
ning from the second part of the duodenum to the 

middle third of the transverse colon and the hindgut 
extending from the middle third of the transverse 
colon to the rectum) [2].

Structure

The colon begins at the caecum and terminates with 
the rectum. It comprises six sections: caecum, 
ascending colon, transverse colon, descending colon, 
sigmoid colon and rectum. The junction of the 
ascending and transverse colon is commonly referred 
to as the hepatic flexure and the junction of the trans-
verse and descending colon as the splenic flexure.

The caecum lies in the right iliac fossa, is 
 completely covered by peritoneum and is therefore 
intraperitoneal. It is approximately 6 cm in length, 
without mesentery and is relatively mobile. 
Longitudinal muscle bands called teniae coli (which 
continue throughout the colon) converge at the base 
of the appendix, a vestigial organ that originates 
from its posterior surface.

The ascending colon is a continuation of the 
 caecum. This extends upwards along the lateral side 
of the abdominal wall towards the right upper quad-
rant of the abdomen. It is approximately 15 cm in 
length and is covered on its anterior and lateral 
 surfaces by peritoneum (therefore considered retro-
peritoneal). Once it has reached the inferior surface 
of the right lobe of the liver, it turns to form the 
transverse colon, which passes in front of the  second 
part of the duodenum and the head of the pancreas. 
Following a further turn beneath the spleen, it 
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 carries on to become the descending colon, which 
lies retroperitoneally on the left lateral side of the 
abdominal wall and is approximately 30 cm long. 
As the colon continues into the pelvis, it becomes 
known as the sigmoid colon, which finally termi-
nates as the rectum [3].

Aside from its location at the periphery of the 
abdominal cavity, the colon may be characterised 
by the presence of teniae coli and appendices epip-
loicae (small fatty tags attached to the serosa 
 surface). It is thrown into concertina-like saccular 
folds referred to as haustra, which are thought to be 
important for mixing of intestinal contents.

Vascular supply

The vascular supply of the colon is determined by its 
embryological origin. Structures derived from the 
midgut receive arterial supply from branches of the 
superior mesenteric artery and are drained by 
 tributaries of the superior mesenteric vein and thence 
into the portal system. Distal to the middle third of 
the transverse colon (hindgut in origin),  tissue 
receives arterial supply derived from the  inferior 
mesenteric artery. Similarly, venous drainage is via 
tributaries of the inferior mesenteric vein (which 
also subsequently drains into the portal system).

Neuronal innervation

Colonic innervation is derived from four sources: 
the enteric, extrinsic afferent, sympathetic and para-
sympathetic nervous systems.

The enteric nervous system is composed of a 
number of nerve plexi within the GI wall and is 
 principally responsibly for regulation of colonic 
motility. The two major plexi are the myenteric 
plexus and the submucosal plexus. The interstitial 
cells of Cajal provide the functional link between 
the nerve processes of the plexi and the muscle cells.

The extrinsic afferent nerves provide sensory 
innervation of the colon and rectum. The proximal 
colon receives this supply from the vagus nerve and 
the distal colon and rectum receive this supply from 
S1 and S2. It is thought that this innervation is pri-
marily responsible for the conscious perception of 
rectal filling as well as the initiation of propulsion 
required for defaecation [4].

Sympathetic and parasympathetic supplies also 
act to modulate sensory and motor activity. Midgut 
structures derive this innervation from the superior 
mesenteric plexus and hindgut structures from the 
pelvic splanchnic nerves via the inferior mesenteric 
plexus. Generally speaking, parasympathetic  activity 
exhibits an excitatory effect on colonic function, 
increasing colonic motility and secretory activity. By 
contrast, sympathetic activity inhibits colonic tone 
and motility [5].

1.5.2 Function

The colon has evolved to perform four major 
functions:

(1) propulsion of colonic contents towards the 
 rectum and anus for eventual expulsion

(2) absorption of water and electrolytes from 
 intraluminal contents

(3) absorption of short-chain fatty acids produced 
by resident microbiota

(4) defaecation.

Propulsion of intestinal contents

The term ‘colonic motility’ is used to describe the 
mixing and propulsive movements of the colon that 
allow for digestion, absorption and transit of intra-
luminal contents.

The mechanisms responsible for absorption in 
the colon are slow and the colonic microbiota are 
facilitated by the speed and orientation of mixing 
movements. Distal propulsion of contents is 
therefore gradual to allow for mixing and uniform 
contact with the colonic mucosa. Contents take 
roughly 12–30 h to traverse the length of the colon, 
compared to 2–4 h in the small intestine (which is 
four or five times greater in length).

Colonic motility patterns are complex. Co- ordinated 
activity between the terminal ileum,  caecum and 
proximal colon is required to deliver chyme from 
the terminal ileum to the colon. Contents become 
increasingly solid as water is absorbed and they are 
transported aborally toward the rectum for eventual 
evacuation.

Two forms of colonic contractile activity have 
been described: propagating pressure sequences 
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(PSs) (sometimes referred to as high- and low-
amplitude propagating pressure sequences) and 
segmental contractions. Antegrade movement of 
colonic contents is generally as a result of proxi-
mally originating PSs. Frequency significantly 
increases after waking and/or meal ingestion and 
may be of high (with a >100 mmHg rise in colonic 
pressure over a significant length) or lower amplitude 
(2–5 mmHg increase in pressure). Both high- and 
low-amplitude PSs are equally likely to produce 
colonic movement [6].

Localised mixing of colonic contents is achieved 
through segmental contractions, accounting for the 
majority of colonic activity. These can be consid-
ered as more limited areas of activity facilitating 
contact with the colonic mucosa principally for 
absorption of water and other contents.

Disorders of colonic motility can result in 
impaired stool propulsion and abdominal pain, 
 distension, constipation and diarrhoea.

Water and electrolyte homeostasis

Absorption of water and electrolytes is one of the 
principal functions of the colon. Roughly 1500 mL 
of effluent reaches the ileocaecal valve each day 
and the healthy colon will generally resorb 90% of 
the fluid from this, resulting in the formation of 
200 g of solid stool.

Water absorption is intimately associated with 
sodium reabsorption and occurs primarily in the 
ascending and transverse colon [5]. Intraluminal 
Na+ passively diffuses into colonocytes via apical 
channels in response to a negative electrochemi-
cal gradient (maintained through the presence of 
electrogenic Na+/K+ pumps present on their 
 basolateral membrane). Absorption of water then 
follows the resultant osmotic gradient via a 
 paracellular pathway and is controlled by both 
aldosterone and antidiuretic hormone (ADH). 
Aldosterone acts to increase K+ secretion/Na+ 
conservation and ADH increases apical mem-
brane water permeability.

Chloride is also actively absorbed from the 
colonic lumen. It is transported through the apical 
membrane via Cl−HCO

3
– channels. Secretion of 

HCO
3
– acts to neutralise acidic compounds produced 

through bacterial fermentation.

Digestion and absorption

Although the majority of digestion and absorption 
occurs in the stomach and small intestine, the 
colon also plays a role in nutrient salvage through 
the process of fermentation [5]. The colon con-
tains approximately 1011–1012 bacteria per gram 
of  contents [7] and these bacteria have the ability to 
break down carbohydrates and proteins into short-
chain fatty acids (SCFAs). If required, this can 
 supply to up to 15% of an individual’s total energy 
requirements [8].

The production of SCFAs depends on a number of 
factors including the constituents of luminal  contents, 
gut transit time and microbial variety. As colonic 
microbiota will preferentially ferment carbohydrates 
over proteins, saccharolytic fermentation is pre-
dominant in the proximal ascending colon whereas 
proteolysis is more common in the distal colon.

The three end-products of fermentation are 
 acetate, butyrate and propionate. Although butyrate 
only accounts for approximately 20% of total SCFA 
production, it is of particular importance as it is the 
primary energy source for the colonic mucosa and 
plays a major role in cellular differentiation and pro-
liferation [9]. Additionally, there is a degree of evi-
dence suggesting that butyrate has anti-inflammatory 
and anticarcinogenic properties.

Absorption of SFCAs is both passive and active 
in nature and results in sodium absorption and 
bicarbonate excretion. The colon is particularly 
 proficient at SFCA absorption (as only 10% of 
those produced are excreted) [9].

Recognition of the benefits of saccharolytic fer-
mentation has led to the development of prebiotics, 
probiotics and synbiotics.

In addition to the production of SFCAs, colonic 
microbiota also play a role in the production 
of   vitamin synthesis, notably vitamin K, biotin 
(vitamin B7) and niacin (vitamin B3).

Defaecation

Effective defaecation is a result of the successful 
co-ordinated function of the colon, rectum and anus 
and is under central, spinal and enteric neural 
 control [10]. A number of factors influence defaeca-
tory frequency including diet, intraluminal  contents, 
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colonic transit, behaviour and posture. There is 
 variability in defaecatory frequency between indi-
viduals but studies suggest that 99% of the healthy 
population open their bowels between three times 
per day and three times per week [11].

Consumption of food produces a near immediate 
increase in colonic motor activity. Food content 
affects the degree of colonic response as it has been 
shown that a fat-rich meal induces colonic motor 
activity to a greater extent than a protein- or 
 carbohydrate-rich meal [12].

The process of defaecation constitutes four distinct 
phases: the basal phase (characterised by a change in 
colonic motor activity, usually precipitated by waking 
or meal ingestion), the predefaecatory phase (during 
which gradual rectal distension produces an aware-
ness of rectal filling), expulsion (following a  conscious 
desire to evacuate) and termination (characterised by 
contraction of the external anal sphincter and closure 
of the anal canal) [10].

1.5.3 Measurement and 
assessment of function

Assessment of colonic motility and transit is  usually 
indicated in patients with symptoms of infrequent 
evacuation. At the present time, two radiological 
methods for the assessment of transit are routinely 
employed to look indirectly at colonic motor func-
tion: radiopaque marker studies and colonic scintig-
raphy. Colonic manometry can be employed to look 
directly at colonic contractile activity.

Radiopaque marker studies

This technique is the simplest method for study of 
colonic transit times (either total or segmental) [13]. 
This study is often used for the evaluation of patients 
with symptoms of persistent constipation. Radiopaque 
markers contained in a degradable capsule are 
ingested and plain abdominal X-rays are subsequently 
taken to determine marker distribution. Segmental 
colonic transit times can be estimated by administra-
tion of different-shaped markers on consecutive days.

Conventionally, this study involves the ingestion 
of 24 markers on day 1 and the performance of a 
single plain radiograph on day 6, but in reality there 
are significant differences in practice between 

 centres, making interinstitution comparisons diffi-
cult. The upper limit of normal colonic transit time is 
around 72 h and delayed transit may be secondary 
to a primary colonic dysmotility or disorders of 
evacuation. Further testing with either colonic scin-
tigraphy and/or evacuation proctography is often 
required to establish a definitive diagnosis.

Colonic scintigraphy

Colonic scintigraphy is a radioscintigraphic method for 
studying colonic motility. A radioisotope, usually 111In 
(indium), is bound to a non-absorbable substance, e.g. 
diethylenetriamine penta-acetic acid (DTPA), and is 
either ingested orally with water, or delivered direct to 
the colonic lumen via an ingestible enteric-coated 
capsule (i.e. that degrades in the caecum). For data 
analysis, the colon is generally divided into regions of 
interest. Time-distribution analysis enables information 
about activity in a given region of interest to be deter-
mined at any one time or for the overall study [14,15].

Colonic manometry

Direct evaluation of changes in intracolonic pressure 
is termed ‘colonic manometry’. This technique uti-
lises an intraluminal device with the ability to detect 
pressure changes that occur as a result of phasic con-
tractions of circular colonic muscle. As opposed to 
radiopaque marker studies and colonic scintigraphy, 
which provide an indirect assessment of intraluminal 
movement, colonic manometry is able to character-
ise specific patterns and phases of colonic motor 
activity, giving the clinician a greater appreciation of 
differences in regional function. Regrettably, colonic 
manometry is an invasive  procedure (requiring colo-
noscopy for placement of the catheter) and for this 
reason a paucity of data are available in both health 
and disease, limiting its use in clinical practice [16].

1.5.4 Conclusion

The colon is a complex and responsive structure 
with function dependent not only on external events 
and influence of other organs, but also the mainte-
nance of a stable microbiota. The impact of diet 
should not be underestimated. Diseases characterised 
by disorders of colonic function are common; for 
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example, chronic constipation affects 3% of indi-
viduals and diverticular disease may affect up to 
60% of the population over 60 years of age [17,18]. 
Maintenance of colonic health is therefore funda-
mental to ensure a satisfactory quality of life.
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Chapter 1.6

1.6.1 Anatomy, physiology 
and function

The pancreas is a retroperitoneal organ located in the 
upper abdomen. It extends transversely between the 
concavity of the duodenum and the spleen, and lies 
posteroinferior to the stomach. The medial aspect of 
the pancreas receives a blood supply from branches 
of the gastroduodenal and superior mesenteric 
arteries, whilst branches of the splenic artery supply 
the bulk of the pancreatic body and tail. Blood 
drains into the portal venous system via the superior 
mesenteric and splenic veins. Lymph drainage of 
the pancreas is via splenic, coeliac and superior 
mesenteric lymph nodes, which are common sites 
of metastatic cancer spread.

The pancreas performs both exocrine and endo-
crine functions and plays a central role in digestion 
and glucose metabolism. Pancreatic exocrine secre-
tions drain into the medial aspect of the second part 
of the duodenum via tributaries that form the main 
pancreatic duct. The duct enters the duodenum at 
the ampulla of Vater, into which the common bile 
duct also drains. Outflow is controlled by a smooth 
muscle sphincter termed the sphincter of Oddi. 
Endocrine cells of the pancreas release hormones 
directly into the bloodstream.

The exocrine pancreas consists of units called 
acini, which are arranged into lobules and drain into 
the main pancreatic duct. They make up 98% of the 
pancreatic mass and are responsible for the pro-
duction of digestive enzymes and pancreatic fluid. 

Enzymes, such as trypsin, chymotrypsin, lipase, 
phospholipase A2 and amylase, are stored as 
 inactive precursors within secretory granules and 
are released under neurohormonal control. These 
 proenzymes are activated by intestinal enteropepti-
dases only upon reaching the duodenum, thereby 
preventing pancreatic autodigestion due to prema-
ture activation. Dysregulation of these mechanisms 
is thought to underpin the pathogenesis of pancrea-
titis. Enzymes are released in large quantities for the 
early digestion of proteins, fats and carbohydrates. 
Pancreatic ductal cells secrete approximately 2 L of 
bicarbonate-rich fluid daily to neutralise duodenal 
chyme and optimise conditions for digestion.

Exocrine function is governed by multiple neuro-
hormonal pathways triggered by the process of 
 eating. The autonomic nervous system directly 
induces pancreatic enzyme release via vagal para-
sympathetic efferents in response to cephalic stimuli 
(e.g. the sight and smell of food), and also after 
gastric distension. Duodenal exposure to food and 
acidity induces the release of gut hormones 
from  specialised intestinal enteroendocrine cells. 
Cholecystokinin governs acinar cell degranulation 
and secretin is primarily responsible for alkaline 
pancreatic secretion.

Endocrine cells are distributed throughout 
the  pancreas in spherical clusters called islets of 
Langerhans, which are criss-crossed by a dense 
 network of capillaries. Beta-cells, the predominant 
cell type, are responsible for insulin production and 
alpha-cells synthesise glucagon, both key hormones 
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in glucose homeostasis. Other cell types secrete 
inhibitors of pancreatic exocrine secretion, such as 
somatostatin, which also have inhibitory effects on 
islet cell function.

1.6.2 Measurement and 
assessment of function

Structural assessment

Cross-sectional imaging with arterial phase con-
trast-enhanced computed tomography (CT) scan-
ning is the gold standard for detection of pancreatic 
lesions and for assessment of complications of acute 
and chronic pancreatitis [1]. Magnetic  resonance 
 imaging (MRI) is a suitable alternative and can pro-
vide more detailed information about pancreatic 
ductal anatomy, via magnetic resonance cholangio-
pancreatography (MRCP). Ultrasound scanning is 
of  limited utility because overlying intestinal gas 
 frequently obscures views.

The role of endoscopic ultrasound in the investi-
gation of pancreatic disease is rapidly expanding. 
It is particularly helpful in the staging of pancreatic 
cancer and the diagnosis of pancreatic cystic lesions 
[2]. Fine needle aspiration facilitates histological 
diagnosis and large pancreatic cysts can be man-
aged by transgastric stent insertion.

Assessment of function

Acute pancreatic inflammation is typified by release 
of enzymes into the bloodstream, and simple assays 
are widely available to quantify serum amylase and 
lipase in the diagnosis of acute pancreatitis.

Pancreatic exocrine insufficiency is common 
in  chronic pancreatic disease, though clinically 
 evident malabsorption only usually occurs after 
85–90% reduction in enzyme production. Endocrine 
insufficiency is typically a late feature and is mani-
fest by the development of diabetes.

A variety of assays of exocrine function are avail-
able though many are expensive and time consum-
ing, and most are rarely performed. Measurement 
of faecal elastase is a useful screening tool for 
 moderate or severe pancreatic insufficiency and is 
 commercially available [3]. Elastase is exclusively 

produced by the pancreas, is not enterally absorbed, 
and has largely replaced quantification of faecal 
fat or chymotrypsin as the assay of choice. Faecal 
fat excretion of more than 7 g per day (100 g daily fat 
intake) is considered indicative of fat malabsorp-
tion, though may represent intestinal disorders 
as  well as pancreatic disease. Direct analysis of 
 endoscopically obtained duodenal aspirates follow-
ing pancreatic stimulation is laborious and costly 
and largely obsolete.

Quantification of exocrine function can also be 
performed by indirect assessment of enzymatic 
activity. The pancreolauryl and PABA (N-benzoyl-
L-tyrosyl-p-aminobenzoic acid) tests are two such 
assays, whereby orally administered, labelled com-
pounds are digested by luminal pancreatic enzymes, 
releasing substrates quantifiable in urine. They are 
only reliable for detecting severe insufficiency and 
are not widely available.

1.6.3 Pathology

Acute pancreatitis is a condition of sudden onset 
usually precipitated by acute pancreatic injury. 
Common causes include gallstones and alcohol, 
though drugs, trauma and other rare triggers are 
also recognised. Its severity can range from mild to 
life threatening, and a number of prognostic scoring 
systems have been developed [4]. Its pathophysiol-
ogy involves the premature activation of pancreatic 
enzymes leading to tissue autodigestion and necro-
sis, which can also trigger a systemic inflammatory 
response syndrome. Early treatment is largely sup-
portive, and later management is often focused on 
local complications such as fluid collections or 
abscesses [5]. The role and timing of enteral feeding 
during an acute episode are under ongoing review 
[6]. Identification and removal of precipitating 
 factors are important to prevent future episodes. 
Occasionally patients may experience recurrent 
 discrete episodes classified as acute relapsing 
pancreatitis.

Chronic pancreatitis is defined by abdominal 
pain, which is often intractable, and involves 
 irreversible fibrosis, atrophy and calcification of the 
gland. It may involve features of exocrine or 
 endocrine insufficiency. The most common cause is 
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excess alcohol consumption, though many cases are 
classified as idiopathic. Other aetiologies include 
inherited genetic abnormalities, autoimmune 
 disorders and conditions associated with impaired 
pancreatic drainage (e.g. pancreas divisum). The 
pathogenesis of chronic pancreatitis is increasingly 
recognised as multifactorial [7]. Treatment incor-
porates avoidance of precipitating factors and  adequate 
analgesia, though supplementation of  exocrine/
endocrine function and maintenance of  nutrition are 
also important aspects. Endoscopic or surgical 
 procedures to improve pancreatic duct drainage 
may be required.

Ductal adenocarcinoma is the most common pan-
creatic malignancy and is often locally advanced or 
metastatic upon presentation. Surgical resection 
offers the only prospect of a cure, but a majority of 
cancers are inoperable at the time of diagnosis [8]. 
Palliative chemotherapy and relief of biliary or gas-
tric outlet obstruction with endoscopic stenting or 
surgery are the mainstays of treatment.

Neuroendocrine tumours are commonly located 
in the pancreas. They are a heterogenous group of 
tumours of variable metastatic potential, with a 
more favourable prognosis [9]. They may cause 
symptoms by dysregulated release of hormones 
such as insulin, glucagon or gut hormones (e.g. 
 gastrin). Surgical resection and somatostatin 
 analogues are mainstays of treatment.

Cystic lesions of the pancreas are often found 
incidentally on abdominal imaging. They can be 
divided into simple cysts, pseudocysts or true cystic 
neoplasms. Management of these lesions is focused 
on defining their malignant potential [10]. Size and 

characterisation of the cyst are key, and endoscopic 
ultrasound has advanced this field significantly. 
Surgical resection is considered where lesions are 
symptomatic or have high malignant potential.
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Chapter 1.7

1.7.1 Anatomy, physiology 
and function

The liver is situated in the right hypochondrium and 
is split into right and left lobes. It can be further 
divided into eight functional segments according to 
vascular supply and biliary drainage [1]. Inflow of 
blood is via a dual supply, with approximately 25% 
derived from the hepatic artery and 75% from the 
portal vein, which drains the gastrointestinal tract, 
pancreas and spleen. Both vessels enter the liver at 
the hilum and subdivide into smaller branches, 
 running in structures called portal tracts, also com-
posed of bile ducts and lymphatics. Blood perfuses 
the liver within sinusoids before draining via 
 tributaries to form the hepatic vein, which enters the 
inferior vena cava just beneath the diaphragm.

Histologically, liver parenchyma is arranged into 
units called lobules, defined by a central hepatic 
venule and multiple peripheral portal tracts [2]. 
Hepatocytes are organised into three-dimensional 
plates separated by sinusoids, which are lined by 
fenestrated endothelium through which blood can 
readily permeate. Kupffer cells (liver macrophages) 
and hepatic stellate cells (fibroblast-like collagen-
producing cells) lie in close approximation [3]. 
Spatially, hepatocytes are classified into three 
zones, with those around portal tracts in zone 1 
receiving the most oxygenated blood and those in 
zone 3 around hepatic venules the least [4].

Bile caniliculi form a dense meshwork around 
hepatocytes and fuse to form bile ducts within por-
tal tracts. The right and left hepatic ducts join at the 
hilum to form the common hepatic duct. The cystic 
duct drains the gallbladder and fuses with the 
 common hepatic duct to form the common bile 
duct. The latter enters the duodenum at the ampulla 
of Vater (see Chapter 1.5).

The gallbladder is located in the abdomen under 
the right lobe of the liver. It is a pear-shaped sac, 
with average volume of 50 mL and length of 9 cm in 
healthy adults (range 4–14 cm), and is connected to 
the gastrointestinal tract via the cystic duct and 
common bile duct [5]. Its function is to concentrate 
and store bile produced in the liver and to release 
this into the duodenum when required for digestion. 
Release of bile is achieved by muscular contraction 
of the gallbladder in response primarily, but not 
exclusively, to gut hormones, especially cholecysto-
kinin (CCK), that are stimulated by the products of 
digestion in the gastrointestinal tract. In the small 
intestine, bile is essential for the emulsification of 
dietary fat.

Carbohydrate metabolism

The liver plays a major role in glucose homeostasis 
and is the main store of glycogen. It assimilates excess 
glucose into glycogen within hepatocytes under insu-
lin control. Conversely, hepatic  glycogenolysis makes 
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glucose readily available to other organs as the first 
response to starvation. Thereafter, the liver can also 
release glucose via gluconeogenesis from non- 
carbohydrate substrates such as lactate, amino acids 
(alanine and glutamine) and glycerol. During pro-
longed starvation, hepatic fatty acids are metabolised 
by beta-oxidation to ketone bodies, an important 
energy source for organs such as the brain.

Protein metabolism

The liver regulates plasma amino acid levels by 
 controlling amino acid transamination and gluconeo-
genesis. All circulating plasma proteins except 
gamma-globulins are synthesised by the liver. 
Approximately 10–12 g of albumin is produced daily, 
helping to maintain oncotic pressure and transport 
water-insoluble compounds. Coagulation cascade 
factors, including fibrinogen, are produced in the 
liver, as are acute phase and complement proteins. 
The liver is the primary site of nitrogen excretion via 
amino acid transamination and oxidative deamina-
tion, leading to the formation of ammonia, which is 
subsequently converted to urea and excreted renally.

Lipid metabolism

Following dietary fat absorption, the liver synthe-
sises triglycerides from free fatty acids for redistribu-
tion around the body within very low-density 
lipoproteins (VLDL). Likewise, hepatic fatty acid 
oxidation can be utilised for energy release. The liver 
controls production of circulating lipoproteins which 
transport insoluble fats through the bloodstream. 
Cholesterol formation, excretion and redistribution 
are also under hepatic regulation. Circulating choles-
terol is taken up via hepatic  low-density lipoprotein 
(LDL) receptors, and cholesterol can be formed de novo 
from hepatic acetyl-CoA. Cholesterol esterification 
to fatty acids also takes place in the liver.

The liver is a store for several vitamins and minerals, 
including vitamins A, D, B12, iron and copper, and is 
the site of 25-hydroxylation of cholecalciferol.

Bile acid and bilirubin metabolism

Bile is composed of water, electrolytes, bile acids, 
bilirubin, phospholipids, cholesterol and conju-
gated waste products, with approximately 600 mL 

 produced each day [6]. In fasted states, approxi-
mately half is syphoned off to the gallbladder 
where  it is concentrated. It is actively secreted 
at  the   hepatocyte canalicular membrane via bile 
 transporter proteins, with biliary ductular epithe-
lium also  contributing. It facilitates the emulsifica-
tion and digestion of fats and provides an alkaline 
pH for optimal pancreatic enzyme function. It 
is  also the main vehicle for the elimination of 
hydrophobic waste products such as bilirubin. Bile 
 formation is stimulated by secretin and inhibited by 
somatostatin. After ingestion of a meal, cholecysto-
kinin  stimulates gallbladder contraction and sphinc-
ter of Oddi relaxation.

Primary bile acids are synthesised from cholesterol 
in the liver and these are converted into  secondary bile 
acids by GI microbiota. Ninety-five per cent of these 
are reabsorbed in the terminal ileum, returned to the 
liver in the portal venous circulation and resecreted 
into bile, termed the enterohepatic circulation [7]. 
Bilirubin is formed from erythrocyte breakdown, con-
jugated with glucuronic acid in the liver to render it 
water soluble and excreted within bile. Some is reab-
sorbed via the enterohepatic circulation after bacterial 
hydrolysis to urobilinogen.

Drug and hormone metabolism

Most xenobiotics, including alcohol, are inactivated 
in the liver by cytochrome P450-mediated processes 
such as methylation or hydroxylation, and excreted 
in bile or urine after conjugation by hepatic 
 transferases [8]. The liver is a key site of the cata-
bolism of hormones such as oestrogens, insulin, 
growth hormone, glucocorticoids and parathyroid 
hormone. Angiotensinogen is produced in the liver 
and helps regulate blood pressure.

Immunological function

As part of the reticuloendothelial system, the liver is 
a crucial site of gut-derived antigen presentation to 
Kupffer cells, NK cells and sinusoidal endothelium 
transported in the portal venous circulation [9]. It is 
also involved in adaptive immunity via lymphocyte 
trafficking from the GI tract. Impaired immunity 
and recurrent sepsis are common consequences of 
hepatic dysfunction.
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1.7.2 Measurement and 
assessment of function

Blood tests

Liver function tests (LFTs) can be subdivided 
into true tests of liver synthetic and excretory 
function, and markers of liver injury measured by 
cellular enzyme release. Alanine aminotrans-
ferase (ALT) and aspartate aminotransferase 
(AST) are enzymes predominantly located in 
hepatocytes and their release into serum reflects 
hepatocellular damage. Alkaline phosphatase 
(ALP) and gamma-glutamyl transpeptidase 
(gamma-GT) are chiefly found in biliary canali-
culae and serum rises indicate intrahepatic 
 cholestasis as well as extrahepatic bile duct dam-
age or obstruction. ALP is also located in other 
tissues such as bone and placenta, and gamma-
GT is an enzyme inducible by certain drugs and 
alcohol. Commonly measured indices of liver 
function are bilirubin, albumin and prothrombin 
time. Advanced liver impairment can be associ-
ated with renal failure, hence serum sodium and 
creatinine concentrations are included in scoring 
systems of liver dysfunction such as MELD and 
UKELD [10,11].

Blood tests can help determine the cause of liver 
injury, and include viral hepatitis serology, immu-
noglobulins, autoantibody profiles, serum iron and 
copper indices and a metabolic screen. Alpha-
fetoprotein (AFP) and Ca19.9 are tumour markers 
associated with hepatocellular carcinoma (HCC) 
and cholangiocarcinoma, respectively, though their 
clinical utility is limited.

Imaging

Ultrasound scanning is usually the first modality 
employed to define anatomy in hepatobiliary inves-
tigation. The presence of liver lesions, gallbladder 
stones, biliary obstruction, portal hypertension or 
ascites can be readily detectable. Fatty liver infiltra-
tion gives an echo ‘bright’ signal. Doppler is used to 
interrogate blood flow and detect portal or hepatic 
venous occlusion.

Cross-sectional imaging with contrast-enhanced 
triple phase computed tomography (CT) or magnetic 

resonance imaging (MRI) can better define hepatic 
or biliary mass lesions and gives a clearer indication 
of liver size and architecture. HCC can be diagnosed 
on radiological characteristics alone, obviating the 
need for biopsy. CT or MRI scanning is also 
 invaluable in the management of cholangiocarci-
noma to define anatomical relationships to blood 
vessels and bile ducts and thus determine surgical 
resectability. MR cholangiopancreatography is the 
‘gold standard’ modality to delineate the biliary 
tree and can detect calculi, strictures or diffuse 
cholangiopathy.

Hepatobiliary iminodiacetic acid (HIDA) scan-
ning is a dynamic radionucleotide test of bile flow 
and is still sometimes used in the investigation of 
the jaundiced patient to determine if cholestasis is 
of hepatic or biliary origin.

Endoscopy

Upper gastrointestinal (GI) endoscopy is used for 
the diagnosis and treatment of complications of 
portal hypertension such as oesophageal or gastric 
variceal bleeding. Endoscopic retrograde cholangi-
opancreatography (ERCP) is the therapeutic modal-
ity of choice in the management of bile duct stones 
or strictures.

Interventional radiology

Percutaneous transhepatic cholangiography (PTC) 
is sometimes performed when ERCP is unsuccess-
ful. The biliary tree is accessed under fluoroscopic 
guidance and obstruction can be relieved by internal 
or external stenting. It is particularly useful in the 
context of complex hilar strictures.

Fluoroscopically guided cannulation of the 
hepatic vein via a transjugular approach can allow 
the measurement of hepatic and portal venous 
 pressure in the management of portal hyperten-
sion, and can offer an alternative approach to 
obtaining a liver biopsy. The transjugular place-
ment of an intrahepatic portosystemic shunt 
(TIPSS) can control variceal bleeding when 
endoscopy has failed [12]. Hepatic arterial 
 angiography is employed to  embolise liver 
tumours such as HCC, which have a dense hepatic 
arterial supply.
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Liver biopsy

Histological examination of liver tissue is 
 frequently invaluable in the diagnosis of paren-
chymal liver disease and in the characterisation 
of liver or biliary mass lesions [13]. Estimation of 
liver  fibrosis permits the staging of chronic liver 
disease and establishes a diagnosis of cirrhosis. 
Most liver  biopsies are performed percutaneously 
under  ultrasound guidance, though transjugular 
and  laparoscopic approaches are alternatives.

1.7.3 Pathology

Liver disease is often asymptomatic and can be 
 present for many years before diagnosis. Symptoms 
occur late and are characterised by jaundice or 
 features of hepatic decompensation such as ascites, 
peripheral oedema, encephalopathy or portal hyper-
tensive GI bleeding.

Severe acute liver injury is rare though may rap-
idly lead to liver failure. Paracetamol overdose is 
the most common cause, though other aetiologies 
such as idiosyncratic drug reactions, viral hepatitis 
and autoimmune liver disease are recognised.

Chronic liver disease is characterised by a bal-
ance between progressive fibrosis and attempts at 
liver regeneration. Cirrhosis is the hallmark of 
advanced liver disease and can herald the devel-
opment of liver dysfunction and HCC. Under-
nutrition and loss of muscle mass are common 
features. Excess alcohol consumption, non-alcoholic 
fatty liver disease (NAFLD) and chronic hepatitis 
C are the most common causes in the developed 
world. Other important aetiologies include hepa-
titis B, haemochromatosis and immune disorders 
such as primary biliary cirrhosis (PBC), primary 
sclerosing cholangitis (PSC) and autoimmune 
hepatitis. Management includes the withdrawal 
or  treatment of the causative agent where pos-
sible, and the treatment of complications of 
liver  decompensation. Liver transplantation can 
offer good medium-term survival in end-stage 
disease [14].

Biliary disorders are characterised by upper 
abdominal pain, jaundice, fever or weight loss. 
Gallstone disease can present with biliary colic, 

obstructive jaundice or cholangitis. Isolated stric-
tures of the biliary tree may be benign or malignant 
and usually present with LFT derangement and 
jaundice. Diffuse stricturing of the biliary tree is 
distinctive of a cholangiopathy, e.g. PSC or autoim-
mune cholangiopathy. Biliary obstruction can also 
occur from extrinsic compression, such as from 
intrahepatic or lymph node metastases.

Worldwide, common disorders affecting the 
 gallbladder are the formation of stones, functional 
dyskinesia, cancer of the gallbladder and steato-
cholecystitis [15–18].

Hepatocellular carconoma typically arises in the 
context of cirrhosis, though it can occur in the 
 precirrhotic liver in conditions such as hepatitis B 
and NAFLD. Benign liver lesions such as haeman-
gioma, adenoma and focal nodular hyperplasia 
(FNH) are also common. Primary biliary tract 
 cancer (gallbladder carcinoma and cholangiocarci-
noma) is a relatively common malignancy and car-
ries a poor overall prognosis [19].
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Chapter 1.8

Bacteria are associated with all areas of the human 
body from the skin to the genitourinary, respiratory 
and gastrointestinal (GI) tracts [1]. The GI tract is 
the most heavily populated, with the majority of the 
total bacterial population of humans residing 
therein. A highly diverse  ecosystem exists, with the 
collective  bacterial species within the human GI 
tract totalling in the thousands [2,3]. The results of 
the MetaHIT Consortium (Metagenomics of the 
Human Intestinal Tract, www.metahit.eu/) indicate 
that any one of 1000–1150 different  species could 
populate the human GI tract, with at least 160 spe-
cies residing in an individual [4]. Given these large 
numbers, although there is great potential for diver-
sity in the GI microbiota between different humans, 
there is considerable stability in some  species, with 
a core of 18 species being found in all those in the 
MetaHIT Consortium, and a core of 57 species 
found in 90% of subjects [4].

1.8.1 Composition

The GI tract has evolved to become a functional 
organ comprising anatomically distinct areas. 
The digestive process starts in the oral cavity, 
then moves through the stomach, small and large 
intestine and finally the rectum. This passage 
allows the presence of several microbial niches 
due to different environmental conditions, such 
as acidity in the stomach, varying retention times 
and different nutrient availabilities (Table 1.8.1). 
Physicochemical variables are contributing  factors 

to the diverse community of micro-organisms 
residing in the GI tract (see Table 1.8.1). Within 
the intestinal tract, genomic analysis has shown 
the number of micro-organisms to be approxi-
mately 1013 to 1014 in total [5], with the overall 
microbiome (the combined genome of all the 
micro-organisms) approximately 100 times 
greater than the human genome [4]. Within the 
large intestine, there is also variation in diversity 
of species within specific compartments, such as 
the mucosa, lumen and epithelium [6]. The small 
intestinal sites, duodenum, jejunum and ileum, 
also comprise differing numbers and species.

Micro organisms residing within the GI tract carry 
out many necessary roles, for example in metabo-
lism, immune defence and GI physiology [7]. 
Some are associated with health benefits whereas 
others are known to be potentially pathogenic. 
Lactobacilli and bifidobacteria are associated 
with many  positive effects and have been used 
in  various health food products as probiotics. 
A possible reason for this could be their ability 
to prevent commensal and potentially pathogenic 
microbial population levels from increasing 
through various inhibitory  mechanisms [8–11]. 
Potential pathogens include Clostridium difficile, 
Escherichia coli and Helicobacter pylori which 
have been connected with antibiotic-associated 
diarrhoea, vomiting and stomach ulcers respec-
tively [12,13].

Although each individual has a distinctive 
 microbiome, the majority of key players remain the 
same but in varying quantities.

Gastrointestinal microbiota
Katherine stephens, Gemma e. Walton and Glenn r. Gibson
University of Reading, Reading, UK
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1.8.2 Functions of the human 
gastrointestinal tract

A main function of the GI microbiota is modulation 
of the immune system. Germ-free mice have been 
extensively used in studies investigating the involve-
ment of the microbiota in immune response devel-
opment [14]. The microbiota can form a protective 
barrier which decreases the chance of pathogen 
invasion by possibly occupying receptor sites in 
the  GI tract [14]. The micro organisms compete 
by several  different mechanisms, such as nutrient 

scavenging, receptor occupation and the production 
of antimicrobial  substances, which can elicit a spe-
cific or non-specific effect such as the modulation 
of pH. Antimicrobial substances produced in the GI 
tract include acids, antimicrobial peptides (AMPs), 
defensins, cathelicidins and C type lectins, all of 
which are capable of targeting bacterial cell walls, 
thus controlling population levels of commensal 
organisms or aiding protection against pathogens 
[15,16].

Competition plays a vital role in immune defence, 
helping to prevent potential pathogen invasion. 

Table 1.8.1 Summary of microbiota associated with the GI tract in humans

Site
Approximate 
numbers per mL

Examples of 
microbial types Environmental factors References

Oral cavity 108/9 Streptococcus spp.
Viellonella spp.
Prevotella spp.
Actinomyces spp
Klebsiella spp.

Anaerobic and aerobic 57, 58

Stomach 103 H. pylori
Lactobacillus spp.
Veillonella spp.
Staphylococcus spp.
Streptococcus spp.

Microaerophilic
Low pH due to gastric  
acidity from  
hydrochloric acid 
Presence of pepsin
Rapid transit

14, 58, 59

Small intestine  
(ileum, jejunum,  
duodenum)

103–108 Lactobacillus spp.
Veillonella spp.
Yeasts
Staphylococcus spp.
Streptococcus spp.

Anaerobic
Presence of bile salts  
and pancreatic secretions

60

Large intestine 1012 Bifidobacterium spp.
Lactobacillus spp.
Clostridium spp.
Bacteroides spp.
Enterobacteriaceae spp.
Staphylococcus spp.
Acetogens
Methanogens
Sulphate-reducing  
bacteria
Proteus spp.
Fusobacterium spp.
Eubacterium spp.
Roseburia spp.

Anaerobic
Dietary residues  
available for 
fermentation, as well as 
indigenous sources
Favourable pH for 
microbial growth
Slow transit  
(ca. 24–72 h)

60
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Specialised GI tract lymphoid tissues produce secre-
tory immunoglobin A (IgA) [17] which neutralises 
receptors on target bacteria, allowing some control 
over the GI microbiota [18]. Activation of IgA is 
due to localised GI dendritic cells, which sample 
the luminal micro organisms; therefore antibodies 
against GI microbiota have already been developed.

A number of features aid in the control of GI popu-
lation levels, for example IgA and AMPs. Dendritic 
cells (DCs) are specialised white blood cells which act 
as antigen-presenting cells (APCs); they sample the 
intestinal lumen, and therefore GI microbiota, and are 
able to secrete antibodies to neutralise any potential 
growing threat [18]. Distinguishing between threats 
involves Toll-like receptors which are expressed on 
eukaryotic cells; these have a unique function of rec-
ognising conserved regions within bacterial mem-
branes [19]. Due to this ability, signalling molecules 
such as cytokines can elicit an inflammatory response 
[20]. Antimicrobial peptides have the ability to work 
across the GI tract; they are localised towards the intes-
tinal mucosa, preventing the expansion of microbes 
throughout the lumen and minimising contact with 
host GI tract epithelium [21]. Lactic acid bacteria 
 produce lactate and acetate, which can be detrimental 
to other microbes, through their ability to disrupt 
 bacterial outer membranes [22].

The GI tract must also be able to tolerate microbes 
and not always elicit an immune response. This 
can be achieved in three different ways: a physical 
 barrier between host cells and bacterial cells, 
 antigen modification on bacterial cells or modify-
ing  immune responsive cells in the GI tract [14]. 
DC’s are specialised in the GI tract to induce and 
stimulate T-cell differentiation into T-helper cells 
and T-regulatory cells, an alternative to cytotoxic 
T-cells which can damage the GI tract epithethial 
lining [23]. Another potential problem is lipopoly-
saccharide (LPS) on the gram-negative bacterium’s 
outer membrane; host recognition of LPS can lead 
to septic shock or low-grade chronic inflammation 
[24]. To overcome this, LPS toxicity can be reduced 
by phosphorylation [25]. In mice, it has been shown 
that GI epithelial cells inherit a  tolerance to LPS 
endotoxin [26].

Bacterial metabolism is a key part of the microbi-
ota. They are able to breakdown non-digestible food 
products into short-chain fatty acids (SCFA). Such 

substrates include non-starch polysaccharides (NSP), 
starch, oligosaccharides, proteins and amino acids 
[27]. These organic acids can be used for growth and 
energy, not only for themselves but as a secondary 
source for the host [28]. Acetate, propionate and 
butyrate are the main SCFAs produced and have 
 various impacts on human metabolism and the 
immune system [28,29]. Butyrate is involved in 
cytokine development as an essential signalling 
 molecule and provides structural aid in the intestinal 
epithelium; it also stimulates apoptosis and therefore 
is an important growth regulator for colonocytes 
[30,31]. Acetate can aid intestinal inflammation dur-
ing an immune response, allowing for more immune 
cells to translocate to the infected site via G-protein-
coupled receptors. Acetate is also metabolised in mus-
cle and other systemic  tissues [32]. Propionate has 
been shown to lower cholesterol concentration [33]. 
SCFAs also have abilities in AMP generation, aiding 
in immune  system defence [5].

Studies have shown that microbial GI composi-
tion plays a role in human brain development and 
behaviour, with germ-free mice displaying higher 
anxiety issues and less motor control than con-
ventionally raised animals [34]. Bifidobacterium 
 infantis has been shown to regulate the metabolism 
of  tryptophan, an amino acid involved in the pro-
duction of serotonin showing a potential link 
between GI micro-organisms and neurotransmitter 
concentrations [35]. As such, the GI microbiota 
may have an additional impact on host psychology. 
The microbiota have also been shown to interfere 
with the hypothalamic-pituitary-adrenal axis – 
interactions between the hypothalamus, pituitary 
and adrenal glands [36]. The GI microbiota have 
been associated with the control of different sig-
nalling molecules such as neurotransmitters. These 
connections suggest that the GI microbiota have 
an impact on host response to stress as well as 
mood/psychological disorders [37,38].

1.8.3 Factors influencing 
composition of the microbiota

The establishment of the native microbiota can be 
observed from birth and continues to develop 
throughout life. During pregnancy, the infant’s 
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intestinal tract is thought to be devoid of micro-
organisms. The delivery method of the infant can 
result in distinctive colonisation patterns. Natural 
birth delivery, where the infant passes through the 
birthing canal, results in the infant ingesting the 
mother’s commensal vaginal and faecal microbiota 
[39]. A caesarean birth results in the first colonisers 
being those from the hospital environment; spe-
cies  such as Staphylococcus epidermis and other 
Staphylococcus spp and Propionibacterium have 
been noted in  caesarean births [40,41]. Facultative 
anaerobes are the first GI tract colonisers due to the 
infant GI tract having positive oxidation/reduction 
potential [8]. Examples include E. coli, Enterococcus 
faecium, Enterococcus faecalis, Pseudomonas spp, 
Aeromonas spp, Klebsiella spp and Enterobacter 
spp [36,38]. Oxygen is rapidly utilised by initial 
invaders, thus creating anaerobic conditions which 
allow the colonisation of strict anaerobes [37]. 
Examples of such strict anaerobic bacterial genera 
include Bifidobacterium spp, Bac teroides spp and 
Clostridium spp [42].

From birth, diet will also affect the initial colon-
isers, particularly in the case of breast as opposed to 
formula feeding, with the former having a prepon-
derance of bifidobacteria. Much research has shown 
that the initial microbiota composition can have an 
impact on subsequent colonisation which may later 
influence the health of the individual [14]. For 
example, early colonisers of lactobacilli have been 
associated with a lower number of allergies [43]. 
After 3 years of age, post breastfeeding and wean-
ing, the GI tract starts to stabilise and over time a 
more established microbiota is developed [44]. In 
general, breastfed infants have reduced risks of 
infections and more chronic issues in later life [39].

In the elderly population the microbiota is more 
changeable [45]. Composition varies and the diver-
sity of micro-organisms has been observed to 
decrease [46]. Factors which can affect this altered 
organisation over time include loss of appetite and 
therefore less nutrient availability, decrease in saliva 
secretion, decrease in vitamin synthesis, tooth 
decay, potential mutations in cancer suppression 
genes, immunological changes, decreases in 
 nutrient absorption and intestinal transit time and 
sensitivity [47,48]. Lactobacillus spp and 
Bifidobacterium spp have been observed to be 

lower in elderly volunteers whereas Bacteroides, 
enterococci, enterobacteria and Clostridia levels 
were fairly similar or even higher than in younger 
adults [49].

Diet can affect bacterial diversity in the GI tract. 
Non-digestible nutrients will become available to 
the microbiota; certain species may thrive depending 
on substrate availability and type [42]. The energy 
can be harboured for their own metabolic processes 
or can be available to the host. Diet  cannot always 
provide the vital nutrients the body needs to func-
tion, and in this context, the microbiota is important 
for the synthesis of certain vitamins [28].

Microbial infection can occur at any stage of life. 
The usual treatment consists of a recommended 
antibiotic to which the proposed bacterial infection 
shows sensitivity. However, antibiotic use may also 
have an impact on the normal indigenous microbi-
ota which can lead to complex issues such as diar-
rhoea or pseudomembranous colitis [50]. Commensal 
micro-organisms such as lactobacilli and bifidobac-
teria may decrease [20]. As a result, opportunistic 
micro-organisms such as C. difficile and yeasts such 
as Candida albicans may be better able to multiply 
due to less competition; these then may have the 
ability to cause further illnesses, such as antibiotic-
associated diarrhoea (AAD) [13,20]. Other issues 
include vitamin deficiencies, as members of the 
microbiota contribute to the vitamin requirements of 
the host [51]. The severity of deficiencies is dictated 
by a series of factors including dosage and duration 
of antibiotic treatment, range of potential microbial 
targets, route of transmission of the treatment, phar-
macokinetics of the drug and how easily it can be 
metabolised [52]. Clindamycin is an antibiotic 
commonly used for individuals suffering with a 
health issue caused by an anaerobe, its wide range 
of targets making it a useful drug on its own and in 
combination with others. Although this drug is 
effective, it has a negative impact on commensal GI 
micro-organisms, allowing for an increase in C. dif-
ficile and therefore the risk of colitis,  diarrhoea and 
bloating [51,53].

A growing predicament with the use of antibiotics 
is increasing bacterial resistance – commensal to com-
mensal or commensal to pathogen [52]. With growing 
resistance to antibiotic treatments, it is more likely 
that micro organisms can transfer resistant genes 



1.8 Gastrointestinal microbiota  45

to one another via horizontal transfer, e.g. bacterial 
conjugation. An example of this was the transfer of 
beta-lactamase on a plasmid from a resistant E. coli 
strain to an initially susceptible strain in a child tak-
ing amoxicillin [54]. It is now thought that over a 
short antibiotic treatment period, resistant strains 
can remain for several years which may lead to less 
successful treatment and higher costs due to failure 
to eradicate pathogenic infection and the evolution 
of superbugs [55].

Dysbiosis of the GI microbiota can occur, 
 influencing microbiota composition and leading 
to potential health problems (Box 1.8.1). A com-
mon cause of dysbiosis is inflammation, which 
is  associated with many GI-related diseases 
[56].  Current research has shown a connection 
between the microbiota and health issues such as 
obesity, diabetes, cancer, autism, allergies, inflam-
matory bowel disease and irritable bowel 
 syndrome. There is much debate about the exact 
species involved in these disorders, with some 

studies contradicting one another. However, what 
is clear is that the microbiota can markedly affect 
host health.

The microbiota are a crucial component of the 
human body, required not only in manufacturing 
necessities such as vitamins and SCFAs but also for 
the digestive process to occur optimally. Their role 
in immune defence is of great magnitude and the 
human body would be at much higher risk of 
 infection without the protection of the commensal 
microbiota. However, there are also negative effects, 
which can be mostly controlled through a healthy 
lifestyle. Our knowledge of the relationship between 
the host and their microbiota is developing further, 
with new studies  providing more insight into the 
complex network of our GI system.
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Chapter 1.9

Despite fluctuations in food intake and physical 
activity, healthy adults maintain a relatively con-
stant weight over decades. However, as stated by 
the laws of thermodynamics, if less energy is 
expended than consumed then the excess energy 
will be stored. It is calculated that an average North 
American man will increase his weight by 9.1 kg 
between 25 and 35 years of age, as a consequence 
of a mere 0.3% imbalance between energy con-
sumed and energy expended over this period [1]. It 
is therefore of no surprise that, as a result of readily 
available high-energy food and our sedentary 
 lifestyles, obesity has become a growing global 
 epidemic. The converse is true in disorders that 
 culminate in reduced energy intake such as anorexia 
nervosa. An understanding of the mechanisms that 
control body weight, by co-ordinating food intake 
and energy expenditure, is key in unravelling the 
pathogenesis of disordered energy homeostasis in 
gastrointestinal disease.

1.9.1 Role of the gut 
neuroendocrine system in 
appetite regulation

Several neural, hormonal and psychological factors 
control the complex process known as appetite. The 
hypothalamus and brainstem receive these periph-
eral neural and hormonal signals and co-ordinate a 
response in order to achieve energy homeostasis. 
Two discrete populations of neurones present in the 

arcuate nucleus (ARC) of the hypothalamus with 
opposing effects on food intake are crucial in this 
process: medially located orexigenic neurones (i.e. 
those stimulating appetite) express neuropeptide Y 
(NPY) and agouti-related peptide (AgRP), and ano-
rexigenic neurones (i.e. those inhibiting appetite) in 
the lateral ARC express pro-opiomelanocortin 
(POMC) and cocaine and amphetamine-regulated 
transcript (CART) [2]. Additionally, ARC neurones 
also project onto the paraventricular nucleus (PVN) 
of the hypothalamus where important efferent path-
ways regulating energy expenditure arise.

The important inputs to this intricate neural 
 network are twofold. Firstly, the short-term signals 
that govern meal ingestion are primarily regulated 
by the ‘gut–brain axis’ and secondly, information 
regarding long-term energy stores is signalled via 
leptin, an adipose-derived hormone [3]. This ‘gut–
brain axis’ exists to contribute to the short-term 
feelings of satiety and hunger, by transmitting 
 information from the gastrointestinal tract to the 
hypothalamus and brainstem, via gut hormones and 
the vagus nerve (see Figure 1.9.1). The majority of 
these gut hormones are anorexigenic and include 
peptide tyrosine- tyrosine (PYY), pancreatic poly-
peptide (PP), glucagon-like peptide-1(GLP-1), 
oxyntomodulin (OXM) and cholecystokinin (CCK). 
The only truly orexigenic hormone to be discovered 
thus far is ghrelin. These hormones act in concert as 
meal initiators and terminators [4].

These endogenous gut hormones act on the 
 central nervous system either via the circulation 
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through areas deficient in the blood–brain barrier, 
such as the median eminence of the hypothalamus 
and the area postrema [5] or via receptors of vagal 
afferents, together with stretch receptors and nutri-
ent chemoreceptors [6]. These signals converge in 
the nucleus of the tractus solitarius (NTS) of the 
brainstem and are integrated with information from 
higher brain centres relaying reward drive and mood 
to regulate appetite and control energy expenditure. 
In this chapter, a review of the key gut hormones 
implicated in appetite regulation is undertaken.

1.9.2 Peptide tyrosine-tyrosine

Peptide tyrosine-tyrosine is a member of the PP-fold 
family of peptides, which also includes the anorexi-
genic PP and the orexgenic neurotransmitter NPY, all 
sharing a common tertiary structure.  PYY exists 
endogenously in two forms: peptide tyrosine- 
tyrosine

1–36
 and PYY

3–36
 [7]. Enzymatic cleavage of 

secreted PYY
1–36

 at the amino terminal by the enzyme 
dipeptidyl peptidase IV (DPP-IV) gives rise to PYY

3–36
 

[8], the predominant form of circulating PYY.
Peptide tyrosine-tyrosine is released postprandi-

ally by the L-cells of the distal gut in proportion to 
the energy content consumed. Plasma PYY

3–36
 

 concentrations rise within 15 min of food ingestion, 
well before nutrients reach the colon or rectum 
where it is released, implicating a neural or hormo-
nal mechanism for its release [9]. PYY

3–36
 concen-

trations peak 1–2 h postprandially and remain 
elevated for up to 6 h [10]. Protein-rich meals cause 
the greatest increase in PYY concentrations com-
pared to other macronutrients [11]. The effects of 
PYY are thought to be mediated centrally via the 
G-protein-coupled Y receptors, in particular the Y2 
receptor [12], which is densely expressed in the 
ARC. Peptide tyrosine-tyrosine may also exert its 
actions via the vagus nerve which also expresses the 
Y2 receptor [13]. Interestingly, obese individuals 
have lower fasting PYY

3–36
 concentrations than 

AppetiteSatiety

POMC
CART

NPY
AgRP

PYY
PP
GLP-1
OXM
CCK

Ghrelin

Vagus nerve

Brainstem

Hypothalamus

Figure 1.9.1 Mechanism of gut hormone action. Hormones released from the gastrointestinal tract into the 
 circulation act on the brain to modulate appetite. Three sites are known to be of key importance: the hypothalamus, 
brainstem and vagus nerve. AgRP, agouti-related peptide; CART, cocaine- and amphetamine-regulated transcript; 
CCK, cholecystokinin; GLP-1, glucagon-like peptide 1; NPY, neuropeptide Y; POMC, pro-opiomelanocortin; 
OXM, oxyntomodulin; PP, pancreatic polypeptide; PYY, peptide tyrosine-tyrosine.
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their lean counterparts, suggesting that obesity is a 
‘PYY-deficient’ state [10].

Peptide tyrosine-tyrosine changes occur in  several 
gastrointestinal disorders. PYY concentration in 
 tissue extracts from the ileum and colon of patients 
with Crohn’s colitis and ulcerative colitis has been 
found to be lower than in controls [14]. Furthermore, 
rectal and fasting plasma PYY concentrations have 
been reported to be reduced in patients with ulcera-
tive colitis. This decrease in PYY could contribute 
to the development of the symptoms seen in inflam-
matory bowel disease; for example, diarrhoea may 
be brought about by hindering the ileal brake and 
loss of inhibition of intestinal transit. Conversely, 
total PYY concentrations have recently been found 
to be increased, both pre- and postprandially, in 
patients with Crohn’s disease affecting the small 
intestine. It appears that enhanced enteroendocrine 
cell responses may play a role in feeding distur-
bance and weight loss [15]. In patients with coeliac 
disease, basal and postprandial plasma concentra-
tions of PYY are elevated. These elevated concen-
trations of PYY normalise within 8 months on a 
gluten-free diet [16]. PYY concentrations in 
 cerebrospinal fluid (CSF) have been found to be 
 elevated in normal-weight bulimic patients absti-
nent for a month from pathological eating behav-
iour. However, CSF PYY concentrations were not 
affected in women who had recovered from  anorexia 
[17]. Plasma concentrations of PYY have not yet 
been investigated in this group of patients.

1.9.3 Pancreatic polypeptide

Pancreatic polypeptide is an amidated 36-amino 
acid peptide, structurally similar to PYY. It is 
released postprandially under vagal control from 
pancreatic islet PP cells, in proportion to caloric 
intake. A biphasic response is observed postprandi-
ally and concentrations remain elevated for up to 6 h 
after a meal [18]. Pancreatic polypeptide is thought 
to mediate its effects via the Y4 receptor, which is 
highly expressed in the brainstem and ARC [19].

Fasting plasma concentrations of PP are lower in 
obese individuals, as is the second phase of release 
after food consumption [20]. Children with Prader–
Willi syndrome, a condition characterised by 

 hyperphagia and obesity, have reduced fasting 
and  postprandial concentrations of PP [21]. In 
 contrast, increased concentrations of PP are 
observed in patients with anorexia nervosa [22]. 
Pancreatic polypeptide release is reduced in patients 
with slow transit constipation, but increased in those 
with functional diarrhoea [23]. Levels are unchanged 
in patients with coeliac disease [24] but patients 
with ulcerative colitis have significantly elevated 
fasting PP concentrations [25].

1.9.4 Glucagon-like peptide 1

Glucagon-like peptide 1 is a product of proglucagon, 
secreted by enteroendocrine L-cells in the intestine. 
After a meal, it is released in response to direct L-cell 
stimulation by nutrients within the GI lumen, and 
 indirectly via neuronal pathways within the enteric 
nervous system. Glucagon-like peptide 1

1-37
 is pro-

cessed intracellularly to generate the 7–37 and 7–36 
amide peptides. Glucagon-like peptide 1 is inactivated 
by dipeptidyl peptidase-4 (DPP-4) which processes 
GLP-1

7-37
 and GLP-1

7-36
 amide to GLP-1

9-36
 amide.

Glucagon-like peptide 1 binds the G-protein-
coupled GLP-1 receptor expressed by pancreatic 
islet cells as well as brain, heart and lung tissue 
[26]. The actions of GLP-1 are best characterised in 
the beta cell where GLP-1 exerts an incretin effect, 
the stimulation of glucose-dependent insulin release 
from pancreatic beta cells [27]. Therefore, until 
recently, the focus on GLP-1 has been largely as an 
antidiabetic agent and two long-acting analogues of 
GLP-1, exenatide and liraglutide, are licensed for 
the treatment of diabetes.

In contrast to insulin, however, GLP-1 causes a 
decrease in body weight [28]. Acute intravenous 
injection of GLP-1 reduces appetite and energy 
intake [29]. This effect has been observed in lean, 
obese and diabetic volunteers. The actions of GLP-1 
on appetite are likely to be related to a direct effect 
on the central nervous system (CNS) via activation 
of POMC-expressing neurones in the ARC, as well 
as through delayed gastric emptying [30].

In gastrointestinal disease, circulating concentra-
tions of GLP-1 can be affected. In both ulcerative 
colitis and Crohn’s disease, postprandial GLP-1 
responses are augmented [31]. In coeliac disease, 
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concentrations are unaffected [32]. Research into 
GLP-1 physiology in these inflammatory gastroin-
testinal conditions is limited and thus far, the 
emphasis of investigation has been in the field of 
diabetes and obesity. It is well established that 
obese subjects have diminished postprandial GLP-1 
responses compared to lean controls, but improved 
secretion is observed after weight loss [33]. The 
mechanism by which obesity affects GLP-1 secre-
tion is not known but may be related to the insulin 
resistance that accompanies weight gain, and which 
also impairs GLP-1 release. The prospect of using 
long-acting analogues of GLP-1 as a treatment for 
obesity is eagerly anticipated.

1.9.5 Oxyntomodulin

Also formed by the cleavage of proglucagon, OXM 
is secreted by the L-cells postprandially, in propor-
tion to energy intake [34]. In addition to reducing 
appetite, OXM delays gastric emptying and reduces 
gastric acid secretion [35]. Furthermore, chronic 
administration of OXM causes rats to lose more 
weight than pair-fed controls, suggesting that its 
weight loss effect may be mediated by an increase 
in energy expenditure [36].

Although OXM is a dual agonist at both the 
glucagon and GLP-1 receptors, the anorectic effects 
of OXM are abolished in GLP-1 receptor knockout 
mice, suggesting that its action on appetite control 
is primarily via the GLP-1 receptor [37]. OXM con-
centrations in gastrointestinal disease have not been 
well studied.

1.9.6 Cholecystokinin

Cholecystokinin is released postprandially from the 
I-cells of small intestine, and also co-localises with 
PYY in L-cells. After a meal, CCK is secreted in 
response to saturated fat, long-chain fatty acids, 
amino acids and small peptides that would normally 
result from protein digestion [38]. After lipid inges-
tion, CCK is released and binds CCK1 receptors, 
thereby stimulating release of PYY and inhibition 
of ghrelin [39]. Both of these hormones act to fur-
ther inhibit food intake. Postprandial secretion of 

CCK also stimulates pancreatic enzyme secretion 
and gallbladder contraction, leading to release of 
bile salts into the duodenum, promoting protein and 
fat digestion [38]. In addition, CCK is implicated in 
other gastrointestinal functions, including gastric 
emptying [40].

Cholecystokinin appears to have a role in the 
pathogenesis of gallstone disease. Recent studies 
have shown that postprandial concentrations of 
CCK are higher in patients with reduced gallblad-
der contractility, predisposing them to gallstone dis-
ease, compared to their healthy counterparts. 
Interestingly, CCK1 receptor expression in the gall-
bladders of these patients was lower [41]. This find-
ing is supported by the phenotype of CCK1 receptor 
knockout mice, in which the prevalence of gall-
stones is markedly increased [42].

In patients with Crohn’s disease, postprandial 
CCK concentrations were markedly increased 
 compared to a control group, and patients with 
ulcerative colitis and diverticulitis. This excessive 
postprandial release of CCK may be responsible for 
the delayed gastric emptying observed in these 
patients [31]. Similarly in Giardia enteritis,  elevated 
postprandial CCK concentrations were correlated 
with anorectic symptoms upon feeding and treat-
ment led to normalisation of CCK concentrations 
and symptoms [43].

1.9.7 Ghrelin

Ghrelin is a 28-amino acid peptide that is acylated 
by the enzyme ghrelin O-acyltransferase (GOAT) 
and secreted from the gastric fundus. It binds to 
the growth hormone secretagogue receptor type 1 
(GHSR) and stimulates release of growth hormone 
from the pituitary gland [44]. It is the only true 
orexigenic gut hormone to have been discovered 
thus far.

Plasma ghrelin concentrations are highest pre-
prandially, both when meals are provided at sched-
uled times and when individuals are allowed to eat 
at will [45]. Fasting ghrelin concentrations are low 
in obese subjects and chronically high in patients 
with weight loss due to anorexia nervosa or dietary 
restriction [46]. In lean people, concentrations 
decrease after a test meal but do not change in 
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patients with obesity [47]. There is recent evidence 
that diet-induced obesity may blunt the orexigenic 
effects of ghrelin. High-fat feeding renders NPY/
AgRP neurones relatively ghrelin resistant [48], and 
diets high in fat directly inhibit the hyperphagic 
effect of ghrelin [49]. Furthermore, ghrelin interacts 
with neurones in the ventral tegmental area of the 
brain and may provide a link between the GI tract 
and central control of stress-induced eating of 
‘comfort foods’ [50].

Ghrelin seems to be affected in several gastroin-
testinal diseases. Serum ghrelin concentrations are 
significantly higher in patients with active ulcerative 
colitis and Crohn’s disease compared to those in 
remission or controls. Levels were positively 
 correlated with erythrocyte sedimentation rate and 
C-reactive protein and negatively correlated with 
nutritional status parameters [51]. In children with 
coeliac disease, serum ghrelin was higher than 
those of controls and negatively correlated with 
Body Mass Index (BMI). Ghrelin concentrations 
decreased after 6 months of gluten-free diet com-
pared with the concentrations detected on admis-
sion [52]. Helicobacter pylori infection is associated 
with reduced circulating ghrelin concentrations 
independent of sex and BMI. Ghrelin concentra-
tions increased, however, 12 weeks after successful 
H. pylori eradication [53]. In patients with gastric 
cancer, ghrelin in the gastric mucosa is affected. 
Gastrectomy decreased the plasma concentration, 
regardless of the extent of gastric resection [54]. 
Ghrelin serum concentrations were significantly 
lower in colon cancer patients compared with 
 controls [55].

1.9.8 Conclusion

In conclusion, the GI tract is now recognised as an 
endocrine organ that secretes a variety of hormones. 
These gut hormones play a crucial role in the con-
trol of appetite and hence energy homeostasis. 
Changes in gut hormones concentrations have been 
identified in several gastrointestinal disorders but 
the molecular mechanisms by which individual 
 diseases are affected still need to be resolved. 
Furthermore, the clinical implications of these 
changes are yet to be elucidated.
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The term ‘fibre’ was first used by Eben Hipsley in 
1953. During his observations he found that popu-
lations with fibre-rich diets tended to have lower 
rates of pregnancy toxaemia [1]. In 1976, Trowell 
defined fibre as the component of plant foods 
that  resisted digestion by enzymes produced by 
humans [2].

Dietary fibre is a group of non-digestible plant 
polysaccharides which escapes digestion and 
absorption in the upper gastrointestinal (GI) tract 
and is termed non-starch polysaccharides (NSPs). 
Plant ingredients generally contain a mixture of 
both water-soluble and insoluble fibre. Soluble fibre 
disperses when mixed with water and has the ability 
to increase the viscosity of digesta which slows 
down the diffusion of digestive enzymes and the 
absorption of nutrients. This reduction in absorption 
lowers postprandial glucose, cholesterol and insulin 
responses, which has significant implications for 
the prevention and management of insulin-resistant 
and type 2 diabetes.

Soluble fibre is mainly found inside the cells of 
fruits, vegetables, beans and oat bran, and consists 
of pectins, gums and mucilages. Insoluble fibre pos-
sesses high water-binding capacity, renders faecal 
content softer and bulkier, and allows easy luminal 
passage [3], thereby playing a crucial role in the 
correct functioning of the GI tract. Cellulose, lignin 
and hemicellulose contain insoluble fibre and are 

widely found in wheat, whole grains, fruits and 
vegetables.

A major proportion of NSPs escapes the 
small intestine nearly intact, and is fermented by 
commensal microbiota residing in the caecum 
and colon into short-chain fatty acids (SCFAs), 
promoting normal laxation. Short-chain fatty 
acids have a number of health-promoting effects 
such as maintaining normal GI structure and 
function, preventing or alleviating colon-based 
diarrhoea, lowering colonic pH, inhibiting growth 
of pathogenic organisms [4], improving mineral 
utilisation, stimulating proliferation of colonic 
epithelial cells, thereby increasing the absorp-
tive  capacity of the epithelium, and stimulating 
colonic blood flow and fluid and electrolyte 
uptake. Non-starch polysaccharides may benefit 
human health by reducing and/or limiting the 
risk of both acute and chronic diseases, such as 
infectious diarrhoea, obesity, diabetes, colorec-
tal cancer, neonatal necrotising enterocolitis and 
inflammatory bowel disease through various 
mechanisms including a physiological effect on 
the GI tract, colonic fermentation, immuno-
modulation and a prebiotic effect [4,5]. Subse-
quently, NSP intake can be viewed as a marker 
of  a healthy diet and higher dependency on 
 fibre-supplemented food reflects a healthier life-
style [5].
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2.1.1 Classification of  
non-starch polysaccharides

According to Phillips [6], the 2009 meeting of the 
Codex Committee on Nutrition and Foods for Special 
Dietary Uses finally agreed upon the following 
 definition – that NSPs are carbohydrate polymers 
with ≥10 monomeric units which are not hydrolysed 
by the endogenous enzymes in the small intestine of 
humans and belong to the following categories.

(1) Edible carbohydrate polymers naturally occur-
ring in food as consumed.

(2) Carbohydrate polymers, which have been 
obtained from raw food material by physical, 
enzymatic or chemical means and which have 
been shown to have a physiological effect or 
benefit to health as established by mostly 
accepted scientific proof from competent 
authorities.

(3) Synthetic carbohydrate polymers which have 
been shown to have a physiological benefit to 
health as demonstrated by generally accepted sci-
entific evidence from competent authorities [7].

Fibre from different sources may vary in a number 
of physical and chemical characteristics. Even 
though fibre was conventionally classified accord-
ing to solubility, additional properties, such as vis-
cosity and fermentability, are now being recognized 
as more important in terms of specific physiological 
benefits [8] (Table 2.1.1). Generally, soluble fibres 
are fermented and have a higher viscosity than 
insoluble fibres. Nevertheless, most soluble fibres 
are not viscous (e.g. acacia gum, partially hydro-
lysed guar gum), whereas a few of the insoluble 
fibres may be well fermented (e.g. finely ground 
soy polysaccharides) [8].

2.1.2 Clinical effect of  
non-starch polysaccharides

Dietary supplementation of fibre has a wide array of 
beneficial health effects as already described. It is 
well known that the human GI tract is less suited to 
the modern high-fat, energy-rich and low-volume 
diets of urbanised countries but better suited to cope 

with a diet rich in NSP with a large volume. 
Consequently, low NSP intake is associated with 
many Western diseases such as obesity, type 2 dia-
betes and gastrointestinal disorders. Based on vari-
ous scientific reports, it is apparent that the majority 
of the clinical effect of NSP intake is promoted by 
the fibre-mediated alterations in the functional pro-
cesses of the GI tract. As such, this chapter will 
highlight the health-promoting effects of NSPs on 
the GI tract and the key mechanisms associated 
with modulating the clinical benefits of fibre intake.

Physiological effects of fibre on the 
GI tract

Dietary intake of fibre influences the entire GI tract 
from mouth to anus. Foods rich in fibre have lower 
energy density and take longer to empty from the 
stomach. Water-soluble fibre usually delays gastric 
emptying and slows the transit of food materials 
through the small intestine, consequently increasing 
nutrient absorption time [9]. In the GI tract (particu-
larly the small intestine), fibre can elicit responses 
of a wide variety of gut hormones that serve as 
incretins to stimulate insulin release and affect 
appetite [10]. Fibre can also bind with bile acids and 
impede micelle formation, thus increasing faecal 
excretion of bile acids and cholesterol [11]. 
Consumption of a diet low in NSP could lead to 
watery stools and the addition of pectin signifi-
cantly reduces the occurrence of watery stools and 
promotes normalisation of colonic fluid composi-
tion [12]. Reports suggest that consumption of pec-
tin and soy polysaccharides increases colonic water 
absorption, probably mediated via SCFA produc-
tion, suggesting that reduction in luminal SCFA 
 levels in antibiotic-associated colitis may be respon-
sible for diarrhoea [13]. Ramakrishna and Mathan 
(1993) further confirmed that acute watery diar-
rhoea is associated with a reduction in luminal 
SCFAs and a decrease of net water and sodium 
absorption in the colon [14].

Short-chain fatty acids also stimulate colonic 
blood flow and smooth muscular activity [15]. The 
greater blood flow enhances tissue oxygenation and 
transport of absorbed nutrients. The mechanism of 
action of SCFAs on blood flow may involve local 
neural networks as well as chemoreceptors together 
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with direct effects on smooth muscle cells. 
Production of SCFAs in the colon also tends to acti-
vate the upper GI tract musculature and the ileoco-
lonic brake directly in a dose-dependent manner 
[16]. Consumption of fermentable carbohydrate, inu-
lin and beet fibre can also increase the bioavailability 
of various minerals such as calcium, magnesium and 
zinc in the colon [17].

Clinical effect of NSP intake on the 
GI tract

Dietary intake of NSPs can affect gastrointestinal 
health, in particular in relation to structural and 
physiological functions of the colonic wall, the 
mucus layer, immune function and its microbial 
ecosystem.

Gastrointestinal structure and health

A healthy GI tract is vital as it is the main site of 
digestion, absorption and substrate redistribution, 
and acts as a barrier to prevent foreign materials of 
dietary or microbial origin crossing into the internal 
body cavity. The effect of NSPs on the GI tract 
seems to be dependent on the ability of different 
fibre types to increase digesta viscosities. In the 
GI  lumen, NSPs may have a major effect on the 
dynamic process of small intestinal cell turnover, 
crypt cell proliferation rates, migration along the 
crypt-villus axis, and cell extrusion from the villous 
apex via apoptosis and cell sloughing or invagina-
tion [18]. The production of SCFAs from bacterial 
fermentation of NSP is important both for protect-
ing the health of the large intestinal wall and for 
stimulating repair in a damaged colon. The SCFAs, 
particularly butyrate and to a certain extent propion-
ate, stimulate the proliferation of caecal crypt 
cells  in normal human mucosa in vitro [19]. 
Increased epithelial cell proliferation in colonic 
crypts was  also demonstrated in humans fed oat 
bran and oat gum [20].

The complete mechanisms by which SCFAs 
stimulate cell proliferation and growth of the small 
intestine are still poorly understood but it is likely 
that this effect is mediated by a systemic mediatory 
mechanism [21]. SCFAs also act as a potent stimulus 

for colonic sodium and water absorption, as 
observed in humans [14,16]. Besides, SCFAs have 
a  number of other favourable properties and rele-
vance for GI structure and function as summarised 
below [22].

 • Type of fibre (monosaccharide composition and 
chemical structure)

 • Physical nature of the fibre (e.g. particle size and 
method of fibre preparation)

 • Rate of hydrolysis of fibre
 • Mix of different fibre types consumed
 • Amount of fibre consumed
 • Duration of fibre intake
 • Colonic retention time (in turn stimulated by dis-
tension, bile acids, stimulation of mucosa by par-
ticulate matter and possibly distal fermentation 
and SCFA production)

 • Other dietary components
 • Colonic microbiota profiles

These properties may be of importance in maintain-
ing the normal structure and function of the GI tract 
and preventing colonic-based abnormalities [23]. 
Ulcerative colitis has been linked with reduced fae-
cal concentrations of SCFAs, impairment in 
butyrate oxidation and increased lactic acid levels 
during acute exacerbations [24].

Gastrointestinal mucus layer

The mucus layer of the GI tract is an important 
barrier lining. It provides lubrication and protects 
GI epithelium from the luminal stress of damaging 
agents, shear forces, toxins, enzymatic and acid 
degradation [25]. It also acts as a substrate for the 
gastrointestinal microbiota, serves as an antioxi-
dant and facilitates the removal of micro-organ-
isms [26]. It may also serve as a barrier to mucosal 
transport by reducing absorption of cholesterol 
[26] and have direct antioxidative effects in the GI 
tract [27]. The factors inducing intestinal mucus 
production and the associated dynamics are illus-
trated in Figure  2.1.1. The effects of different 
types of NSP on the intestinal mucus barrier have 
been assessed in a range of animal models, sug-
gesting that alginates, wheat bran, ispaghula husk 
and ulvan benefit the protective potential of the 
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Figure 2.1.1 Modulation of mucus barrier dynamics by luminal factors in the intestine. A complex interplay of 
luminal factors of bacterial, endogenous and dietary origin results in luminal bulk and mucus degradation. The 
epithelium may respond to increased or decreased luminal stress by altering rates of mucin granule exocytosis, 
mucin mRNA synthesis or goblet cell proliferation. Luminal stress triggers three putative pathways that result in 
an epithelial response. 1. Shear stress or colonic distension results in triggering of the mucosal mechanoreceptors. 
2. Prostaglandins or acetylcholine are released as a result of either increased luminal bulk or enteroendocrine cell 
response to changes in the luminal milieu. 3. Direct (e.g. bacterial adherence to epithelium) or indirect (e.g. chains 
to bacterial by-products) sensing of changes to the luminal bacterial populations by the GALT results in an im-
mune-type response, driven by interleukins or other local mediators. These three pathways appear to drive differ-
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rough endoplasmic reticulum, then glycosylated and polymerised. Prior to encapsulation in secretory vesicles, 
mucins are tightly packed into granules, in high calcium ion (black dots) concentration. As the vesicles join to the 
apical membrane, mucins rapidly swell upon hydration and separate from Ca++. ER, endoplasmic reticulum; LPS, 
lipopolysaccharide; PGE, prostaglandins; SCFA, short-chain fatty acids. Source: Allen and Flemstrom [25]; 
Brownlee et al. [28]; Brownlee [35]. Reproduced with permission from Elsevier. 
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colonic mucus layer and prevent bacterial trans-
location [28]. These effects are likely to occur 
through direct mechanical mechanisms or indi-
rectly by regulating mucosal metabolism via 
SCFAs derived from fibre fermentation [29]. 
These effects may also be of great importance for 
protecting and repairing the GI tract, such as in 
patients with ulcerative colitis, ileal pouchitis, 
colonic anastomoses and short bowel syndrome 
[30]. The potential effects of fibre on components 
of the GI barrier and possible mechanisms involved 
are summarised in Table 2.1.2.

Gastrointestinal immunity

The GI tract is involved in a range of immune 
functions. Gut-associated lymphoid tissue (GALT) 
is dependent on dietary constituents, particularly 
those that stimulate the growth of health-promot-
ing colonic microbiota [31,32]. In this respect, it 
has been reported that the constituents of dietary 
fibres such as inulin and other oligofructoses 
 stimulate growth of bifidobacteria and lactobacilli 
in the colon. These bacterial colonies generate 
SCFAs and stimulate the GI immune system [32]. 
Other potential beneficial health effects include 
protection from infection, inducing vitamin and 
antioxidant production, reducing the number of 
potentially harmful bacteria, supporting digestion 
and absorption, bulking activity to prevent consti-
pation and a reduction in the risk of colorectal 
cancer [31,32]. Despite all these potential impli-
cations, there are a limited number of studies 
favouring a role for NSPs in GI immune function 
[33]. Further studies are required to elucidate 
how NSPs intakes affect the GI microbiota and GI 
immune function.

Colonic microbiota

The colonic microbiota contains a large and 
diverse population of predominantly anaerobic 
bacteria. Non-starch polysaccharides are an impor-
tant fuel for different groups of colonic microbiota 
and play a profound role in regulating their  number 

and diversity. In the absence of NSPs or other 
luminal energy sources, colonic bacteria will uti-
lise intestinal mucus as an energy substrate. As 
bacteria require the necessary enzymes to break 
down saccharide bonds of the diverse range of 
NSPs, fibre will clearly affect the dynamics of the 
microbiota.

The GI microbiota, besides being a component 
of the GI barrier, plays an important role in fer-
menting NSPs to produce SCFAs and acidify the 
colon environment. Therefore, the presence of 
any fermentable NSPs is likely to cause a reduction 
in colonic pH which is beneficial for the develop-
ment of bacteria such as bifidobacteria and lactoba-
cilli, and detrimental to the growth of potential 
pathogenic species by inducing colonisation resist-
ance, blocking epithelial attachment and promoting 
secretion of  bactericidal substances [34]. Studies 
suggest that NSPs like chitosan, inulin and alginate 
can limit the production of potentially harmful 
metabolites of the microbiota [35]. There is now a 
growing consensus that certain NSPs may be able 
to stimulate the growth of specific types of colonic 
bacteria which deliver a prebiotic effect. Also, high-
fibre diet supplements have the potential to improve 
microbial balance in the colon by reducing coliform 
population [36].

Effects on stool frequency and consistency

Constipation is a common disorder affecting 
many people in Western countries [37]. 
Inadequate NSP intake has been suggested as the 
major cause for the prevalence of constipation 
[23]. The main symptoms are low stool fre-
quency, long transit time, difficult stool expul-
sion, dry stools and incomplete rectal emptying. 
Treatment in the first instance is usually by die-
tary supplementation of fibre; the lack of enzy-
matic degradation of NSPs in the small intestine 
helps to increase faecal bulk [37]. Increased bulk 
in the colon is the best documented mechanism 
for the laxative effect of fibre [37]. It has been 
confirmed that the laxative effect of fibre occurs 
substantially through greater faecal mass (and not 
any other effect) as consumption of indigestible 



Table 2.1.2 Potential effects of fibre on components of the gastrointestinal barrier and on bacterial 
translocation, and possible mechanisms [22]

Component 
of GI barrier Types of fibre Potential effects Possible mechanisms

GI mucus Very well 
fermented

Qualitative and quantitative 
alteration in mucus composition

Direct mechanical effects
Indirect effects by modulation
of mucosal metabolism
by end-productsof fermentation

Well fermented Possible influence on intestinal 
microbiota
Increased potential resistance to 
bacterial enzymes
Protection from oxidative damage

Increased thickness of
unstirred water layer

GI mucosa and
muscle wall

Well fermented 
and less well 
fermented

Stimulation of proliferation 
(proximal/mid colon by well-
fermented fibres and distal colon 
by less well-fermented fibres)

Direct (energy source) or systemic 
effects of SCFA
Indirect effects of SCFA (decrease 
caecal pH, increase GI blood flow, 
autonomic nervous system effects)
Influence of faecal bulk and particle 
size of fibres
Influence of luminal viscosity

Less well 
fermented

Maintenance of intestinal muscle 
bulk

Stimulation of gut hormones and 
peptides  
Abrasive action

Well fermented Protection from oxidative damage Abrasive action
Direct scavenging of radicals 
Chelating agent

GI microbiota Very well 
fermented

Stimulation of microbiota Substrate for proliferation

Maintenance of healthy
balance of end-products

Carbohydrate metabolism

Detrimental effects on growth of 
pathogens

Production of SCFA

Colonisation resistance Displacement of pathogens
Well fermented 
(inulin, OF 
and FOS)

Stimulation of specific microbiota, 
e.g. bifidobacteria

Preferred substrate for selective 
proliferation

GI immune 
function

Well fermented 
and less well 
fermented

Immunoregulatory effects on 
colonic epithelium

Regulation of gene transcription, 
protein synthesis of genes and gene 
products via butyrate

Systemic 
immune 
function

Not yet well 
established

Possible effects on non-specific and 
cell-mediated immunity

Via SCFA

Bacterial 
translocation

Less well 
fermented

Decreased bacterial translocation Effects related to improving 
components of the GI barrier
Binding of bacteria, toxins, bile acids
Blocking bacterial adherence to the 
mucosa
Altering microbial cell wall 
structures

FOS, fructo-oligosaccharide; SCFA, short-chain fatty acid.
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plastic ‘bran’ flakes promoted laxation and 
increased stool output [38]. Increased bulk stimu-
lates passage through the colon, resulting in 
faster transit time and thus a reduced time avail-
able for water reabsorption. All these factors together 
result in an increased stool weight with a softer 
composition [39].

The bulking effects of NSPs are reported to 
be greatest with cereal fibre [5]. However, soluble 
fibre is generally less effective in increasing stool 
mass. Diverticular disease is a herniation of the 
colon and is associated with chronic constipation 
in elderly people; increased consumption of NSPs 
from mainly cereal foods could relieve such 
 disorders [40].

These studies clearly signify that dietary supple-
mentation of NSPs has great potential for improv-
ing the GI health of people in many developed 
countries where NSP intake is relatively low [5]. 
The actual NSP dose required for prevention of con-
stipation is not certain but would seem to be around 
20–25 g/person/day [37].

Non-starch polysaccharides and GI tract- 
related cancers

Globally, 13% of annual mortality is due to cancer. 
Around 35% of cancer deaths are probably related to 
unhealthy dietary habits which are directly linked to 
GI tract-related abnormalities such as colorectal 
 cancer, oesophageal cancer and gastric cancer [41]. 
Growing scientific investigation and epidemiological 
data suggest that sufficient NSP intakes may reduce 
the risk of these cancers.

Colorectal cancer

Colorectal cancers cause more than 655,000 deaths 
annually across the world and are the third most 
commonly diagnosed cancers. They are also ranked 
third among cancer deaths in the USA [42]. 
Cumulative data from various countries suggested 
that increased consumption of NSPs may reduce the 
risk of colorectal cancer [43, 44].

The possible mechanisms by which NSPs may 
protect against colon cancer include direct absorp-
tion of the carcinogen and excretion into faeces, 
anti-initiation effects such as prevention of carcino-
gen activation or prevention of mutations, the pro-
duction of SCFAs (predominantly acetic, propionic 
and butyrate) that can result in alterations in micro-
bial community and also changes to their metabolic 
activities in terms of the formation of genotoxins, 
carcinogens and tumour promoters [45]. Short-
chain fatty acids also lower colonic pH, resulting in 
lower production of secondary bile acids which are 
involved in colonic carcinogenesis [46], synergistic 
interaction between dietary substrates (prebiotics) 
and beneficial bacteria (probiotics) in the colon 
[47] which mitigates colon cancer by the suppression 
of DNA damage in colonic mucosal cells, mani-
fested by modification in the activity and expression 
of mutated ras genes by Bifidobacterium longum 
[47]. Increased stool bulk and reduction in intestine 
transit time [48], antiprogression effects such 
as  scavenging or apoptotic effects [49] and 
 soluble fibre (e.g. short-chain fructo-oligosaccharides, 
 polydextrose and beta-glucan) can concomitantly 
develop GALT, possibly via stimulation of anti-
tumoural immunity by modulation of colonic 
 physiology and/or production of immunoglobulin 
A  [41]. The detailed mechanism is illustrated in 
Figure 2.1.2.

Gastric cancer

After colorectal cancer, stomach cancer is the next 
most frequent and the second leading cause of can-
cer death globally. Data from epidemiological and 
experimental studies suggested that diet plays an 
important role in the incidence of gastric cancer. 
A 10-year study in Italy (between 1997 and 2007) 
with 230 subjects showed an inverse relationship 
between risk of gastric cancer and consumption of 
soluble fibre, insoluble fibre, lignin and fibre 
derived from vegetables or fruit [50]. Although the 
associated mechanism is unclear, it is postulated 
that a reduced transit time from a high NSP intake 
might reduce the prolonged exposure of stomach 
tissue to carcinogens [50].
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Carcinogens: e.g. bile acids,
heterocyclic amines

Carbohydrates/Activity

Colon
cancer
related
factors

NDOs as fermentation substrates
Formation of short chain fatty acids (SCFA)

Bi�dobacteria: Production of short chain
fatty acids

Modi�cation by Bi�dobacteria

Colonic bacteria fermentation of NDC
to produce SCFA

Bi�dobacterial activity

Apoptosis

Reduced DNA damage and reduced
mutations

Enzymes:
Carcinogen metabolizing

or chemopreventive

DNA
[ras gene expression] 

Preneoplastic lesions (ACF)
Decrease in preneoplastic lesions

[pre- or early cancer stages]

Colon epithelial cells
SCFA involved in regulation of epithelial

cell turnover; Induce apoptosis of in
carcinogen induced rats.

Suppression of pro-carcinogen enzymes/
Induction of chemopreventive enzymes

Cancerous cells

B-glucans, dietary �ber, fructans:
Bulking effect

 Rapid transport, Fecal excretion

Figure 2.1.2 Roles of fibre in colon cancer protection. Source: Niba & Niba [54]. Reproduced with permission 
from Emerald Group Publishing Ltd. NDOs Non-digestible oligosaccharides.
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Oesophageal cancer

Compared to colorectal and stomach cancer, the 
occurrence of oesophageal cancer is very minor and 
accounts for about 1% of total diagnosed cancers 
in  the USA. However, the number of cases of 
oesophageal cancer is increasing rapidly world-
wide. A 5-year case study from Soler et al. recom-
mended that consumption of a diet which included 
soluble and insoluble fibre, and fibre from agricul-
tural products (grains, vegetables and fruits), had a 
significant protective role against oesophageal can-
cer [51]. Likewise, Mulholland et al. confirmed that 
dependence on a diet high in NSPs reduces the inci-
dence of Barrett’s oeso phagus and oesophageal 
adenocarcinoma by 56% [52].

Three mechanisms by which NSP intake can 
reduce the risk of oesophageal cancer have been 
hypothesised. First, by a reduction in the glycaemic 
response, as NSP is known to slow down digestion 
and absorption of carbohydrates, consequently 
reducing hyperinsulinaemia and the formation of 
insulin-like growth factor (IGF) [51]. Second, by 
lowering plasma levels of systemic inflammatory 
markers such as interleukin-6, which is likely to play 
a vital role in the incidence of carcino genesis [53]. 
Third, by the mechanical removal or binding of 
damaged cells and/or carcinogens from the epithe-
lial surface of the oesophagus which also reduces the 
risk of gastro-oesophageal reflux symptoms.

In summary, high NSP intakes or fibre supple-
ments have health-promoting and disease- protective 
effects. These clinical implications include reduc-
ing the risk of diabetes, obesity, gastrointestinal 
cancer and certain gut-associated abnormalities. 
Consequently, there is a growing consensus that in 
the future, fibre supplements are likely to become a 
standard component of almost all types of food 
products. However, it is important that only ideal 
amounts of fibre should be considered on a routine 
basis; overconsumption might cause undesirable 
side-effects such as bloating, diarrhoea and exces-
sive gas production.
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Chapter 2.2

Carbohydrates are classified chemically according 
to the number of component molecules (degree of 
polymerisation, DP). The type of bond that exists 
between the monomers (alpha or beta) is also 
important as it affects the structure and/or digesti-
bility of the carbohydrate [1]. Carbohydrate termi-
nology has changed over the years, and the current 
classifications are described in Table  2.2.1 [2]. 
Sucrose, lactose, maltose, maltodextrin and starches 
are hydrolysed by gastrointestinal enzymic action 
to their constituent monosaccharides glucose, 
galactose and fructose prior to absorption. 
Classification of carbohydrates according to their 
digestibility in a normally functioning small intes-
tine is described in Table 2.2.2.

2.2.1 Gastrointestinal effects 
of short-chain fermentable 
carbohydrates

Short-chain fermentable carbohydrates include 
fructose, lactose, polyols, fructo-oligosaccharides 
(FOS)/fructans and galacto-oligosaccharides (GOS). 
These are small molecules that may be poorly 
absorbed in the small intestine. These then arrive 
into the large intestine, which is populated by the 
gastrointestinal microbiota. Luminal bacteria rap-
idly ferment these to hydrogen, carbon dioxide and 
short-chain fatty acids [3]. The major source of gas 
production in the lumen is via bacterial fermenta-
tion, the principal substrate being carbohydrates. 

How rapidly these are fermented is dictated by the 
chain length of the carbohydrate; oligosaccharides 
and sugars are more rapidly fermented compared 
with polysaccharides such as soluble dietary fibre 
[4]. Gas, bloating and distension may occur due to 
rapid fermentation.

Small sugars are highly osmotic. When these are 
not absorbed in the small intestine, they are deliv-
ered into the colonic lumen, together with water due 
to their osmotic effect. Thus, if sufficient short-
chain carbohydrates reach the colon, GI function 
may be disturbed via effects on motility and/or via 
the effect of the osmotic load (similar to that utilised 
by the disaccharide laxative lactulose). Thus, short-
chain carbohydrates that are poorly absorbed are 
reasonable candidates for dietary triggers of lumi-
nal distension and irritable bowel syndrome (IBS) 
symptoms (see Chapter 3.19 Irritable bowel syndrome 
dietary management).

There have been numerous studies in support of 
the concept that exceeding the tolerated dose of fruc-
tose and lactose causes malabsorption. These unab-
sorbed sugars and osmotically entrapped water 
together with electrolytes increase the liquidity of 
luminal contents and affect GI motility, including 
speeding up GI transit. This effect is utilised by lac-
tulose, sorbitol and polyethylene glycol in their role 
as laxatives. Provocation tests with lactose, fructose, 
FOS or sorbitol cause abdominal symptoms such as 
bloating, pain, excess wind, nausea and disturbed 
stool output (diarrhoea and/or constipation) in many 
people, especially those with IBS [5–7].

Short-chain fermentable carbohydrates
sue shepherd
La Trobe University, Melbourne, Australia
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Table 2.2.1 Classification of dietary carbohydrates

Class
Degree of 
polymerisation Subgroup Examples

Sugars 1–2 Monosaccharides Glucose, fructose, galactose
Disaccharides Sucrose, lactose, maltose, 

trehalose
Polyols Sorbitol, mannitol, lactitol, 

xylitol, erythritol, isomalt, 
maltitol

Oligosaccharides 3–9 Malto-oligosaccharides 
(alpha-glucans)

Maltodextrins

Non-alpha-glucan 
oligosaccharides

Raffinose, stachyose, fructo-
oligosaccharides, galacto-
oligosaccharides, polydextrose

Polysaccharides >10 Starch (alpha-glucan) Amylose, amylopectin, modified 
starches

Non-starch 
polysaccharides

Cellulose, hemicellulose, pectin, 
arabinoxylans, beta-glucan, 
fructans, plant gums and 
mucilages, hydrocolloids

Table 2.2.2 Dietary carbohydrates classified according to digestibility

Classification Name Constituent monosaccharides

digestible
Monosaccharide Glucose n/a

Fructose n/a
Galactose n/a

Disaccharide Sucrose Glucose + fructose
Lactose Glucose + galactose
Maltose Glucose + glucose

Oligosaccharide Maltodextrin Glucose polymer
Polysaccharide Starch Glucose polymer

non-digestible

Polyols*

Oligosaccharide Inulin-type fructans (short chain, e.g. 
fructo-oligosaccharides, oligofructose)

Fructose polymer (glucose terminal end)

Galacto-oligosaccharides (e.g. raffinose, 
stachyose)

Galactose polymer (glucose terminal end)

Polysaccharide Inulin-type fructans (long chain, e.g. 
inulin)

Fructose polymer (glucose terminal end)

Arabinoxylans Xylose with side chains of arabinose
Resistant starch Glucose polymer
Non-starch 
polysaccharides

*Considered here as a non-digestible carbohydrate.
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2.2.2 Short-chain fermentable 
carbohydrates (FODMAPs)

Fructose, lactose, polyols, fructans and GOS are 
widely distributed in foods and have collectively 
been termed FODMAPs  [8,9] (Table  2.2.3). 
FODMAP is an acronym referring to fermentable 
oligosaccharides (fructans, galacto-oligosaccha-
rides), disaccharides (lactose), monosaccharides 
(free fructose) and polyols.

Subclassification of FODMAPs

FODMAPs can be subclassified into two categories.

(1) FODMAPs that are poorly absorbed in some 
people: fructose, lactose, polyols – as the 
capacity to absorb these varies between indi-
viduals, the symptoms will also vary. Breath 
testing may be useful to determine if there is 
successful absorption.

(2) FODMAPs that are not absorbed in anyone: 
fructans and GOS – these are always fermented 
in the colon, and a certain amount will result in 
symptoms in susceptible individuals.

Fructose

Fructose is a monosaccharide found in three main 
forms in the diet: as free fructose (present, for 
instance, in fruits and honey); as a constituent of the 
disaccharide sucrose; or as fructans, a polymer of 
fructose usually in oligosaccharide form (discussed 
later in this section) [10].

Intestinal absorption of free fructose The majority of 
fructose absorption occurs via two transporters in the 
brush border epithelium of the small intestine [11].

 • GLUT5 – a facultative transporter (i.e. it depends 
upon a concentration gradient for movement of 
fructose across the membrane), which is specific 
for fructose. This is a glucose-independent path-
way of fructose absorption.

 • GLUT2 – a low-affinity, facultative transporter 
that will carry glucose, fructose and galactose. In 
this pathway, glucose facilitates the uptake of 
fructose. This is a glucose-dependent pathway for 
fructose absorption.

Fructose malabsorption People with fructose 
 malabsorption (which differs from hereditary 
 fructose intolerance) have impairment in the 
glucose- independent pathway (GLUT5), whilst 
the glucose-dependent (GLUT2) pathway remains 
functioning. The proportion of people who can 
completely absorb a load of fructose depends upon 
the load given; approximately 60% of people can 
completely absorb 35 g of fructose but this is reduced 
to 20% when 50 g is given [12,13].

Provocation studies where fructose loads are 
given to people with fructose malabsorption induce 
symptoms of wind, bloating, abdominal discomfort, 
nausea and disturbed stool output in many more 
subjects with IBS than in those without IBS [14–17]. 
These observations led to the research proving that 
the malabsorption of dietary fructose is a trigger 
for symptoms in patients with IBS and that removal 
of fructose from the diet leads to symptomatic 
improvement.

Lactose

Lactose is a disaccharide that occurs naturally in the 
milk from any mammal, including cow, sheep and 
goat. Lactose must be hydrolysed to its two constitu-
ent monosaccharides, glucose and galactose, in 
order to be absorbed. The enzyme lactase hydrolyses 
lactose and is secreted by cells in the brush border 
lining the small intestine. If insufficient lactase is 
produced, then lactose can be malabsorbed. Lactase 
insufficiency is present in a proportion of adults and 
children, varying with ethnicity [18]. Malabsorption 
of lactose (which can be detected by breath hydro-
gen testing, a lactose tolerance test or lactase activity 
determined from small intestinal biopsy) indicates 
that lactose should be  considered a fermentable 
sugar (FODMAP) in that person. For further infor-
mation about lactose malabsorption see Chapter 3.15 
Lactose malabsorption and nutrition.

Polyols

Polyols, also called sugar alcohols, include sorbitol 
and mannitol as the most commonly occurring in 
foods, and also include xylitol and maltitol. Polyols 
occur naturally in foods and may also be used as a 
low-energy sweetener, where the laxative effect 
must be indicated on the food label.
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Polyol absorption across the small intestine is 
slow. Polyols do not have specific active transport 
systems in the epithelium of the small intestine and 
are most probably absorbed by passive diffusion. 
There are three main variables that affect the rate of 
absorption of polyols.

 • The size of the polyol. Diffusion of polyols occurs 
through ‘pores’ in the epithelium and therefore 
ability to absorb relates to molecular size. For ex-
ample, the 4-carbon polyol erythritol is well ab-
sorbed in the jejunum but the 6-carbon mannitol is 
not [19]. The size of the pore for uptake of polyols 
is also important, as there is variation of pore size 
along the small intestine with larger pores found 
proximally and smaller pores found distally.

 • How quickly matter transits through the jejunum. 
Polyols will be inefficiently absorbed in fast 
transit.

 • Presence of disease in the mucosa of the gastroin-
testinal tract may reduce pore size, reducing 
 polyol absorption, for example in active coeliac 
disease [20].

This therefore explains why the (limited) studies 
performed on the absorption of sorbitol and manni-
tol have produced substantial individual variation 
and that the amount available for fermentation var-
ies according to dose [21].

Fructans

Fructans are linear or branched fructose polymers 
that contain a beta1–2 linkage between fructose 
molecules. They are present as the naturally occur-
ring storage carbohydrates of a variety of vegeta-
bles, including onions, garlic, leeks and artichokes, 
fruits such as watermelon, and in cereals [22–24]. 
Wheat is a major source of fructans in the diet, and 
contains 1–4% fructans on solid matter [25]. 
Additional sources of fructans are inulin (mostly as 
a long-chain fructan) and FOS, which are increas-
ingly being added to foods for their putative prebi-
otic effects. The terminology used for fructose 
polymers (fructans) is varied, but it is generally 
accepted that <10 units DP are termed oligofructose 
or fructo-oligosaccharide and >10 units DP are 
termed inulin. Short-chain fructans have a slightly 
sweet taste; the sweetness decreases with increasing 

DP (26), such that inulins with a DP >20 do not 
have a sweet taste at all [26].

The fate of fructans differs significantly from that 
of free fructose. Fructans cannot be transported 
across the epithelium and are malabsorbed because 
the small intestine lacks hydrolases capable of 
breaking fructose-fructose bonds. This has been 
confirmed in studies which have shown that 
34–90% of ingested fructans can be recovered from 
small intestinal output in subjects with an ileostomy 
[27–29]. The loss of inulin during transit through 
the small intestine is seemingly due to hydrolysis by 
either enzymes or acids, and also probably via 
microbial degradation from the microbiota that per-
manently colonise the distal small intestine [26]. 
The majority have resisted digestion in the small 
intestine, and arrive into the large intestine where 
they are fermented by the colonic bacteria.

Research interest in fructans has increased in 
recent years as they may have wide-ranging benefi-
cial effects on health [30,31]. Proposed health bene-
fits include suppressing the growth of potential 
pathogens in the colon, increasing stool bulking 
capacity and minimising risk of constipation, increas-
ing calcium absorption, maintaining the integrity of 
the GI mucosal barrier and increasing colonic mucus 
production, stimulating the gastrointestinal immune 
system and reducing the risk of colorectal cancer.

The reported physiological effects of fructans are 
not all positive. Fructans can trigger gastrointestinal 
symptoms including gastro-oesophageal reflux [32], 
bloating, flatulence and abdominal pain [33–35].
There is some evidence in experimental animals that 
fructans may have negative effects on health by caus-
ing an injury response in the colonic epithelium 
(increased colonic epithelial turnover and mucus pro-
duction), decreasing epithelial barrier function and 
increasing susceptibility to salmonella infection [36]. 
Only some of these animal observations have been 
shown in human studies [37,38] but baseline dietary 
intake of fructose and fructans was not well controlled, 
raising some question about the validity of the results.

Galacto-oligosaccharides (GOS)

Galacto-oligosaccharides are polymers of galactose 
with fructose and glucose at the terminal ends. 
The  most common are raffinose (comprising one 
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Table 2.2.5 Examples of low FODMAP foods (*indicates foods that contain a lesser amount of 
FODMAPs – these can be eaten, but not in large amounts)

Fruit and fruit 
products

Vegetables  
and vegetable 
products Milk products

Grain and  
starch foods

Legumes, nuts 
and Seeds Others

Avocado*
Banana
Blueberry
Canteloupe
Carambola
Cherries*
Dragon fruit
Dried fruit*
Durian
Grapefruit
Grapes
Honeydew 
melon
Kiwifruit
Lemon
Lime
Longon*
Lychee*
Mandarin
Orange
Passionfruit
Pawpaw
Pineapple
Pomegranate*
Prickly pear
Rambutan*
Raspberry
Rhubarb
Strawberry
Tangelo

Alfalfa
Bamboo shoots
Bean sprouts
Beans (green)
Beetroot*
Bok choy
Broccoli*
Brussels 
sprouts*
Butternut 
pumpkin*
Cabbage 
(savoy)*
Capsicum
Carrot
Cauliflower
Celery*
Chives
Choy sum
Cucumber
Eggplant
Endive
Fennel bulb*
Green peas*
Lettuce
Olives
Parsnip
Potato
Pumpkin (Jap)
Radish
Rocket
Silverbeet
Spinach
Spring onion 
(green part only)
Squash
Swede
Sweet corn* 
Sweet potato*
Tomato
Turnip
Zucchini

Hard cheeses, 
e.g. Blue vein, 
Brie, Cheddar,
Colby, Edam,
Feta, Gouda, 
Mozzarella, 
Parmesan, Swiss
Butter
Cream
Margarine
Oat milk
Rice milk
Lactose-free ice 
cream
Lactose-free 
yoghurt
Fromage frais*
Yoghurt – cow, 
sheep, goat*
Soft cheeses,* 
e.g. cottage, 
ricotta, quark, 
cream cheese, 
mascarpone, 
crème fraiche

Cracker*
Buckwheat
Corn
Gluten-free 
bread & cereal 
products
Millet
Oats
Oat bran
Polenta
Quinoa
Rice
Sweet biscuit*

Almonds*
Chia seeds
Hazelnuts*
Linseed 
(flaxseed)
Poppy seeds
Pumpkin seeds 
(pepita)
Sesame seeds
Sunflower seeds
Tahini*

Garlic-infused 
olive oil
Herbs
Spices
Ginger
Small amounts 
of regular milk 
as an ingredient
Maple syrup 
Golden syrup
Sugar (sucrose), 
glucose, any 
other artificial 
sweeteners not 
ending in ‘ol’ 
(e.g. aspartame)
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galactose, one glucose and one fructose unit) and 
stachyose (comprising two galactose, one glucose 
and one fructose unit). The most significant dietary 
sources of GOS are legumes, including baked 
beans, red kidney beans, borlotti beans, soy beans, 
lentils and chickpeas. Humans do not produce 
alpha-galactosidase, so there is no hydrolysis of the 
galactosidic linkages of GOS to their monosaccha-
rides. Hence they are delivered into the colon and 
are fermented by colonic bacteria.

Sugar malabsorption and breath tests

Malabsorption of fructose, lactose and sorbitol can 
be diagnosed with breath testing for hydrogen or 
methane production after ingestion of the sugar in 
test volumes. Symptoms do not correlate with the 
degree of hydrogen or methane production [14] but 
this is not surprising since symptoms are not the 
direct result of the malabsorption, but rather a result 
of the response of the gut-brain axis to the malab-
sorbed carbohydrate. In breath test studies compar-
ing patients with IBS-like symptoms and healthy 
subjects, symptoms generated during the test are of 
increased frequency and severity in patients with 
IBS-like symptoms compared to healthy subjects 
[14–17].

FODMAP content of foods

The FODMAP content of food varies and so cut-off 
values have been established to classify foods as 
suitable and problematic. Cut-off values were based 
on careful clinical observation, which included 
obtaining feedback from patients regarding foods 
that they identified as triggers for symptoms. The 
foods reported by patients as being problematic have 
been examined for trends in the pooled food compo-
sition table. Foods and beverages containing:

 • >0.2 g fructose in excess of glucose per serving 
size

 • >0.3 g of oligosaccharides per serving size
 • >0.5 g total polyols (sorbitol and mannitol) per 
serving size

 • >4 g lactose per serving size

were reported by patients to consistently induce 
symptoms [39]. Therefore cut-off figures at these 

levels have been established. Foods and beverages 
containing FODMAPs below these levels are not 
considered problematic as clinical experience sug-
gests these are not regularly reported to induce 
symptoms. This approach aims to avoid unneces-
sary overrestriction of the diet [9].

Examples of problematic and favourable foods 
related to FODMAP content are shown in Tables 2.2.4 
and 2.2.5. Problematic foods are foods exceeding the 
cut-off figures.
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2.3.1 Criteria for classification 
as a probiotic

Probiotics are defined as ‘live micro-organisms, 
which, when administered in adequate amounts, 
confer a health benefit on the host’ [1]. There are 
three key points to note in this definition. First, the 
micro-organisms must be alive. Although in vitro 
and animal studies have shown that dead or frag-
ments of bacteria may have positive physiological 
effects, there are no human studies yet to support 
this [2]. Second, the micro-organism must be 
administered in adequate amounts. It is important to 
ensure that doses used are supported by evidence of 
efficacy. Finally, to be called ‘probiotic’ the micro-
organism must have been shown to confer a health 
benefit on the host. Regulations will soon ensure 
that probiotics will have rigorous evidence to sup-
port the use of this term. This problem has been 
addressed in guidance on the evaluation of probiot-
ics in food (Box  2.3.1). In future, this approach 
should help reduce misuse of the term ’probiotic’ 
and improve the quality of products and informa-
tion available to the consumer.

It is also critical to understand that the effects of 
probiotic bacteria and yeasts are strain specific and 
specific to the disease or diagnosis in question (the 
nomenclature of bacteria is described in Box 2.3.2). 
For example, Lactobacillus rhamnosus GG demon-
strates a probiotic effect in the prevention of anti-
biotic-associated diarrhoea [3]. Other strains of  
L .rhamnosus may not have this effect, and likewise 

other species in the genus Lactobacillus may not 
act as probiotics. This is because individual strains 
exhibit different specific characteristics, such as 
resistance to gastric acid and bile, ability to colonise 
the mucosa, and antimicrobial activity [4].

Given that each strain has specific attributes, dif-
ferent strains will offer varying benefits in different 
disease states. Thus, there is no one universal ‘pro-
biotic’; each bacterium may help resolve symptoms 
in specific circumstances. It is also worth noting 
that generic health claims (such as improving well-
being or health) made by probiotic manufacturers 
are unlikely to be substantiated by evidence. It is 
highly debatable whether good health can be further 
improved simply by modulating the gastrointestinal 
microbiota. The European Food Standards Agency 
(EFSA) is currently reviewing health claims made 
by food manufacturers so in future claims will not 
be allowed unless supported by sound evidence. As 
of 2013, no probiotic product has had a health claim 
approved by this body.

2.3.2 Safety

Probiotics in food products are generally regarded 
as safe in healthy populations, as demonstrated by 
their extensive use over centuries, with few reported 
adverse consequences. However, there are specific 
at-risk groups.

Probiotic bacteria can cause infective episodes if 
they translocate from the gastrointestinal tract to 

Chapter 2.3

Probiotics and the gastrointestinal 
microbiota
Mary Hickson
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extraintestinal sites, such as regional lymph nodes, 
spleen, liver, bloodstream, heart valves or other 
 tissues. Bacterial translocation is caused by a 
 defective intestinal barrier, immunosuppression or 
 gastrointestinal prematurity, and may result in bac-
teraemia, sepsis and multiple organ failure [5]. 
However, cases of probiotic administration leading 
to bacteraemia or fungaemia are rare. In 2003 an 
expert panel concluded that ‘Current evidence sug-
gests that the risk of infection with probiotic 
Lactobacilli or Bifidobacteria is similar to that of 
infection with commensal strains, and that con-
sumption of such products presents a negligible risk 
to consumers, including immuno-compromised 
hosts’ [6]. More recently, a systematic review of 

probiotics and nutritional support identified reports 
of 32 patients with infections of L. rhamnosus GG 
or Saccharomyces boulardii but this is most proba-
bly due to their extensive use rather than particular 
virulence [7]. The review identified the risks for 
probiotic-related infections as central venous 
 catheter in situ and critical illness or impaired 
immune function leading to increased likelihood of 
bacterial translocation. Delivery of large doses of 
bacteria via postpyloric feeding tubes was also 
identified as a possible risk factor due to an increase 
in non-infectious complications [8] and mortality 
[9] in severely ill patients. Nevertheless, other trials 
have delivered probiotic bacteria via jejunal feeding 
tubes with no reported adverse events [7].

Box 2.3.1 Summary of the FAO/WHO guidelines for the evaluation of probiotics in food

1. The probiotic must be identified at the genus, species and strain level
 • The gold standard for species identification is DNA–DNA hybridization; 16S rRNA sequence determi-

nation is a suitable substitute, particularly if phenotypic tests are used for confirmation
 • Strain typing should be performed by pulsed-field gel electrophoresis
 • Strain should be deposited in an international culture collection so scientists are able to replicate  published 
 research on the strain

2. The probiotic’s functional characteristics should be defined
 • Using both in vitro and animal assessments (e.g. resistance to bile acids and gastric acidity, adherence to 
 mucosa, activity against pathogenic bacteria, etc.)

 • Choice of assessments should be based on relevance to the probiotic function in the target host
 • In vitro testing should correlate with in vivo performance, e.g. in vitro resistance to bile salts should 

 correlate with gastric survival in vivo
3. The probiotic should be fully assessed for safety

 • Non-pathogenic
 • Not carrying transferable antibiotic resistance genes
 • No detrimental metabolic activities, e.g. bile salt deconjugation, toxin production, haemolytic activity
 • Assessment of side-effects during human studies
 • Surveillance of adverse incidents in consumers
 • Susceptible to antibiotics

4. The probiotic should possess clinically documented and validated health effects
 • At least one phase 2 human study (testing efficacy, i.e. randomised double-blind placebo-controlled trial)
 • Preferably with independent confirmation of results by another centre
 • Adverse events should be monitored and incidents reported
 • Where appropriate phase 3 effectiveness trial to compare probiotic with standard treatment of a specific 
condition

5. The probiotic should be appropriately labelled
 • Contents – genus, species, strain designation
 • Minimum numbers of viable bacteria at end of shelf-life
 • Proper storage conditions
 • Corporate contact details for consumer information.

Adapted from FAO/WHO [1].
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Three other recent reviews have explored the 
safety of probiotics in all patient groups [5,10,11]. 
L.   rhamnosus GG, L. casei and Bacillus  subtilis are 
species and strains that have caused  bacteraemia and 
S. boulardii has caused fungaemia. Immunocom-
promised adults and neonates are identified as at risk, 
but there is no clear description of how to precisely 
define immunocompromise. The presence of a central 
venous catheter, impaired intestinal barrier, postpy-
loric delivery of the probiotic and cardiac valve dis-
ease are also highlighted as increasing the risk of 
infection. However, the reviews also note that infec-
tions are very rare and are not reported in most trials of 
probiotics, even those studying immunocompromised 
groups, such as those with HIV and neonates.

It should be noted that there are difficulties in 
linking infections to the specific probiotic strain, 
particularly if only phenotypic identification tech-
niques are used. Ideally, genotypic methods should 
be used in order to identify the precise strain caus-
ing the infection and matching it to the probiotic 
strain. Lactobacilli are ubiquitous in the human diet 
and commonly occur in the GI tract and therefore 
many strains are indistinguishable from probiotic 
lactobacilli using phenotypic techniques alone. The 
data in the literature do not always refer to certain 
probiotic infection since the infective bacteria may 
not have been conclusively identified. Strain speci-
ficity is critical when evaluating the benefits of 
 bacteria and it is equally important in considering 
safety profiles, and so the safety of each proposed 

probiotic bacterium should be individually assessed. 
Equally, the risk of using a probiotic should be care-
fully weighed against the benefits it may confer.

2.3.3 Review of different 
probiotics

A variety of micro-organisms have been studied to 
explore their probiotic effect, including various 
strains of Escherichia, Enterococcus, Bacillus 
and the yeast S. boulardii, but the most commonly 
 proposed organisms are Lactobacillus and 
Bifidobacterium strains.

For commercial production, these organisms are 
purified, grown and multiplied, concentrated and 
preserved. They can then be incorporated into 
 products in one of three basic ways.

(1) Added as a culture to a food with little or no 
opportunity for culture growth (e.g. juice).

(2) Included in the production of a fermented food 
and allowed to grow (e.g. yoghurt).

(3) Concentrated, dried and then packaged as 
 powders, capsules or tablets, which can contain 
a range of bacterial numbers.

There is little research about the impact of formula-
tion on probiotic efficacy, so no particular delivery 
vehicle can currently be viewed as superior. 
However, the product should be produced with 
 adequate quality control to ensure viability of the 
bacteria and a good shelf-life.

There are various probiotic products available 
and these contain single strains, mixtures of bacte-
ria or one or more active strains mixed with stand-
ard yoghurt cultures (not shown to have probiotic 
properties). Mixtures have invariably been tested as 
such, and so it is impossible to identify which bac-
terium within the mixture has the beneficial effect. 
Claims have been made for their benefit in a wide 
variety of conditions from allergy, dental caries and 
vaginosis to a range of gastrointestinal disorders 
and diarrhoea of several causes.

One of the issues associated with recommending 
the use of probiotics is their variable availability in 
different countries. For example, there is a large 
body of evidence for L. rhamnosus GG in prevent-
ing antibiotic-associated diarrhoea, but it may be 

Box 2.3.2 Micro-organism nomenclature

All organisms are organised into taxonomic trees 
to describe their classification, with ever increasing 
specificity moving down the tree structure. This is 
an example for one particular bacterial strain.

1. Division, e.g. Firmicutes
2. Class, e.g. Bacilli
3. Order, e.g. Lactobacillales
4. Family, e.g. Lactobacillaceae
5. Genus, e.g. Lactobacillus
6. Species, e.g. rhamnosus
7. Strain, e.g. GG

The last three taxa make up the given name for the 
organism: Lactobacillus rhamnosus GG, which by 
convention is written in italics.
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difficult to find a reliable source if there is limited 
availability in a particular country. The internet does 
make purchasing of probiotics easier but the quality 
of the product is not always guaranteed. Care is 
needed in ensuring the products contain only the 
claimed probiotic bacteria, in the claimed numbers, 
and will deliver viable bacteria to their site of action.

It is worth noting that while probiotic bacteria are 
commonly added to yoghurt, there is little research on 
the standard yoghurt starter cultures. Yoghurt is made 
by the fermentation of milk by Lactobacillus del-
brueckii subsp bulgaricus and Streptococcus thermo-
philus, plus L. acidophilus and Bifidobacterium 
animalis lactis in bio-yoghurt. There is little evidence 
that any of these strains offer beneficial effects. Where 
research has examined live yoghurt and bio-yoghurt 
specifically, the results are equivocal. For example, in 
the prevention of antibiotic-associated diarrhoea 
(AAD), Conway et al. [12] showed no benefit for 
either standard or bio-yoghurt, whereas Beniwal et al. 
[13] showed a reduction in AAD incidence from 24% 
to 12%. Both studies had a variety of limitations.

2.3.4 Effects in the 
gastrointestinal tract

The healthy human GI tract contains around 10 times 
as many bacteria as there are cells in the human 
body. Most of these bacteria (termed the microbiota) 
co-exist with the human host, either providing a 
functional benefit or doing no harm. Experiments 
using germ-free animals have shown that the micro-
biota plays an important role in growth, synthesis of 
vitamins, development of the immune system and 
even behaviour [14]. The microbiota is extremely 
varied with up to 1000 different bacterial species, 
together containing 100 times as many genes as the 
human genome. This genetic pool is referred to as 
the microbiome [15]. Relatively little is known about 
the human microbiota or the microbiome, although 
there are now major projects ongoing to define them 
and establish how the bacteria and their genes inter-
act with the human host [14].

Since little is known about the human GI microbi-
ota, it is not surprising that the mechanisms of action 
of probiotic bacteria are poorly understood. Primarily 
in vitro and animal experiments have started to 

 elucidate these mechanisms. Three broad areas of 
possible action have been proposed: modulation of 
the host’s immune system; antimicrobial activity; and 
other mechanisms relating to indirect action on path-
ogens, the host or food components. It is certain that 
the mechanism of action will vary between strains, 
yet again reflecting strain specificity.

There is evidence that probiotics can act on a range 
of immune cells involved in both innate and adaptive 
immunity, including intestinal epithelial cells, den-
dritic cells, monocytes, macrophages, B-lymphocytes, 
natural killer cells and T-cells. Intestinal epithelial 
cells form a critical barrier function in the GI tract 
and there is evidence that some probiotics can enhance 
this and prevent the destructive effects of pathogenic 
bacteria through the suppression of TNF-alpha and 
NF-kappaB pathways and by enhancing mucin secre-
tion [16]. Actions can also influence these cells to 
alter cytokine secretion, favouring anti-inflammatory 
pathways [17]. Dendritic cells are antigen-presenting 
cells acting as messengers that shape the subsequent 
T-cell responses. They may interact with probiotics 
either directly via their dendrites, which can extend 
into the GI lumen, or indirectly via M-cells. Certain 
probiotics have been shown to downregulate the 
 proinflammatory pathways, although the particular 
cytokine profile depends on the stimulus (e.g. strain 
of pathogenic bacteria) and the strain of probiotic 
[17]. This enhanced anti-inflammatory cytokine 
 profile may also be influenced via monocytes and 
macrophages. The key cytokines that appear to be 
modulated are interleukin (IL)-12 and IL-10, the 
 former enhancing cellular immunity and the latter 
inhibiting the inflammatory response [17].

Vaccination trials have offered insights into 
immunoglobulin release from B-lymphocytes, sug-
gesting that certain probiotics can enhance the 
 production of specific antibodies in response to vac-
cinations [18,19]. Other human studies have used 
the activity of natural killer cells as an outcome and 
shown that activity can increase in probiotic-sup-
plemented groups, suggesting improved immune 
function [20,21]. Evidence also points to induction 
of regulatory T-cells (Treg

), which have a key role in 
immunological tolerance. Data are  accumulating to 
suggest that T

reg
 cells are involved in the immunopa-

thology related to a range of inflammatory condi-
tions, such as inflammatory bowel disease. Research 
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is now being targeted towards understanding the 
abilities of bacteria to induce the development of 
these T

reg
 cells, since this may offer a mechanism by 

which to control inflammatory diseases of the GI 
tract [16].

Probiotic bacteria have also been shown to have 
antimicrobial activities which limit the proliferation 
and actions of pathogenic bacteria in the GI tract. 
There is mainly in vitro evidence to suggest that this 
is achieved by reducing the pH of the GI lumen, 
inhibiting bacterial adherence and translocation or by 
producing antibacterial substances and stimulating 
defensin release. Defensins are cysteine-rich cationic 
peptides produced by the intestinal epithelial cells 
active against bacteria, fungi and viruses, and some 
probiotics stimulate their release to increase antimi-
crobial activity [22]. Probiotics have also been 
shown to produce their own antimicrobial substances, 
termed bacteriocins, further contributing to their ben-
eficial actions [17]. Evidence suggests that some of 
these actions require the probiotics to be present in 
the GI tract before colonisation by the pathogen, 
explaining the efficacy of many probiotics in preven-
tion rather than treatment of GI disease [23].

Lastly, evidence from animal models indicates 
that some probiotics can directly inhibit pathogenic 
bacterial toxins. For example, the action of 
Clostridium difficile toxin was limited in rats pre-
treated with S. boulardii, resulting in reduction in 
the binding of toxin A to the intestinal brush border 
and consequently a reduction in intestinal fluid 
secretion and intestinal permeability [24].

This uncertainty about how probiotic bacteria con-
fer their benefits makes it difficult to ascertain what 
effects different bacterial strains may have. Much 
more research is required to establish these mecha-
nisms of action, firstly so that currently available pro-
biotics can be better understood but also so that it will 
be easier to identify the most promising strains of 
bacteria to confer benefit in a particular disease state.

2.3.5 Assessing potential 
probiotics for efficacy

It is important to understand the critical design and 
reporting issues when appraising published research 
to make an accurate assessment of the study’s 

 quality. Box  2.3.3 summarises these key criteria. 
Once efficacy is established, it is also important to 
show that the products can be easily acquired and 
 successfully delivered to patients, that they are 
 consumed in sufficient amounts, and that any costs 
are outweighed by the savings.
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The composition of the gastrointestinal (GI) micro-
biota is dramatically influenced by diet, with the 
first description of differences in the numbers of 
luminal bifidobacteria between breastfed and for-
mula-fed infants occurring in the late 1800s [1]. 
However, the ability of certain dietary constituents 
to impact specifically on the GI microbiota, the 
mechanisms through which they do so, and the 
potential clinical application for the management of 
disease have only recently been explored in depth.

Habitual long-term diet has been shown to 
strongly associate with different clusters of bacteria 
in the colon, termed ‘enterotypes’. For example, 
high intakes of protein and animal fat are associ-
ated with the Bacteroides enterotype and high 
intakes of carbohydrate are associated with the 
Prevotella  enterotype [2]. In terms of short-term 
dietary changes, acute feeding studies show that 
altering fat and non-starch polysaccharide intakes 
alters the microbiota but does not change these 
enterotypes [3].

Many exogenous dietary components, as well as 
endogenous material (e.g. sloughed enterocytes, red 
blood cells), are metabolised by the GI microbiota 
through fermentation and produce short-chain fatty 
acids (SCFA). The main dietary substrates that 
undergo bacterial metabolism are non-digestible 
carbohydrates that escape digestion and absorption 
in the upper GI tract (commonly termed dietary 
fibre), including non-starch polysaccharides (e.g. 
pectins, guar gum, hemicellulose), non-digestible 
oligosaccharides (e.g. fructans, galactans) and resist-
ant starch, in addition to some disaccharides and 

monosaccharides that are conditionally non-digestible 
(e.g. in lactose maldigestion, fructose maldigestion). 
Many of these non-digestible carbohydrates are 
 substrates for bacterial fermentation and therefore 
support the growth of a wide range of bacteria in the 
GI tract. However, since 1995, extensive research 
has demonstrated that some non-digestible carbo-
hydrates stimulate specific microbiota (e.g. bifido-
bacteria) and these are termed prebiotics [4].

2.4.1 Prebiotic definitions, 
characteristics and classes

Prebiotics are non-digestible, fermentable food 
components that result in ‘the selective stimulation 
of growth and/or activity of one or a limited number 
of microbial genera/species in the GI microbiota 
that confer health benefits to the host’ [5]. This is 
the most recent definition and updates earlier 
 versions to account for the fact that prebiotics can 
influence the activity, as well as the numbers, of 
specific bacteria.

There are three essential characteristics of a 
prebiotic: (i) its resistance to digestion in the upper 
GI tract; (ii) its ability to be fermented by the host 
microbiota; and (iii) for this to impact on the growth 
or activity of specific bacteria only [5]. Resistance 
to small intestinal digestion is the result of humans 
lacking enzymes that hydrolyse the various poly-
mer bonds. This allows the prebiotic to reach the 
colon intact and undergo fermentation, but only by 
a limited number of genera/species.

Prebiotics and gastrointestinal health
Kevin Whelan
King’s College London, London, UK
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The most common classes of prebiotics are 
 inulin-type fructans (e.g. inulin, oligofructose, 
fructo-oligosaccharides) and galactans (galacto- 
oligosaccharides, e.g. stachyose, raffinose) 
(Table 2.4.1). Lactulose, the synthetic non-digesti-
ble carbohydrate used as an osmotic laxative for 
constipation, is also a prebiotic but is rarely used in 
functional food preparations and therefore is not 
reviewed here. The potential prebiotic properties of 
other novel oligosaccharides (e.g. isomalto-oligo-
saccharides, soybean oligosaccharides) are also 
under investigation.

Inulin-type fructans (ITF) consist of linear poly-
mers of fructose monomers joined by beta(2 → 1) 
linkages, some of which also have a terminal 
 glucose monomer. The major ITFs are inulin, oligo-
fructose (OF) and fructo-oligosaccharides (FOS), 
which are defined based upon their source and the 
number of monomers in the polymer chain (degree 
of polymerisation, DP) (see Table 2.4.1). In general, 
inulin has a wide-ranging polymer length (DP 
2–60), whereas OF and FOS have a shorter length 
(DP 2–10) [5]. Inulin-type fructans are found in very 
large amounts in chicory root (35.7–47.6 g/100 g), 
which is the most common source for commercial 
preparations of inulin, but is also present in 
Jerusalem artichoke (16–20 g/100 g) and garlic 

(9–16 g/100 g) [6]. ITFs are found in small amounts 
in cereals such as wheat (1–4 g/100 g), which is 
actually the most common dietary source in the 
United Kingdom [7] and the United States [8] due 
to its widespread consumption.

Galactans include the prebiotics galacto- 
oligosaccharides (GOS), which are short polymers 
(DP usually <10) of galactose monomers joined by 
beta(1 → 6), beta(1 → 3) and/or beta(1 → 4) linkages 
to a terminal glucose monomer [9]. Galacto-
oligosaccharides are widely contained and  consumed 
within pulses, where the type of linkages may differ.

2.4.2 Evidence of selective 
stimulation of gastrointestinal 
microbiota

The first key human study to demonstrate the 
 prebiotic effect compared the impact of 15 g/day of 
oligofructose or inulin, in a randomized, cross-over 
trial of eight healthy people consuming a controlled 
diet. Both compounds resulted in almost a 1 log

10
 

increase in luminal bifidobacteria [10].
Many in vitro, animal, human and even some 

clinical studies have now demonstrated the ability 
of ITFs and GOS to stimulate the growth of 

Table 2.4.1 Selection of compounds with proven prebiotic properties

Generic name Class
Common source and  
manufacture

Degree of 
polymerisation (DP)

Range Average

Inulin (mixed length) Inulin-type fructan (ITF) Extracted from chicory  
or other sources

2–60 12

Inulin (high molecular 
weight)

Inulin-type fructan Physical purification of  
inulin from chicory

10–60 25

Fructo-oligosaccharides 
(FOS)

Inulin-type fructan Generally from  
enzymatic synthesis  
from sucrose

2–9 3.6

Oligofructose (OF) Inulin-type fructan Generally from partial 
enzymatic hydrolysis 
of inulin

2–9 4

Galacto-oligosaccharides 
(GOS) or trans-GOS

Galactans Enzymatic 
transgalactosylation 
of lactose

2–9 —



2.4 Prebiotics and gastrointestinal health  89

 bifidobacteria (the prebiotic effect), and these have 
been extensively reviewed and tabulated elsewhere 
[5]. Indeed, some studies in healthy humans have 
also shown increases in other bacteria including lac-
tobacilli [10] and Faecalibacterium prausnitzii 
[11]. Although not frequently investigated in vivo, 
the increase in bifidobacteria following prebiotic 
 supplementation (sometimes referred to as bifido-
genesis) has been shown to be at the expense of a 
range of other bacteria including reductions in 
clostridia [10]and bacteroides [12]. Interestingly, 
the majority of prebiotic studies use supplements 
and the effect of prebiotics naturally occurring in 
foods has received little attention in the literature. 
Therefore, the effects of a diet high in ITFs (e.g. 
chicory, onion, wheat) and GOS (e.g. beans, pulses) 
are as yet unclear.

The mechanism of how prebiotics are able to 
selectively stimulate the growth of specific bacteria 
has until recently received little attention in the lit-
erature. In one study it was shown that some bacteria 
have ‘fructan utilisation locus’ genes that enable 
them to acquire and ferment ITFs [13]. Studies in 
mice have shown that the functional expression of 
the ‘fructan utilisation locus’ in different bacteria 
was highly predictive of the ability of that strain to be 
selectively stimulated when the mice were fed inulin 
[13]. Therefore it is thought that during prebiotic 
supplementation, bacteria with the ability to express 
genes coding for fructan utilisation are better able to 
access the carbon source in the ITF, use it for bacte-
rial metabolism and therefore are better able to pro-
liferate, a process of competitive selection.

The capacity of a prebiotic to stimulate the 
growth of specific bacteria can depend on a number 
of factors including the physiochemical characteris-
tics and dose of the prebiotic used and the host 
microbiota.

First, the physiochemical characteristics of the 
prebiotic can have functionally important effects. In 
general, ITFs with shorter DP (OF, FOS) are more 
rapidly fermented which potentially allows fermen-
tation to start earlier in the colon, whereas those 
with a longer DP (long-chain inulin) have a more 
prolonged fermentation, that might enable fermen-
tation to continue to the latter regions of the colon. 
With regard to GOS, some researchers consider that 
variations in the proportions of the beta(1 → 6), 

beta(1 → 3) and beta(1 → 4) linkages result in varying 
degrees of fermentability [9], and therefore com-
mercial preparations that vary in the proportions of 
these linkages are available.

Second, in general, higher doses result in a 
greater impact of prebiotics on the GI microbiota 
[14,15]. However, bloating and flatulence can occur 
at high doses due to excessive gas production dur-
ing fermentation. Therefore, careful dose–
response studies have been undertaken that investi-
gate the dose that elicits the greatest impact on the 
microbiota without a significant increase in GI 
symptoms. For example, in a study of short-chain 
FOS given at a range of doses, the greatest impact 
on bifidobacteria occurred at 10 g/day and 20 g/day, 
but the higher dose also resulted in increased fre-
quency and severity of flatulence, resulting in 10 g/
day being recommended as the optimal dose of 
short-chain FOS to be used in healthy people [15].

Third, the composition of the host GI microbiota 
can affect the responsiveness to prebiotics. 
Numerous studies have shown that the baseline 
concentration of bifidobacteria negatively corre-
lates with the magnitude of the increase in bifido-
bacteria following consumption of ITFs [16]. This 
relationship may have important consequences, as 
those people with the lowest concentrations of 
 bifidobacteria (and therefore with the most to ben-
efit from supplementation) are likely to respond the 
most. However, this observation has not been 
 consistently shown and there is even evidence of 
people who do (responders) and do not (non-
responders) experience an increase in bifidobacteria 
following GOS supplementation [14].

The factors resulting in the interindividual differ-
ences in response to prebiotic supplementation 
require further investigation.

2.4.3 Clinical applications of 
prebiotics

An in-depth review has recently been published 
regarding the physiological effects of prebiotics on 
GI function, immune function and mineral absorp-
tion [5]. Some prebiotics suppress the growth of 
enteropathogens, such as clostridia, and although this 
was thought to be due to a process of colonisation 
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resistance by increased numbers of bifidobacteria, 
this has not been conclusively demonstrated [17]. 
There is evidence from many animal studies that 
some prebiotics stimulate innate and adaptive immu-
nity of the GI tract as well as the systemic immune 
system, but human studies are only recently emerging 
[18]. Furthermore, as with other non-digestible car-
bohydrates, prebiotics are fermentable and produce 
a range of products, such as SCFAs, that themselves 
have health-promoting activities, including water 
absorption and acidification of the GI tract.

In view of these potential mechanisms, a small 
number of disparate studies has been undertaken on 
the effects of prebiotics in managing GI disorders. 
Here, their role in the management of GI infection, 
Crohn’s disease and irritable bowel syndrome (IBS) 
is addressed.

In GI infectious diarrhoea, one research group 
undertook randomised controlled trials (RCTs) and 
found that OF (12 g/day) had no impact on the dura-
tion of antibiotic-associated diarrhoea [19] but that 
in a separate study it did reduce the relapse rate in 
the secondary prevention of Clostridium difficile 
infection [20] (Table  2.4.2). Meanwhile, an RCT 
of  5.5 g/day of GOS showed a reduction in the 
 incidence of travellers’ diarrhoea when healthy 
 people travelled to areas of low to high risk for 
 gastroenteritis [21]. However, in the latter study no 
formal testing for enteropathogenic colonisation or 
microbiota analysis was undertaken.

Crohn’s disease is a chronic relapsing and remit-
ting inflammatory bowel disease characterised by 
discontinuous transmural inflammation, ulceration 
and stricturing anywhere in the GI tract. There is 
considerable evidence that the GI microbiota is 
directly involved in the pathogenesis of Crohn’s dis-
ease, including animal models that do not develop 
disease until their GI tract becomes colonised with 
bacteria, the discovery of Crohn’s disease suscepti-
bility loci/genes whose function is bacterial recog-
nition (CARD15/NOD2) and bacterial processing 
and extensive evidence of altered GI microbiota 
(termed dysbiosis), including lower bifidobacteria 
and Faecalibacterium prausnitzii in patients with 
Crohn’s disease [22]. Two large RCTs have inves-
tigated the mixtures of OF/inulin at doses of  
15 g/day [23] or 20 g/day [24] but neither found a 
significant impact on Crohn’s disease activity, nor 

on concentrations of bifidobacteria or F. prausnitzii 
when comparing the prebiotic with the placebo 
(see Table 2.4.2).

Irritable bowel syndrome is a functional GI dis-
order characterised by abdominal pain and altered 
stool output in the absence of an organic cause. 
There is also evidence that the GI microbiota may 
be involved in the pathogenesis of IBS, including a 
greater risk following gastroenteritis, evidence of 
dysbiosis such as lower bifidobacteria in patients 
with diarrhoea-predominant IBS and elevated lumi-
nal gas production in IBS [25]. Few RCTs have 
investigated the role of prebiotics in the manage-
ment of IBS, and only two have shown benefit (see 
Table 2.4.2) [25]. Fructo-oligosaccharides (5 g/day) 
were shown to lower composite symptom scores in 
an RCT of people with functional bowel disorders 
[26] and trans-GOS (3.5 g/day) has been shown to 
lower bloating and improve global symptom relief 
in patients with IBS [27]. However, both studies 
experienced large attrition rates and were not ana-
lysed as intention to treat. Other studies have shown 
worsening symptoms during supplementation of 
some prebiotics in IBS, and this is actually the basis 
for the effectiveness of a diet low in fermentable oli-
gosaccharides, disaccharides, monosaccharides and 
polyols (FODMAP)s in IBS (see Chapter  3.9). 
Clearly, the role of modifying the microbiota and 
fermentation in IBS is important, and whilst prebi-
otic supplementation and the low FODMAP diet 
may at first seem to be conflicting approaches, 
clearly the physiochemical structure and the dose of 
prebiotic are likely to be important in determining 
its efficacy.

Evidence of the interaction between prebiotics, 
the GI microbiota and the management of disease 
is now emerging. Currently, there is limited but 
expanding evidence for specific prebiotics in 
 specific clinical settings, alongside interindivid-
ual differences in response to supplementation. 
Therefore, where studies show increases in bifi-
dobacteria (and any associated physiological or 
clinical response) following prebiotic supple-
mentation, this can only be assumed to occur for 
that prebiotic, at that dose and in that population. 
In clinical practice, advice should therefore be 
specific to the product, dose and disorder 
 investigated in clinical trials.
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Table 2.4.2 Clinical trials of prebiotic supplementation in a range of gastrointestinal disorders

Reference Study details Intervention
Differences between 
intervention and placebo

Lewis et al. [20] C. difficile-associated 
diarrhoea
Secondary prevention in 
inpatients with C. difficile 
infection
Randomised, double-blind 
trial
142 patients, 30-day 
intervention period

(1) OF (12 g/day)
(2) Placebo (12 g/day)

Microbiota: Higher 
bifidobacteria in prebiotic 
group
clinical: Lower relapse of C. 
difficile in the prebiotic group 
(8% vs 34%)

Drakoularakou 
et al. [21]

travellers’ diarrhoea
Primary prevention in people 
travelling to low/high-risk 
area
Randomised, double-blind trial
159 people, intervention 
period was for 7 days prior to, 
and for duration of, holiday

(1) GOS (5.5 g/day)
(2) Placebo (5.5 g/day)

clinical: Lower incidence of 
travellers’ diarrhoea in the 
prebiotic group (23% vs 
38%)

Benjamin et al. 
[23]

crohn’s disease
Primary treatment of active 
Crohn’s
Randomised, double-blind 
trial
103 patients, 4-week 
intervention period

(1) OF/inulin (15 g/day)
(2) Placebo (15 g/day)

Microbiota: No difference in 
bifidobacteria or F. prausnitzii
clinical: No difference in 
remission rates between 
groups (11% vs 20%). Greater 
severity of flatulence and pain 
in the prebiotic group

Joossens et al. 
[24]

crohn’s disease
Primary management of 
active/inactive Crohn’s
Randomised, double-blind 
trial
40 patients, 4-week 
intervention period

(1) OF/inulin (20 g/day)
(2) Placebo (20 g/day)

Microbiota: No differences 
in any microbiota measured
clinical: No difference in 
disease activity, even in 
subgroup with active disease

Paineau et al. 
[26]

Functional bowel disorder
Primary management of 
functional symptoms
Randomised, double-blind 
trial
50 patients, 6-week 
intervention period

(1) FOS (5 g/day)
(2) Placebo (5 g/day)

clinical: Lower composite 
symptom score and greater 
reduction in abdominal pain 
in the prebiotic group

Silk et al. [27] irritable bowel syndrome
Primary management of IBS 
symptoms
Randomised, double-blind, 
cross-over trial
44 patients, 4-week 
intervention period

(1)  Placebo, then 3.5 g/
day GOS

(2)  Placebo, then 7.0 g/
day GOS

(3)  Placebo, then 
placebo

Microbiota: Higher 
bifidobacteria in both the 
prebiotic groups
clinical: Lower scores for 
flatulence, bloating and 
global relief in the low-dose 
group. Higher composite 
score in the high-dose group 
compared with placebo

Fos, fructo-oligosaccharides; Gos, galacto-oligosaccharide; oF, oligofructose.
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Chapter 3.1

Orofacial granulomatosis and nutrition
Helen campbell, Jeremy d. sanderson and Miranda c. e. Lomer
Guy’s and St Thomas’ NHS Foundation Trust and King’s College London, London, UK

The term ‘orofacial granulomatosis’ (OFG) is a 
descriptor for the presentation of granulomatous 
inflammation which affects, most noticeably, the 
lips and face but invariably intraoral features are 
also present and can include swelling, erythema, 
nodules, tags and ulcers [1]. Orofacial granuloma-
tosis is rare and the incidence is unknown although 
the highest reported published patient numbers 
are  from Scotland. Approximately one quarter 
of  patients present with a concurrent diagnosis 
of Crohn’s disease and more rarely a diagnosis of 
Melkersson Rosenthal syndrome is appropriate 
when facial palsy and fissured tongue are additional 
clinical findings [2]. Both children and adults can 
be affected. The diagnosis is made through oral 
examination and the gold standard histological 
diagnostic criteria require the presence of non-
casaeating granulomas observed in the biopsies 
taken from the disease sites.

3.1.1 Aetiology

The aetiology is unknown. Hypotheses have 
included allergic, infective and genetic causes [3]. 
However, the majority of studies have been limited 
by the rarity of the disease. Allergic causes have 
received most coverage, with oral exposure to 
foods, dental hygiene products and dental materials 
being implicated in the disease process for some 
patients.

3.1.2 Treatments

Treatments have involved exclusion of suspected 
allergens but where this fails, topical immunosup-
pression such as topical steroids or tacrolimus is 
used, often prior to systemic immunosuppression 
[4,5]. It is not uncommon for patients to also pre-
sent with accompanying candidiasis or bacterial 
infections, particularly in fissures, which can exac-
erbate disease and may require treatment with 
 topical antifungals or antibiotic therapies [6]. 
Intralesional steroids can offer benefit but are 
unpleasant and recurrence is common although 
more recently, a succession of injections with 
accompanying use of anaesthetic nerve block has 
been described as inducing long-term remission [7]. 
Oral steroids often have some initial benefit but 
recurrence is common [8,9]. Azathioprine has been 
used but does not tend to have an immediate 
response. However, it shows some promise, particu-
larly in those with a concurrent diagnosis of Crohn’s 
disease [10]. Anti-tumour necrosis factor (TNF)-
alpha has been used in refractory OFG but reports 
are rare and again long-term response is not always 
satisfactory [11].

Dietary treatments have involved exclusion diets 
and have demonstrated some resolution when the 
offending food can be readily identified [12]. The most 
frequently used dietary treatment avoids cinnamon 
and benzoate [13]. Elemental diets have shown some 
promise, particularly in children, but this has its limita-
tions in terms of palatability and acceptability [14].
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3.1.3 History of the cinnamon- 
and benzoate-free diet

Sensitivity to cinnamon and benzoates was first 
observed in patients with OFG in 1997 when patch 
testing in a small group of patients indicated a 
higher rate of benzoic acid sensitivity [15]. In 2000, 
Wray et al. undertook a retrospective review of 
patch test data in 1252 patients with oral disease, of 
whom 261 had OFG [16]. A high rate of sensitivity 
to perfumes and flavourings, and in particular ben-
zoic acid and cinnamaldehyde sensitivity, was illus-
trated and the authors reported improvement 
through avoidance of these compounds. They also 
reported chocolate sensitivity in OFG. In 2006, 
White et al. demonstrated improvement in 72% of 
patients who could comply with this diet and subse-
quently a cinnamon- and benzoate-free diet became 
the primary therapy employed in the management 
of OFG [17].

3.1.4 Mechanisms involved in 
dietary avoidance of cinnamon 
and benzoates in orofacial 
granulomatosis

The immunopathological mechanisms for the 
observed response to dietary avoidance of cinnamon 
and benzoates are not clear. However, other rare 
reports of allergic reactions have implicated benzo-
ates, mainly in asthma and allergic contact dermati-
tis [18]. One postulated but unproven theory includes 
the potential for a type 4 reaction involving a T-cell 
response. Another suggests a possible late-phase 
IgE-dependent response. A further hypothesis sug-
gests that benzoates are too small to act as allergens 
but they may act as haptens that potentially bind to 
proteins in the mouth that then trigger a reaction 
[19,20]. Additionally, sodium benzoate has been 
shown to suppress a Th1 pathway [21]. The implica-
tion is that sodium benzoate is not an allergen itself 
but aggravates an allergic response by suppressing 
the Th1 pathway and in doing so, allows a Th2 
response to flourish in the presence of an allergen. 
This too could apply in OFG. However, contradicting 

this theory is a study in which 10 patients with OFG 
were predominantly found to have a Th1 profile 
in  keeping with Crohn’s disease. However, more 
recently, discovery of a novel subepithelial dendritic 
B-cell which expresses IgE in the lips of patients 
with OFG has contributed to a hypothesis of a 
 possible contribution of a Th2 pathway and an 
 IgE-mediated response [22].

The mechanisms involving the role of cinnamon 
and benzoates in OFG are not understood and much 
work is still required to appreciate the immunologi-
cal impact this diet might have.

3.1.5 Sources of cinnamon  
and benzoates

Benzoates

Benzoates are naturally present in plant foods and 
are also added to foods as preserving agents 
(Table 3.1.1) [23–27]. Sources of added benzoates 
can include drinks, chewing gums, biscuits, cakes, 
yoghurts, pickles, sauces, preserved fish and meat. 
A maximum dose of 150 mg/kg can be added and 
the highest likely exposures would be from soft 
drinks [28,29]. Natural sources of benzoic acid are 
found in plant foods, most commonly in berry fruits 
but also in other sources such as spinach, pumpkin 
and spices (Table 3.1.2) [23–27].

Cinnamon

Cinnamon (Cinnamomum zeylanium N.) originates 
from Sri Lanka and is a spice used in a variety of 
medicinal and culinary industries [30]. The com-
pound that patients appear most sensitive to is cin-
namaldehyde [16], which is the component that 
gives cinnamon its rich aroma and flavour. 
Cinnamaldehyde is also present naturally in blue-
berries [25]. Cinnamon is also a natural source of 
benzoic acid and is used as an ingredient for both 
sweet and savoury foods, chewing gums, sweets, 
chocolates, cakes and other baked goods. It is also 
used in toothpastes, mouthwashes and other cos-
metics and hygiene products as both a perfume 
and  antimicrobial preserving agent. It is perhaps 
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most recognised for its use in Asian-style cooking 
and curries.

In terms of food labelling, any spice is only 
required to be fully labelled if it exceeds 2% of the 
food product [31,32]. Consequently, any food with 
‘spice’ or ‘spice mix’ on the food ingredients label 
requires avoidance on a cinnamon- and benzoate-
free diet in case the spices used include cinnamon. 
Garam masala is a mix of spices used in Indian cur-
ries and usually contains cinnamon. A similar spice 
known as cassia (Cinnamomum cassia Presi) is 
often used as a cheaper alternative to cinnamon [33]. 
Often thought to be inferior in flavour, it is primar-
ily sourced from China, Vietnam and Indonesia and 
requires avoidance on the cinnamon- and benzoate-
free diet. In contrast to cinnamon, cassia has received 

some negative publicity associated with its 
high  level of coumarin which is thought to be 
carcinogenic.

3.1.6 Treating with a cinnamon- 
and benzoate-free diet

Orofacial granulomatosis is a complex and dis-
tressing condition that requires a high level of 
input, and a multidisciplinary approach is most 
often useful. Disease-specific expertise is rare but 
access to oral medicine specialists, gastroenterol-
ogy and dietetics provides the optimal healthcare 
approach.

Following a diagnosis of OFG, dietary manage-
ment is often used first. Patch testing was originally 
employed to help determine sensitivity to cinnamal-
dehyde and benzoates and this initiated the dietary 
avoidance of cinnamon and benzoates. However, a 
recent review of response to the cinnamon- and 
benzoate-free diet, irrespective of patch test results, 
indicated that patients were no more likely to 
respond to the diet if they had positive patch test 
results to either cinnamaldehyde or benzoates [3]. 
The recommendation is therefore to trial exclusion 
of cinnamon and benzoates first line both as a treat-
ment and as a means to identify possible sensitivi-
ties to these compounds.

The cinnamon- and benzoate-free diet should be 
tried for an initial period of 12 weeks. The diet is 
considered nutritionally adequate and so no rou-
tine micronutrient supplementation is necessary 
unless a diet history reveals other food aversions 
or intolerances that might otherwise impact on 
micronutrient status. If no improvement is 
observed then other treatments should be consid-
ered. If there is symptom improvement, it may be 
appropriate to consider reintroducing foods to try 
and identify any specific food intolerances and 
improve the variety of the patient’s diet. One food 
should be introduced at a time and can be gradu-
ally increased to a normal portion size over a 4-day 
period. During this time, the patient should remain 
on an otherwise cinnamon- and benzoate-free diet 
but providing no reactions are observed with the 
foods tested, then these can also be included. 

Table 3.1.1 Preservatives to be avoided on the 
cinnamon- and benzoate-free diet

*Preservative E number

Benzoic acid E210
Sodium benzoate E211
Potassium benzoate E212
Calcium benzoate E213
Ethyl 4-hydroxybenzoate  
or ethyl para-hydroxybenzoate

E214

Ethyl 4-hydroxybenzoate,  
sodium salt or sodium ethyl 
para-hydroxybenzoate

E215

#Propyl 4-hydroxybenzoate  
or propyl para-hydroxybenzoate

E216

#Propyl 4-hydroxybenzoate,  
sodium salt or sodium 
para-hydroxybenzoate

E217

Methyl 4-hydroxybenzoate  
or methyl para-hydroxybenzoate

E218

Methyl 4-hydroxybenzoate,  
sodium salt or sodium 
methyl-hydroxybenzoate

E219

*All food labels need to be checked for these 
preservatives which are most commonly found in soft 
drinks but can potentially be added to jams, sauces, 
pickles, yoghurts, salad dressings, ketchups, cakes, 
biscuits, preserved delicatessen foods and other 
preserved foods.
#Banned in the European Union but might be available 
in imported goods.
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Unlike allergic reactions, OFG recurrence can 
often be delayed and so patients should appreciate 
that reactions can occur sometimes up to 24 h after 
exposure to the food.

Practical considerations on a 
cinnamon and benzoate free diet

Tables 3.1.1 and 3.1.2 provide dietary guidance for 
a cinnamon- and benzoate-free diet. Tools to help 

with the dietary management of OFG can be 
sourced from www.kcl.ac.uk/ofg.

There are other dietary factors to consider.

Flavourings

Flavourings are added to many foods and are 
labelled as ‘flavourings’ or ‘natural flavourings’ [32]. 
Consequently, the flavour compound added is not 
known to the consumer. Over 2000 flavourings exist 

Table 3.1.2 Main sources of cinnamon and benzoates

Foods to avoid Alternatives

Herbs and spices
Cinnamon, cloves, nutmeg, sage, curry powder, all 
spice, mixed spice, garum masala. Check food  
products (e.g. curries, puddings, sweet and savoury 
baked goods, cereals with added cinnamon)

Salt, pepper, single herbs and spices (e.g. cumin, 
coriander, turmeric, chilli, paprika, basil, marjoram, 
oregano, mint, etc.)

drinks
Any drinks with added flavourings (e.g. most soft 
drinks, squash, flavoured waters, flavoured spirits  
and alco-pops), tea including black, rooibos and  
green tea or any herbal teas with tea leaves, chai  
tea, chicory drinks, camp coffee or liquid coffees, 
non-alcoholic grape drinks, mulled wine and fruit 
juices from ‘not allowed’ fruits (e.g. berry juices,  
prune juice, peach or papaya juice, tropical juices  
with these additions)

Coffee, fruit, herbal infusions, fruit juices from 
‘allowed’ fruits (e.g. orange, apple, grapefruit 
juice). Red or white wines, unflavoured spirits with 
more than 15% alcohol, whisky, cider, beer, lager

Fruit and vegetables
Avocado, pumpkin, kidney beans, soya beans,  
spinach, berries (e.g. blackberries, cranberries, 
blueberries, strawberries, raspberries), prunes,  
peaches, papaya, nectarines, dried fruits, jams  
made from these fruits or jams with added  
flavourings and benzoates. Fruit sauces or compotes. 
Tomato puree , sundried tomatoes, passata

All other fresh and frozen fruits (e.g. apples, 
oranges, pears, bananas, satsumas, tangerines, 
melon, pineapple, grapefruit, lemon, lime, grapes, 
mangoes) or vegetables (e.g. broccoli, cauliflower, 
cabbage, carrots, green beans, runner beans, broad 
beans, spring greens, lettuce, cucumber, onion, 
peppers, bean sprouts, rhubarb, fresh tomatoes

sweet and savoury snacks
Sweets with cinnamon, chocolate and chocolate-
containing sweets, sweets with added flavourings, 
spiced mix, Bombay mix, flavoured crisps

Plain or salted nuts, crisps and seeds, sugar, honey, 
molasses, syrups, icing sugar, sweets without added 
flavourings (e.g. toffee, honeycomb, fudge, mints)

Meat, fish dairy
Delicatessen-bought meat and fish, preserved meats 
and fish with added benzoates, meat and fish with 
added spices, sweet or savoury yoghurts and cheeses 
with added ‘not allowed’ fruits and spices. Blue and 
Gorgonzola cheese

Any other meat or fish without added benzoates or 
sauces with added flavourings. Eggs, milk, all other 
cheeses, and yoghurts without ‘not allowed’ 
ingredients, cream cheese, sour cream

http://www.kcl.ac.uk/ofg
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for use in the European Union [28] and some of 
these compounds contain cinnamon and benzoate 
derivatives. For example, balsam of Peru is used 
in  a wide range of products including cosmetics 
and  perfumes, pharmaceuticals, food flavour-
ings, sweets, chocolates, drinks, pastries and ciga-
rettes [34]. The main chemical components include 
benzoic acid, cinnamic acid, benzyl benzoate, 
 benzyl cinnamate, cinnamyl cinnamate, vanillin and 
nerolidol. It is recommended that where possible, 
products with added flavourings are avoided on the 
cinnamon- and benzoate-free diet.

Chocolate

Patients with OFG can have sensitivity to chocolate 
and positive results on patch testing have been 
reported [16]. Cinnamon and certain flavourings 
with cinnamon and benzoate derivatives can be 
added to chocolate. It is not known if patients react 
to the cocoa or the other food additives in choco-
late. Chocolate is therefore avoided as part of the 
 cinnamon- and benzoate-free diet.

Tomato

Raw tomatoes contain trace amounts of benzoates 
[35] and anecdotally patients report that concen-
trated tomato sources induce symptoms. Recently, 
cinnamic acid (a phenolic acid structurally similar 
to benzoic acid and component of cinnamon) has 
been found in tomatoes [36]. Quantification of 
these compounds in tomato concentrates is not 
available. However, it is likely that the concentra-
tion will be considerably higher than for raw toma-
toes which have a very high water content. Tomato 
puree and concentrated sources of tomato are 
avoided on the cinnamon- and benzoate-free diet 
but fresh tomato (cooked or uncooked) can be used 
as an alternative.

Soya

Soya is a natural source of benzoates. Soya is used 
increasingly in food manufacturing, as soya flour 
added to breads and baked goods, while soya leci-
thin, sourced from soya oil, is added to a whole 
range of foods as a lubricant and emulsifier. It is 

added to margarines, baked goods, cereals, 
yoghurts, puddings and many more products. The 
amount of soya and therefore the amount of benzoic 
acid from these sources is very low so soya avoid-
ance is not required on the cinnamon- and benzoate-
free diet [37].

Cosmetics and toiletries

Benzoates are also used as preservatives in oral 
medicines and medicinal topical creams, cosmet-
ics, hygiene products and oral hygiene products [38]. 
Dermal absorption of benzoates and related com-
pounds can occur but no studies exist specifically 
in OFG in terms of the contributions this might 
make to the disease. It is suggested that where pos-
sible, benzoates are avoided through these sources, 
particularly with creams, sunscreens, lip balms, 
soaps and toothpastes that are used directly on 
affected areas. With respect to oral hygiene prod-
ucts, tartar control toothpastes and mouthwashes 
are often key sources and labels on all other tooth-
pastes and mouthwashes need to be observed. 
Avoidance of benzoates is often harder for creams, 
sunscreen and balsams but these can sometimes be 
found in health food shops, and products designed 
for babies are occasionally suitable. Specialist 
stockists on the internet can be helpful, particularly 
for sunscreens.
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Eosinophilic oesophagitis (EoE) is an underrecog-
nised chronic relapsing-remitting disease that is char-
acterised by damage to the oesophageal mucosa by 
eosinophils. It can affect adults and children alike. In 
a large percentage of patients it presents as intermit-
tent dysphagia but can cause severe social embarrass-
ment, emergency admission to hospital, undernutrition 
and weight loss. It seems to have a strong link with 
atopy and many of the target therapies are similar to 
those used in asthma. Dietary omissions seem to play 
a strong role in the management of paediatric EoE 
and have a place in adult EoE but have limitations due 
to compliance. EoE is a very problematic condition 
but with careful input from a multidisciplinary team, 
good outcomes may be achieved.

3.2.1 Definition

Eosinophilic oesophagitis is a disease characterised 
by the presence of a large number of a special type of 
white blood cell, the eosinophil, that can cause 
inflammation in the oesophagus. It has recently been 
defined as ‘a chronic, immune/antigen- mediated dis-
ease characterized clinically by symptoms related 
to  esophageal dysfunction and histologically by 
 eosinophil-predominant inflammation’ [1]. Prior to 
1990 it was very rarely recognised, and since then 
an increasing number of patients have been present-
ing throughout the Western world [2]. In the  past 
many patients were assumed to have a  variant of acid 
gastro-oesophageal reflux disease, but resistant to 
acid suppression therapy. Now it is recognised that 

EoE is not usually related to acid reflux and it does 
not usually respond to acid suppression  therapy. The 
true prevalence of EoE remains unclear but it has 
been postulated that it may affect 400 per 100,000 
people in the UK [3]. In children, it has been pre-
dicted that as many as 8.9 per 100,000 are affected 
[4], roughly the same number as in Crohn’s disease.

3.2.2 Typical symptoms

Eosinophilic oesophagitis manifestation is quite 
variable and begins at any age but is usually more 
common in younger males (M:F 3:1) [5]. The 
symptoms range in nature and severity. Dysphagia 
is the most common presentation and is largely 
intermittent but can be a continuous problem. In 
some, this intermittent dysphagia can present as 
an  oesophageal food bolus obstruction requiring 
emergency attendance to hospital. For most, how-
ever, there is often severe social embarrassment as 
the patient attempts to relieve the obstruction. In 
children aged less than 9, regurgitation and failure 
to thrive are a common presentation. Unusual 
symptoms often prove a chronic element to the 
disease and are usually related to change in 
oesophageal structure. Dysphagia during every 
meal would suggest narrowing of the oesophagus 
either as a stricture to one part or a continuous nar-
rowing of the oesophageal lumen. Weight loss and 
undernutrition may occur but only affect the most 
severe minority.

Chapter 3.2

Eosinophilic oesophagitis and nutrition
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3.2.3 Diagnosis

A flexible endoscopy of the oesophagus with biopsy 
to look for the eosinophils in the mucosal lining is 
the essential test and should be done on everyone 
with unexplained swallow difficulties. Patients with 
assumed gastro-oesophageal reflux who do not 
respond to the usual acid suppression medications 
should also be examined by endoscopy and biopsy. 
A guideline of finding >15 eosinophils per high 
power field under the microscope is useful, although 
many patients have much higher densities of eosin-
ophil infiltration. The endoscopy also identifies 
whether strictures, rings or other endoscopic abnor-
malities are present.

3.2.4 Natural history

Eosinophilic oesophagitis is a relapsing-remitting 
condition which is sometimes progressive over 
many years but in others remission can occur with-
out relapse later. In adults, it is uncommon for 
symptoms to disappear without recurrence [6]. In 
children, the condition differs as some studies have 
shown that relapse can be prevented with successful 
dietary therapy [7,8].

3.2.5 Causation – dietary  
or aeroallergens?

It is thought that EoE is a condition driven by expo-
sure to allergens (either swallowed or inhaled), with 
a focal allergic reaction in the oesophageal mucosa. 
Some studies have also proven a strong association 
with other forms of atopy [9]. It is characterised by 
the presence of eosinophils within oesophageal 
stroma that are sensitised to eotaxin-3 by a process 
of chemical attraction or chemotaxis. It is thought 
that a process of eotaxin-3 overexpression is respon-
sible for oesophageal tissue damage via activation 
of the eosinophils and production of further proin-
flammatory proteins. It is common for immunolo-
gists to find food allergy in patients with EoE, 
especially children, using skin prick testing, food 
allergy testing and serum food IgE assays but the 

clinical utility of these tests is limited as patients are 
often found to have allergies to many food types. 
This is the basis of elimination diets in a patient’s 
management.

3.2.6 Dietary effects of disease

In young adults, nutrition is commonly maintained 
by modification of diet, often supporting themselves 
with additional liquid nutritional supplements [10]. 
Although rare, when dysphagia is constant or severe, 
weight loss and undernutrition may occur and occa-
sionally, some patients require peripheral parenteral 
nutrition at the time of diagnosis [5].

Often the largest problem faced by these patients 
is social morbidity. It is common for patients to 
avoid social occasions involving food and the social 
exclusion can result in mental health problems.

In children, nutrition commonly poses a larger 
problem. The presentation of EoE in children may 
be similar to that of gastro-oesophageal reflux 
 disease and includes abdominal pain, vomiting, eat-
ing disturbances and failure to thrive. In younger 
children, however, the classic presentation is that of 
behavioural problems related to eating. Some 
 suggest that it arises from a failure to recognise 
 dysphagia as pathological and hence behavioural 
changes may develop.

3.2.7 Treatment

Treatment of this condition often requires a multi-
disciplinary approach taking medication, dietary 
changes and supportive strategies into account. It is 
generally accepted that dietary changes can help 
significantly in children but are of less importance 
in adults. Here pharmacological treatments have a 
better outcome. Occasionally adults need oesopha-
geal dilation to help relieve symptoms.

Diet

Although allergy seems to play a large role in 
 causation, its value in directing treatment is unre-
liable. Skin prick testing used in combination 
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with atopy patch testing can guide specific 
 dietary omissions but only in 40–60% of patients 
[1,11]. The six most common allergens that 
have been recognised are wheat, eggs, soy, fish/ 
shellfish, dairy and peanuts. It has been proven 
that elimination of a specific food brought about 
symptomatic and histological improvement in 
77% of patients [12]. Elimination of these com-
mon foodstuffs together is now recognised as 
the  six food elimination diet (SFED) which has 
been proven to be beneficial over more costly 
and  often less well-tolerated amino acid-based 
elemental enteral nutrition [12]. This study also 
proved that the use of the SFED without allergy 
testing showed very high efficacy, with 74% of 
patients showing improvement both clinically 
and histologically. Other authors advise adding 
skin prick test to empirical elimination of milk, 
but still only report a 77% success rate in symp-
tom resolution [13].

The gold standard for discovering if food allergy 
is the cause for EoE in children remains the use of 
elemental enteral nutrition with gradual reintroduc-
tion of normal foods. Due to its poor palatability, 
elemental enteral nutrition may need to be adminis-
tered by enteral feeding tube and is very costly.

Using the SFED can cause symptom resolu-
tion  but cessation of this diet and selective 
 reintroduction of foods may not maintain remission 
[1,14].

Adults tend to be less satisfied with strict elimi-
nation diets, and find them difficult to sustain. 
Although there is evidence that clinical and histo-
logical improvement can be brought about with 
elimination diets in adults, the longer term con-
tinuation of these diets (over 1 year) is of unproven 
value. It is extremely difficult to stay compliant 
with elimination diets and they often require a 
drastic social change. Recent work by the Chicago 
group has shown the feasibility of dietary exclu-
sion in adults over short periods, although in most 
patients symptoms returned after diets normalised 
and very few of their initial cohort managed to 
complete a year on their exclusion diet [15]. 
Known foods that precipitate symptoms are 
 commonly avoided by adults, with incomplete 
symptom relief and sometimes dietary deficien-
cies. Here we hope that the inclusion of dietary 

professionals will provide better long-term out-
comes for our patients by providing support and 
regular review.

Drugs

Pharmacological treatment of EoE is based on the 
allergic nature of the condition, with many of the 
current therapies being similar to those needed for 
asthma. It has been shown that oral topical steroids, 
specifically budesonide or fluticasone, can improve 
EoE after a 15-day course both clinically and histo-
pathologically [16]. This treatment regime, although 
effective, requires a large amount of education 
and compliance and relies heavily on the method of 
administration.

Other pharmacological treatments include mon-
telukast, a leukotriene receptor antagonist which 
has shown a good symptom resolution in seven of 
eight patients within a few weeks of treatment, but 
further assessment is needed [17].

Newer therapies including chemoattractant 
receptor T-helper cell type 2 (CRTH-2) antagonists 
which are showing promising results but further 
studies are needed to fully evaluate their efficacy.

Dilation

Oesophageal dilation has been proven to provide 
some improvement in symptoms but is associated 
with procedural risks such as oesophageal tears and 
perforation.

3.2.8 Conclusion

Eosinophilic oesophagitis is a condition of swal-
lowing difficulty which is underrecognised. In 
adults, it poses social difficulty and embarrassment 
and in children, it can cause faltering growth and 
behavioural changes. It remains difficult to manage 
but dietary and medical therapies have shown prom-
ising results.

With the input of dietitians and allergy special-
ists, it is hoped that the longer term outcomes for 
EoE patients are more promising, with lower rates 
of social morbidity and hospital admissions.
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3.3.1 Factors involved in 
causation of reflux disease

Gastro-oesophageal reflux disease (GORD) is a 
common disorder affecting at least one in 10 of the 
population on a weekly basis, that is present when 
the return of gastric contents into the oesophagus 
causes symptoms or damages the mucosa [1]. 
Heartburn and acid regurgitation are typical pre-
senting complaints but GORD can be associated 
with a variety of other problems, including chest 
pain, chronic cough and lung diseases. The underly-
ing cause of this condition is most often disruption 
of the ‘reflux barrier’ at the gastro-oesophageal 
junction. The risk of reflux increases as this disrup-
tion becomes more severe, particularly in the pres-
ence of a hiatus hernia [2]. Additionally, patients 
with severe GORD clear the oesophagus less effi-
ciently, leading to prolonged acid exposure and 
complications such as reflux oesophagitis, peptic 
stricture and Barrett’s metaplasia (a premalignant 
condition). Twin studies have shown that inherited 
factors are responsible for 20–40% of GORD and 
acquired factors, such as Helicobacter pylori infec-
tion, may play a role; however, recent reviews 
emphasise the importance of lifestyle and dietary 
factors as a cause of disease [3]. Smokers, workers 
engaged in strenuous physical activity and individu-
als with a high body mass reported higher rates 
of reflux symptoms in epidemiology studies [4,5]. 

Indeed, the ‘epidemic’ of obesity may be responsi-
ble also for the perceived increase in GORD and its 
complications [6]. However, this is a complex issue 
because overweight and obese people also tend to 
eat larger meals and make food choices that increase 
the risk of reflux.

It is a common belief among patients and doctors 
that reflux symptoms may be induced or worsened 
by certain foods and beverages and published 
guidelines recommend avoiding ‘reflux-inducing 
foods’ as part of the first-line management of 
GORD [7,8]. Despite this broad-based agreement, 
the effects of diet on GI function are hotly debated 
and the efficacy of dietary management for GORD 
has not been established.

Meal volume and consistency

Physiology studies have shown that distension of 
the stomach after meals triggers transient lower 
oesophageal sphincter relaxations (TLOSRs) that 
open the reflux barrier to release air swallowed 
with the meal (belching) [2]. A key difference 
between patients and healthy individuals is that 
TLOSRs in GORD patients frequently allow 
‘reflux’ not only of air but also gastric acid and 
semi-digested food, leading to heartburn and regur-
gitation [9]. Large amounts of food cause more 
gastric distension and also take a long time to 
empty from the stomach. Thus larger meal volumes 
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trigger more TLOSRs and lead to more reflux 
events. On this basis, GORD patients can be 
advised to avoid large meals and to eat ‘little and 
often’; however, the clinical benefits of this prag-
matic approach have never been tested.

Limited data exist on the impact of meal consist-
ency on GORD. Studies that assessed the effect of 
meal viscosity or compared the effects of liquid and 
solid meals have shown no change in the frequency 
of reflux events or acid exposure in the distal 
oesophagus [10,11]. However, increasing meal 
 viscosity does appear to suppress ‘volume regur-
gitation’ and the use of alginate preparations 
(e.g. Gaviscon) that produce a viscous layer above 
the meal also reduces reflux and symptoms [12,13]. 
These effects are useful in clinical practice as regur-
gitation and also laryngopharyngeal symptoms 
often persist despite standard acid suppression [2].

Meal composition

In principle, any meal component that delays gas-
tric emptying, stimulates acid secretion, impairs 
oesophageal function or increases sensitivity of 
the oesophagus to reflux will worsen the severity 
of reflux and/or reflux related symptoms [14]. Foods 
such as chocolate, fried and spicy foods are often 
mentioned by patients as causing reflux symp-
toms; however, well-controlled studies reveal little 
impact of these specific items on objective meas-
urements of acid exposure [15,16]. Further, none 
of the individual dietary items evaluated was asso-
ciated with the risk of reflux symptoms in a recent 
twin study [5]. Thus it seems likely that the effects 
of food and drink on GORD are most often related 
to general nutrient composition and not individual 
ingredients.

The initial findings of a large, cross-sectional 
study in 951 volunteers suggest that a high-fat diet 
is an important risk factor for both reflux symptoms 
and erosive eosophagitis [4]. However, it is difficult 
to distinguish the effects of fat intake and total 
energy (i.e. calorie) intake in this work. This was 
highlighted by the interaction between diet, obesity 
and reflux such that the effects of fat intake on 
GORD symptoms became non-significant when 
adjusted for Body Mass Index [4]. This finding is 
consistent with other epidemiology and physiology 
studies that found no consistent effect of fat on 

TLOSR frequency or acid reflux after a meal when 
total energy intake is controlled [16–19].

The clinical effects of macronutrient composition 
and energy intake in GORD were clarified by a study 
that monitored acid reflux events and symptoms 
 following intake of high-caloric, high-fat (1000 kcal, 
50% fat), high-caloric, low-fat (1000 kcal, 25% fat) 
and low-caloric, low-fat (500 kcal, 25% fat) meals 
on  consecutive days in randomised order [10]. 
Prolonged, wireless pH monitoring demonstrated that 
the frequency of reflux events and oesophageal acid 
exposure was directly related to total energy intake 
but not to fat content. In contrast, the number of reflux 
symptoms was 40% higher in the high-fat than the 
low-fat study day [10]. Thus, similar to its effects on 
gastric function (see Chapter 1.3), fat does not appear 
to affect motility but does increase visceral sensitivity 
to reflux events and so the number and severity of 
symptoms reported [20,21].

In contrast to fat, there is no evidence that varying 
the amount of carbohydrate or whole protein in a 
meal will alter the risk of acid reflux or symptoms. 
However, it should be noted that aromatic amino 
acids (e.g. phenylalanine, tryptophan) as well as cal-
cium stimulate gastrin secretion and gastric acid pro-
duction [22]. Consistent with these data, ingestion of 
food supplements and test meals containing high con-
centrations of these micronutrients can cause reflux 
symptoms even in healthy volunteers [23]. Reflux 
symptoms are more common also among those who 
regularly use extra table salt compared with those 
who never do so, possibly because gastric emptying 
time increases with osmolality of the meal. Nitrates in 
the diet mainly derived from the increased use of 
nitrogenous fertilizers have also been implicated in 
the aetiology of GORD [4,24]. When saliva, with its 
high nitrite content derived from the enterosalivary 
recirculation of dietary nitrate, meets acidic gastric 
juice, the nitrite is converted to nitrous acid, nitrosa-
tive species and nitric oxide. This has been shown to 
decrease lower oesophageal sphincter (LOS) pressure 
and increase TLOSR frequency. Moreover, the 
‘chemical warfare’ at the reflux barrier produces 
chemicals that could be carcinogenic [24,25].

Dietary fibre has been linked to a reduced risk of 
reflux [4,5]. The mechanism of action is not certain 
but may include increasing the viscosity of gastric 
contents and slowing the release of nutrients that 
exacerbate reflux. However, it is still possible that 
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high fibre intake is simply a marker of a relatively 
low-fat, low-calorie diet that has not been fully 
accounted for in the analysis. Indeed, not all effects 
of fibre are beneficial; one study reported increased 
TLOSR activity after a high-fibre meal triggered by 
colonic fermentation and distension [26].

Beverages

Citrus fruit juices, carbonated drinks and other 
acidic beverages are often avoided by GORD patients 
as they can aggravate reflux symptoms [27]. This 
may be due to direct stimulation of acid receptors in 
the oesophageal mucosa; however, repeated expo-
sure to mildly acidic fluid or other irritants may also 
impair mucosal integrity, producing wide intracel-
lular spaces that are observed in non-erosive reflux 
disease and may be responsible for an increase in 
acid sensitivity [28]. For carbonated drinks these 
effects are compounded by gross distension of the 
proximal stomach that reduces LOS pressure and 
causes repeated TLOSRs that can be accompanied 
by reflux [29].

Coffee causes reflux symptoms in many GORD 
patients [30] and direct infusion into the oeso-
phagus can cause heartburn [31]; however, the 
clinical relevance of these observations has not 
been confirmed by epidemiology studies [32]. 
Similarly, although caffeine has several effects 
on gastric motility and secretory function, physi-
ological studies do not show consistent effects of 
coffee or caffeine on oesophageal motility or reflux 
[33,34].

Alcohol may exacerbate GORD in several ways. 
As a smooth muscle relaxant, it delays gastric emp-
tying, reduces LOS pressure and impairs oesopha-
geal clearance, and as a stimulant for gastrin release, 
it enhances acid secretion. As a result, alcohol 
increases the number of reflux events and oesopha-
geal acid exposure in patients and healthy controls 
(particularly after ingestion of white wine) [35,36]. 
Despite these findings, epidemiological studies 
have not consistently confirmed an association 
between alcohol and GORD symptoms [32]. The 
inconsisent findings of epidemiological studies that 
focus on symptoms and physiological studies that 
measure acid reflux may be explained by the seda-
tive effects of alcohol that reduce sensitivity and 
vigilance.

Eating behaviour

Not only what we eat but also how and when we eat 
can affect GORD. The speed of eating has effects on 
gastric function, with a meal consumed within 5 min 
causing significantly more reflux than the same meal 
consumed within 30 min [37]. Similarly, population-
based studies in binge eaters showed that heartburn 
and acid regurgitation are among various GI com-
plaints experienced by these patients [38]. Certain 
behaviours after the meal can also help to reduce 
reflux. Chewing sugar-free gum increases saliva pro-
duction and swallowing frequency. This combination 
optimises both chemical and mechanical clearance 
should reflux events occur and has been shown to 
reduce acid exposure [39]. The flavour is not impor-
tant. Although peppermint oil has calcium channel-
blocking (muscle-relaxing) properties, no effect of 
mint was observed on the reflux barrier or reflux 
events in a randomised controlled trial [40].

Avoidance of lying down shortly after meals is 
often part of the advice given to GORD patients and 
studies using prolonged, wireless pH monitoring 
confirmed that GORD patients with hiatus hernia and 
oesophagitis experienced significantly more supine 
reflux when consuming a late night meal [41]. 
Position can also be critical. In patients with severe 
GORD and hiatus hernia, prolonged reflux events are 
common in the recumbent position due to passive 
flow from the stomach and impaired clearance dur-
ing sleep. In this group, elevating the head of the bed 
can significantly reduce acid exposure and nocturnal 
symptoms [42]. In contrast, in patients with mild-to-
moderate GORD (i.e. without complete disruption of 
the reflux barrier), TLOSRs and reflux events are 
greatly reduced on lying down [43]. Interestingly, 
this effect is greater in the left relative to the right 
recumbent position [44]. On this basis, patients with 
GORD can be recommended to sleep either with the 
head of the bed elevated or, if recumbent, on their 
left-hand side.

3.3.2 Dietary effects of disease 
or its management

Patients with GORD are often overweight or obese. 
Severe reflux symptoms may reduce oral intake and 
can lead to weight loss but this is rarely severe.
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The mainstay of GORD treatment is medications 
that either neutralise gastric acid (e.g. calcium car-
bonate, ‘milk of magnesia’) or suppress acid secre-
tion (e.g. histamine receptor antagonists such as 
ranitidine, proton pump inhibitors (PPI), such as 
omeprazole). This approach is effective because the 
majority of symptoms in GORD patients are related 
to acid reflux. However, acid suppression does not 
prevent reflux itself and some patients experience 
persistent ‘volume regurgitation’ or other symp-
toms related to ‘non- or weakly acid’ reflux on 
PPI  treatment [2]. These symptoms may respond 
to  preparations that suppress reflux by forming a 
 viscous alginate layer on gastric contents (e.g. 
Gaviscon) [13] however, if these are not effective 
then antireflux surgery is an effective option in this 
group.

Antacids and alginates are rarely taken in quan-
tities that cause side-effects, although large 
amounts of magnesium salts can cause diarrhoea. 
Acid suppression by proton pump inhibitors is also 
safe and well tolerated by the majority of patients 
in the long term [2]. However, profound acid sup-
pression does impair the digestion and/or absorp-
tion of protein and several micronutrients including 
calcium, iron and vitamin B12 [45]. In the devel-
oped world this is unlikely to cause undernutrition 
but impaired calcium absorption in patients taking 
PPIs has been linked to an increased risk of osteo-
porosis and fractures, especially in those already 
at  risk of osteoporosis such as postmenopausal 
women [46].

Another risk of acid suppression is the loss of 
protection against food-borne pathogens. Although 
the absolute risk is low, case–control studies have 
shown that omeprazole treatment is associated 
with  an increased incidence of Campylobacter, 
Salmonella and Clostridium difficile [47]. In addi-
tion, the lack of gastric acid promotes bacterial 
colonisation and ‘overgrowth’ of the small intes-
tine  [48], although the clinical impact on nutri-
ent  absorption and GI symptoms seems limited. 
Similarly, there is little evidence for the effect of 
gastric acid suppression on appetite, nutrient intake 
and body mass [45]. In animal models caloric intake 
is often reduced on PPI therapy but in GORD 
patients the opposite is more likely as symptoms 
improve [45].

3.3.3 Lifestyle and dietary 
treatments

Management algorithmns emphasise the importance 
of lifestyle factors, including weight loss and dietary 
change, as first-line treatment of GORD [7,8]. These 
measures may be sufficient to manage mild reflux 
symptoms in primary care and also to improve the 
results of medical therapy; however, it is rare for these 
to remove the need for PPI therapy in more severe 
cases and a systematic review found just 16 studies of 
lifestyle and dietary management in GORD and the 
evidence base was far from conclusive [49]. Recently 
this evidence was supplemented by a large randomized 
controlled trial in 332 obese adults that enrolled in a 
structured weight loss program. One in three of these 
individuals had reflux symptoms at baseline; however 
after significant weight loss (average >10kg) this had 
resolved in over half those affected [50].

Specific interventions that are supported by evi-
dence of improvement in oesophageal acid expo-
sure include weight loss, avoiding lying down/
keeping the upper body in an elevated position after 
a meal,lying down in the right lateral position, not 
smoking, not consuming alcohol, reduction of meal 
size and not eating high-calorie, high-fat foods. Of 
these, only weight loss induced by general dietary 
advice [50,51,52], head of bed elevation [42] and 
avoidance of a high-fat diet [10] have been shown 
also to improve GORD symptoms in at least one 
study. Absence of evidence does not equal evidence 
of absence. Indeed, it is very likely that these 
approaches are not only effective but also cost-effi-
cient. However, there is a pressing need for further, 
prospective controlled trials ideally complemented 
by physiological measurement to assess the efficacy 
and refine the delivery of lifestyle and dietary inter-
vention in the treatment of GORD.
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Chapter 3.4

Oesophageal cancer and nutrition
orla Hynes and saira chowdhury
Guy’s and St Thomas’ NHS Trust, London, UK

Oesophageal cancer occurs predominantly in the 
older population, mainly after the age of 65 years, 
and is more prevalent in men [1]. It is associated 
with poor survival rates of up to 14% at 5 years [2]. 
The morbidity associated with the disease and 
its  treatments, in an ageing population, is high. 
Disease location, treatment effects and anxiety 
challenge the nutritional well-being of this group 
of patients who are recognised to have high sup-
portive care needs. Nutrition interventions play 
an  important role across the cancer journey, from 
diagnosis through to survivorship and end-of-life 
care [3–7].

3.4.1 Aetiology

The past 40 years have seen a sharp rise in the 
incidence of the oesophageal adenocarcinoma 
subtype within Western countries. This has been 
linked to rising obesity levels. Principal risk fac-
tors for oesophageal adenocarcinoma are obesity, 
gastro-oesophageal reflux disease and subsequent 
Barrett’s oesophagus. Oesophageal squamous cell 
carcinoma risk is higher amongst smokers and 
those with a history of a high alcohol intake. 
Achalasia, the thermal effect of hot food and bev-
erages, corrosive oesophageal injury, Plummer–
Vinson syndrome and tylosis are also influential 
in the aetiology of the squamous cell carcinoma 
subtype [8,9].

3.4.2 Effects of disease 
on nutrition

Oesophageal cancer is usually advanced at diagno-
sis, with less than 60% having resectable disease 
[10]. Common presenting symptoms are dysphagia, 
which arises once less than 1.5 cm of the oesopha-
geal lumen remains, weight loss and odynophagia 
with incidence at diagnosis of 74%, 57% and 20% 
respectively [11]. Sarcopenia is present in 57% of 
patients with oesophagogastric cancer prior to start-
ing curative treatment with chemotherapy before 
surgery which is further exacerbated by treatment 
[12]. Advanced oesophageal cancers are associated 
with a high incidence of loss of appetite, early sati-
ety and pain which may have a negative impact on 
quality of life and the prognostic indicators weight 
loss and Performance Status [13,14]. Performance 
status is a scale used in oncology to assess how 
well  a person is able to undertake ordinary daily 
activities while living with cancer. It is also used to 
determine whether someone is fit to proceed with 
treatment and also as an indicator of how well they 
may be responding to treatment.

3.4.3 Treatment and nutrition

Multimodality treatment is standard practice in 
most early-stage cancers. It may last many months, 
combining chemotherapy, radiotherapy, surgery 
and oesophageal stenting. The cumulative effects of 
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these treatments increase morbidity and impair 
quality of life. When combined with symptoms of 
disease, these result in nutritional compromise, 
warranting varying levels of nutritional intervention 
to improve treatment tolerance and preserve perfor-
mance status.

Chemotherapy

Nutritional side-effects include stomatitis, taste 
changes, nausea and vomiting, anorexia, altered 
bowel habit and fatigue. Weight loss before treat-
ment increases the incidence of severe treatment-
related dose-limiting toxicities, failure to complete 
chemotherapy and unplanned hospital admissions 
[15]. Failure to complete the prescribed treatment 
can impair its efficacy and influence prognosis. The 
principles of nutritional management during chemo-
therapy are to minimise the risk of chemotherapy-
related toxicity due to weight loss, enable the patient 
to complete treatment at the intended dose and regi-
men, preserve performance status and preserve qual-
ity of life. Oral nutritional support is suitable where 
intake is impaired to the extent that dietary counsel-
ling and oral supplements are adequate to maintain 
nutritional status. Introduction of enteral nutrition 
(EN) should be considered where significant weight 
loss has occurred and/or where treatment and disease-
related morbidity cause significant difficulty with 
achieving dietary adequacy [16].

Patients receiving multimodality treatments are at 
a greater nutritional risk due to the cumulative side-
effects and treatment duration. Therefore dietetic 
interventions should plan for and consider this to 
preserve performance status and avoid interruption 
to treatment. A centre placing prophylactic jejunos-
tomy feeding tubes at diagnosis showed that 42% of 
patients require artificial feeding during neoadjuvant 
chemotherapy, leading to significant weight gain 
compared with those who did not feed [17].

Endoscopic gastrostomy tube insertion is not rec-
ommended in oesophageal cancer. This is due to the 
potential presence of an impassable oesophageal 
tumour, stomach infiltration of oesophagogastric 
junctional tumours and risk of introducing stoma 
metastasis. All types of gastrostomy tube placement 
should be avoided in surgical candidates prior to 
curative resection as there is a risk of compromising 

the use of the stomach as an oesophageal substitute 
at oesophagectomy [18]. A transnasal feeding tube 
can be placed safely where needed at any point 
through treatment. Nutritional difficulties and 
weight loss are common in the months following 
oesophageal cancer surgery and this may compro-
mise continuing further treatment. A jejunostomy 
tube may be placed intraoperatively and has the 
advantage of providing nutrition support after dis-
charge from hospital.

Radiotherapy

Side-effects of radiotherapy are dependent on treat-
ment dose. High-dose radiotherapy is usually com-
bined with chemotherapy (chemoradiation) with a 
curative intent. The most common side-effects are 
oesophagitis causing pain, exacerbation of dyspha-
gia and weight loss. This, combined with the afore-
mentioned side-effects of chemotherapy and the 
duration of chemoradiation, leads to significant 
nutritional risk. Australian guidelines on dietetic 
intervention for radiotherapy recommend the fol-
lowing goals of nutritional intervention: to mini-
mise weight loss, maintain quality of life and 
provide symptom control [19]. All patients receiv-
ing radiotherapy to the GI tract, including the 
oesophagus, should be referred to the dietitian 
(Grade A) and should receive at least fortnightly 
intensive dietary counselling with combined oral 
supplementation for patients during radiotherapy 
with follow-up continuing for at least 6 weeks after 
treatment completion [16,19].

Enteral nutrition (EN) is needed in almost 
 three-quarters of patients undergoing oesophageal 
chemoradiation [20]. Preservation of nutritional 
status can improve treatment tolerance and reduce 
unplanned hospital admission [19]. This may be 
facilitated by placement of a prophylactic feeding 
tube [21,22]. Current guidelines recommend 
EN if an obstructing tumour results in dysphagia 
and causes difficulty with dietary adequacy 
[16,19]. Odelli et al. suggest gastrostomy place-
ment prior to embarking on oesophageal chemora-
diation in patients with weight loss of at least 10%, 
a Body Mass Index (BMI) less than 18 or when a 
patient is only able to swallow a purée consistency 
or less [22].
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The side-effects of dysphagia and oesophagitis 
may last up to several weeks or a few months after 
completing treatment and so regular dietetic review 
remains important. Late effects of this treatment are 
benign oesophageal stricturing and stenosis due to 
tissue fibrosis. Management is usually with a series 
of oesophageal dilations and sometimes oesopha-
geal stent placement with artificial feeding being 
required in the interim.

Surgery

The surgical resection of the malignant oesophageal 
tumour remains the principal curative treatment 
[5,23]. This may be on its own or as part of a multi-
modality treatment plan. Oesophagectomy is car-
ried out for mid to lower oesophageal cancers and 
some oesophagogastric junction tumours. It may 
also be performed in rare cases where definitive 
chemoradiotherapy has failed.

Enhanced recovery after surgery

The enhanced recovery after surgery (ERAS) 
approach to pre-, peri- and postoperative care has 
major benefits for many patients in relation to 
quicker recovery following major surgery and 
shorter hospital stay, with no increase in readmis-
sion rates. Enhanced recovery after surgery is 
becoming standard practice for most patients under-
going major surgery in the UK.

Postoperative major surgery-related complica-
tions are a predictor of reduced quality of life after 
oesophageal resection, and any measures that can 
reduce the risk of complications can decrease the 
negative impact on quality of life [24].

Early identification and treatment of under nutrition 
Preoperative weight loss is an independent risk factor 
for the onset of postoperative complications in 
patients with GI cancer [25]. All  patients with 
oesophageal cancer should be screened using a vali-
dated nutritional screening tool. Guidelines recom-
mend that patients with severe nutritional risk receive 
nutritional support, preferably using the enteral route 
for 10–14 days prior to major surgery, even if surgery 
has to be delayed [5,26].

Immunonutrition Immunonutrition refers to EN 
which contains substrates that are postulated to 
ameliorate the postoperative immune response, 
modulate the postoperative inflammatory response 
and upregulate GI microperfusion and oxygen 
metabolism. An immunonutrition enteral formula 
commonly used in upper GI malignancies is enriched 
with omega-3 fatty acids, arginine, ribonucleic acid 
and soluble fibre. A prospective, randomised, double-
blind study was performed on 206 elective surgery 
patients with cancer of the stomach, pancreas, colon 
and rectum. Patients receiving perioperative immu-
nonutrition experienced a significantly lower rate of 
postoperative infections and had a shorter length of 
stay compared to the control group who received 
perioperative isonitrogenous, isocaloric liquid 
feed.  Interestingly, the benefits were seen in both 
well-nourished and undernourished patients [27]. 
Similar findings are reflected in another study 
where patients with GI cancer under going sur-
gery received pre- and perioperative immunonu-
trition compared with no nutritional support. 
Length of hospital stay was shorter in the pre- and 
perioperative groups. Interestingly, there was no 
 statistical difference between the preoperative and 
perioperative groups which suggests that preopera-
tive immunonutrition is sufficient in inferring the 
benefits [28].

Immunonutrition has been shown to be cost-
effective in well-nourished patients [29]. A meta-
analysis of all randomised clinical trials using 
immunonutrition identified an optimum dosage of 
0.5–1 L/day. Supplementation for 5 days before sur-
gery contributed to reduced morbidity in elective 
surgical patients, particularly those undergoing GI 
surgery [30]. European guidelines give a Grade A 
recommendation for the use of immunonutrition for 
5–7 days preoperatively, independent of nutritional 
risk [26].

Preoperative carbohydrate loading Preoperative 
 carbohydrate loading is recommended in patients 
undergoing major surgery because of its benefits 
on postoperative insulin resistance, length of hos-
pital stay and subjective well-being [26,31]. A ran-
domised controlled trial on patients undergoing upper 
GI  surgery failed to show a  significant difference 
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in insulin and glucose levels associated with preopera-
tive carbohydrate loading [32]. This may be attributed 
to the use of less accurate measurements of glucose 
and insulin compared with other studies which used a 
hyperinsulinaemic euglycaemic clamp as standard. 
However, preoperative carbohydrate loading did 
appear to attenuate the depletion of muscle mass asso-
ciated with the metabolic stress of surgery and there 
was an observed trend towards reduced length of stay. 
The preparation was also shown to be safe to use in 
this patient group. European guidelines recommend 
preoperative carbohydrate loading in most patients 
undergoing major surgery [26].

Postoperative nutrition

After oesophagectomy, oral intake is traditionally 
avoided to minimise strain on the anastomosis 
and  to reduce the inherent risks of postoperative 
impaired GI motility. Practice can vary as to the 
preferred method of nutrition support provided post 
surgery [33].

Patients undergoing resections for oesophageal, 
gastric or pancreatic cancer were randomised to 
receive either postoperative parenteral nutrition 
(PN) or EN with a jejunostomy [34]. While EN 
did not improve outcome when compared with 
PN, it was associated with a significantly shorter 
length of stay in a subgroup of undernourished 
patients. This was probably due to the lower com-
plication rate in those given EN. Other studies 
have demonstrated the following benefits of 
EN over PN after upper GI surgery: reduced inci-
dence and duration of postoperative complications, 
shorter length of intensive care unit stay and 
 hospital stay [35,36].

A separate study compared postoperative EN 
using a nasojejunal tube with intravenous fluids 
after oesophagectomy. There were no observed dif-
ferences in complications, ease of reintroduction 
of oral intake or length of stay. However, a non sig-
nificant greater loss of weight and lean body mass 
was seen in patients receiving intravenous fluids [37]. 
Limitations of this study were a small sample size 
and nutritional parameters were not measured 
beyond a week after surgery. More recently, Barlow 
et al. demonstrated in a prospective, multicentre, 
randomised controlled trial that early EN after upper 

GI surgery led to improved morbidity, lower com-
plication rates and reduced length of hospital stay, 
when compared to intravenous fluids [38].

The benefits of EN over PN and intravenous fluids 
after GI surgery for cancer were demonstrated in a 
study involving 1410 patients. Enteral nutrition and 
PN achieved a benefit on postoperative complica-
tions regardless of nutritional status when compared 
to intravenous fluids. However, EN was the superior 
feeding modality [25].

European guidance recommends that patients 
undergoing major upper GI surgery for cancer 
should receive postoperative EN in the first instance, 
reserving PN for when compli cations arise that lead 
to contraindications to EN [26].

Enteral access after oesophagectomy

Postpyloric feeding using a jejunostomy or nasoje-
junal feeding tube is recommended by current 
international guidance for the safe administration 
of EN [5,26]. The advantage of jejunostomy 
tube placement arises where patients need to con-
tinue EN after their discharge from hospital as it is 
more discrete, less likely to displace and therefore 
lends itself to longer term use compared with a 
nasojejunal tube. Longer term EN after discharge 
should be considered for patients who are under-
nourished, fail to progress to sufficient oral intake 
or if requiring more treatment. Minor complica-
tions of jejunostomy and/or nasojejunal feeding 
include diarrhoea, tube blockages, displacement 
and entry site infection. Major complications of 
jejunostomies include dislodgement with subse-
quent infusion of feed into the peritoneal cavity, 
jejunostomy-related bowel obstruction requiring 
relaparotomy and GI necrosis.

Postoesophagectomy complications

Anastomotic leak Conservative management of 
anastomotic leaks necessitates a prolonged nil-by-
mouth status. If enteral tube access distal to the leak 
is available, feeding can continue until the leak 
heals and the patient progresses to oral diet. 
Removable plastic stents may also be used, allow-
ing the patient to return to oral intake.
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Chyle leak The leakage of chyle from an injured 
lymphatic duct is a rare complication with an inci-
dence of 4% after oesophagectomy [39]. Chyle 
leaks can be sealed by reoperation but clinicians 
may choose conservative management, in which 
nutrition plays a central role. If enteral access is 
available, fat-free or high medium-chain fat and low 
long-chain fat feed can be used to minimise the leak 
of lymph fluid through the injured lymphatic duct 
[40]. For patients who are on oral diet, a very 
 low-fat diet may be used. The use of fat-free oral 
nutritional supplements can be helpful. Special con-
sideration should be given to the provision of essen-
tial fatty acids and fat-soluble vitamins as essential 
fatty acid deficiency can develop within 5 days [41]. 
Some clinicians will opt to completely avoid stimu-
lation of the lymphatic system using PN. There are 
few studies comparing nutritional management 
strategies of chyle leaks, and clinician preference 
is  usually the determining factor for choice of 
 nutrition support.

Gastric tube necrosis Reoperation is necessary to 
remove the necrotic gastric tube, to form a cervical 
oesophagostomy and close off the gastric remnant. 
These patients will require long-term jejunostomy 
feeding until they proceed to colonic interposition 
to restore intestinal continuity.

Dietary advice and quality of life after 
oesophagectomy

All patients should receive long-term dietary advice. 
This should focus on the possible side-effects of the 
surgery which include early satiety, reflux/dyspepsia, 
diarrhoea and steathorroea, dumping syndrome, 
regurgitation, dysphagia secondary to anastomotic 
stricture, delayed gastric emptying, weight loss (and 
concerns regarding body image) and vitamin and 
mineral deficiencies.

Side-effects of oesophagectomy significantly 
impair quality of life [24,42]. Some evidence sug-
gests that quality of life is restored to some extent in 
patients who survive 2 years after surgery [43,44]. 
Dietary modification, nutrition support strategies 
and pharmacology should be employed in the man-
agement of side-effects during follow-up.

International guidance on management of upper 
GI cancer patients highlights the importance of 
managing nutritional problems after surgery 
[3,4,7,23].

Oesophageal stenting

This procedure may be used in combination with 
the above treatments or as a standalone palliative 
treatment. A stent placement relieves a mechanical 
obstruction in the oesophagus to restore oral intake. 
However, underlying nutritional difficulties may 
remain which require further dietetic management. 
Advice on eating following an oesophageal stent 
insertion should aim to minimise risk of stent block-
age whilst avoiding unnecessary and excessive die-
tary restriction.

3.4.4 Nutrition in the palliative 
setting

The aims of any dietetic intervention are to preserve 
quality of life and support patients through palliative 
treatments. Prognosis is an important consideration 
when managing the nutritional needs of these 
patients. Interventions should be considered care-
fully on an individual basis. Disease-related ano-
rexia is a common manifestation in advanced 
disease. Pharmaceutical measures may be used in 
the management of this symptom, which include use 
of a short course of corticosteroids and/or a steroidal 
progesterone (megestrol acetate) [45]. Complications 
of advanced disease, which may require enteral 
nutrition or in some cases parenteral nutrition, 
include a tracheo-oesophageal fistula, vocal cord 
palsy and non-stentable obstructing tumours.

The documented incidence of a tracheo-oesopha-
geal fistula in oesophageal cancer varies between 1% 
and 22% [46,47]. It leads to aspiration of oral intake 
and saliva into the airways. A nil-by-mouth status 
is  implemented until the fistula is sealed, often with 
oesophageal and/or tracheal stents. The placement of a 
transnasal feeding tube in the short term can help 
maintain nutritional needs until oral intake is safe.

Vocal cord palsy arises from the involvement of 
tumour infiltrating the recurrent laryngeal nerve 
within the lung, leading to an unsafe swallowing 
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mechanism. It occurs in 5% of oesophageal can-
cers, presenting as a hoarse voice, recurrent chest 
infections or coughing on oral intake [48]. In con-
junction with a speech and language therapy assess-
ment, the insertion of a feeding tube may be 
indicated to safely manage nutritional needs.

A small number of tumours cannot be stented due 
to their location in the oesophagus and these will 
require long-term tube feeding. Parenteral nutrition 
may be needed until an enteral route is established.
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3.5.1 Incidence and aetiology

An estimated 990,000 people were diagnosed with 
gastric cancer worldwide in 2008, accounting for 
8% of the total cancer diagnoses [1]. The incidence 
of gastric cancer varies around the world with the 
highest rates occurring in eastern Asia and the low-
est rates in northern and southern Africa [1]. The 
incidence of gastric cancer worldwide is more than 
double in men than in women (Figures 3.5.1, 3.5.2). 
Rates of gastric cancer have been declining world-
wide for several decades which is thought to be 
related to improvements in diet, food storage and 
preservation which may be linked to a decrease in 
the prevalence of Helicobacter pylori.

Over half of gastric cancers are caused by the 
bacterium Helicobacter pylori which was discov-
ered in 1984 by Barry Marshall and Robin Warren 
[2]. It was initially found to be associated with gas-
tric ulcers and gastritis but has also been identified 
as a cause of gastric cancer. Particular strains of 
H.  pylori predispose to gastric cancer, possibly 
through a number of mechanisms including inflam-
mation of gastric epithelium, stimulation of inflam-
matory cells and cellular changes induced by injection 
of protein products into the epithelial cells of the 
stomach [3]. These cellular influences in conjunc-
tion with environmental factors, including diet, even-
tually support the growth of malignant cells [4]. 
There may be a genetic component to these changes 
with individuals who readily produce cytokines, 
particularly interleukin-8, being at increased risk of 
subsequently developing gastric cancer [5].

Other environmental factors that increase the risk 
of gastric cancer include smoking, with approxi-
mately 20% of gastric cancers being attributed to 
tobacco smoking [6].

Dietary intake also influences the development of 
gastric cancer. High consumption of salt, as assessed 
by salt added to food and consumption of processed 
meat, increases the risk of development of gastric 
cancer [7]. Other studies have estimated total con-
sumption of salt using a food frequency question-
naire, estimation of salt intake from main food 
groups and the use of added salt at the table and 
these too have found an association between higher 
salt intakes and an increased risk of gastric cancer 
[8]. High intakes of vegetables may have a  protective 
effect against gastric cancer [9]. Allium vegetables 
in particular may have a preventive effect, possibly 
due to a direct action against H. pylori [10,11]. 
Case–control investigations in the European 
Prospective Investigation into Cancer and Nutrition 
(EPIC) study examined concentrations of carote-
noids, retinol and alpha-tocopherol in individuals in 
prediagnosis blood samples compared to  controls 
not diagnosed with gastric cancer. The results 
showed that higher plasma concentrations of some 
carotenoids, retinol and alpha-tocopherol are asso-
ciated with reduced risk of gastric cancer [12]. It is 
thought that the protective effect of carotenoids may 
be due to their antioxidant properties, limiting DNA 
damage and oxidative stress. Retinol may have an 
effect on the control of cellular growth [12].

There is interest in the potential of chemopreven-
tion for gastric cancer although, as yet, the ideas are 
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Figure 3.5.2 Stomach cancer: world age-standardised incidence and mortality rates, females, regions of the 
world, 2008 estimates. Reproduced with permission from Cancer Research UK.
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not supported by research evidence [13]. Cyclo-
oxygenase-2 (COX-2) is an enzyme responsible for 
the production of prostaglandins and prostacyclins 
that are involved in the inflammation cascade, and 
increased concentrations of COX-2 are present dur-
ing the progression of atrophic gastritis to intestinal 
metaplasia and gastric cancer. Environmental factors 
such as smoking, increased gastric acid production 
and H. pylori are all associated with greater COX-2 
expression. Aspirin and other non-steroidal drugs 
inhibit COX-2 and therefore have been proposed as 
possible chemopreventive drugs for gastric cancer. 
There is interest in whether anti-inflammatory fatty 
acids are also able to modulate this response and 
work has been carried out in animal models [14]. 
The results of clinical trials in humans are awaited.

3.5.2 Diagnosis and staging

The presenting symptoms of gastric cancer can 
range from mild gastritis or indigestion to gastric 
outflow obstruction, the latter having a significant 
impact on nutritional status as it causes vomiting 
and severely impairs adequate dietary intake. Other 
symptoms may be non-specific and include nausea, 
anaemia, loss of appetite, fatigue and weight loss 
[15,16].

All patients with suspected gastric cancer require 
an endoscopy and, for staging of the disease, all 
patients should undergo a computed tomography 
(CT) scan plus a staging laparoscopy. Gastric can-
cer is staged using the TNM system to describe the 
size and spread of the tumour and if it has spread to 
the submucosa or muscle wall or penetrated the 
stomach wall (T). The N and M denote whether it 
has spread to lymph nodes (N) and to other parts of 
the body (M).

3.5.3 Treatment

Treatment of gastric cancer will depend on the stage 
of the disease and the performance status of the 
patient which measures general health and ability to 
perform activities of daily living. Other factors 
affecting treatment choice include whether any 
 co-morbidities, such as heart disease, are present. 

Decisions on the preferred treatment should be 
made after appropriate staging of the disease and an 
assessment by members of the multidisciplinary 
team [13].

Chemotherapy and targeted 
therapies

Perioperative chemotherapy confers a survival 
advantage when compared to surgery alone and 
therefore this is the preferred course of treatment 
[13]. Some patients may not be suitable for surgery 
and therefore may benefit from palliative chemo-
therapy that has been demonstrated to improve 
health-related quality of life and survival [13]. If 
cells have human epidermal growth factor receptors 
(HER2) then the patient may also be treated with 
trastuzumab, a targeted treatment which has been 
demonstrated to improve disease-free survival.

Surgery

Surgical resection should only be undertaken in 
patients who are sufficiently well with a good per-
formance status who are able to withstand a surgical 
intervention. The resection depends on the site of 
the tumour and may include a subtotal gastrectomy 
for distal tumours or a total gastrectomy for proxi-
mal tumours. Oesophagogastric junctional tumours 
require a transhiatal extended total gastrectomy 
or  oeosphagogastrectomy [13]. Additional lymph 
nodes should be removed, with the extent of this 
resection depending on the performance status of 
the patient and the position of the tumour.

Alternatively, surgery may be used with pallia-
tive intent to relieve symptoms, such as gastric out-
flow obstruction, in patients who are not suitable for 
a curative resection. As with all cancer patients 
undergoing surgery, nutritional status should be 
optimised before surgical treatment to reduce mor-
bidity and mortality [17].

Radiotherapy

Radiotherapy may be used in combination with 
chemotherapy to improve survival and is considered 
in patients who are at high risk of recurrence and 
who have not received neoadjuvant therapy, i.e. any 
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form of cancer treatment prior to the main treatment 
modality. Palliative radiotherapy may be appropriate 
for some patients depending on their symptoms and 
performance status. Planning and delivery of such 
treatment in a palliative setting should always be 
done in the context of a multidisciplinary team with 
palliative care support for symptom management.

3.5.4 Nutritional status of 
gastric cancer patients

Cancer cachexia, a term that describes nutritional 
and inflammatory changes in the patient, is common 
in upper GI cancer [16,18]. The relative con-
tributions of changes in dietary intake and inflam-
mation caused by the cancer itself are difficult to 
ascertain and it is likely that in this group of patients 
both are contributory factors to changes in body 
composition.

Weight loss is common at the time of diagnosis of 
gastric cancer and is influenced by GI symptoms 
and a reduced dietary intake. In a study of 220 
patients with upper GI cancer, 83% had lost 
weight at the time of diagnosis which amounted to 
a  median loss of 7% of body weight [19]. This 
equated to a mean weight loss of 2.5% per month 
prior to diagnosis. In this group of patients 39% 
had  lost more than 10% of their premorbid body 
weight. In this study, weight loss was associated 
with advanced disease, difficulty eating and poor 
dietary intake.

Gastric cancer can have a profound effect on die-
tary intake that may continue during and after treat-
ment [19]. Symptoms often present in gastric cancer 
include abdominal pain, anorexia, dysphagia, nau-
sea and vomiting [20]. Gastric outflow obstruction 
may occur if the tumour is situated near the pylorus. 
This results in gastric distension, satiety, nausea and 
vomiting with an inadequate dietary intake.

The metabolic changes of cancer cachexia may 
influence both protein and fat metabolism. There 
may be both host and tumour factors that reduce 
protein synthesis and increase protein degradation, 
resulting in a preferential loss of skeletal muscle 
mass [21]. Fat stores in the body are mobilised, pos-
sibly as a result of negative energy balance but also 
due to the action of intermediary metabolites such 

as lipid-mobilising factor (LMF) or tumour necrosis 
factor (TNF) alpha.

In gastro-oesophageal cancer patients, high 
serum C-reactive protein, a measure of inflamma-
tion, is also associated with weight loss which indi-
cates that changes in dietary intake and the 
inflammatory response are both present in patients 
[19]. Lack of studies specifically measuring meta-
bolic rate in gastric cancer patients prior to treat-
ment makes it difficult to ascertain the relative 
contribution, if any, of these metabolic changes on 
energy expenditure and potentially weight loss.

The method of nutritional support is an important 
consideration for patients in their treatment path-
way. If patients are palliative then a pyloric or duo-
denal stent may be appropriate to manage an 
obstruction. If patients are being treated with cura-
tive intent then they may require nutritional support 
whilst undergoing chemotherapy, radiotherapy or 
being prepared for surgery. These decisions should 
be taken following a full staging of the cancer and a 
multiprofessional discussion on the treatment plan 
and support required [13].

Nutritional and performance status can influence 
treatment options. When both are poor, patients are 
less able to withstand treatment side-effects. Weight 
loss is associated with poor tolerance to chemother-
apy with increased side-effects, longer breaks dur-
ing treatment to allow the patient to recover and 
overall a reduction in the quantity of chemotherapy 
given to patients [22,23]. Lean body mass is impor-
tant for the distribution of cytotoxic drugs so 
increased toxicity to chemotherapy may occur as a 
result of lower fat-free mass. In a study of patients 
with lung or GI cancer undergoing 5-FU chemo-
therapy, those with sarcopenic obesity, and loss of 
lean body mass, had increased toxicity and poorer 
survival following chemotherapy [24].

3.5.5 Nutritional support

In the United Kingdom, evidence-based pathways 
for the provision of nutritional advice to cancer 
patients can be used by clinicians to ascertain the 
required clinical input for patients or by commis-
sioners and workforce planners assessing the ser-
vice that must be provided for a population [25]. 
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The provision of good nutritional information, sup-
port and monitoring of nutritional status during 
treatment has been shown to help prevent weight 
loss and maintain quality of life [26]. This study 
was undertaken in lower GI cancer patients and 
demonstrated that dietary counselling during radio-
therapy treatment had a sustained effect on patient 
outcomes of weight and quality of life compared 

to  the provision of oral nutritional supplements 
or ad libitum intake.

Nutritional support before, during and after treat-
ment is crucial to maintain or improve nutritional 
status and quality of life in this vulnerable group 
(Table 3.5.1). Studies have demonstrated that dietary 
advice and/or oral nutritional supplements in patients 
who are undernourished or at risk of undernutrition 

Table 3.5.1 European Society of Parenteral and Enteral Nutrition guidelines on enteral nutrition – 
non-surgical oncology [27]

Subject Recommendations Grade of evidence

General Nutritional assessment of cancer patients should be 
performed frequently, and nutritional intervention  
initiated early when deficits are detected.

C

General Start nutritional therapy if undernutrition already exists  
or it is anticipated that the patient will be unable to eat  
for more than 7 days.
Start enteral nutrition if an inadequate food intake (less 
than 60% of estimated energy expenditure for more than 
10 days) is anticipated. It should substitute the difference 
between actual intake and calculated requirements.
In patients losing weight due to insufficient nutritional 
intake, enteral nutrition should be provided to improve  
maintain nutritional status.

C 
 
 
C 
 
 

B

Perioperative Patients with severe nutritional risk benefit from 
nutritional support 10–14 days prior to major surgery  
even if the surgery has to be delayed.

A

During radiotherapy or 
radiochemotherapy

Use intensive dietary advice and oral nutritional 
supplements to increase dietary intake and to prevent 
therapy-associated weight loss and the interruption of 
radiation therapy.
Routine enteral nutrition is not indicated in radiation 
therapy.

A
 
 
 
C

During chemotherapy Routine enteral nutrition during chemotherapy has no 
effect on tumour response to chemotherapy or on 
chemotherapy-associated unwanted effects and therefore  
is not considered useful.

C

Application Use enteral route whenever feasible. A
Perioperative Use preoperative enteral nutrition with immune-

modulating substrates (arginine, omega-3 fatty acids, 
nucleotides) for 5–7 days in all patients undergoing major 
abdominal surgery independent of their nutritional status.

A

Grades of evidence:
A: Meta-analysis of randomised controlled trials (RCT) or at least one RCT.
B: At least once well-designed controlled trial without randomisation or quasi-experimental study or descriptive study.
C: Expert opinion and/or clinical experience of respected authors.
Reproduced with permission from Elsevier.
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can improve nutritional intake and quality of life 
[28]. However, a comparison of studies looking at 
oral nutritional interventions and quality of life as 
measured by the European Organisation for 
Research and Treatment of Cancer (EORTC) indi-
cated that there was heterogeneity in the studies 
published, making comparison between them diffi-
cult. Lack of a consistent effect of nutrition on the 
functional and symptom scales and global quality of 
life makes it difficult to draw firm conclusions about 
the overall effect of this intervention. Such studies 
have been unable to demonstrate an impact of oral 
nutrition interventions on overall survival [28].

Surgery (total or partial 
gastrectomy)

Patients who are undernourished have poorer out-
comes after surgery in terms of morbidity and mor-
tality. It is recommended that all undernourished 
patients should have nutritional status assessed and 
managed prior to surgery to optimise outcome. 
Inadequate dietary intake for 2 weeks prior to sur-
gery is associated with increased mortality, morbid-
ity, length of hospital stay and associated costs [17]. 
In such patients nutritional support in the form of 
enteral nutrition should be provided for patients 
for 10–14 days prior to surgery even if this means 
delaying the surgery [17]. The provision of such 
support in undernourished patients has demon-
strated improved postoperative outcomes. There 
appears to be no benefit of routine preoperative 
nutritional support in patients who are well nour-
ished or mildly undernourished.

However, preoperative immunonutrition has 
been shown to reduce postoperative infectious 
complications in both normally nourished and 
undernourished patients and should be offered 5–7 
days preoperatively [29]. Immunonutrition includes 
the nutrients arginine, ribonucleic acid and omega-3 
fatty acids which have been demonstrated to 
alter eicosanoid synthesis, cytokine production and 
immune function, thereby modulating the key fea-
tures of the acute stress response [30]. Patients 
with gastric outflow obstruction should be consid-
ered for preoperative jejunal feeding or alterna-
tively  parenteral nutrition (PN) if it is not possible 
to obtain access to the GI tract to enable mainte-

nance or improvement of nutritional status prior to 
surgery [17].

The extent of gastric surgery will influence 
whether enteral nutrition (EN) is required during 
the postoperative recovery phase. Smaller resec-
tions may result in the patient commencing oral flu-
ids 24–48 h post surgery, allowing resumption of 
normal food intake within approximately 5 days. 
More extensive gastric resections, including total 
gastrectomy, will require nutritional support, pref-
erably as jejunostomy tube feeding, to support 
the  patient until oral intake has resumed and the 
patient is able to meet their nutritional require-
ments. Supplementary EN can be continued for 
patients who struggle to eat and drink sufficiently 
due to early satiety.

Chemotherapy

Cytotoxic chemotherapy agents have an effect on 
the GI tract, causing inflammation, oedema, ulcera-
tion and atrophy. These side-effects influence tran-
sit time, absorption and GI permeability, making 
the patient susceptible to transmural infection [31]. 
They also cause symptoms such as nausea, vomiting 
and taste changes which can profoundly influence 
food intake and quality of life.

3.5.6 Nutritional status and 
quality of life after treatment

Nutritional status may be difficult to maintain fol-
lowing treatment for gastric cancer due to the num-
ber of side-effects and symptoms that affect dietary 
intake and absorption. Limited gastric resection and 
minimally invasive surgery may reduce the impact 
of surgery on dietary intake and nutritional status. 
In a series of 122 patients undergoing gastric sur-
gery, half of the patients had lost over 10% of their 
preoperative Body Mass Index at 1 year follow-
ing  treatment. However, just over half still had a 
normal BMI and 30% were overweight [32]. Many 
factors may contribute to the weight loss, including 
reduced dietary intake with some contributory fac-
tors being early satiety, taste changes, regurgita-
tion  and vomiting [33,34]. Gastric surgery can 
also have a profound effect on GI functioning with 
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rapid gastric emptying and an early and increased 
postprandial fullness [35]. The effect on dietary 
intake can result in inadequate consumption of 
energy, protein, calcium, iron or vitamin D.

Some patients may require long-term EN, often 
to supplement an inadequate dietary intake.

Few studies have examined the long-term nutri-
tional status and quality of life of gastric cancer 
patients. However, studies in oesophagogastric 
patients have shown that treatment for cancer has a 
negative impact on the person’s quality of life for 
the first year following surgery [36]. Adaptation to 
the altered anatomy of the GI tract may occur with 
time and studies have demonstrated that patients 
may be able to achieve an adequate dietary intake 
a  number of years following a partial and total 
 gastrectomy [35].

Late effects of treatment

Treatment to the GI tract may result in symp-
toms  that affect food intake, nutrient absorption 
and GI symptoms in the long term. Gastrointestinal 
symptoms demonstrated after treatment for gastric 
cancer may be easily identifiable as being due to the 
treatment or alternatively some may not initially 
be attributed to the treatment [31]. Radical surgical 
resection may cause disturbance in intestinal tran-
sit time, altered gastric emptying or emptying of 
gastric remnant, enzymatic digestion and malab-
sorption due to a combination of anatomical disrup-
tion, intestinal stasis, bacterial overgrowth, bile acid 
secretion and absorption [31]. Alterations to the 
nerve supply to the stomach may be primarily 
responsible but additional factors such as altered 
GI microbiota are also influential. The prevalence of 
these symptoms is not well recorded in the literature 
but increasingly it is recognised that these should be 
investigated and managed with the aim of improving 
quality of life [31].

Early dumping, due to a hyperosmolar load being 
delivered to the intestine postprandially, may occur 
in up to 68% of patients [37,38]. It causes sweat-
ing,  palpitations, nausea and upper GI discomfort 
and significantly impacts on quality of life. The risk 
of developing dumping may be due to the extent 
of surgical resection and whether the pylorus is pre-
served. The development of late dumping has a 

higher incidence in patients who experience early 
dumping. Patients may experience rebound hypo-
glycaemia 1–2 h after eating or after exercise. 
Dietary advice is crucial to the management of 
dumping syndrome and patients may find relief of 
some symptoms by altering the quantity of food 
eaten, timings of meals and the amount of readily 
absorbed carbohydrate foods. It is thought that small 
intestinal bacterial overgrowth may increase the 
risk of dumping [39].

Vitamin B12 deficiency may develop as early as 
1 year after total gastrectomy if vitamin B12 is not 
administered by intramuscular injection [40]. Loss 
of parietal cells in the stomach, responsible for the 
production of intrinsic factor, results in the malab-
sorption of dietary and enterally supplemented vita-
min B12. Regular parenteral vitamin B12 is required 
in all total gastrectomy patients. Those who have 
undergone partial gastrectomy will require regular 
monitoring of vitamin B12 status and appropriate 
supplementation if concentrations are below the 
normal range.

Anorexia occurs in 33–38% of patients [41]. 
When anorexia is experienced following surgical 
treatment for gastric cancer, it may be partly due to 
altered plasma ghrelin concentrations. Ghrelin is 
important in the control of appetite, particularly in 
the initiation of eating, and is produced by the gas-
tric mucosa. Studies have demonstrated changes in 
ghrelin concentrations following gastrectomy 
although these do not correlate directly with weight 
loss and other anthropometric changes, indicating 
that other factors may be involved [42].

Early satiety may occur in surgical patients due 
to a reduced gastric reservoir. It may occur more 
frequently following pylorus-preserving gastrec-
tomy as demonstrated by an increased presence of 
gastric food residue at endoscopy in these patients 
compared to those without pylorus-preserving 
 surgery [43].

All persistent symptoms should be investigated 
to exclude malignant recurrence and to identify the 
cause of symptoms, enabling early treatment.

Palliative care

Gastric cancer may be advanced at the time of diag-
nosis, may not respond to successful treatment or 



may recur after treatment. In these circumstances, 
the aim of care is to palliate symptoms which 
include pain, abdominal discomfort, early satiety 
and gastric outflow obstruction. Self-expansible 
metal stents may be used to create an opening of the 
pylorus or duodenum if the tumour causes an 
obstruction. These are placed at endoscopy and may 
allow the patient to eat and drink during the last few 
weeks of life and ultimately improve quality of life 
[44]. Late complications, however, are common 
with 25% of patients experiencing dysphagia due to 
tumour overgrowth, bolus obstruction and stent 
migration [13]. Patients with gastric outflow 
obstruction which is not amenable to stenting may 
receive some benefit from a venting gastrostomy to 
relieve gastric distension, thereby enabling them to 
eat and drink limited amounts.

Survivorship

Improvements in outcomes for many cancer patients 
have led to increased survival rates following treat-
ment. The management of GI symptoms in patients 
with gastric cancer is essential to maintain or improve 
their quality of life [31]. Although the survival 
rates for gastric cancer have improved in the last 
25 years, the rates are still low, with 5-year survival 
at 15% [45]. It is essential that patients receive 
timely and appropriate dietary advice and nutri-
tional support with the aim of improving clinical 
outcomes and quality of life.
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Gastroparesis is defined by delayed gastric emptying 
in the absence of mechanical obstruction. In health, 
gastric emptying is governed by rhythmical ‘slow 
waves’ of peristaltic contractions of the smooth mus-
cles in the gastric fundus, body and antrum [1]. This 
activity is initiated in the gastric ‘pacemaker cells’ or 
interstial cells of Cajal and is under vagal control. 
In gastroparesis, perstaltic  contractions are reduced 
by  loss of the gastric  pacemaker cells [2,3] and/or 
 disruption of the vagus nerve, culminating in one 
or more abnormalities in gastric motility such as 
hypomotility, gastric arrhythmia and/or lack of 
antropyloroduodenal propagation [4]. In the USA, 
the prevalence of gastroparesis is 1 per 10,000 males 
and 4 per 10,000 females [5]. However, this may be 
an underestimate since delayed gastric emptying is 
thought to occur in up to 50% of patients with diabe-
tes mellitus [6,7] and up to 50% of patients with 
functional dyspepsia [8] (also known as non-ulcer 
dyspepsia) or irritable bowel syndrome.

3.6.1 Factors involved in 
causation

The most common cause of gastroparesis, account-
ing for up to 50% of cases, is idiopathic [9]. Here the 
underlying cause is unclear, although a large propor-
tion of patients have a history of viral infections 
[10,11] and psychological stress [10]; as such, there 
may be an overlap with functional  dyspepsia [8]. 
The second most common cause of gastroparesis is 
diabetes mellitus, accounting for up  to 30% of 

cases  [9]. Typically, patients also display evidence 
of an autonomic neuropathy with postural hypoten-
sion and cardiac arrhythmias [12]. Postsurgical 
 gastroparesis accounts for up to 13% of all cases of 
gastroparesis and can occur as a  complication of 
gastric, oesophageal, duodenal or pancreatic  surgery 
following disruption of the vagus nerve [9].

Proton pump inhibitor therapy has significantly 
reduced the frequency of gastric surgery (for peptic 
ulcer disease), but this trend is being reversed as a 
result of the obesity epidemic. The obesity epidemic 
is accounting for a resurgence of gastric surgery and 
this is likely to increase the frequency of postsurgical 
gastroparesis in future years.

Additional causes of gastroparesis are pharmaco-
logical, including tricylic antidepressants and opi-
ate analgesics, and multisystem disorders including 
Parkinson’s disease and systemic sclerosis [5].

3.6.2 Dietary effects of disease 
or its management

Symptoms of gastroparesis typically consist of 
 nausea and/or vomiting, occurring in 74% and 53% 
of all patients respectively; additional symptoms 
include abdominal pain, bloating, early satiety, 
postprandial fullness and weight loss [5]. Of course, 
this constitution of symptomatology is not specific 
and is insufficient to clinch a diagnosis of gastropa-
resis, but in high-risk groups, such as patients with 
diabetes and those with functional dyspepsia, a low 
index of suspicion should prevail.
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Gastroparesis is not only varied in its aetiology 
but also in severity. Nutritional intake can be sig-
nificantly compromised, resulting in weight loss, 
vitamin and mineral loss and dehydration, necessi-
tating hospitalisation in severe cases [13,14]. 
Gastroparesis is classified by severity according to 
the Gastroparesis Cardinal Index Score which takes 
into account all the aforementioned factors and is a 
useful tool to guide treatment options [15].

3.6.3 Investigations

The diagnosis of gastroparesis can be suspected 
after normal standard diagnostic endoscopic and 
radiological investigations that have excluded a 
mechanical gastric outlet obstruction. Although 
there are many different modalities for diagnosing 
gastroparesis (reviewed in Keld et al. [16]), food 
residue seen on gastroscopy despite a 12-h fast may 
be an important clue. Scintigraphy is the gold stand-
ard to confirm the diagnosis and involves ingestion 
of a standardised radiolabelled meal containing 
technetium-99 or indium-111, after an overnight 
fast. To avoid variation in measurements between 
laboratories, the Neurogastroenterology and 
Motility Society and the Society of Nuclear 
Medicine have recently recommended using a 
standardised egg-white meal (eggs, two slices of 
white bread, strawberry jam (30 g), water (120 mL), 
and technetium-99m sulphur colloid, 0.521 mCi) 
(Egg Beaters®) [17]. The test is deemed positive if 
more than 60% residual ingested meal content is 
detected within the stomach after 2 h, or more than 
10% residual content is detected at 4 h [18].

3.6.4 Dietary treatments

Treatment strategies in gastroparesis aim to 
improve symptoms and reduce nutritional impair-
ment,  ideally by improving gastric emptying. 
Dietary therapy is central to disease management in 
all cases, although the evidence basis for dietary 
manipulation solely derives and is extrapolated 
from research in healthy subjects, not patients 
with  gastroparesis. Alternative treatment strategies 

include pharmacological therapy, including 
antiemetics, prokinetics and botulinum toxin 
(reviewed in Keld et al. [16]), but the evidence 
basis and response to this approach are also limited 
[19–22]. Recently, the development of implantable 
gastric pacemakers shows promise in severe cases 
of gastroparesis, but this intervention is still under 
scrutiny and not widely available [23].

A detailed dietary history should focus on the 
type and consistency of foods tolerated and the tim-
ing, content and size of meals in relation to symp-
toms. Evaluation of nutritional and fluid status 
(including weight and anthropometric measure-
ments), glycaemic control and the presence of any 
vitamin and mineral deficiency is also needed.

Food consistency

In health, non-nutrient liquids have fast gastric 
emptying times of 20 min and, when plotted on a 
graph, gastric emptying times are exponential [24]. 
Nutrient-containing liquids have slower emptying 
times and display a linear plot, and solid foods are 
slower still due to an initial plateau as a conse-
quence of the grinding of food particles; this is 
termed the lag phase [24]. Similarly, in patients 
with gastroparesis, the gastric emptying time for 
small food particle size (e.g. blended carrots) is 
quicker than that of a large food particle size (e.g. 
chopped carrots) [25]. Small food particle sizes 
have a reduced lag phase of gastric emptying. In 
view of this change in physiology, simple manipula-
tion of food consistency can be very effective in 
the  management of gastroparesis. In mild cases 
adequate chewing may be sufficient to reduce food 
particle size while in moderate to severe cases, 
a puréed or liquid diet may be required.

Food composition

Manipulation of food content is central to managing 
gastroparesis. In the diabetic population, mainte-
nance of normoglycaemia is of paramount impor-
tance since hyperglycaemia can impair gastric 
emptying [26]. Alcohol and carbonated drinks are 
not recommended due to gas production [27,28]. 
Furthermore, since fats [29] and fibre are known to 
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prolong gastric emptying times in healthy subjects, 
manipulation of these particular food groups is 
 recommended. Fats are essential to maintain normal 
metabolism through the provision of energy, so com-
plete dietary omission is clearly not advised and liq-
uid fats are recommended to avoid dietary omission.

Fibre is classified into soluble (gums, pectin and 
gels) and insoluble forms (cellulose, hemicellu-
loses). Both forms of fibre are thought to delay gas-
tric emptying but studies to evaluate the effect of 
fibre have only used artificial fibre supplements and 
have provided inconsistent results [30,32], with 
some studies only demonstrating minor effects on 
emptying times [33]. Furthermore, the effects of 
fibre on gastric physiology have not been specifi-
cally evaluated in gastroparesis; nevertheless, insol-
uble fibre has been reported to induce bezoar and 
phytobezoar formation. Phytobezoars are composed 
of non-digestible food material including cellulose, 
hemicellulose, lignin and fruit tannins which are 
often found in raw vegetables, citrus fruits, celery, 
pumpkins, grapes, prunes and raisins. Currently, 
albeit on a limited evidence base, insoluble fibre is 
best avoided in gastroparesis [34].

Food volume

A simple intervention is the adjustment of meal 
size, as a large volume of food takes more time to 
empty from the stomach than a small-volume meal 
[24] and thus a ‘regular and often’ small-volume 
meal approach should be adopted. Manipulation of 
meal consistency, content and size is effective in 
patients with mild to moderate symptoms and a diet 
of frequent small-volume meals with low fibre and 
low fat content and soft to liquid consistency is 
 generally recommended [28].

Enteral nutrition

In severe cases, where patients fail to thrive with 
oral dietary adjustments, nutritional support may 
be required. As ever, enteral nutrition (EN) is the 
preferred route over parenteral nutrition (PN) as 
this yields a more ‘physiological’ effect and is 
associated with fewer complications [35]. The 
nasogastric route has been suggested by slow 

pump infusion of a liquid diet [36]. However, in 
practice, by the nature of the disease, this route is 
unlikely to meet food energy requirements and of 
course, there is also the added risk of pulmonary 
aspiration. The nasojejunal route is preferred due 
to the lower risk of pulmonary aspiration, and 
tubes can be placed endoscopically or by the bed-
side [35]. If nasojejunal feeding is well tolerated, a 
jejunostomy feeding tube, placed laparoscopically 
or endoscopically [37], or a percutaneous gastros-
tomy with jejunal extension (PEG-J) may be sited 
for comfort as a more permanent route. Compared 
to jejunostomy tube feeding, PEG-J has the advan-
tage of venting of gastric contents if needed for 
symptom relief [38], although the occurrence of 
tube migration back to the stomach is a trouble-
some complication [39].

Parenteral nutrition

Parenteral nutrition should always be reserved for 
patients in whom jejunal feeding is not possible 
due to the high prevalence of serious complica-
tions [35,40]. However, small intestinal dysmotility 
can co-occur with gastroparersis and limit the 
effectiveness of jejunal feeding. Small intestinal 
dysmotility can be confirmed by small intesti-
nal manometry studies but this is usually restricted 
to research centres [41]. A trial of nasojejunal 
feeding is always advised prior to placement of a 
definitive feeding tube such as a jejunostomy or 
PEG-J tube. Where intolerance is shown to occur 
with  jejunal feeding, then PN should be considered 
as  temporary supplemental nutrition or long term 
in refractory cases.

3.6.5 Conclusion

The diagnosis of gastroparesis can be easily missed 
so a high index of suspicion should be maintained 
in patients with suggestive symptoms and no struc-
tural cause identified using conventional radiologi-
cal and endoscopic techniques. Once diagnosed, 
dietary intervention can have a dramatic effect 
on  the well-being of patients and in the majority, 
simple manipulation of food content, consistency 
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and volume will have a positive impact on disease 
management. In severe cases, a structured approach 
to optimise the feeding route can avoid unnecessary 
complications and improve nutritional status.
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3.7.1 Acute pancreatitis

Acute pancreatitis is an inflammatory condition 
which may be mild or severe. In mild cases there are 
usually few or no long-term effects, and patients do 
not routinely require any nutritional intervention. 
However, in severe acute pancreatitis (SAP) there is 
a risk of developing systemic issues such as adult 
respiratory distress syndrome (ARDS) and later 
localised complications including pancreatic necro-
sis and pseudocysts [1]. Patients with severe disease 
often have protracted hospital admissions and 
require intensive nutritional support.

3.7.2 Causes of pancreatitis

The causes of acute pancreatitis are diverse and are 
summarised in Box 3.7.1; it is estimated that 80% 
of cases are caused by gallstones or alcohol.

3.7.3 Severity of acute 
pancreatitis

Acute pancreatitis is mild in 75% of cases but in the 
remaining 25%, the disease is classified as severe 
[2]. Severity is predicted by using a scoring system 
such as the Ranson Score, Atlanta Classification, 
Acute Physiology and Chronic Health Evaluation 
(APACHE) II score or the modified Glasgow or 
Imrie Criteria (Box 3.7.2). In the latter, a score of 3 
or more within 48 h of admission is predictive of 

SAP. A serum C-reactive protein (CRP) concentra-
tion above 150 mg/L may be independently indica-
tive of a severe attack, but this may not become 
apparent until 48–72 h into the disease process [2].

It is widely accepted that patients predicted to 
develop SAP require intensive nutritional support. 
Nutritional assessment, with severity scoring, 
should occur early in the disease process.

Mild acute pancreatitis

Patients presenting with mild pancreatitis are typi-
cally nil by mouth until their pain settles, and they 
are slowly weaned onto a normal diet over a period 
of 3–5 days. If the disease aetiology is gallstone 
related, they will have a laparoscopic cholecystec-
tomy once they are recovered. In others, the cause 
of the pancreatitis will have to be investigated and 
treated accordingly.

The European Society of Parenteral and Enteral 
Nutrition (ESPEN) concluded that there was no evi-
dence that enteral nutrition (EN) administered 
within the first week of disease onset provided any 
benefit to patients with mild pancreatitis [3].

Much debate remains over the use of low-fat 
diets in gallstone pancreatitis, with a paucity of evi-
dence on which to base practice. Where the patient 
has not had a sphincterotomy and is waiting for a 
cholecystectomy, it would seem prudent to recom-
mend a low-fat diet until surgery. However, where 
a  sphincterotomy or cholecystectomy has been 
 performed, there appears to be no indication for 
dietary fat restriction.
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Severe acute pancreatitis

Patients with SAP may develop widespread compli-
cations including ileus, nausea, vomiting, pain [4], 
diarrhoea, steatorrhoea (due to exocrine failure), 
hyperglycaemia (due to endocrine failure), ascites, 
portal hypertension resulting in gastric varices, and/
or the formation of fistulae, pseudocysts and 
abscesses, all of which affect tolerance of EN and 
parenteral nutrition (PN).

Patients have increased energy requirements, 
poor oral intake and reduced nutrient absorption 

which, in combination with repeated periods of 
being ‘nil by mouth’ for investigations and proce-
dures, results in rapid deterioration of nutritional 
status.

Poor nutritional status results in reduced immune 
function, which impairs ability to resist nosocomial 
infections, and these often complicate the disease 
pathway [4]. Furthermore, higher mortality has 
been demonstrated in patients with SAP who had 
persistently negative nitrogen balance, compared to 
those in positive balance [5].

3.7.4 Enteral nutrition

It is well established that the enteral route is the feed-
ing route of choice for patients with SAP. A meta-
analysis comparing EN and PN which identified six 
randomised controlled trials (RCT) involving 263 
patients [6] concluded that there were reductions in 
the incidence of infections, surgical interventions and 
length of stay in the EN groups compared to the PN 
groups. However, there was no difference in mortal-
ity or non-infective complications.

Early EN reduces GI atrophy and prevents 
the  loss of villi [7]. Gastrointestinal atrophy is 
associated with the generation of cytokines and 
other inflammatory mediators, hypoglycaemia, 
worsening antioxidant stress and the systemic 
inflammatory response syndrome [8,9]. Addition-
ally, EN is thought to reduce intestinal permeability. 
High intestinal permeability permits bacterial trans-
location and endotoxaemia, and this is hypothesised 
to be the source of many infectious complications 
of SAP [10].

Studies examining the effect of EN compared to 
PN on inflammatory markers did not report any 
benefit, but were limited by small sample size, une-
qual disease aetiology and severity in each arm, and 
with an average length of stay of 10 days, were 
probably not representative of SAP [11].

The priority in nutrition support has moved to 
establishing an enteral route early in the treatment 
pathway. A recent systematic review concluded 
that establishing EN within 48 h of admission 
was  associated with improvements in mortality, 
infectious complications and multiorgan failure 
rates [12].

Box 3.7.2 Modified Glasgow or Imrie 
Criteria [2] 

P Arterial Pa0
2
 <9 kPa

A Albumin <32 g/L
N Urea nitrogen >10 mmol/L
C Calcium <2 mmol/L
R Raised white cell count >16 mmol/L
E Enzyme: lactic dehydrogenase (LDH) 

>600 mmol/L
A Age >55 years
S Sugar: glucose >10 mmol/L

Box 3.7.1 Causes of pancreatitis [2] 

Gallstones
Alcohol
Trauma
Steroids
Mumps
Autoimmune
Scorpion sting
Hypercalcaemia
Hyperlipidaemia
Hypothermia
Endoscopic retrograde cholangiopancreatography 
(ERCP)
Drugs (including simvastatin)
Pancreatic cancer
Ischaemia
Postoperative
Infections
Parasites
Idiopathic
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Nasogastric versus nasojejunal 
feeding

Increasingly, evidence supports early EN in SAP 
and research has moved to consider the specifics 
of enteral tube placement. Studies have shown 
that jejunal feeding at distances of 40–60 cm 
beyond the ligament of Treitz prevents stimula-
tion of pancreatic enzymes to the same degree 
as  PN, and also stimulates secretion of plasma 
 glucagon-like peptide 1 and plasma peptide YY 
which inhibit pancreatic function [13–15]. Whilst 
postpyloric feeding is beneficial in red ucing 
 nausea, duodenal feeding continues to stimulate 
 cholecystokinin and therefore pancreatic function 
[13,15].

Initial studies examining the use of nasogastric 
(NG) feeding in SAP suggest this is fairly well tol-
erated and safe, with 23 of 26 patients tolerating 
full rate feeding within 36 h [16]. These results led 
to two randomised controlled studies comparing 
NG and NJ feeding in SAP. In the first study involv-
ing 50 patients, NJ feeding tubes were inserted into 
the proximal jejunum, although the exact position 
in relation to the ligament of Treitz was not speci-
fied [17]. The authors reported one incidence of 
cardiac arrest during NJ tube placement in one sub-
ject. Although the patient made a full recovery, this 
serves as a reminder that endoscopic placement of 
NJ feeding tubes is not without risk. The second 
study examined data on 31 patients randomised to 
receive NG or NJ feeds and detailed increased 
overall mortality in the NG group, although this 
was not statistically significant [18]. However, the 
methodology stated that the tube was positioned in 
the third part of the duodenum, resulting in place-
ment proximal to the ligament of Treitz, and thus 
excluding the study as a true comparison of NG 
and NJ feeding.

Despite their limitations, these two studies on 81 
patients have been the primary citations in two 
reviews which conclude that NG feeding may be a 
safe and effective alternative to NJ feeding in SAP 
[19,20]. Larger, adequately powered studies are 
required to confirm the effectiveness of NG feeding 
in clinical practice and in the interim, NJ feeding 
remains the enteral route of choice.

Feed formulation

A number of studies comparing EN and PN have 
used standard polymeric feeds, leading to the 
hypothesis that these feeds may be well tolerated in 
this patient group. A small RCT carried out in 
France compared 15 patients receiving a peptide 
feed with a standard polymeric feed, and concluded 
that whilst both feeds were tolerated (in terms of 
patient-reported abdominal pain, diarrhoea, bloat-
ing, steatorrhoea and 24-h stool tests quantifying 
creatorrhoea, steatorrhoea, stool weight and fre-
quency), weight loss and length of stay were both 
lower in the peptide feeding group (P=0.01 and 
P=0.006, respectively), suggesting that peptide 
feeds are associated with better outcomes [21].

Larger studies are required to examine the use of 
polymeric feeds, whilst peptide feeds are well 
established as the feed of choice for feeding beyond 
the ligament of Treitz [3,22]. Further work is 
required to establish the efficacy of alternative feed 
types in gastric and duodenal feeding in SAP.

Probiotics

Initial investigations using probiotics in SAP 
appeared promising. with Lactobacillus plantarum 
associated with a reduction in disease severity and 
an improvement in clinical outcome. However, this 
study compared L. plantarum-supplemented EN 
with PN and as such, the improvement in clinical 
outcome may be attributable to the use of the enteral 
route [23].

In a large, multicentre RCT in 296 patients with 
SAP receiving EN via an NJ tube, a significantly 
higher incidence of bowel ischaemia was demon-
strated in the patients randomised to the probiotic 
group, with eight patients in the intervention arm 
dying as a result [24]. There was no difference in 
infective complications and a significant increase in 
mortality in the probiotic group. It must be noted 
that this trial used a novel probiotic that had not 
undergone extensive animal or human safety test-
ing; in addition, those patients in the intervention 
arm were experiencing a more severe attack of 
 pancreatitis at the time of randomisation [25]. A 
number of other trials were abandoned when these 
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results were published, and although the editors of 
The Lancet issued an ‘expression of concern’ 
regarding this trial (published March 2010), this 
appears to be related to study design and reporting 
procedures, rather than the data collected. At pre-
sent, there seems to be no reason to doubt the 
study’s findings and as such, probiotics are not rec-
ommended in patients with SAP.

3.7.5 Parenteral nutrition

Parenteral nutrition carries a higher risk of sepsis 
than EN, but with improving multidisciplinary 
management the risks previously attributed to 
 overfeeding and catheter-related sepsis are falling 
[26,27]. However, PN does not carry the same ben-
efit to outcome in acute pancreatitis [10] and where 
PN is indicated it should be used alongside EN 
wherever possible [28].

Care should be taken with the use of PN in the 
case of triglyceride-induced pancreatitis where it is 
necessary to use a lipid-free bag if triglyceride con-
centrations are in excess of 12 mmol/L [28].

In all patients with pancreatitis it is advisable to 
monitor triglyceride concentrations weekly while 
PN is ongoing. Additionally, where the aetiology of 
pancreatitis is unclear, it is important to check tri-
glyceride concentrations prior to commencing PN.

Glutamine

The ESPEN guidelines recommend that glutamine 
is added to PN formulae for patients with SAP 
where PN is indicated [28]. Glutamine is thought to 
be the primary fuel of enterocytes and as such may 
reduce bacterial translocation and therefore sepsis. 
Glutamine has also been linked to the antioxidant 
defence, where it is used as a fuel by the immune 
system to produce glutathione [29].

Glutamine, at a dose of 0.4 g/kg, has been shown 
to reduce the acute inflammatory response, with a 
reduction in proinflammatory interleukin (IL)-6 and 
CRP, and an increase in anti-inflammatory IL-10 
[30]. In addition, an improvement in immune func-
tion was observed in the same group with increased 
concentrations of CD4 and CD8 lymphocytes and 

serum IgA. This study examined 44 patients with 
severe acute pancreatitis randomised to receive 1.5 
g/kg amino acids (1.1 g/kg standard amino acid and 
0.4 g/kg glutamine in the supplemented group) and 
30 kcal/kg. It reported an improvement in biochemical 
markers (albumin and total protein) and nitrogen 
balance and a reduction in infectious complications 
in the glutamine-supplemented group, but no signifi-
cant reduction in mortality or length of stay [30].

Fish oils

While there are emerging data on the use of fish oils 
in the general intensive care environment, there are, 
as yet, few data looking specifically at fish oil in 
patients with SAP. Omega-3 fish oils have been 
shown to suppress inflammation and improve the 
course of infection in patients across multiple 
 disease areas.

A small study examined the effects of fish oils in 
patients with SAP [31]. Forty patients were ran-
domised to receive a standard soya bean lipid-based 
PN or PN supplemented with 0.15–0.2 g/kg fish 
oils. The authors reported a reduction in CRP, fewer 
days on haemofiltration, better oxygenation index 
and increased serum eicosapentaenoic acid (EPA) 
but further studies are required to confirm these 
benefits in patients with SAP.

3.7.6 Postdischarge care

Patients with mild acute pancreatitis should not 
require long-term nutrition support. However, in 
cases of SAP some patients have significant dam-
age to pancreatic parenchyma which may cause 
exocrine or endocrine failure, resulting in malab-
sorption and diabetes. In this instance, nutritional 
management is similar to that used for patients with 
chronic pancreatitis.

A small number of patients (n=25) were asked 
about their quality of life following necrotising pan-
creatitis [32]. Whilst a ‘fair’ to ‘good’ quality of life 
was reported in 77.3 % of cases, abdominal dis-
tension (41%), GI symptoms (36.4%), weight loss 
(31.8%), nausea (31.8%) and vomiting (27.3%) were 
identified as influencing long-term quality of life.
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3.7.7 Chronic pancreatitis

Chronic pancreatitis (CP) is defined as a chronic 
inflammatory process resulting in fibrosis and 
destruction of pancreatic exocrine and endocrine 
tissue. Over time, this causes failure of both these 
systems, resulting in malabsorption and in many 
cases diabetes. It is a benign condition which may 
be attributed to alcohol, autoimmune and genetic 
factors, or in some cases it may be idiopathic [1].

The most significant symptom is pain, often debil-
itating, which may be related to eating and leads to 
depression, opiate dependence and social isolation. 
Chronic pancreatitis is more prevalent in patients 
who smoke or have excessive alcohol consumption, 
and patients are more likely to develop pancreatic 
cancer. The combination of these physical, psycho-
logical and social factors results in patients requiring 
complex nutritional and psychological management. 
Patients should be strongly encouraged to give up 
smoking and alcohol consumption.

Oral nutritional support

Patients with chronic pancreatitis benefit from 
intensive and regular nutritional support (Box 3.7.3). 
Low-fat diets are not indicated unless pancreatic 
enzyme replacement therapy (PERT) is ineffective 
[33,34]. In these instances, it should be remembered 

that low-fat diets only manage symptoms but do not 
compensate for the lack of absorption, and therefore 
must be used as a last resort under careful nutri-
tional supervision.

High-energy diets with the use of oral supple-
ments must be used in conjunction with enzyme 
therapy, and patients should be encouraged to adjust 
their enzyme dose to match changes in oral intake.

Pancreatic exocrine insufficiency

Pancreatic exocrine insufficiency (PEI) usually 
occurs within 5–10 years of diagnosis of CP [35]. 
Steatorrhoea is a relatively late symptom of PEI, and 
optimisation of pancreatic enzyme dosage proves 
adequate for relieving symptoms in most patients.

Pancreatic enzyme replacement therapy is fre-
quently underused as classic symptoms of steator-
rhoea (pale, loose, floating stools) can be masked by 
the use of constipating opiate-based medication or 
low-fat diets. PERT products should be given along-
side meals in order that they mix with chyme; if more 
than one capsule is required, the dose may be distrib-
uted throughout the meal. PERT should not be swal-
lowed with hot drinks as the enzymes are denatured 
with excessive heat. All PERT products currently 
available in the UK are porcine based, and informed 
consent must be obtained prior to prescription.

The use of a proton pump inhibitor (PPI) along-
side PERT can improve efficacy, and advice to man-
age malabsorption should be individualised, with 
the early use of oral nutritional supplements and EN 
where undernutrition is present [36].

Many authors have attempted to quantify the 
optimal dose of PERT required to manage malab-
sorption, with results varying from starting doses of 
25,000 to 50,000 units per meal [37,38]. However, 
as exocrine failure is progressive and the dose each 
patient requires is likely to increase with time, 
 regular dietetic review to ensure adequacy of PERT 
is crucial.

Antioxidants and pain

Persistent pain in chronic pancreatitis is thought to be 
multifactorial, and may be attributed to increases in 
interstitial fluid pressure, active inflammation, irrita-
tion of nerve endings or ductal strictures  causing 

Box 3.7.3 Nutritional recommendations for 
chronic pancreatitis

•  Encourage high-energy diet
•  Avoid fat restriction
•  Ensure adequate pancreatic enzyme replacement 

therapy
•  Ensure any oral nutritional supplements are taken 

with pancreatic enzyme replacement therapy
•  Annual blood tests to include vitamin A, D, E, 

selenium, iron studies and parathyroid hormone
•  Vitamin and mineral supplements may be re-

quired to correct deficiencies; some units use 
vitamin and mineral supplements routinely

•  Regular dietetic assessment to maintain nutrition-
al status and monitor for deficiency symptoms

•  Routine DEXA scanning (every 5 years)
•  Routine annual screening for diabetes
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ductal hypertension, in addition to stones, masses or 
cysts within the pancreatic duct itself [39]. 
Consequently, the pain can be refractory to standard 
pain relief, and whilst surgical intervention in the 
form of coeliac nerve block and thoracic splanch-
nicectomy provides short-term pain relief, pancreatic 
rest and antioxidant therapy, which are less invasive 
than pancreatic resection, are  commonly used.

Cytochrome C P450 (CYP) mono-oxygenase is a 
microsomal enzyme that metabolises both endoge-
nous lipophilic substances and exogenous lipids 
(xenobiotics) using reactive oxygen species and 
may contribute to pain [39]. Braganza described 
xenobiotic-mediated injury to the pancreas, and 
suggested the potential benefit of antioxidant sup-
plements in the management of pain, as removal of 
free radicals requires antioxidants (vitamin A, C, E 
and selenium), which are often depleted in chronic 
pancreatitis [40,41]. Several studies have concluded 
that antioxidant therapy is beneficial in reducing pain 
and the frequency of pancreatitis attacks [42–44] 
but all had small patient numbers (n=28–147), and 
a recent meta-analysis was unable to analyse the 
data as pain was recorded differently in the three 
studies [45]. The authors concluded that further 
large-scale randomised trials were required, and 
this is currently under way (EUROPAC2).

Pancreatic rest

Nasojejunal feeding with enteral tube placement at 
least 40 cm beyond the ligament of Treitz allows for 
adequate EN whilst preventing pancreatic stimula-
tion, providing pancreatic rest [13–15]. It reduces 
pancreatic pseudocysts and improves pain control 
and nutritional status [46]. Enteral nutrition is often 
given continuously with a peptide formula. To avoid 
pancreatic stimulation, patients should be coun-
selled to limit all oral intake to clear, caffeine-free 
fluids at no more than 60 mL per hour.

Parenteral nutrition

Overall, PN is not indicated in chronic pancreatitis 
in the absence of bowel obstruction. However, the 
ESPEN guidelines support the use of PN in duode-
nal stenosis, where the placement of a feeding tube 
distal to the disease may be difficult [28].

Vitamin and mineral deficiencies

Vitamin A deficiency night blindness has been 
reported after pancreatic resection and in cystic 
fibrosis [47,48]. Biochemical deficiencies of other 
fat-soluble vitamins have been reported in pancre-
atic resection [49]. While there is a paucity of 
chronic pancreatitis-specific data, it is reasonable to 
assume that nutritional data from pancreatic resec-
tion and cystic fibrosis may provide a basis for 
monitoring in chronic pancreatitis.

Bone health

Vitamin D deficiency is associated with the develop-
ment of osteoporosis in patients with chronic pancrea-
titis. Adequate concentrations of activated vitamin D 
(1,25-dihydroxyvitamin D) are required to promote 
calcium absorption and ensure sufficient supply for 
bone remodelling [50]. Low concentrations of calcium 
stimulate parathyroid hormone (PTH) production, 
which stimulates the synthesis of 1,25-dihydroxyvita-
min D to try and restore intestinal calcium absorption. 
This results in a spiral effect of further depletion of 
25-hydroxyvitamin D, and in the absence of supple-
mentation, a further drop in 1,25-dihydroxyvitamin D 
[51]. It is reasonable to expect poor calcium absorp-
tion in patients with ongoing steatorrhoea; thus 
 supplements containing calcium and vitamin D are 
indicated as first-line treatment of vitamin D defi-
ciency in patients with chronic pancreatitis.

Vitamin D deficiency has been widely docu-
mented in patients with pancreatic insufficiency, 
and is correlated with the degree of insufficiency 
(faecal elastase-1) to P<0.01 [52].

Regular biochemical monitoring and routine 
dual-energy X-ray absorptiometry (DEXA) scan-
ning in patients with vitamin D deficiency are 
recom mended [53].
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Pancreatic cancer (PC) represents 2–3% of all can-
cers, yet it remains the fourth most common cause 
of death in the world, with a 5-year survival rate of 
1–5% [1–4]. The presentation and onset of symp-
toms are non-specific so the majority of diagnoses 
are made once the disease is either locally or sys-
temically advanced, thus eliminating curative dis-
ease management [5,6].

The incidence of PC has risen and plateaued over 
the last few decades and correlates with increasing 
age, peaking in 65–75 year olds. There is an uneven 
geographical distribution of PC with developed 
countries having a higher incidence than developing 
countries. This may be associated with differences 
in screening practice but also suggests that environ-
mental factors may have a role in the development 
of the cancer [5,6].

Approximately 95% of tumours develop in the 
exocrine part of the pancreas. Ductal adenocarci-
noma accounts for 80–90% of all pancreatic neo-
plasms, whilst neuroendocrine tumours and cystic 
neoplasms are less common [1,6]. Within the pan-
creas, approximately 75% of tumours are in the 
head or neck, 15–20% in the body and 5–10% in 
the tail [1].

As with most cancers, surgical resection is the 
only curative option. For a pancreatic tumour to be 
resectable, it must be confined to the pancreas but 
unfortunately this only comprises 20% of tumours 
at diagnosis. Successful resection, usually in con-
junction with adjuvant treatment, can improve the 
5-year survival rate to 10–25% [1,2,7]. For locally 

advanced tumours and metastatic disease, surgery is 
not an option so for these patients, chemotherapy 
and/or radiotherapy are employed. Although not 
curative, these options can improve symptoms and 
prolong survival. Median survival is currently 
10–12 months [1]. Untreated metastatic and locally 
advanced disease has a median survival of 3–5 
months and 6–10 months respectively [6].

3.8.1 Factors involved in 
causation

Smoking is the most significant and consistent 
modifiable risk factor of PC. An estimated 20–30% 
of cases can be directly attributed to cigarette smok-
ing [8–11]. (The risk correlates with intensity and 
duration of smoking and smoking cessation does 
appear to reduce the risk [8,9].

Only 10% of cases result from genetic mutations 
[12]. Type 2 diabetes and long-standing chronic 
pancreatitis are associated with an increased risk 
of  developing PC [4,5,10]. Patients with diabetes 
have a two-fold increased risk independent of 
 alcohol, Body Mass Index (BMI) and smoking-
status [13].

Modifiable risk factors associated with diet and 
lifestyle have attracted a lot of attention for several 
decades. Despite alcohol being implicated in the 
aetiology of several other cancers and chronic 
 pancreatitis, the consensus to date is that alcohol 
is not associated with PC, although one study did 
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suggest that heavy alcohol intake may play a role 
[14–16].

Red meat and processed meat products have been 
reported to increase PC risk and preparation methods 
such as grilling, frying, curing and smoking have 
been implicated. This could suggest that polycyclic 
aromatic hydrocarbons, heterocyclic amines and 
nitrosamines produced during these cooking pro-
cesses possibly play a role in the etiology of PC [17].

Studies have had varied but inconclusive results 
and some have attributed the risk to the fat content 
of the meat products. A study that specifically 
investigated the different types of fat and PC risk 
reported positive associations with total, saturated 
and monounsaturated fats, particularly from red 
meat and dairy sources, a likely mechanism being 
that fat promotes pancreatic carcinogenesis. There 
was, however, no association with fats of plant 
 origins [18]. Other findings include no association 
between risk of PC and dairy products [17,19].

Several studies have reported either no associa-
tion or an inverse association existing between fruit 
and vegetable intake and PC risk [20–22]. Possible 
mechanisms include antioxidant protection against 
free radical damage, immune-enhancing properties 
and inhibition of insulin-like growth factor (IGF) 
binding to IGF receptors [20].

Cancer-protective effects of flavonols in the pre-
vention of PC were found to be beneficial, particu-
larly for smokers [23]. The Netherlands Cohort Study 
found no association between the intake of carote-
noids and vitamin supplements and PC risk [20].

Uncertainties have existed regarding an associa-
tion between total sugar intake and PC risk. Previous 
evidence has been inconclusive, but in the NIH-
AARP Diet and Health Study, no association was 
found between added sugars intake and PC risk [24].

Growing evidence implicates abnormal glucose 
metabolism and insulin resistance in the develop-
ment of PC, with an increasing risk in the over-
weight sedentary population [25–28]. Very 
overweight people are 20% more likely to develop 
PC [10]. Further studies confirm that PC risk 
increases with obesity, with a significant associa-
tion with central adiposity, especially in women 
[14,29,30]. Possible mechanisms have been linked 
to hormonal and inflammatory effects of  adipose 
tissue, increased exposure to carcinogens secondary 

to increased dietary intake and lack of physical 
activity [31].

Little or no association has been found with 
physical activity and PC risk [14,29,30,32].

3.8.2 Dietary effects of disease 
and treatment

Weight loss is one of the presenting symptoms in 
PC. It impairs response to cancer treatment and is 
regarded as an important prognostic factor: the 
greater the weight loss, the shorter the survival 
[33,34]. Patients with PC lose 14.2% of their 
 pre-illness weight, increasing to 24.5% prior to 
death [33].

Cancer cachexia (CC) is characterised by pro-
gressive weight loss with or without anorexia. 
Approximately 80% of patients with PC present 
with signs of CC at diagnosis and it is one of the 
main reasons for the decline in nutritional status 
[35,36].

Pancreatic exocrine insufficiency (PEI) arises 
from loss of pancreatic parenchyma or from 
obstruction of the pancreatic duct thus preventing 
enzymes from reaching the GI tract, causing malab-
sorption [12,37,38]. Pancreatic exocrine insuffi-
ciency  presents in 68–92% of PC patients before 
surgery and in 80% after surgery. It is often over-
looked as the main focus is treating the underlying 
disease [39].

Pancreatic exocrine insufficiency typically pre-
sents as excessive foul-smelling flatus, abdominal 
distension and discomfort, belching and steator-
rhoea and ultimately is the other major contributor 
of the weight loss seen in patients with PC 
[37,38,40]. Approximately 65% of patients will 
experience fat malabsorption and 50% will experi-
ence protein malabsorption [41]. Fat absorption is 
further compromised by a reduction in circulating 
bile salts associated with obstructive jaundice [42]. 
Deficiencies in fat-soluble vitamins (A, D, E, K), 
magnesium, calcium and essential fatty and amino 
acids can also occur [39].

Other presenting symptoms of PC include intrac-
table pain, jaundice, nausea, anorexia, taste changes, 
early satiety, gastric outlet obstruction and fatigue 
[35,41]. The development of complications such as 
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glucose intolerance or overt diabetes and pancreati-
tis has also been reported [43,44]. Understandably 
these symptoms are distressing and can have an 
impact on the psychological well-being of patients, 
with 47–71% of those with PC reported as being 
depressed [37,41]. This is far greater than in other 
cancer patients and has a significant impact on mor-
bidity [45]. The combination of these factors can 
further impact nutritional intake and status which 
may contribute to the decline in performance status 
and quality of life.

Standard care for patients with early-stage PC 
will involve surgical resection followed by adjuvant 
chemotherapy [43]. Surgery is precluded in those 
with more advanced disease; instead, these patients 
are treated with a range of chemotherapy regimes, 
radiotherapy and new emerging targeted and molec-
ular therapies.

The standard surgical procedures performed will 
depend on the location and extent of the tumour. 
Partial pancreaticoduodenectomy with resection of 
the distal stomach, better known as Whipple’s pro-
cedure, is performed for tumours of the head of the 
pancreas. More recently, preservation of the pylorus 
has become the preferred option for this operation. 
For tumours of the body and tail of the pancreas, a 
distal pancreatectomy is performed and for more 
extensive tumours, a total pancreatectomy is under-
taken [7,46].

Gastric outlet obstruction is a late complication 
of advanced disease that presents in 10–20% of 
patients, of which 3% are able to undergo a pallia-
tive gastrojejunostomy procedure [41,46].

Overall, Gupta and Ihmaidat reported that quality 
of life after a Whipple’s procedure can be excellent 
[42]. The extent of nutritional complications and 
their management postoperatively will depend on 
the procedure performed. The advantages of pre-
serving the pylorus include fewer postgastrectomy 
complications, less reflux and greater improvement 
in postoperative nutritional status, weight gain and 
quality of life [7,46]. Total or partial resection of the 
pancreas is associated with a combination of exo-
crine and/or endocrine insufficiency and conse-
quent symptoms of malabsorption and postoperative 
diabetes [7,47].

Chemotherapy and radiotherapy can have short- 
and long-term nutritional consequences. This is 

mainly due to the fact that these treatments cause 
damage to normal cells, particularly those that divide 
rapidly and as a result, the ability to ingest, digest and 
absorb nutrients becomes compromised [48]. The 
most common side-effects of chemotherapy that 
affect nutritional status include nausea, vomiting, 
taste and smell alterations, anorexia, food aversions, 
diarrhoea, mucositis and early satiety [48,49]. Radio-
therapy can damage the GI mucosa, and in patients 
with PC presents as nausea which directly impacts 
nutritional intake [49].

3.8.3 Dietary management

Nutritional management of patients with PC can be 
complex given the myriad factors that can impact 
nutritional status and the aggressive nature of the 
disease.

The goals of nutrition support for cancer patients 
focus on maintaining or improving nutritional sta-
tus, managing nutrition-related side-effects of treat-
ment and disease as well as aiming to improve 
quality of life and prognosis [36,37,44].

It is important to set realistic goals depending on 
diagnosis and prognosis. Although the ideal is 
weight gain, having a goal of weight maintenance 
may be a more achievable prospect. Patients who 
stabilise their weight have more beneficial out-
comes, longer survival and improved quality of life 
than those who continue to lose weight [50,51]. 
Given the rapid progression of PC and the simulta-
neous acceleration in weight loss secondary to CC, 
the goals of maintaining nutritional status eventually 
become less important and symptom control and 
palliative management become the priorities [36].

Nutrition assessment is prudent in patients with 
PC. To facilitate nutrition intervention, the assess-
ment must aim to identify symptoms associated with 
CC and/or treatment in patients with metastatic and 
locally advanced disease. For those patients who 
have already undergone surgery, the type of proce-
dure performed will influence nutritional manage-
ment [44]. Both patient groups should be screened 
for symptoms of pancreatic insufficiency.

There are mixed opinions regarding the value of 
nutritional management in PC patients. These range 
from there being no positive effect on prognosis to 
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there being an improved quality of life with achieve-
ment of an adequate energy intake [36]. Energy 
expenditure of patients with cancer tends to vary 
according to treatment and disease stage [50]. As a 
result, there appear to be variations in the recom-
mendations for energy and protein requirements in 
this patient group. An energy intake in excess of 
28 kcal/kg/day and protein intake in excess of 1.4 g/
kg/day has been shown to achieve weight mainte-
nance [50]. A further recommendation is to aim for 
an energy intake that is 1.2–1.5 times the resting 
energy expenditure, which can be interpreted as an 
energy intake of 30–35 kcal/kg/day. The recom-
mended protein requirement is 1.0–1.5 g/kg/day, 
which is slightly higher than recommendations for 
the healthy population [36].

Healthy eating guidelines have their role in the 
prevention of cancer but not in the treatment of 
 cancer-related undernutrition [36]. Similarly, adher-
ence to strict diabetic diet guidelines and cholesterol-
lowering diets needs to be modified to overcome the 
energy deficit between energy intake and require-
ments. To achieve this on a reduced intake secondary 
to anorexia, it is recommended that fat intake exceeds 
the recommended 30% of total energy for healthy 
individuals [36].

There are currently insufficient data regarding 
the need for additional vitamin and mineral supple-
mentation in patients with PC. However, given the 
diminished intake and lack of variety in most 
patients’ diet, a daily multivitamin and mineral sup-
plement at levels of the dietary reference intake 
(DRI) is recommended [36,37]. For patients who 
have undergone surgery, there is a greater need for 
micronutrient supplementation as iron, selenium, 
vitamin E and vitamin D deficiencies have been 
reported. It is therefore recommended that a multi-
vitamin and mineral supplement and a calcium and 
vitamin D supplement are routinely prescribed 
postoperatively [52].

If adequate energy intake cannot be achieved 
with diet alone then the use of oral nutritional sup-
plements is recommended. There are a variety of 
options available, the choice largely being deter-
mined by patients’ preferences and tolerance. A 
 frequent concern with the use of nutritional supple-
ments is that they may reduce spontaneous food 
intake. Several studies have, however, shown that 

compliance with the use of supplements does not 
have a negative impact on spontaneous food intake 
[34,50].

If oral strategies are exhausted, then enteral (EN) 
and parenteral nutrition (PN) support can be consid-
ered. Intervention with either of these methods has 
produced a variety of results.

Several studies suggest that these methods of 
nutrition support can benefit those patients undergo-
ing pancreatic resections by increasing body weight 
and reducing anastomotic breakdown rates, wound 
complications and mortality [42]. PN has been 
shown to positively influence nutritional indices 
associated with undernutrition, but further studies 
either found no benefit or found that complications 
associated with PN outweighed the benefits 
[36,42,44]. However, Liu et al. found that EN is 
superior to PN in improving nutritional status, liver 
and kidney functions and reducing postoperative 
complications post pancreaticoduodenectomy [53]. 
There are limited data with regard to the use of EN 
and PN in inoperable and/or advanced PC patients 
but a couple of studies have reported that the use of 
PN in this patient group can improve their nutri-
tional status and enhance quality of life [35,54].

With regard to novel interventions, eicosapentae-
noic acid (EPA) has attracted the most interest for 
its  anti-inflammatory, anticachetic, antitumour and 
immunomodulating effects. Although EPA, either as 
capsules or incorporated into oral nutritional supple-
ments and EN, has demonstrated an improvement in 
performance status and appetite and attenuated 
weight loss, results are inconsistent [50,55].

Pancreatic enzyme replacement therapy (PERT) 
is indicated in patients losing weight and presenting 
with symptoms of malabsorption [47]. It is impor-
tant to note that not all patients will present with 
steatorrhoea. Medications, such as pain killers, can 
cause constipation and mask the diarrhoea associ-
ated with malabsorption [56].

Pancreatic enzymes are available in a variety of 
formulations and dosages. The recommended start-
ing dose is 40,000–50,000 U lipase before meals 
and 25,000 U lipase before snacks [37,38]. The 
doses of enzymes are altered and escalated depend-
ing on ongoing symptoms and variations in dietary 
intake. The current upper limit for PERT is 10,000 
U/kg/day [57].
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Patients are frequently advised to follow a low-
fat diet in conjunction with PERT but this is not 
appropriate for the majority of patients with PC. 
Patients can continue with a high-fat diet in keeping 
with high-energy, high-protein diet advice.

Patients with persistent steatorrhoea despite high 
doses of enzymes could benefit from the addition of 
loperamide and/or reducing the fat content of the 
diet [47]. To improve the efficacy of enzymes, a pro-
ton pump inhibitor can be prescribed to inhibit gas-
tric secretion [39]. If patients struggle to swallow the 
capsules, they can be opened and mixed in a small 
amount of acidic food such as apple sauce [57].

Nutrition counselling to help achieve an adequate 
energy intake plays a vital role during active treat-
ment and supportive care. Nutrition counselling in 
conjunction with the implementation of a high-
energy, high-protein diet, with or without the use of 
nutritional supplements, has been shown to increase 
intake and stabilise weight in a range of cancer 
patients receiving treatment [36,50]. More specifi-
cally, an improvement in weight and appetite has 
been observed in patients with locally advanced PC 
following nutrition assessment and counselling [58].

It is important not to forget that there is more to 
food than its nutritional content. The meaning of 
food and diet is very individual and can play a very 
vital part in ensuring that spiritual, psychological 
and physical needs can be met during active and 
supportive treatment.
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3.9.1 Prevalence

Cystic fibrosis (CF) is the most common, life-
threatening, autosomal recessively inherited disease 
in the UK affecting Caucasians. In the UK, 1 in 
25  people (2.3 million people) carry the CF gene 
and the incidence is approximately 1 in 2500 live 
births [1]. Ireland has the highest incidence of CF in 
the world (1 in 1461 live births) [2]. The incidence 
in non-Caucasians is much lower, and estimated 
to be 1 in 20,000 in ethnic African populations and 
1 in 100,000 in Oriental populations [3].

3.9.2 Life expectancy

Life expectancy, though reduced, has increased dra-
matically over the last 30 years due to specialist 
centre care, better nutritional support, introduction 
of acid-resistant pancreatic enzyme replacement 
therapy (PERT) and aggressive treatment of respira-
tory infections. Median survival is currently 34.4 
years in the UK [4] and has been predicted to be at 
least 50 years for children born in 2000 [1]. The UK 
CF population is over 9000 and more than half are 
over 16 years of age [4].

3.9.3 Factors involved in 
causation

Cystic fibrosis is caused by a genetic mutation 
on  the long arm of chromosome 7. The defective 
gene results in abnormalities in the production and 

function of a 1480 amino acid protein called the 
cystic fibrosis transmembrane conductance regula-
tor (CFTR). The protein encoded by the CFTR gene 
is a chloride channel in the apical membrane of exo-
crine epithelial cells. In addition to its function as a 
chloride channel, CFTR modifies the function and 
properties of other ion transporters including 
 chloride, sodium and potassium channels and the 
chloride-bicarbonate exchanger [5].

The predominant site of CFTR expression is 
epithelial cells e.g. sweat glands, pancreas, liver, 
lungs,  etc. though there are increasing numbers 
of  reports describing CFTR expression in non-
epithelial tissues [6]. The widespread presence of 
CFTR throughout the body explains why CF is a 
complex multisystem disorder, though the main 
organs affected are the GI tract and respiratory 
system.

More than 1800 different CFTR mutations have 
been identified (www.genet.sickkids.on.ca), many 
of which are rare. Some mutations may not result in 
clinical signs or symptoms. In the UK, over 85% of 
the CF population share the same genetic defect 
(p.Phe508del mutation) [4].

The different CFTR mutations are divided 
according to their effect on CFTR function into five 
major classes. Classes I, II and III tend to com-
pletely abolish CFTR expression and/or function. 
Mutations in classes IV and V produce variants of 
CFTR which have residual expression and/or CFTR 
channel function [7,8]. The presence of two muta-
tions from class I to III (the more severe mutations) 
is associated with pancreatic insufficiency. A num-
ber of class IV and V mutations are associated with 
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a degree of preservation of both ductular and acinar 
function and pancreatic sufficiency [9].

The number of patients who will become pancreatic 
insufficient (PI) depends on the genotype distribution 
of the population but it is estimated that approximately 
90% of people with CF in northern Europe will 
become PI. This means they have insufficient pancre-
atic function to achieve normal fat and nitrogen 
absorption and will require oral PERT. Clinical symp-
toms of pancreatic insufficiency do not usually occur 
until duodenal lipase concentrations fall below 5–10% 
of normal postmeal concentrations [10]. The patho-
logical changes that occur in the pancreas arise in 
many in utero. Duct obstruction occurs due to thick 
viscous mucus as a result of abnormalities in CFTR 
and destruction of acinar cells. The pancreas becomes 
fatty and fibrosed. The exocrine function of secreting 
digestive enzymes and bicarbonate into the duodenum 
is impaired. Initially, the endocrine function of the 
pancreas is preserved, though CF-related diabetes is 
common later in life [11].

Deficiency of pancreatic enzymes is the major 
cause of intestinal maldigestion and malabsorption 
in CF [12]. Multiple factors contribute to intestinal 
malabsorption in CF (see Chapter 1.4).

3.9.4 Dietary effects of the 
disease

The main clinical consequence of exocrine pan-
creatic insufficiency in CF is fat maldigestion and 
malabsorption, resulting in steatorrhoea and loss of 
nitrogen in the stool. Carbohydrate malabsorption 
is minimal [13]. Steatorrhoea is characterised by 
frothy, foul-smelling, frequent, pale, oily stools that 
often float in the toilet and are difficult to flush away 
due to their high fat content. Patients may complain 
of abdominal pain, severe abdominal cramps and 
flatulence [14].

Other symptoms include faltering growth in chil-
dren and weight loss or undernutrition in adults due 
to faecal energy losses. This is important in CF as 
nutritional status has important prognostic signifi-
cance with a positive association being seen 
between body weight, height, Body Mass Index 
(BMI) and survival [15,16] and between nutritional 
status and lung function [17].

Biochemical evidence of fat-soluble vitamin 
deficiencies occurs early in infants diagnosed with 
CF by newborn screening [18]. Overt deficiency is 
reported in people with CF resulting in the classi-
cally recognised deficiency symptoms such as night 
blindness and xerophthalmia [19,20] in vitamin A 
deficiency, neurological symptoms [21] and haemo-
lytic anaemia [22] in vitamin E deficiency, rickets 
and osteomalacia [23] in vitamin D deficiency 
and  coagulopathies and severe life-threatening 
bleeding [24] in vitamin K deficiency. In addition, 
subclinical vitamin deficiencies may play a signifi-
cant role in CF.

Essential fatty acid (EFA) deficiency has been 
reported in CF [25]. Patients have been reported 
to  have low concentrations of the EFA linoleic 
acid  (omega-6) and α-linolenic acid (omega-3). 
Deficiencies of the omega-3 long-chain polyunsatu-
rated fatty acids are also common [26]. Dietary fat 
malabsorption contributes to low concentrations 
of  these nutrients [27]. Clinical symptoms of 
EFA deficiency are rare but suboptimal concentra-
tions may increase the susceptibility to respiratory 
infections [28].

Increased endogenous faecal losses of calcium 
[29] and zinc [30] have also been reported.

3.9.5 Dietary management

The involvement of a dietitian to oversee the dietary 
management of exocrine pancreatic insufficiency is 
recommended [14]. Pancreatic enzyme replacement 
therapy is needed to minimise the symptoms and 
nutritional consequences of malabsorption and to 
enable a high-fat, high-energy diet to be eaten. Dietary 
fat restriction is not recommended for  people with 
exocrine pancreatic insufficiency [14] and is inappro-
priate in CF due to high energy requirements.

Pancreatic insufficient patients with CF require 
supplementation with the fat-soluble vitamins even 
when malabsorption is controlled by PERT. There 
remains some residual malabsorption in these 
patients. Current recommendations for fat-soluble 
vitamin supplementation in PI patients are based on 
historical data and vary between countries. The rec-
ommended starting doses per day are summarised 
in Table 3.9.1.
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Pancreatic enzyme replacement 
therapy

There is a strong association between pancreatic 
phenotype and genotype. Pancreatic enzyme 
replacement therapy should be started if a patient 
is known to have two CFTR mutations associated 
with pancreatic insufficiency [31]. Patients with 
obvious symptoms of malabsorption should com-
mence PERT as soon as the diagnosis of CF is 
made [31] and then faecal pancreatic elastase 
(FPE) should be measured to confirm the diagno-
sis [31]. This can be done in the presence of exog-
enous PERT. In the absence of clinical symptoms, 
FPE should be measured to establish pancreatic 
status. Pancreatic enzyme replacement therapy should 
only be commenced if pancreatic insufficiency 
is  diagnosed [12,31]. Faecal pancreatic elastase 
should be used to monitor the onset of pancreatic 
insufficiency in patients not previously diagnosed 
PI annually or if there are symptoms of fat malab-
sorption [32].

Enzyme preparations

Modern enzymes contain porcine pancreatic 
extract in microsphere and mini-microspheres 
with an acid-resistant enteric coat. In the USA, 
generic and prescribable proprietary PERT are 
available. Generic products should not be used in 
CF care [31]. There are several other enzyme 
preparations in phase I, phase II and phase III tri-

als. Liprotamase is a novel, non-porcine PERT 
containing a highly purified biotechnologically 
derived crystalline formulation of lipase, pro-
tease and amylase [33]. Liprotamase has been 
shown to be well tolerated and associated with 
age-appropriate growth and weight gain or weight 
maintenance for up to 12 months in PI patients 
with CF [33]. There is also work under way 
investigating recombinant human bile salt-stimu-
lated lipase (rBSSL) [34] as an alternative source 
of PERT.

The aims of PERT are to:

 • enable a normal- to high-fat diet to be eaten and 
achieve optimal fat-soluble vitamin status

 • control the signs and symptoms of malabsorption, 
particularly abdominal pain, abdominal cramps, 
distension and flatulence

 • attain normal stool characteristics and output
 • maintain and promote normal nutritional status 
and growth.

A review of enzyme replacement therapy for 
 pancreatic insufficiency, present and future has 
been published [35].

Timing of pancreatic enzymes

The timing of enzyme administration can influence 
the efficacy of PERT. If taken before the meal or 
with fluids, the mini-microspheres may be emptied 
from the stomach before they have mixed with food 

Table 3.9.1 Recommended starting doses of fat-soluble vitamins in pancreatic insufficient patients 
with cystic fibrosis

<1 year >1 year <2 years 2–7 years >7 years Adults

Vitamin A [67,68] 1500 IU 4000–10,000 IU 4000–10,000 IU
(455 µg) (1200–3000 µg) (1200–3000 µg)

Vitamin E [68] 10–50 mg 50–100 mg 100–200 mg
Vitamin D [69] 1000–2000 IU 1000–5000 IU 1000–5000 IU

(25–50 µg) (25–125 µg) (25–125 µg)
Vitamin K [70] 300 µg/kg 

(rounded to 
nearest mg)

5 mg 10 mg 10 mg
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[36,37]. If taken after the meal, food may leave the 
stomach before enzymes [37]. In adults, enzymes 
should be taken with the meal to ensure adequate 
mixing with chyme [14]. Patients with a poor 
response to PERT or high dosage requirements may 
benefit from changing the pattern of PERT adminis-
tration [36].

Enzyme dosage

The relationship between dose of pancreatic 
enzymes required and the presence of maldiges-
tion and malabsorption is not linear [14]. There 
are no studies in infants, children or adults with 
CF to determine the optimal dose of PERT or 

Box 3.9.1 Recommended doses of pancreatic enzyme replacement therapy

Fat-based dosing

infants: 500–1000 units lipase/g fat
children/adults 500–4000 units lipase/g fat

The lowest effective dose of enzyme should be used and should not usually exceed 10,000 units lipase/
kg/day [39].

Weight-based dosing

infants: 2000–5000 units lipase/120 mL feed to a maximum of 2500 units lipase/kg body weight/feed
<4 years: 1000–2500 units lipase/kg body weight/meal
>4 years: 500–2500 units lipase/kg body weight/meal

Source: [31,38].

Box 3.9.2 Guidelines for the use of pancreatic enzyme replacement therapy

1. Enzymes should be taken with all fat-containing meals, snacks and drinks; the most appropriate timing 
may vary but in adults enzymes should be taken with the meal.

2. If meals last longer than 30 minutes, enzymes should be taken during and towards the end of the 
meal.

3. The dose should be varied according to the fat content of food (see Box 3.9.1) but should not usually 
exceed 10,000 units lipase/kg/day.

4. Enzymes should not be taken with fat-free snacks and drinks, e.g. soft drinks, fruit, pastilles, boiled or jelly 
sweets,

5. Enzymes should be taken with all fat-containing enteral nutrition; they should not be added to the feed or 
administered via the feeding tube.

6. Enzyme capsules should be swallowed whole without being chewed from 3 to 4 years of age (to maintain 
their efficacy).

7. For infants and young children, the capsules should be opened and the mini-microspheres mixed with a 
little soft food or fruit purée and administered from a teaspoon. Mini-microsphere enzymes are also 
available in tubs which avoids the need to open capsules.

8. Mini-microspheres should not be mixed with or sprinkled over a meal.
9. The enzyme dose should be increased slowly (e.g. by 1–2 capsules) if the stools are fatty, 

loose, offensive or frequent. If this is done too quickly constipation/distal intestinal syndrome can 
occur.

10. Adequate hydration is important, especially with high-strength PERT.
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whether there is a dose–response association 
[31,38]. In the USA, dosage is calculated as units 
of lipase/kg body weight/meal [31,38]. PERT 
should be taken with all fat-containing food and 
drinks and the dose should be based on fat intake 
[39]. Recommendations for PERT  dosing are 
summarised in Box 3.9.1.

Other factors also contribute to intestinal malab-
sorption in CF, including:

 • pancreatic bicarbonate deficiency, causing re-
duced duodenal pH and inactivation of PERT and 
precipitation of bile salts [40]

 • increased faecal loss of bile salts [41] and altered 
ratio of glycine:taurine conjugated bile salts

 • altered small intestinal transit time and motility [42]
 • pharmacological and dissolution characteristics 
of PERT.

These factors contribute to the large individual vari-
ation in enzyme dosage required but doses should 
not usually exceed 10,000 units lipase/kg body 
weight/day. If higher intakes are necessary, enzyme 
efficacy may be improved by reducing gastric acid 
with H

2
 receptor antagonists or proton pump inhibi-

tors [14]. General guidelines for the use of PERT 
are summarised in Box 3.9.2.

3.9.6 Fibrosing colonopathy

In the early 1990s fibrosing colonopathy (colonic 
strictures) was reported in a number of children tak-
ing high-strength enzymes (>20,000 unit lipase/cap-
sule) [43]. This may be related to the amount of 
methacrylic acid co-polymer (MAC) coating present 
in some preparations [44]. As a result, the UK 
Committee on the Safety of Medicines [45] (CSM, 
1995) advised that high-strength enzymes with MAC 
(Pancrease HL®, Janssen-Cilag, High Wycombe, 
UK; Nutrizym 22®, Merck Serono, Feltham, UK) 
should not be used in children with CF under the age 
of 15 years and total dose of lipase should not usu-
ally exceed 10,000 units/kg body weight/day. Other 
high-strength preparations which do not contain 
MAC (Creon 25000® and Creon 40000®, Abbott 
Healthcare Products Ltd, Southampton, UK) con-
tinue to be used for many adults and some children.

3.9.7 Assessing efficacy of 
pancreatic enzyme 
replacement therapy

The efficacy of PERT can be assessed by measure-
ment of faecal fat and calculation of the coefficient 
of fat absorption or stool weight. Faecal fat micros-
copy and steatocrit may also be used. More usually, 
effectiveness of PERT is monitored by assessment 
of nutritional status or growth and stool nature and 
abdominal symptoms.

3.9.8 Distal intestinal 
obstruction syndrome and 
constipation

Constipation is common in CF but should not be 
confused with distal intestinal obstruction 
 syndrome (DIOS) which is caused by the accumu-
lation of intestinal contents and viscous mucus 
blocking the intestinal lumen. Incomplete or 
impending DIOS is common and patients present 
with a short history of abdominal pain and/or dis-
tension and a faecal mass in the ileocaecum. 
Complete DIOS is less common; in addition to the 
features of incomplete DIOS, the patient has a 
complete intestinal obstruction with vomiting of 
bilious material and/or fluid levels on abdominal 
X-ray in the small intestine [46].

Risk factors include a severe genotype associ-
ated with pancreatic insufficiency though it can 
occur in PS patients (PS patients have sufficient 
pancreatic function to achieve normal fat and 
nitrogen absorption), a history of meconium ileus 
at birth, history of DIOS, ongoing poorly 
 controlled fat absorption or excessive enzyme 
dose, dehydration and CF-related diabetes 
(CFRD) [46].

Distal intestinal obstruction syndrome is initially 
managed medically. Dietetic management includes 
assessment of PERT and absorption, including 
knowledge of enzyme doses, titration with fat 
intake, timing and adherence. Advice about increas-
ing fluid intake is also important. The role of 
increasing fibre intake is unclear [47] and this 
should be done with caution.
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3.9.9 Other gastrointestinal 
considerations

The extensive expression of CFTR throughout 
the GI and hepatobiliary tract results in a number of 
co-morbidities in CF.

 • Gastro-oesophageal reflux disease – gastro- 
oesophageal reflux is common in infants [48], 
children [49] and adults with CF [50]. It may 
compromise growth and weight [50], exacerbate 
respiratory symptoms and have a negative impact 
on lung function [51]. In the post-transplant 
 patient it is a risk factor for bronchiolitis  obliterans 
syndrome [52].

 • Pancreatitis – pancreatitis may be a presenting 
feature in patients diagnosed later in life. Patients 
with specific CFTR genotypes with mild pheno-
types are most at risk of developing pancreatitis 
[53]; patients have some pancreatic function and 
are at least partially PS [54].

 • Cystic fibrosis-associated liver disease – cystic 
fibrosis-associated liver disease occurs in 27–
35% of patients and 5–10% develop multilobular 
cirrhosis in the first decade of life. Portal hyper-
tension often develops during the second decade. 
Liver failure usually occurs in adulthood [55].

 • Cholelithiasis – cholelithiasis is relatively  common 
and occurs in approximately 28% of patients [56].

 • Intestinal inflammation – a high faecal calprotectin 
concentration suggestive of mucosal inflammation 
and observed inflammatory changes in the small 
intestine have been associated with persistent 
 malabsorption in some patients with CF [57].

 • Small intestinal bacterial overgrowth – small 
 intestinal bacterial overgrowth has been reported 
in up to 56% of PI patients [58]. It may contribute 
to ongoing malabsorption though this improves 
when patients receive antibiotic therapy for res-
piratory exacerbations [59].

 • Rectal prolapse – rectal prolapse was often seen at 
diagnosis associated with malabsorption [60]. With 
the introduction of newborn screening and earlier 
introduction of PERT, it may be less common.

 • Crohn’s disease – an increased incidence of 
Crohn’s disease has been reported [61]. Symptoms 
of Crohn’s disease may be  confused with symp-
toms of uncontrolled malabsorption [62].

 • Gastrointestinal malignancies – there is an 
 increased risk of both GI and pancreatic malig-
nancies [63,64] which occur at an earlier age 
[65]. Following lung transplantation, there is 
an  increased risk of all malignancies [66]. 
Awareness is important as symptoms may be 
suggestive of malabsorption, e.g. altered stool 
output.

The management of these conditions is not signifi-
cantly different from the general population and 
will be considered in other chapters.
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Lymphangiectasia and nutrition
Anu Paul and Ashish P. desai
 King’s College Hospital NHS Foundation Trust, London, UK

Intestinal lymphangiectasia is a rare digestive 
 disease that causes protein loss from the intestine. It 
is characterised by diffuse or localised dilation of 
the intestinal lymphatics and stasis of the lymph 
contained within. This eventually leads to rupture of 
the lymph vessels, resulting in loss of lymphatic 
fluid into the lumen of the intestine.

The term ‘intestinal lymphangiectasia’ was first 
coined in 1961 by Waldmann and associates. They 
described 18 cases of idiopathic hypercatabolic 
hypoproteinemia characterised by low serum 
 albumin and gammaglobulins with high faecal albu-
min and intestinal biopsies showing dilated lymph 
vessels [1].

Lymphangiectasia of the intestine may be primary 
or secondary. Primary intestinal lymphangiectasia is 
a congenital malformation that usually presents 
before 3 years of age. Secondary intestinal lymphan-
giectasia usually occurs as a consequence of 
increased lymphatic pressure caused by obstruction 
to the lymphatics or increased venous pressure. It 
can be seen in syndromes such as Hennekam’s 
 syndrome [2], Turner’s syndrome, aplasia cutis 
 congenita, von Recklinghausen’s syndrome, 
Klippel–Trenaunay syndrome [3] and Noonan 
 syndrome [4].

3.10.1 Embryology

The progenitors of the lymphatic system are 
believed to arise from the endothelial cells of 
the  embryonic venous structures  [5]. These cells 

 differentiate and express molecular markers that 
 distinguish them from venous cells. These specific 
cells then attain autonomy from the venous system 
by budding and peripheral migration. This may be 
the reason why many lymphatic abnormalities are 
also associated with malformations of the vascular 
system.

At a molecular level, the initial signalling  molecule 
responsible for lymphangiogenesis has not been 
identified. Vascular endothelial growth factor 
(VEGF) is a key molecular regulator of endothelial 
proliferation and migration. The VEGF family 
includes five isotypes: A, B, C, D and E. The isotypes 
VEGF-C and VEGF-D and their cognate receptor 
VEGFR-3 represent the first and best studied of the 
lymphatic specific signalling mechanisms [6].

3.10.2 Functions of the 
lymphatic system

The lymphatic system provides a system of mass 
transport parallel to blood circulation in the human 
body as well as playing a role in water and nutrient 
absorption. Large biomolecules suchw as enzymes 
and hormones are transported from their site of 
 synthesis to the blood circulation by means of 
 lymphatic transport. The lymphatic system also 
ensures absorption of excess fluid and protein from 
the interstitial space. Thus it is very important for 
the homeostasis of interstitial fluid [7].

From a nutritional perspective, the main role of 
the lymphatic system is in the transport of lipids, 
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mainly triglycerides and long-chain fatty acids 
from  the intestine. Ingested lipids are emulsified 
by bile and digested by lipase to produce monoglyc-
erides and fatty acids. Short- and medium-chain 
fatty acids can be absorbed directly into the blood 
 circulation. The long-chain fatty acids and mono-
glycerides are absorbed into enterocytes where they 
undergo re-esterification to form triglycerides. The 
triglycerides are aggregated into chylomicrons and 
actively transported out of the enterocyte into the 
interstitial space, from where they are passively 
absorbed in the lacteals and transported in the 
lymph.

The lymphatic system also has a major role to 
play in immune trafficking. The lymph nodes strate-
gically placed along the lymph vessels are able to 
sample the lymph and perform immunological 
 surveillance of the interstitial space [7].

3.10.3 Aetiopathogenesis 
of intestinal lymphangiectasia

Intestinal lymphangiectasia occurs due to abnor-
mal development of the lymphatic system with 
dilated lymphatics in the lamina propria of the 
small  intestine [1]. The exact aetiology of intesti-
nal lymphangiectasia is unknown. It is postulated 
that it may be due to altered expression of the 
regulator molecules that control lymphangiogen-
esis such as VEGFR-3. Other regulatory mole-
cules such as Prospero homeobox1 (PROX1), 
forkhead box C2 (FOXC2) and sex determining 
region (SRY) Y box 18 (SOX18) may also have a 
role to play [8].

Nutritional causes

After a meal rich in long-chain fatty acids, 
 lymphatic flow in the lacteals and intestinal lym-
phatics is known to increase. This promotes fur-
ther engorgement and dilation of the affected 
lymphatics in primary intestinal lymphangiecta-
sia, causing them to rupture. Loss of valuable 
lymph containing proteins and lymphocytes then 
ensues, leading to protein-losing enteropathy and 
malabsorption.

3.10.4 Clinical features

Many clinical features of intestinal lymphangiectasia 
can be attributed to protein-losing enteropathy 
and  malabsorption. The classic triad of features 
includes lymphocytopenia, hypoalbuminaemia and 
hypogammaglobulinaemia. This manifests most 
usually as bilateral lower limb lymphoedema. In 
extreme cases, oedema may involve the face or 
 scrotum. Effusions may develop in the pleural, 
 pericardial or peritoneal spaces (Figure  3.10.1). 
This may be accompanied by abdominal pain, 
 inability to gain weight and deficiency of fat-soluble 
vitamins. Due to impaired fat absorption, steator-
rhoea is a presenting feature. Macular oedema can 
be seen in extreme cases, leading to blindness [9].

Occasionally patients demonstrate Stemmer’s 
sign, i.e. skin fibrosis on the dorsum of the second 
toe due to chronic lymphoedema. In some cases, a 
cystic abdominal mass may be felt. Rare cases of 
intussusception or cutaneous warts have been 
reported [10].

Lymphocytopenia occurs with B-cell depletion 
reflected by diminished immunoglobulins IgG, IgA 

Figure 3.10.1 Patient profile before starting treat-
ment. Reproduced with permission from Dr Babu 
Vadamalayan, King’s College Hospital, London.
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and IgM, as well as T-cell depletion, especially in 
the number of CD4+ T-cells as naïve CD45RA + lym-
phocytes [11].

Long-term complications of intestinal lymphan-
giectasia include lymphomas and lymphosarcoma, 
although this is relatively rare.

3.10.5 Diagnosis

Patients are usually investigated for cause of ascites 
and hypoalbuminaemia. Investigations will confirm 
lymphocytopenia, hypoalbuminaemia and hypogam-
maglobulinaemia. Twenty-four hour stool collection 
and analysis will show elevated alpha-1 antitrypsin 
clearance. Currently primary intestinal lymphangi-
ectasia is diagnosed by endoscopy and biopsy. Video 
capsule endoscopy has been found to be useful in 
aiding diagnosis and also helps to assess the extent 
of the disease [12] (Figure 3.10.2).

Fry et al. (2008) reported on the usefulness of 
double balloon or ‘push–pull’ enteroscopy in the 
diagnosis of primary intestinal lymphangiectasia 
and other types of malabsorption [13]. Ultrasound 
and computed tomography (CT) scan may demon-
strate the presence of lymphangioma with cystic 
fluid-filled spaces. Historically, lymphangiography, 

abdominal lymphoscintigraphy with Tc-99m Sb 
colloid and 111In-transferrin scanning as well as 
abdominal scintigraphy with 99mTc-labelled 
human serum albumin have been used [14].

3.10.6 Nutritional effects

Intestinal lymphangiectasia leads to lymphoedema, 
fatigue, abdominal pain, weight loss, protein energy 
malnutrition, diarrhoea, steatorrhoea, and fat- 
soluble vitamin deficiencies [15]. Hypocalcaemia 
can develop, secondary to failure to absorb fat and 
fat-soluble vitamins.

3.10.7 Treatment

Dietary treatment

In the initial phase of treatment, patients may need 
supplementary parenteral nutrition (PN) to improve 
nutritional status and decrease symptoms. This 
should be started while investigations are being 
undertaken to diagnose intestinal lymphangiectasia 
and secondary causes of intestinal lymphagiectasia 
are ruled out. Once diagnosis is confirmed, reducing 

Figure 3.10.2 Enteroscopy picture showing lymphangiectasia-like changes. Reproduced with permission from 
Dr Babu Vadamalayan, King’s College Hospital, London.
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dietary fat and supplementing with medium-chain 
triglycerides (MCT) are the cornerstones of medical 
management.

The principle behind dietary manipulation is to 
prevent intestinal lymphatic dilation. Long-chain 
triglycerides (LCT), with chain length more than 
14 carbon atoms, are absorbed into intestinal lac-
teals, leading to engorgement of intestinal lym-
phatics. However, MCT, i.e. triglycerides with 
chain length of 8–10 atoms, are absorbed directly 
into the portal venous circulation and hence over-
loading of lacteals is avoided but high-calorie 
food can still be given.

Diet should consist of 60% carbohydrate, 20% 
protein and 20% lipids. Total energy intake should 
be age appropriate. In children above 2 years, it 
should be continued at 75–80 kcal/kg/day. All lipids 
should be supplemented by MCT [9].

In a review of literature by Desai et al. (2009), 
17 of 27 cases (63%) treated with an MCT diet 
had complete resolution, with mortality in one 
case [16]. In another case series by Tang et al. 
(2011), four patients treated with a low-LCT, 
high-protein diet supplemented with MCT had a 
good response [17].

Within 3–4 weeks of starting an MCT diet, patients 
usually show marked improvement in dependent 
oedema, diarrhoea and ascites. Nutritional status 
also improves as demonstrated by anthropometric 
data as well as biochemical and haematological 
 profile [17,18]. This regimen is  also shown to 
decrease mortality [16].

Most series have shown symptomatic improve-
ment but chronic macronutrient deficiency persists 
for a long time. All cases need lifelong substitution 
of LCT to MCT as relapse in symptoms is seen on 
stopping the dietary treatment.

All patients need long-term vitamin supplements.
Enteral nutrition options include elemental and 

polymeric formulae which are a better alternative to 
PN [19]. Elemental diets contain food in easily 
assimilated forms and are composed of protein as 
free amino acids, carbohydrate as glucose or 
 short-chain maltodextrins, a small amount of fat as 
short-chain triglycerides, vitamins and minerals.

Elemental diets are available in various commer-
cially available preparations. They contain varying 

ratios of LCT to MCT fat. Emsogen is an elemental 
diet which can be used in children above 5 years 
and has an MCT:LCT ratio of 83:17. Elemental 028 
Xtra can be given to children above 1 year and has a 
MCT:LCT ratio of 35:65.

Non-dietary treatment

Corticosteroid therapy has proved useful in selected 
cases. It appears to have benefit where there is an 
underlying inflammatory process such as lymphan-
giectasia that is sometimes associated with systemic 
lupus erythematosus [20]. Antiplasmin tranexamic 
acid [21] and octreotide [22] have also been reported 
to produce clinical, biochemical and histological 
improvement but the mechanism of action of these 
drugs is unclear.

In extreme cases with severe protein-losing 
enteropathy, albumin infusions have been adminis-
tered. However, even this exogenous albumin is 
ultimately lost through the ruptured lymphatics and 
the relief provided is only temporary. Supportive 
treatment for the other physical manifestations of 
this disease must go hand in hand with drug and diet 
therapy. Lymphoedema of the limbs will require 
bandaging and skin care [15].

Surgical management is useful only when lym-
phangiectasia is localised and segmental in an area of 
the intestine; resection of that segment has been 
shown to provide a cure [23]. In resistant cases where 
dilated lymphatics are demonstrated, ligation of 
these with fibrin glue application has been attempted.

3.10.8 Conclusion

In summary, intestinal lymphangiectasia is a rare 
but serious chronic debilitating disease that is best 
managed by a high-protein, MCT dietary regimen. 
This regimen needs to be followed for the rest of the 
patient’s life.
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Chapter 3.11

Coeliac disease and nutrition
imran Aziz and david s. sanders
Royal Hallamshire Hospital, Sheffield, UK

Coeliac disease is a common condition affecting 
up to 1% of the adult population. Delays in diagno-
sis are common. The average time delay for 
patients with symptoms prior to the diagnosis 
being made is 13 years. For every adult case 
detected, it is  estimated that there are eight cases 
not detected. Patients with coeliac disease have an 
associated morbidity and mortality. In addition, 
quality of life studies suggest that the majority of 
patients benefit from a gluten-free diet (GFD). 
Furthermore, the GFD reduces or alleviates the 
risk of associated complications. This chapter will 
discuss how our conceptual understanding of coe-
liac disease has evolved over the years and also the 
impact of a GFD.

3.11.1 Diet and modernisation

Although humankind may have existed in some 
progressive form for 2.5 million years, it is only in 
the last 10,000 years that we have been exposed to 
wheat. Wheat was originally cultivated in the Fertile 
Crescent (south western Asia) with a farming 
expansion that lasted from ~9000 BC to 4000 BC. 
Thus it could be considered that wheat and there-
fore gluten is a relatively novel introduction to the 
human diet [1]. Gluten is a high molecular weight 
heterogeneous compound which occurs in the 
endosperm of wheat but also in rye and barley, that 
can be fractionated to produce alpha, beta and 
gamma peptides.

Prior to 1939 and the outbreak of World War II, 
the rationing system had already been devised. This 

led to an imperative to try and increase agricultural 
production. Thus it was agreed in 1941 that there 
was a need to establish a Nutrition Society. A meet-
ing of workers interested in nutritional problems 
was convened by Sir John Orr and held at the Royal 
Institution [2]. The main objective of the new soci-
ety was to provide a common meeting place for 
workers in various fields of nutrition. The very roots 
of the society were geared towards necessarily 
increasing the production of wheat [2]. This goal 
was achieved and by the end of the 20th century, 
global wheat output had expanded five-fold.

3.11.2 Aetiopathogenesis and 
prevalence

Coeliac disease, a chronic inflammatory disorder 
of the small intestine, can be defined as a state of 
heightened immunological responsiveness to 
ingested gluten (from wheat, barley or rye) in 
genetically susceptible individuals [3]. Historically, 
coeliac  disease was felt to be a rare condition 
with an estimated prevalence of 1 in 8000 [4]. In 
addition, most clinicians expected to recognise 
infant or childhood presentations with overt 
symptoms of malabsorption, in the form of diar-
rhoea and weight loss (or faltering growth). 
However, there has been a  paradigm shift in our 
conceptual understanding of coeliac disease. 
With the advent of endoscopic small intestinal 
biopsies and new serological assays, the prevalence 
of this condition is now widely appreciated to be 
around 1% [5]. Adult presentations are now more 
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frequent than paediatric with a ratio of 9:1[6] 
with patients most commonly presenting between 
the ages of 40 and 60 years [7].

3.11.3 Clinical features

It is now recognised that patients do not always 
have to present with classic GI symptoms of 
malabsorption, with low Body Mass Index 
(BMI) accounting for only 5% of all cases diag-
nosed, with most having normal or overweight 
BMI [8]. Far more commonly, patients describe 
non-classic symptoms [9], including atypical 
GI symptoms consistent with irritable bowel 
syndrome (such as bloating, abdominal discom-
fort, gas or altered defaecation [10]), or present 
insidiously with iron deficiency anaemia [11], 
osteoporosis [12], ataxia or peripheral neuropa-
thy [13]. Patients who present in this way may 
be  initially overlooked because of the lack of 
GI  symptoms. Finally, some individuals may 
have  the  potential to develop coeliac disease 
(Figure 3.11.1).

3.11.4 Diagnosing coeliac 
disease

The gold standard diagnosis of coeliac disease 
requires duodenal biopsies showing villous atrophy 
(flattened small intestine) [3,14]. There are a number 
of serological tests that have been reported to be 
accurate in identifying patients who should then be 
referred for a duodenal biopsy. Serological testing for 
coeliac disease has evolved over the years, initially 
starting with antigliadin antibodies (AGA) followed 
by endomysial (EMA) and tissue transglutaminase 
(tTG) antibodies. Due to their poor diagnostic accu-
racy, as evidenced by their lower sensitivity and speci-
ficity, AGA have largely been superseded by EMA 
and tTG for routine serological testing in coeliac dis-
ease. More recently, there has been interest in deami-
dated gliadin antibodies and point of care tests [15,16].

The human leucocyte antigens (HLA) DQ2 and/
or DQ8 are closely linked with coeliac disease, 
occurring in up to 98% of cases, but are also present 
in 25% of the normal population [17,18]. This 
 suggests that other unidentifiable factors, in  addition 
to the correct HLA typing, play a role in the 
 development of coeliac disease. Recent genetics 
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and genome-wide association studies have identi-
fied non-HLA loci that may be contributory to the 
development of coeliac disease [19].

Testing for the HLA DQ2/DQ8 susceptibility 
genes is not recommended in routine clinical practice 
as it is an expensive test, not readily available and 
thus should be reserved for equivocal cases where it 
can be used as a negatively predictive test [20]. If an 
individual does not have HLA DQ2 or 8 then it is 
very unlikely that they have coeliac disease.

There is now growing evidence to suggest that a 
group of patients may complain of gluten-related 
symptoms despite the absence of diagnostic mark-
ers for coeliac disease, such as negative coeliac 
serology and normal duodenal biopsies. This is a 
newly recognised clinical entity, termed non- coeliac 
gluten sensitivity (NCGS) [21,22]. Currently, we do 
not fully understand the natural history or indeed 
the pathophysiology of NCGS. Nevertheless, these 
individuals do clinically benefit from a GFD.

3.11.5 Dietary causes

There has been recent interest in the effects of feed-
ing practices during infancy on the risk of coeliac 
disease developing in genetically susceptible indi-
viduals. Breast milk seems to have a protective effect 
although it is not clear whether this is merely delay-
ing or preventing coeliac disease [23]. In order to 
shed further light on the relationship between breast-
feeding, gluten introduction and the prevention of 
coeliac disease, research is currently under way in 10 
European centres studying the influence of infant 
nutrition, and that of genetic, immunological and 
environmental factors, on the risk of developing coe-
liac disease [24]. Current ESPGHAN Committee on 
Nutrition recommendations and the findings of a 
recent systematic review suggest that gluten should 
be introduced into the infant’s diet between months 4 
to 7 and whilst the infant is being breastfed [25,26].

3.11.6 Dietary and non-dietary 
effects

Although some patients with coeliac disease may 
present with iron deficiency anaemia, the non- 
specific symptom of ‘tiredness all the time’ is very 

common [27,28]; this is attributed to the presence 
of  a low ferritin, folate or vitamin B12. These 
 nutritional deficiencies may occur in up to 50% of 
 coeliac patients at the time of presentation. 
Generally, these deficiencies correct on a GFD.

Recent population-based studies have described 
only a modestly increased risk of malignancy and 
mortality in patients with coeliac disease [29]. 
Importantly, this risk appears to fall as time from 
diagnosis increases (in those patients who adhere to 
a GFD) [30]. Although small intestinal lymphoma 
may be 50 times more common in an individual 
with coeliac disease, the annual incidence is low 
(0.5–1 per million), so the absolute risk for patients 
with coeliac disease is modest.

Coeliac disease is known to cause metabolic 
bone disease, with 32–80% of adult coeliac patients 
having bone mineral density (BMD) measurements 
more than one standard deviation below the popula-
tion mean [31]. Corazza et al. demonstrated that 
those with non-classic disease do not have loss of 
BMD or metabolic bone derangement to the extent 
of those with classic disease [32]. Other small 
 studies support this finding [33].

The importance of reduced BMD lies in its trans-
lation to fracture risk. In a large population-based 
cohort study comprising 4732 subjects with coeliac 
disease, West et al. found a very modest overall 
increased risk of fracture (hazard ratio 1.3) [34].

Infertility, subfertility and an increased risk of an 
adverse outcome during pregnancy (miscarriage, 
low birth weight and intrauterine growth retarda-
tion) have all been attributed to undiagnosed coeliac 
disease. However, these risks may be less than 
 historically described.

Functional hyposplenism has been shown to 
occur in 30% of patients with coeliac disease. For 
this reason, Haemophilus influenzae, pneumococ-
cal and annual influenza vaccination should be 
offered to patients with evidence of hyposplenism 
on blood film [6,35].

Patients with coeliac disease have a reduced quality 
of life (QOL) and increased likelihood of anxiety and 
depression in comparison to age- and sex-matched 
healthy controls, or even those with other organic 
diseases such as inflammatory bowel disease [36]. 
Furthermore, it has recently been established that there 
is an increased prevalence of irritable bowel syndrome 
and reflux disease in patients with coeliac  disease, 
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 compared to controls, which accounts for further 
reductions in QOL and mental status. QOL may there-
fore be improved if patients with coeliac disease were 
also assessed and managed for reflux and irritable 
bowel syndrome [36].

In an obesogenic environment, it has been sug-
gested that undetected coeliac disease may confer a 
benefit to individuals. It has recently been shown 
that the mean total cholesterol was 4.84 mmol/L in 
newly diagnosed adults with coeliac disease 
(n = 100). Men had 21% lower and women had 9% 
lower mean total cholesterol in comparison with the 
general population. There was no change in mean 
total cholesterol following a GFD. However, there 
was a small but statistically significant increase of 
0.12 mmol/L in the mean HDL cholesterol. Thus 
there appears to be little benefit conferred to patients 
with undetected coeliac disease [37].

Recent work pertains to the role of detecting 
 coeliac disease in adult patients with type 1 diabetes. 
The prevalence of coeliac disease amongst  children 
and adults with type 1 diabetes in the UK has been 
shown to be 3.3–4.4% [38,39]. At diagnosis, adult 
type 1 diabetes patients with undetected coeliac dis-
ease have worse glycaemic control (8.2% versus 
7.5%), lower total cholesterol (4.1 versus 4.9), lower 
HDL cholesterol (1.1 versus 1.6), and a higher preva-
lence of retinopathy (58.3% versus 25%), nephropa-
thy (45% versus 5%) and peripheral neuropathy 
(42.9% versus 15%). After 1 year on a GFD, only the 
lipid profile improved overall, but in adherent indi-
viduals HbA1c and markers for nephropathy also 
improved. Furthermore, treament with a GFD in this 
study was safe and there was no difference in QOL 
after 1 year on a GFD [39]; this suggests that the 
institution of a GFD in patients with an already com-
plex diabetic diet does not adversely affect QOL [39].

3.11.7 Dietary treatment

The cornerstone of treatment for coeliac disease is 
lifelong adherence to a strict GFD, which can be a 
major and initially overwhelming undertaking. For 
the majority of patients, a GFD leads to clinical and 
histological remission, normalisation of standard-
ised mortality rate, a reduction in long-term health 
complications (i.e. osteoporosis) and in some stud-
ies, an improvement in psychological well-being 

and QOL [40,41]. QOL improves after 1 year on a 
GFD and may be sustained in the long term. Patients 
with coeliac disease on a GFD have a reduced QOL 
compared to healthy controls but this is still an 
improvement from their undiagnosed state.

Patients with potential coeliac disease, as defined 
by positive coeliac serology but unremarkable duo-
denal biopsies (see Figure 3.11.1), may also benefit 
from a GFD. This is an important group in whom a 
GFD may be considered without having a clear diag-
nosis of coeliac disease. A single randomised study 
suggested an improvement in histology, biochemical 
parameters, serological titres and symptoms in 
patients who were EMA positive but had no evi-
dence of villous atrophy on duodenal biopsy [42].

‘Gluten’ is a generic term encompassing the pro-
teins derived from wheat, rye and barley. Wheat flour 
is a particularly ubiquitous constituent of a modern 
diet, being contained in bread, breakfast cereals, 
pasta, pizza, pastry, biscuits, cakes and sauces. A typi-
cal daily diet contains an estimated 10–20 g of gluten, 
and therefore a GFD necessitates a calculated avoid-
ance of many foods. The Codex standard (used in the 
UK and Europe), and similarly the Food and Drug 
Administration in the United States, now suggest that 
foods containing less than 20 mg/kg of gluten or 
20 ppm of gluten can be labelled as ‘gluten free’ and 
that foods containing between 21 and 100 ppm of 
 gluten can be labelled as ‘very low gluten’.

Oats

Whereas wheat, barley and rye have been shown to 
be toxic in coeliac individuals, the role of oats 
remains controversial and a source of continuing 
debate. It was initially assumed that oats were toxic 
due to the observation that patients had continued 
symptoms whilst ingesting oats. However, it became 
clear that many sources of oats are significantly con-
taminated with wheat flour during processing.

Recent studies have found pure oats to be safe 
[43,44] although there is some evidence suggesting 
that a small number of individuals with coeliac 
 disease may be intolerant to pure oats [45]. 
Therefore, as a practical guide, it may be helpful to 
exclude oats in the first 6–12 months of a GFD 
before reintroduction. This pragmatic approach 
allows time for patients to settle on their GFD 
before the introduction of pure oats. If symptoms 
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recur, the first issue to check is that the patient has 
only been using pure oats and that there is no risk of 
cross-contamination from wheat. If this is not the 
case then the most likely cause is intolerance of oats 
in that individual. In some cases patients may be 
keen to commence oats from the beginning of their 
diagnosis of coeliac disease. Given the small risk of 
developing symptoms, this alternative approach 
could also be taken but the patient should be encour-
aged to use gluten-free oats specifically.

Following a gluten-free diet

Following a GFD requires specific education, which 
should be provided by a dietitian with experience in 
coeliac disease. This should involve a careful expla-
nation of the principles of a GFD and provision of 
written information on which foods contain gluten, 
how to obtain gluten-free products and how to 
access and use relevant sources of information. 
Emphasis should be on encouraging adherence to a 
GFD and the use of alternative products. Further 
support may be available via a national coeliac 
 disease charity [6]. Most centres ensure that there 
are at least two separate appointments with a dieti-
tian as it is likely that questions will arise in the first 
few months of a GFD. However, due to a lack of 
funding in countries such as the UK, or health insur-
ance issues in the United States, access to specialist 
dietetic services may be compromised [46,47].

Patient adherence to a GFD has repeatedly been 
shown to be variable with rates ranging from 42% 
to 91% depending on how adherence is assessed 
[48]. Pragmatically, a more realistic level of 
 adherence is probably in the range of 50–70% with 
20–80% admitting to either occasional or prolonged 
lapses. One of the reasons for this is probably a 
 perception that the diet is inconvenient, restrictive 
and unpalatable. Other factors which may reduce 
 adherence are lack of available information on food 
content, social stigma (psychosocial issues) and the 
cost of gluten-free products. Social restrictions 
related to concerns about eating outside the patient’s 
home may also result in poor adherence [49]. 
Finally, individuals who do not have many symp-
toms may believe that adherence is unnecessary. In 
particular, if lapses do not induce any adverse 
effects then further indiscretions may be more likely to 
occur. There is evidence to suggest that membership 

of an advocacy group (for example, Coeliac UK, 
Coeliac Australia or Associazione Italiana Celichia, 
amongst others) and regular follow-up in an 
 outpatient setting improve adherence to a GFD 
[48,50–52].

It is important that coeliac patients are advised on 
alternative foods to include in their diet to maintain a 
healthy and varied intake and to increase the likeli-
hood of adherence. Many ingredients are naturally 
safe such as fruit, eggs, cheese, vegetables, meat and 
fish. Bread, breakfast cereals and pasta are staple 
ingredients of a modern diet. In order to replace 
these foods and to maintain variety and palatability, 
manufacturers produce a range of gluten-free substi-
tute products such as bread, pizza and pastry. These 
are based on gluten-free wheat or other cereals which 
are safe such as maize, sorghum, rice and oats. 
Gluten-free wheat is simply wheat starch, separated 
from wheat flour, and this can be used in cooking or 
baking as an alternative. Unfortunately, the baking 
and taste properties of wheat starch are inferior and 
additionally, small amounts of gluten can remain 
 sufficient to cause intestinal injury in supersensitive 
patients. Certain individuals are sufficiently sensitive 
to require a wheat-free diet which entails avoiding 
any products that are manufactured with wheat.

Patients may require additional nutritional sup-
plementation. In early treatment energy intake may 
be inadequate and may require augmentation. 
Calcium supplements may be used to ensure at least 
1000–1500 mg daily intake. Non-starch polysaccha-
ride intake is often inadequate and can be increased 
by rice bran or ispaghula husks [53,54].

3.11.8 Persistent symptoms 
on a gluten-free diet

In individuals who do not report symptom improve-
ment after starting a GFD, an identifiable cause can 
be established in 90%. In some cases patients were 
discovered not to have coeliac disease, and this was 
the explanation for their failure to improve [55,56]. 
The validity of the diagnosis of coeliac disease 
should be checked, which in the majority of cases 
will involve reviewing the clinical history and the 
original antibody and biopsy results. It is important 
to assess the original biopsy, as failure to orientate 
the mucosa can result in a false diagnosis of villous 
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atrophy. In addition, HLA typing may also be useful – 
if an individual does not have the HLA DQ2 or DQ8 
pattern then it is highly unlikely that they have 
 coeliac disease.

In the remaining group with coeliac disease, the 
most common cause of persisting symptoms is either 
deliberate or inadvertent failure to adhere to the GFD. 
These issues should be explored openly with either a 
dietitian or a physician who is experienced in coeliac 
disease. In these cases, small intestinal histology will 
continue to be abnormal although it may show some 
improvement if an overall reduction in gluten intake 
has occurred. Repeat duodenal biopsy can be avoided 
if patients admit to or are identified as having trans-
gressed and then subsequently report clinical improve-
ment. Coeliac serology may be unreliable as recovery 
and titres may fall with partial gluten withdrawal [57]. 
Biopsy remains the gold standard in ambiguous cases 
where gluten intake is suspected.

A few patients appear to be exquisitely sensitive 
to trace amounts of gluten in their diet. Products 
based on wheat starch generally do not cause prob-
lems in the majority of coeliac patients but anecdo-
tally symptoms and histology improve after these 
products are withdrawn from the diet [58]. Dietitians 

should also enquire about the possibility of ingestion 
of non-absorbable sugars, in the form of fermentable 
oligosaccharides, disaccharides, monosaccharides 
and polyols (FODMAPs), which can induce abdom-
inal symptoms such as diarrhoea, bloating and 
abdominal discomfort [59–61]. Exclusion of 
FODMAPs may lead to clinical improvement.

In those patients who have ongoing symptoms 
despite having an established diagnosis of coeliac 
 disease and strict adherence to a GFD, the next step 
would be to exclude other causes that can be associated 
with coeliac disease – these include microscopic coli-
tis, pancreatic insufficiency, irritable bowel syndrome 
small intestinal bacterial overgrowth, thyroid dysfunc-
tion and  secondary intolerances due to mucosal sur-
face damage, such as lactose intolerance [62]. Referral 
to a gastroenterologist would be advisable to investi-
gate for such conditions. Once these causes of ongoing 
symptoms have been ruled out, a diagnosis of refrac-
tory coeliac disease can be considered. Refractory 
coeliac disease is a rare but serious clinical entity with 
potential complications such as severe malabsorption 
and a high rate of progression to lymphoma [62,63]. 
Figure 3.11.2 provides an algorithmic approach to 
patients with persisting symptoms on a GFD.

Investigation of the patient with non-responsive coeliac disease

Non-responsive coeliac disease

• Repeat gastroscopy with biopsy and aspirate
• Colonoscopy and biopsy
• Faecal elastase
• Stool culture
• Bloods inc inflammatory markers, thyroid function

• Microscopic colitis
• Exocrine pancreatic 
   insufficiency
• Giardiasis
• Hyperthyroidism

Dietary review Gluten contamination
Consider FODMAPs

Exclude other causes:
• SIBO
• PLE

Consider refractory coeliac disease

Review original diagnosis: biopsy, HLA, serology, FHx No coeliac disease

• Lactose intolerance
• Fructose intolerance

Figure 3.11.2 Investigation of the patient with non-responsive coeliac disease Diagnostic algorithm for non- 
responsive coeliac disease. FHx, family history; FODMAPs, fermentable oligosaccharides, disaccharides, 
 monosaccharides and polyols; HLA, human leucocyte antigen; SIBO, small intestinal bacterial overgrowth; PLE, 
protein-losing enteropathy; RCD.
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3.11.9 Conclusion

In summary, coeliac disease is a common condition 
in which the vast majority of patients improve on a 
GFD. Specialist dietetic services play an essential 
role in educating patients with coeliac disease and 
promoting adherence.
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Chapter 3.12

Inflammatory bowel disease (IBD) is the generic 
name for a group of chronic, relapsing, debilitat-
ing disorders of the small or large intestine or 
both. They typically develop in the teenage years, 
resulting in adverse symptoms, including 
 abdominal pain and cramping, diarrhoea, rectal 
bleeding and malabsorption. The two main forms 
of IBD are Crohn’s disease and ulcerative colitis 
(UC), differing in location and severity. Once the 
disease begins, Crohn’s disease and UC tend to 
fluctuate between periods of inactivity (remission) 
and activity (relapse). Crohn’s disease can affect 
any part of the GI tract. However, it predominantly 
involves the terminal ileum and the beginning of 
the colon, whereas UC is limited to the rectum and 
colon. In Crohn’s disease, all layers of the intes-
tine are involved. In contrast, UC affects only the 
superficial layers of the colon. It is believed that 
the clinicopathological diversity in UC and 
Crohn’s disease may be a reflection of distinct 
immune-genetic pathways [1,2].

The prevalence and incidence of IBD have been 
increasing worldwide over the last decades, particu-
larly in industrialised countries [3]. Northern Europe, 
the UK, North America and New Zealand have shown 
the highest incidence and prevalence of Crohn’s dis-
ease [4]. However, these values have also grown in 
other countries of the world, i.e. southern and central 
Europe, Asia, Africa and South America [5]. The sug-
gestion is that urbanisation and industrialisation, 
 especially environmental  factors such as diet, may be 
responsible for the changes in incidence [6].

Both UC and Crohn’s disease have a multifactorial 
aetiology, with a genetically determined suscepti-
bility [2,7] that is only revealed in the presence of 
environmental factors such as adverse diet. While 
dietary factors may act directly on the GI tract, they 
also appear to act on the GI microbiota, leading to 
effects on processes that are essential for GI 
 metabolism [8,9]. The nature of the genetics of IBD 
gives some clues as to  disease aetiology, with 163 
genes identified thus far [2]. Genetics relates 
strongly to disease characteristics. A general 
scheme summarising the interplay of such factors 
appears in Figure 3.12.1.

3.12.1 Underlying mechanisms 
of immune dysregulation in 
inflammatory bowel disease

Several studies implicate that the mucosal immune 
system and the intestinal epithelium are major 
 factors in the pathogenesis of IBD [1,10,11]. In this 

Microbial factors Adaptive and innate
immune system

Environmental triggersGenetic susceptibility

Aetiologic theories of IBD

Figure 3.12.1 Interaction of various factors that are 
known to lead to chronic intestinal inflammation.
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context, animal models and human studies includ-
ing genome-wide association studies (GWAS) have 
provided important insights into the immune-patho-
genesis of IBD [2]. Various components of the 
mucosal immune system appear to be involved, 
including luminal antigens, intestinal  epithelial 
cells, cells of the innate and adaptive immune 
 system, and their secreted mediators [12,13]. 
Thereby, the integrity of barrier organs is main-
tained by the interplay between epithelial cells, or 
mucus layer, and the innate and adaptive immune 
systems [12,14].

Crohn’s disease is characterised by abnormal 
intestinal permeability, defects in mucus production 
and an inadequate, progressive production of proin-
flammatory cytokines such as tumour necrosis 
 factor (TNF) alpha, interferon (IFN) gamma and 
interleukin (IL)-17 that induce intestinal inflamma-
tion [12]. Aberrant secretion of several cytokines by 
epithelial cells may initiate and perpetuate intestinal 
inflammation. The primary mediators of inflamma-
tion in Crohn’s disease are the Th1 cytokines IL-12, 
IFN-gamma and TNF [15,16]. Concerning this, 
lymphocytes, cytokines and adhesion molecules are 
dysregulated, resulting in a primary failure of regu-
latory lymphocytes and cytokines, such as IL-10 
and transforming growth factor (TGF) beta. Various 
other factors have been implicated in the pathogen-
esis of Crohn’s disease, but their mechanism of 
action is often unknown [15,17,18].

3.12.2 Genetic factors in the 
development of inflammatory 
bowel disease

Epidemiological and family studies have provided 
convincing evidence that genetic factors play an 
important role in IBD [4,7,19,20]. Compared to 
UC, Crohn’s disease tends to be more common 
among relatives of patients with Crohn’s disease, 
and family and twin studies support a stronger 
genetic influence in Crohn’s disease than in UC 
[21–23]. An increasing number of studies demon-
strate that Crohn’s disease appears more often in 
first-degree relatives who are not geographically 
living together, or at the same time [24]. Twin stud-
ies have shown that monozygotic twins have a much 

higher rate of disease concordance than dizygotic 
twins [25]. Several family and twin studies indicate 
that different genetic abnormalities can be broadly 
characterised as causing defects in mucosal barrier 
function, immunoregulation or bacterial clearance. 
Genes that are linked to innate immunity (e.g. 
NOD2), autophagy (ATG16L1, IRGM, ATG5), 
defective barrier (including ECM1, CDH1, 
LAMB1, HNF4A and GNA12), IL-10 signalling 
(e.g. STAT3, IL10RB, IL22 and IL26) and adaptive 
immunity (e.g. IL23, IL23R, IL17) have been dis-
covered as key loci in Crohn’s disease [2,26].

Genetic and genomics research are rapidly grow-
ing areas, and recent studies have lead to advances 
in understanding of the molecular mechanisms of 
Crohn’s disease. Genome-wide association studies 
have furthered our understanding of the genetic 
architecture of IBD by discovering genes and loci 
that confer susceptibility to Crohn’s disease. 
Susceptibility loci that are associated with Crohn’s 
disease attaining genome-wide significance 
(P < 5 × 10−8) and statistical power of GWAS are 
 supported by a large sample size. To this point, 163 
IBD susceptibility loci have been discovered [2].

There is considerable similarity between IBD 
and risk factors for other autoimmune diseases. The 
primary genes are involved in innate and adaptive 
immunity. Many IBD loci are also implicated in 
other immune-mediated disorders, most notably 
with ankylosing spondylitis and psoriasis. Also, 
there is considerable overlap between susceptibility 
loci for IBD and mycobacterial infection. The rela-
tionships among IBD and related disorders are 
illustrated in Figure 3.12.2.

3.12.3 Dietary risk factors in 
inflammatory bowel disease

Diet is a major factor in both the aetiology and 
 progression of the disease [1]. There are a limited 
number of high-quality studies that have unequivo-
cally associated dietary intake with subsequent 
development of the disease. These take the form of 
excessive amounts of certain nutrients, deficiencies 
in others or excess energy intake with subsequent 
development of obesity. The literature is also some-
times confused between current diet and pre-illness 



diet of patients with Crohn’s disease. For example, 
Medline and the Cochrane Library were searched 
for clinical trials and meta-analyses in the scope of 
diet and nutrition in IBD [27]. These authors identi-
fied many studies in small cohorts of patients claim-
ing that intake of Western-type diet constituents, 
including high saturated fat, refined sugar and low 
intake of fruits, vegetables and non-starch polysac-
charides (NSP), affects the expression of IBD. 
Unfortunately, however, such studies are often com-
promised by insufficient data or methodological 
limitations, and do not provide unequivocal evidence 
to incriminate any particular dietary factor.

An example of a well-designed study is provided 
by Sakamoto and co-workers [28] in their Japanese 
populations. Cases were patients with IBD aged 
15–34 years (111 UC and 128 Crohn’s disease) 
within 3 years after diagnosis in 13 hospitals. One 
control subject was recruited for each case, matched 
for sex, age and hospital. A semi-quantitative food 
frequency questionnaire (FFQ) was used to esti-
mate pre-illness intakes of food groups and nutri-
ents. A higher consumption of sweets was positively 
associated with UC risk and, more generally, the 
consumption of sugars, sweeteners and sweets was 
positively associated with Crohn’s disease risk. The 
intakes of total fats, monounsaturated fatty acids 

and polyunsaturated fatty acids (whether n-3 or n-6 
PUFA) were positively associated with Crohn’s dis-
ease risk. With respect to micronutrients, the intake 
of vitamin C was negatively related to UC risk, 
while the intake of vitamin E was positively associ-
ated with Crohn’s disease risk. Although this study 
suffered from the shortcomings of recall bias, the 
findings reinforced the importance of dietary fac-
tors for IBD prevention.

Carbohydrates

Dietary carbohydrates can be divided into three 
main groups: sugars, in the form of monosaccha-
rides and disaccharides, oligosaccharides such as 
maltodextrin, and polysaccharides including 
starches and NSP. The majority of research on the 
role of carbohydrates in IBD has focused on sugars 
and NSP.

A case–control study considered the intake of 
confectionery, preserves, biscuits and cakes 1–3 
years prior to the onset of disease. The sample pop-
ulation was a group of 63 German patients with 
Crohn’s disease, using a validated postal question-
naire [29]. Intakes were significantly higher in the 
patients compared with those of 63 matched con-
trols who recorded their current diet. Other workers 

IBD, infection, cancer

Autoimmunity,
allergy

Neurodegenerative
disease

Obesity, insulin resistance,
type 2 diabetes, atherosclerosis

Metabolic and immune-mediated pathologies
linked to inflammatory responses

Diet compositionGenetic profile Immune system Microbiota

Figure 3.12.2 The link of inflammatory signalling response in various tissues to the development of obesity-
related alterations, neurodegenerative disease and autoimmunity that are all influenced by host genetics, diet 
composition, immune system and microbiota. Modified from Renz et al. [78].
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[30–33] also studied pre-illness diet to show that 
patients with IBD consumed more sugar than age- 
and sex-matched population groups. Geerling et al. 
[34] studied pre-illness diet and found a signifi-
cantly higher carbohydrate intake in patients with 
Crohn’s disease compared with controls and a ten-
dency toward higher sugar intake. Sakamoto et al. 
[28] in Japan used a semi-quantitative FFQ to com-
pare pre-illness diet in 108 patients with Crohn’s 
disease and 126 patients with UC with the diets of 
211 controls. Increasing consumption of sugars, 
sweeteners and sweets was positively associated 
with increased risk of Crohn’s disease. Higher con-
sumption of sweets was also positively associated 
with UC risk. In contrast to the other studies men-
tioned, this study adjusted for total energy intake. 
More generally, it seems that high intakes of mono- 
and disaccharides consistently increase the risk of 
developing either form of IBD.

High vegetable intake and increased fruit, possi-
bly through increased NSP intake, appear to reduce 
the risk of both forms of the disease. Several case–
control studies have more specifically investigated 
an association between NSP intake and IBD risk. 
Persson et al. [35] found that the relative risk of 
Crohn’s disease decreased with a high intake of 
NSP but this was defined as >15 g/day, a relatively 
low intake. In contrast, Thornton et al. [30,31] and 
Sakamoto et al. [28] found no difference between 
the NSP intake of patients with IBD and controls.

Fats and oils

The bulk (c. 95%) of edible fats and oils consist of 
triglycerides, whose structure is described as three 
fatty acids on a glycerol backbone. The predomi-
nant fatty acid will determine whether this is 
 classified as a saturated, monounsaturated or 
 polyunsaturated fat. The ratios of saturated and 
unsaturated fatty acids in the structure also deter-
mine physical characteristics, including melting 
point and stability. Technically, if a triglyceride is 
solid at room temperature, it is termed a fat, while if 
it is liquid at this temperature, it is termed an oil.

The most important natural sources of dietary fat 
are meats and dairy products. However, a major 
source of these in the current diet is provided by oils 
derived from vegetable sources, various spreads and 

associated products, including baked goods and 
confectionery products. Historically, the vegetable 
oil industry has relied heavily on hydrogenation in 
order to produce the types of stable fats used for 
frying, baking and table spreads, including marga-
rines. In parallel with this, major human dietary 
sources have moved away from predominantly ani-
mal sources such as butter, ghee, tallow and lard.

The introduction of margarine in Europe coin-
cided with the first reports of Crohn’s disease, and a 
causal relationship was proposed. The study by 
Sakamoto et al. found a significantly positive asso-
ciation between consumption of margarine and 
development of UC [28]. Sonnenberg linked data 
on margarine consumption obtained in five coun-
tries from 1962 to 1982 with mortality data for 
Crohn’s disease over the same period, but found no 
statistically significant association between them 
[36]. As mortality associated with Crohn’s disease 
is low and data on the incidence of the disease were 
not reported, the results should be viewed with 
caution.

A case–control study design was used to study 
pre-illness changes in Italian diet as a risk factor for 
IBD [37]. The study considered 83 new cases of 
IBD (41 UC, 42 Crohn’s disease) in comparison 
with 160 healthy controls. A validated question-
naire was used to record portions per week of 34 
foods and beverages, before onset of symptoms was 
recorded. The study also recorded duration of 
symptoms before IBD diagnosis, presence of spe-
cific symptoms and their impact on subjective 
changes in usual dietary habits. In patients with 
IBD who did not change dietary habits, moderate 
and high consumption of margarine was associated 
with increased risk of UC, while high consumption 
of red meat and cheese was associated with 
increased risk of Crohn’s disease. The authors con-
cluded that more than one-third of patients with 
IBD changed their dietary habits before diagnosis. 
However, high intakes of margarine, red meat and 
cheese increased the risk of both forms of IBD in 
this population group. These are good sources of 
both saturated and trans fats.

The association between the incidence of Crohn’s 
disease and dietary changes in Japan between 1966 
and 1985 was examined by Shoda et al. [38]. An 
increased incidence of Crohn’s disease was strongly 



correlated with increased intake of total fat, animal 
fat and n-6 polyunsaturated fatty acids, and a rela-
tively decreased intake of n-3 fatty acids. There is 
evidence that n-3 polyunsaturated fatty acids 
(PUFAs), particularly eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA), antagonise the 
production of inflammatory eicosanoid mediators 
from arachidonic acid, suppress production of some 
inflammatory cytokines and downregulate the 
expression of a number of genes involved in inflam-
mation [39,40]

Dietary linoleic acid is an n-6 polyunsaturated fatty 
acid, which is metabolised to arachidonic acid, a com-
ponent of colonocyte membranes. Metabolites of ara-
chidonic acid have proinflammatory properties and 
are increased in the mucosa of patients with UC. In 
2009, the IBD in EPIC study investigators considered 
the intake of linoleic acid as a factor in the aetiology of 
UC [41]. They utilised a nested case–control study 
within the EPIC European prospective cohort study. 
The data showed that a high dietary intake of linoleic 
acid, as assessed from food frequency questionnaires, 
significantly increased the risk of developing UC.

Asakura and co-workers reviewed the relation-
ship of the daily consumption of dietary animal 
meat and fats, dairy products, sugar and other fac-
tors that may be linked to the occurrence of Crohn’s 
disease and UC, from the literature and Japanese 
epidemiological data [42]. They also considered 
intestinal microbes and other factors contributing to 
the occurrence of IBD from epidemiological data 
and case–control studies of IBD in the literature that 
appeared on Medline, and assessed the reports of 
intestinal microbes involved in the occurrence of 
IBD. They found several papers describing the posi-
tive association of animal meat and sweets and 
sugar with the occurrence of Crohn’s disease and 
UC. An analysis of Japanese epidemiological data 
suggested that the registered number of patients 
with Crohn’s disease or UC started to increase more 
than 20 years after an increased daily consumption 
of dietary animal meat and fats, and milk and dairy 
products, and after a decreased consumption of rice.

Protein

Major sources of dietary protein are meat, cheese, 
milk, fish, nuts and eggs. Unfortunately, most of 

these are also good sources of fats, especially satu-
rated fats, making it difficult to pull apart the influ-
ence of fats from that of proteins in most of the 
reported studies. Milk, cheese, eggs and meats, 
together with cruciferous vegetables and sulphite-
preserved foods, provide GI microbiota with 
 sulphate and sulphite. These are fermented to pro-
duce hydrogen sulphide, which inhibits butyrate 
oxidation and has been associated with mucosal 
hyperproliferation in UC [43]. As described above, 
an analysis of Japanese epidemiological data [42] 
suggested that the registered number of patients 
with Crohn’s disease or UC started to increase more 
than 20 years after an increased daily consumption 
of dietary animal meat and fats, and milk and dairy 
products, and after a decreased consumption of rice. 
Whether protein or animal fat consumption is the 
causal agent is unclear.

A number of more recent studies have investi-
gated protein intake and IBD. Tragnone et al. [44] 
found that patients with UC consumed more protein 
than controls but there was no difference in relation 
to patients with Crohn’s disease. In their case–con-
trol study, Reif et al. [45] found no association 
between risk of IBD and protein intake. In contrast, 
Shoda et al.’s epidemiological analysis showed a 
correlation between the incidence of Crohn’s dis-
ease and the increased consumption of animal and 
milk protein in Japan [38]. A prospective cohort 
study carried out by Jowett et al. [46] in patients 
with UC in remission found that meat, protein and 
alcohol increased the likelihood of relapse. Dairy 
products have been suggested as a risk factor, since 
IBD is more common in ‘dairy-based’ countries 
than in ‘soy-based’ ones [47]. Similarly, Crohn’s 
disease risk has been shown to be associated with 
dairy food consumption [38,48].

Despite the small number of studies, there appears 
to be some evidence of a relationship between pro-
tein intake and IBD, the proposed mechanism being 
via the action of intestinal bacteria.

Micronutrients

Low concentrations of certain micronutrients, such 
as zinc and vitamin D, may also increase the IBD 
risk. Dietary patterns may also affect disease sus-
ceptibility [1].
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A high prevalence of inadequate micronutrient 
concentrations in patients with IBD, including vita-
mins A, C, D and E, calcium (23%), folate (19%) 
and iron (13%) has been found [49,50]. Several 
 biochemical deficiencies were also observed. The 
prevalence of subnormal serum concentrations was 
haemoglobin (40%), ferritin (39.2%), vitamin B6 
(29%), carotene (23.4%), vitamin B12 (18.4%), 
vitamin D (17.6%), albumin (17.6%) and zinc 
(15.2%). Dietary intake was not correlated with 
serum concentrations in all instances, although 
there was a highly significant correlation between 
diet and serum values of vitamin B12, folate and 
vitamin B6 for all IBD subjects, independent of dis-
ease activity. This may reflect a high incidence of 
genetic polymorphisms for uptake, absorption and/
or efficacy of these nutrients.

Cantorna reported that vitamin D availability, 
whether due to sunshine exposure or diet, is likely 
to play a significant role in the development of IBD 
[51]. The evidence points to the direct and indirect 
regulation of T-cell development and function by 
vitamin D. In the absence of vitamin D and signals 
delivered through the vitamin D receptor, autoreac-
tive T-cells develop. The presence of active vitamin 
D (1,25(OH)2D3) and a functional vitamin D 
receptor redresses the balance in the T-cell response.

3.12.4 Role of obesity in 
inflammatory bowel disease 
aetiology

There is evidence that the inflammatory signalling 
response is linked to insulin resistance, glucose 
intolerance and endothelial dysfunction, which are 
all known as obesity-related alterations [52–54]. 
This is supported by Bregenzer and co-workers [55], 
showing that insulin resistance is elevated in patients 
with Crohn’s disease compared to healthy subjects. 
Insulin signalling may be a dominant metabolic 
pathway in energy homeostasis and Crohn’s disease 
development. It has been shown that fatty acids are 
able to activate inflammatory pathways through 
 pattern recognition receptors of the innate immune 
system [56]. These results indicate that key pathways 
characteristic for a specific disease affect other physi-
ological and pathological mechanisms, suggesting 

that pathways need to be seen as a part of a complex 
network system. Any changes of key driver of 
chronic disease initiation and perpetuation may 
therefore suppress or activate inflammatory path-
ways. However, the exact mechanisms and pathways 
are still unknown, and it needs to be investigated 
which of these characteristic disease processes come 
first to predict a risk for developing IBD.

There is more general evidence that a Western 
dietary pattern may be associated with an increased 
risk of IBD [57]. This review of studies in migrant 
populations revealed an increased consumption of 
several factors of a Western-style diet before diag-
nosis of UC. Obesity is becoming more prevalent in 
IBD, and may be associated with higher disease 
activity [58]. In practice, regular physical activity, 
prudent diet and maintenance of Body Mass Index 
(BMI) <25 may help to prevent IBD. Maternal obe-
sity, however, appears to predispose children towards 
IBD [59]. Chapman-Kiddell and co-workers [60] 
concluded that the major constituents of a standard 
‘Western’ diet may contribute to intestinal inflam-
mation through several different mechanisms, 
including obesity. This detailed review  critically 
assessed the evidence for the role of diet in the 
development of IBD, and examined the evidence 
for obesity as a contributing factor to IBD patho-
genesis. Particular attention was focused on meth-
odological issues including suitability of cases and 
controls, as well as confounders such as smoking, 
and total energy expenditure.

No well-designed studies have investigated an 
association between the increase in obesity and the 
rising incidence of IBD. Indeed, in a sizeable group 
of American paediatric patients with IBD, the inci-
dence of obesity and overweight was comparable to 
that of the general population [60,61]. However, 
there are some data suggesting that obesity prior to 
disease onset may be a risk factor for Crohn’s dis-
ease in older patients [57].

3.12.5 Role of the 
gastrointestinal microbiota

There is evidence that GI microbiota have an 
 essential role in the pathogenesis of Crohn’s disease 
[1,2,62]. Clinical evidence for bacteria in the 



 pathogenesis of Crohn’s disease is supported by 
the observations of several in vitro and in vivo 
studies [63,64]. This argument is confirmed by 
a  number of IBD animal models that showed 
that  intestinal inflammation fails to develop 
when  they are kept in a germ-free environment 
[17,65,66].

The intraluminal microbiota affects the intesti-
nal immune system and GI development, provides 
key nutrients and modifies energy metabolism. 
Imbalances in bacterial functions, defective sens-
ing and clearance of bacteria, impaired autophagy 
and alpha-defensin and beta-defensin production 
may have a role in the initiation of Crohn’s disease 
[67,68]. Compositional and functional changes in 
GI microbiota lead to invasion of epithelial cells 
of pathogenic bacteria, cytopathic effects, stimula-
tion of proinflammatory cytokines, dysregulated 
immune response and damage to the intestinal 
 barrier [17,65,69]. However, chronic inflamma-
tion is not only caused by compositional changes 
in GI microbiota but can also be seen as an initia-
tion factor favouring the growth of certain bacteria 
[70]. In addition, antimicrobial microbes such as 
intestinal secretory IgA (sIgA), that acts as a 
defence mechanism against intestinal micro-
organisms, have an impact on the composition of 
commensal bacteria [71]. Furthermore, pattern 
recognition receptors of the innate immune system 
such as Toll-like receptors (TLRs) and antimicro-
bial peptides (e.g. NOD2, ATG16L1, XBP-1) 
secreted by Paneth cells affect the composition 
and function of commensal bacteria, and may 
drive the onset of disease by stimulating the pro-
duction of proinflammatory cytokines [18,67,72]. 
These results indicate that defective sensing of 
bacteria may be associated with Crohn’s disease.

Composition and distribution of microbial 
 communities are affected by innate and adaptive 
immune response, environmental factors, antimi-
crobial peptides and host genetic factors [64]. The 
commensal microbiota is shaped by structure of the 
GI tract and changes in lifestyle conditions such as 
hygiene, nutrition and antibiotics whereas changes 
are observed also in the bacterial metagenome 
in  IBD. In addition, polymorphisms in genes 
involved in Crohn’s disease pathogenesis may alter 
 interactions between host and microbiota. However, 

micro-organisms that directly interact with the 
intestinal mucosa are poorly understood. Improve-
ment in the understanding of the role of the GI 
microbiota has considerable public health implica-
tions by providing new therapeutic targets for the 
treatment of Crohn’s disease.

Although the role of the GI microbiota is not yet 
fully understood, genetic susceptibility, immune 
system and environmental triggers that highlight the 
dynamics of bacterial–host interactions need to be 
considered when discussing the functional conse-
quences of the GI microbiota or their by-products. 
To date, detection and quantification of commensal 
bacteria are still limited due to the complexity of GI 
mucosal microbiota and lack of sufficient and pre-
cise analytical methods. Inconsistent findings might 
be due to study design, limitations of analytical 
techniques, interactions of the microbiota with the 
immune system, environmental factors and host 
genetic factors that have an impact on certain patho-
gens in Crohn’s disease aetiology. Nevertheless, 
large-scale analysis of 16S rRNA genes and 
metagenomic approaches provided new insights 
into analysis of the intestinal microbiota that may 
help explain IBD pathogenesis, and improve dis-
ease diagnosis and treatment approaches [73]. 
Recent theory has suggested a breakdown in the 
balance between putative species of ‘protective’ 
versus ‘harmful’ intestinal bacteria; this concept 
has been termed dysbiosis resulting in decreased 
bacterial diversity [74].

Studies by several groups indicate that luminal 
components might control dysbiosis [17,75]. The 
bacterial fermentation product n-butyrate has been 
identified as a critical molecule. Apart from its essen-
tial nutritional function for colonocytes, an anti-
inflammatory activity of this short-chain fatty acid 
has been recognised in vitro and in vivo. Regarding 
its molecular mode of action, an interference with 
transcription factors critical for the  production of 
proinflammatory cytokines has been found.

3.12.6 Conclusion

Evidence for a major role of dietary factors that may 
induce or modify IBD is limited. As identified, some 
studies suggested that refined sugar consumption, 
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a high-energy diet and processed fat might be risk 
factors for Crohn’s disease, whereas fruit,  vegetables 
and NSP consumption seems to decrease the risk of 
IBD, but these associations are less certain 
[5,27,69,76,77]. It is possible that nutritional factors 
suggested as risk factors for IBD may be merely an 
expression of a Westernised lifestyle, involving other 
risk factors that modify the  pathogenesis of IBD.

Finally, IBD is caused by combined effects of 
genetic, microbial, immunological and environ-
mental factors (Figure 3.12.3). Thereby, commensal 
bacteria , innate and adaptive immune responses, 
environmental factors and host genetic factors inter-
act with each other [17]. Imbalances or broad 
changes in one of these factors in turn may lead to 
functional consequences for other factors in the 

 network, resulting in chronic inflammatory intesti-
nal conditions. Host genetic factors determine 
microbiota profile whereas environmental influ-
ences alter the intestinal commensal composition. 
In this context, polymorphisms in genes involved in 
the pathogenesis of IBD may modify the risk of 
developing IBD by leading to an aggressive T-cell 
response [74]. The intestinal microbiota provides 
antigens and adjuvants that stimulate pathogenic or 
protective immune responses. A better understand-
ing of these factors may lead to improved treat-
ments and prevention of the disease. Thereby, the 
impact of the genotype, the GI microbiota and 
 associated conditions such as obesity becomes 
increasingly important for preventive nutrition in 
reducing the risks of IBD.

Genetic and non-genetic factors that influence
individual susceptibility to Crohn’s disease development

Genetic susceptibility Demographic aspects

Lifestyle factors

Immune system

Crohn’s disease
pathogenesis

Microbial factors

(SNPs, CNV, epigenetic regulation
famity history, small RNA) 

(Microbial composition,
bacterial products

bacterial metagenome) 

(Age, gender, BMI,
ethnic background)

(Diet, smoking, health status,
use of drugs,

hygiene level in childhood)

(Epithelial cells, defensin production
cytokines, T-cell response...)

Figure 3.12.3 Possible genetic and non-genetic factors that are involved in Crohn’s disease pathogenesis. BMI, 
Body Mass Index; CNV, copy number variant; SNP, single nucleotide polymorphism.
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Chapter 3.13

The aetiology of malnutrition in inflammatory 
bowel disease (IBD) is multifactorial and may pre-
sent as protein energy malnutrition (PEM), altered 
body composition, micronutrient deficiencies and 
poor bone health. In children, growth failure and 
pubertal development delay can be additional 
 outcomes of poor nutritional status which further 
complicate disease management. Reduced dietary 
intake, altered energy/nutrient metabolism, 
increased GI nutrient losses and drug–nutrient 
interactions are all implicated in the origins of mal-
nutrition in IBD [1].

3.13.1 Protein energy 
malnutrition

Protein energy malnutrition is common at the time 
of diagnosis and the patient’s nutritional status fluc-
tuates during the disease course [2]. History of 
weight loss, underweight and thinness (defined as a 
low Body Mass Index (BMI)) are common present-
ing features of the newly diagnosed patient and 
 frequently accompany episodes of disease relapse 
[3]. Protein energy malnutrition is more common in 
Crohn’s disease compared with ulcerative colitis 
(UC) and is seen in approximately 60% and 35% of 
newly diagnosed patients respectively [3]. Apart 
from the higher prevalence of PEM in Crohn’s dis-
ease, there is no consistent evidence to link it with 
other specific disease characteristics (e.g. disease 

location, diagnosis delay). However, recent data 
suggest that fewer patients are now seen with PEM 
compared with previous studies, and a large propor-
tion of patients are overweight or obese at diagno-
sis, particularly in UC.

In a large North American study of 783 newly 
diagnosed IBD children, low BMI was seen in 
22–24% with Crohn’s disease and 7–9% with UC. 
In contrast, 10% and 20–30% of children with 
Crohn’s disease and UC respectively had a high 
BMI consistent with being overweight or obese [4]. 
The obesity epidemic in the general population, 
combined with earlier disease recognition of IBD 
nowadays, may explain these secular changes in pat-
terns. There is limited evidence on the progression 
of undernutrition after diagnosis. In the only study 
undertaken thus far, a similar proportion of children 
with Crohn’s disease had short stature (height 
z-score ≤ −2) and 50% fewer children were classified 
as thin (BMI z-score ≤ −2 SD) at follow-up com-
pared with disease diagnosis. Growth and nutritional 
retardation at diagnosis, young age, male gender and 
extraintestinal manifestations at diagnosis were pre-
dictors of poor prognosis at follow-up [5].

3.13.2 Body composition

There are several reasons to speculate why body 
composition in patients with IBD may differ from 
that of healthy people. Secretion of proinflammatory 
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cytokines may alter energy metabolism,  protein 
turnover and energy substrate utilisation, whereas 
the use of corticosteroids increases body fat with 
catabolic effects on lean mass. Physical activity, on 
the other hand, was reported to be low in adult 
patients with IBD and correlated inversely with fat 
mass (FM) [6].

There are few studies that have assessed body 
composition in IBD. Lean body mass or fat-free 
mass (FFM) has been consistently reported as sig-
nificantly lower than healthy control groups 
whereas occasionally gender-specific associations 
with FM have been found [7]. Thayu et al., in a 
well-designed prospective study of newly diag-
nosed children with Crohn’s disease, also reported 
gender-associated differences with body composi-
tion [7]. Fat mass and lean mass for height (adjusted 
for age, race and pubertal stage) were lower in 
female than in male patients. Compared with a 
cohort of healthy controls, body composition in 
females was more consistent with wasting (low lean 
and FM) whereas in males there was mostly preser-
vation of FM and deficits in lean mass consistent 
with cachexia. No consistent associations have been 
observed between body composition, clinical activ-
ity, disease location or diagnosis delay. Interestingly, 
normalisation of BMI at 2 years follow-up has not 
been associated with a significant increment in 
FFM in children with Crohn’s disease [8], which 
implies that changes in body weight or BMI for age 
are not good proxies for body composition changes 
in IBD so simple bedside techniques of body com-
position assessment, for routine use in clinical prac-
tice, are required.

Nevertheless, interpretation of body composition 
data in disease has to be approached with caution 
since the underlying assumptions about the compo-
sition of body compartments may be invalid [9]. 
Most in vivo body composition methods used in 
previous IBD studies, e.g. dual energy X-ray 
absorptiometry (DEXA), have been tested and vali-
dated in healthy individuals or animal cadavers and 
their applicability in chronic illness is questionable 
given the changes that may occur in the hydration 
level and distribution of fluids within the body com-
partments [9]. Assessment of the validity of these 
techniques in an IBD population and replication of 
these results with the application of more sophisti-

cated methods need to be explored. The use of 
functional tests (e.g. handgrip strength) has been 
proposed as a proxy estimate of FFM in patients 
with IBD but these techniques lack specificity. 
Wiroth and colleagues found that patients with 
Crohn’s disease in clinical remission have overall 
lower muscle performance than healthy controls, 
but this was independent of FFM levels [10].

3.13.3 Bone health

Bone mineralisation is an important aspect in the 
care of patients with IBD, particularly as peak bone 
mass, attained during adolescence, was found to be 
the most important determinant of lifelong skeletal 
health [11]. Osteopenia and osteoporosis are impor-
tant extraintestinal manifestations in IBD that may 
be related to increased risk of fractures [11,12]. In 
adult studies, a 60–70% higher risk for vertebral and 
hip fractures incidence was found for patients with 
IBD compared with healthy controls [12,13] but 
there is no strong evidence to suggest that in IBD 
children, bones are more brittle and that they experi-
ence more fractures compared with their healthy 
peers. It is difficult to interpret these discrepancies 
between adult and paediatric studies but it can mean 
that children with IBD may be more predisposed to 
have brittle bones that are at higher risk of fracture 
in adulthood and may occur earlier than in healthy 
adults (e.g. before menopause). The use of oral ster-
oids to induce disease remission in adults might 
explain the higher risk of bone fractures; children 
are more likely to be treated with enteral nutrition 
(EN) rather than oral steroids to induce remission. 
Moreover, it is also possible that vertebral fractures 
occur in IBD children but these may be asympto-
matic and hence remain undiagnosed [14].

A disease-associated effect is well documented, 
with poor bone health seen more often in Crohn’s 
disease than UC. Disease location, duration and 
 history of disease activity were risk factors in some 
but not all studies [12,15–18]. Recent data suggest 
that afflicted children have the potential to improve 
their bone mineral density by the time they reach 
early adulthood [19].

Burnham et al. [20] reported that the difference in 
bone mineral content between Crohn’s disease and 
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healthy controls was eliminated when they used a 
regression model to account for differences in lean 
mass while Sylvester et al. showed that changes in 
bone mineral content during a period of 2 years post 
diagnosis were positively associated with concomi-
tant increments in FFM [8]. These findings suggest 
that decreased mechanical stress may be an impor-
tant factor for reduced bone health in Crohn’s 
 disease and this opens a treatment opportunity to 
improve bone mass by optimising lean tissue gain 
through nutritional support and weight-bearing 
exercise in patients with IBD [21].

Bone mineralisation in IBD can be negatively 
affected by undernutrition, low vitamin D status, 
the effect of proinflammatory cytokines on bone 
formation, resorption and osteoblast maturation 
[22] and the long-term use of high steroid doses 
[23,24]. As delayed skeletal maturation and sexual 
maturation are commonly seen in IBD, particularly 
Crohn’s disease, it is important to express the results 
not as z-scores for chronological age but accounting 
for pubertal staging and bone age [25].

3.13.4 Linear growth  
and short stature

Short stature and faltering linear growth are com-
monly encountered in IBD, and frequently precede 
disease diagnosis. Approximately 23–25% of paedi-
atric patients have presented with deviation from 
their growth velocity and height for age centiles, or 
as significantly shorter than their healthy peers [26], 
and a proportion will fail to attain their genetic 
potential for linear growth, when their height deficits 
are compared with their estimated midparental target 
height [26]. The exact mechanisms by which growth 
impairment occurs in IBD are unclear but it  is 
believed to be an interplay between under nutrition, 
delayed puberty, the effect of circulating proinflam-
matory cytokines and long-term use of steroids [27].

3.13.5 Delayed puberty

Delayed puberty is a frequent feature of young 
patients, more often in Crohn’s disease than UC, 
and in males than in females [17,23,28]. Mean 

delays in puberty of 0.7 and 1.5 years were found in 
Dutch and USA studies, respectively [23]. Delayed 
pubertal onset may influence linear growth and 
final adult height and could affect quality of life 
and  self-esteem but the latter aspect has not been 
addressed prospectively.

Undernutrition has always been thought to be 
the main reason for delayed puberty in patients 
with IBD. However, puberty may be delayed 
despite a normal nutritional status. Observations 
in animal models of experimental colitis sug-
gested that inflammation may have a direct 
adverse influence, independent of undernutrition, 
on the onset and progression of puberty 
(Figure  3.13.1) but relevant studies in patients 
with IBD are lacking. In vitro studies suggested 
that proinflammatory cytokines (e.g. tumour 
necrosis factor (TNF) alpha, interleukin (IL) 1beta, 
IL-6) can affect sex steroid production at the level 
of testes and ovaries [29].

3.13.6 Micronutrient status

Although clinical presentation of frank micronutri-
ent deficiencies in IBD is very rare and largely 
 limited to case reports, suboptimal circulating 
 concentrations for virtually every vitamin, mineral 
and trace element have been reported previously, 
primarily in adult patients but also evident in the 
paediatric studies (Table 3.13.1). Antioxidant trace 
elements (e.g. Zn, Se, Cu) and vitamins (e.g. vita-
mins A, E, C, carotenoids) were the main nutrients 
consistently reported at suboptimal circulating 
 concentrations in patients with IBD compared with 
healthy controls or the normal reference range (see 
Table 3.13.1). Serum vitamin D has been reported 
to be low in adult [30] and paediatric studies 
[31]  and is an independent risk factor for poor 
bone health.

Suboptimal dietary intake, increased utilisa-
tion, malabsorption and increased enteric losses 
have all been postulated as causes of these nutri-
tional deficiencies (see Figure  3.13.1). Some 
studies have  linked nutritional deficiencies with 
clinical disease activity and inflammatory 
 markers (see Table 3.13.1) but whether micronu-
trient depletion plays an important role in the 
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pathogenesis and  perpetuation of the mucosal 
lesions or is the result of these needs remains 
unknown. However, it must be remembered that 
changes in the plasma concentrations of many 
micronutrients and their association with systemic 
and clinical activity indexes can be an epiphenom-
enon of the acute phase response in inflammatory 
conditions like IBD [32]. Although reduced serum 
concentrations of micronutrients are often used to 
define deficiency states, these concentrations may 
better reflect disease activity and inflammation 
rather than being biomarkers of body tissue deficits 
[32]. A prime example is the transient decrease in 
plasma retinol binding protein and accordingly 
transported vitamin A plasma concentrations in the 
presence of the acute phase response in inflamma-
tory conditions.

Several experts now propose that assessment of 
micronutrient body stores using serum concentrations 

in inflammatory conditions is erroneous and use of 
other indices of body micronutrient stores which are 
independent of the effects of the acute phase response, 
such as red blood cells, is required [33].

3.13.7 Antioxidant status

Inflammatory bowel disease is characterised by 
aggregation of inflammatory cells (granulocytes, 
monocytes and neutrophils) at the site of the intesti-
nal lesion and production of reactive oxygen  species 
is part of the normal immune properties of these 
cells. The damaging action of these free radicals is 
normally counteracted by the body’s defence mech-
anisms. Uncontrolled production coupled with 
reduced removal by an impaired endogenous anti-
oxidant defence system may induce tissue damage 
[34]. There is good evidence that patients with IBD 
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Figure 3.13.1 The aetiology and presentation of malnutrition in IBD. GI, gastrointestinal; IBD, inflammatory 
bowel disease. 



Table 3.13.1 Major recent studies measured circulating concentrations of multiple micronutrients 
in patients with inflammatory bowel disease

Study Participants Assessed micronutrients Outcome†

Hengstermann  
et al. 2008 
[61]

167 IBD (132 
in remission, 
35 active); 
45 HC

Vitamins: C, E, carotenoids
Minerals : Se, Zn, Cu

 • Vitamin C and carotenoids were lower in 
IBD compared with HC

 • Cu was higher and lycopene lower in 
active IBD compared with inactive IBD 
and HC

Filippi et al.  
2006 [48]

54 CD in 
remission

Vitamins: C, A, D, E, B1, 
B6, B12, E, folate, niacin, 
beta-carotene
Minerals: Fe, Cu, Ca, P, Mg, Zn

 • Vitamin C, Cu, niacin, Zn, Fe, B6, B1, 
B12, folate, beta-carotene, vitamin E were 
below the reference range for more than 
20% of the patients

D’Odorico 
et al. 2001 
[62]

46 UC; 37 
CD; 386 HC

Vitamins: A, E, carotenoids  • Vitamins A, E and carotenoids were lower 
compared with HC

 • No differences between CD and UC
 • In active disease several carotenoids were 
lower compared with patients on remission 
for both diseases

 • Malnourished patients had lower vitamins 
A, E and carotenoids

Wendland 
et al.  
2001 [36]

37 CD; 37 HC Vitamins: C, E, A, 
carotenoids  Minerals : 
GSHPx, Se

 • Vitamin C and carotenoids were lower 
compared with HC

 • No association with clinical disease 
activity

 • In patients with systemic inflammation 
most of the micronutrients were or tended 
to be lower compared to patients with 
normal inflammatory markers

 • Several carotenoids associated with lipid 
peroxidation

Geerling et al.  
2000 [63]

23 CD;  
46 UC (newly 
diagnosed);  
69 HC

Vitamins: A, E, C, beta-
carotene, B1, B12, folate
Minerals: Mg, Cu, Zn, Se, 
GSHPx

 • In UC beta-carotene, Mg, Se, Zn were 
lower compared with HC

 • In CD B12 and GSHPx were lower than 
HC

Geerling et al.  
1998 [64]

32 CD in 
remission;  
32 HC

Vitamins: A, E, C,  
beta-carotene, B1, B12, 
folate
Minerals: Mg, Cu, Zn,  
Se, GSHPx

 • In CD beta-carotene, vitamin C, E, Se, Mg, 
GSHPx, Zn were lower compared with HC; 
no difference for vitamin E:cholesterol ratio

 • Se was positively associated with % 
body fat

 • A high proportion of patients had 
micronutrient concentrations below the 
reference range

*Ojuawo & 
Keith  
2002 [65]

38 UC;  
36 CD (newly 
diagnosed) 
IBD; 40 HC

Minerals: Zn, Se, Cu  • Se lower in UC and CD compared with HC
 • Cu higher in CD compared with UC or HC
 • Zn in CD was lower than HC

*Levy et al.  
2002 [66]

22 CD; 10 HC Vitamins: retinol, beta-
carotene, alpha-tocopherol, 
gamma-tocopherol

 • In CD retinol was lower than HC
 • No difference between active and inactive 
disease
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have increased oxidative stress [35,36] which may 
cause damage to biological macromolecules [36] 
and possibly intestinal lesions.

Wendland et al. found that lipid peroxidation, a 
feature of oxidative stress, was higher in adult 
patients with Crohn’s disease compared with 
healthy controls [36]. Plasma antioxidant vitamins 
were low despite no profound difference in the 
 dietary intake of antioxidants between patients with 
Crohn’s disease and healthy controls, although this 
can be explained simply by the effect of the acute 
phase response on micronutrient plasma concentra-
tions in some patients with active disease. Following 
these observations, clinical trials found a reduction 
in markers of oxidative stress and improved antioxi-
dant status after supplementation with antioxidant 
micronutrients [37]. Nevertheless, a positive asso-
ciation between improvement of disease activity 
and restoration of oxidative status has not been 
established.

3.13.8 Anaemia

Overt or occult intestinal bleeding is a major 
symptom and a drop in haemoglobin occurs with 
almost every flare in Crohn’s disease and UC. The 
prevalence of anaemia in IBD varies significantly 
depending on the characteristics of the population 
studied and definition used [38]. In a systematic 

review by Wilson et al., the prevalence of anaemia 
in patients with inflammatory bowel disease 
ranged from 8.8% to 73.7% depending on the 
patient population characteristics [38]. Clinical 
disease severity was a strong predictor of anaemia 
in some but not all studies, as was the type of 
 disease, gender, upper GI involvement, nutritional 
status, and growth [38].

Two predominant types of anaemia have been 
identified in the context of IBD. Iron deficiency 
anaemia and the anaemia of chronic disease account 
for the majority of cases, with the first being more 
common in children and the latter in adults [39]. 
Iron deficiency anaemia is a major cause of anae-
mia in IBD, ascribed to a negative iron balance from 
excessive iron loss through GI bleeding, increased 
epithelial sloughing, reduced dietary intake [40] 
and impairment of iron absorption in active [41] but 
not in mild or quiescent disease [42]. Similarly, in 
anaemia of chronic disease, the production of 
inflammatory cytokines in chronic inflammation 
has significant systemic effects on iron absorption 
[41], the proliferation of erythroid progenitor cells, 
the production of erythropoietin and the life span 
of  red blood cells  [43]. Anaemia associated with 
vitamin B12 and folate deficiency and drug-associ-
ated anaemia due to the long-term use of medica-
tion to manage IBD have occasionally been reported 
but these are uncommon. Patients treated with 
methotrexate, an antagonist of folate metabolism, 

Study Participants Assessed micronutrients Outcome†

*Bousvaros 
et al.  
1998 [67]

61 CD; 36 UC 
(plus young 
adults); 23 HC

Vitamins : A, E  • 14.4% low vitamin A and 6.2% low vitamin E 
compared to reference range

 • ‘Deficiencies’ more prevalent in active CD
*Hoffenberg 
et al.  
1997 [68]

12 CD; 12 
UC; 23 HC

Vitamins: C, A, E,  
beta-carotenoid,  
gamma-tocopherol, retinol 
binding protein
Minerals: Se, GSHPx

 • As an IBD group vitamin C lower but 
GSHPx, vitamin E and vitamin E/ 
cholesterol higher compared with HC

 • In UC vitamin A was lower than CD
 • Antioxidants inversely correlated with 
anthropometry

†Nutrients which were assessed but are not presented in the outcome column did not differ between groups.
CD, Crohn’s disease; GSHPx, cellular glutathione peroxidase; HC, healthy controls; IBD, inflammatory bowel 
disease; UC, ulcerative colitis.
*Paediatric study.

Table 3.13.1 Continued
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need background prophylactic supplementation 
with oral folate. Of utmost importance are also 
patients whose terminal ileum has been resected 
since vitamin B12 absorption takes place at this site 
[44]. Regular monitoring of the vitamin B12 blood 
concentration and adequate dietary intake in these 
patients is recommended [44].

As many of the serological markers of the iron 
body stores are influenced by the acute phase 
response, their diagnostic value in IBD is poor and 
can be misleading. Decrease in serum iron and 
downregulation of transferrin are part of the acute 
phase response, causing functional iron deficiency, 
a state that can be misinterpreted as iron deficiency 
in a patient with active inflammation. On the other 
hand, inflammation can cause false elevation of fer-
ritin concentrations, bringing them into the normal 
range in patients with true iron deficiency [45]. As a 
result, higher cut-offs and evaluation in conjunction 
with other haematological parameters to detect 
iron-depleted anaemic patients have been recom-
mended for ferritin in active IBD [44]. Determination 
of serum transferrin receptor has been proposed as a 
potential diagnostic marker to distinguish anaemia 
of chronic disease from other types of anaemia in 
IBD [46].

For the treatment of anaemia, it is not only impor-
tant to identify the type and severity of the anaemia 
but also its origin so that therapy can be targeted at 
the underlying mechanism and tailored to the 
patient’s needs. Treatment options can vary from 
oral iron salt preparations to the use of intravenous 
iron and erythropoietic agents [44].

3.13.9 Aetiology of 
malnutrition

The aetiology of undernutrition in IBD is 
 multifactorial, as are its manifestations [1]. The 
inflammatory response, with the activation of the 
proinflammatory cascade and clinical manifesta-
tions of the disease, medical and surgical therapeutic 
interventions can all  affect determinants of nutri-
tional balance (see Figure  3.13.1). These include 
poor nutritional intake, increased energy and/or 
nutrient requirements and altered metabolism, mal-
absorption, excessive GI losses and nutrient–drug 

interactions (see Figure 3.13.1). Beyond these major 
nutrition-associated determinants of undernutrition, 
there are other non-nutrition-associated factors, 
such as the direct effect of proinflammatory 
cytokines on bone, growth and pubertal develop-
ment which can also interact independently (see 
Figure 3.13.1).

Reduced dietary intake

Results from studies that investigated the energy 
and/or nutrient intake of adults with IBD have 
been inconsistent [47,48], whereas in children with 
Crohn’s disease energy intake was reported to be 
lower than healthy controls and the national rec-
ommendations [49], particularly during the active 
phase of the disease [50]. Children with active 
Crohn’s disease consumed on average 420 kcal/
day less than their siblings (matched for height, 
sex and weight) whereas for 21% of patients, the 
energy intake was lower than estimated energy 
requirements compared with 10% of the healthy 
controls [49]. Perhaps the inconsistent results 
between adult and paediatric studies are due to 
misreporting bias and inherent limitations of die-
tary intake methodology and use of small rela-
tively population samples.

Micronutrient status may also be compromised in 
patients with IBD compared to national references 
and healthy controls and for the majority of micro-
nutrients assessed. Most of the evidence comes 
from adult studies in patients with Crohn’s disease. 
Food aversions and special therapeutic diets to 
resolve or prevent exacerbation of GI symptoms 
[51] and anorexia mediated by the interaction of 
proinflammatory cytokines with appetite hormones 
may compromise intake in patients with IBD, par-
ticularly during the active phase of the  disease [52] 
(see Figure 3.13.1).

Altered energy/nutrient metabolism

Energy intake, resting energy expenditure (REE), 
physical activity and diet-induced thermogenesis 
are major components of the energy balance equi-
librium and imbalance can cause undernutrition. 
Higher basal metabolic rate:FFM ratio has regularly 
been reported in patients with Crohn’s disease com-
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pared with patients with UC or healthy controls 
although studies are inconsistent [48,53]. This may 
indicate that patients with IBD, mainly those with 
Crohn’s disease, have increased energy expenditure 
per unit of FFM, but low lean body mass.

Moreover, Azcue et al. showed that children with 
Crohn’s disease fail to adapt their REE to their unit 
of lean mass, in contrast to anorexic adolescents 
who had significantly lower values than healthy 
controls, and perhaps this contributed to their 
undernutrition [53]. The reason why this may hap-
pen remains unknown and could be attributed to 
inflammation and the action of proinflammatory 
cytokines.

Few studies on the energy metabolism of patients 
with IBD found that the non-protein respiratory 
quotient was significantly lower in Crohn’s disease 
compared with UC or healthy controls, suggesting 
an increased lipid oxidation rate in Crohn’s disease 
that may explain the lower FM found by others 
[54]. Al-Jaouni et al. [55] also found increased fat 
oxidation in Crohn’s disease that correlated posi-
tively with disease activity. Diet-induced thermo-
genesis, a small component in the energy balance 
equation, was higher in one study in Crohn’s dis-
ease [56], which could explain the lower weight and 
higher risk of undernutrition in IBD. Although there 
was no difference in the resting metabolic rate 
between healthy controls and patients with Crohn’s 
disease in remission, diet-induced thermogenesis 
was higher (6% versus 10% respectively). However, 
diametrically opposite results were presented by 
Al-Jaouni et al. [55] who furthermore found that 
diet-induced thermogenesis was lower in patients 
with active compared with inactive disease.

Increased gastrointestinal  
nutrient losses

Nutrient and energy loss due to maldigestion of 
food or malabsorption, during the active course of 
the disease, could potentially impact on the mainte-
nance of energy balance, and explain undernutrition 
in patients with IBD (see Figure 3.13.1). However, 
apart from some reports on specific micronutrients 
in patients with ileal resection or with bile acid 
 malabsorption [57], rigorous evidence is lacking to 
support loss of dietary energy or other micronutri-

ents due to malabsorption. A small study in Israel 
found that malabsorption is a major contributor to 
underweight in adult patients with Crohn’s disease 
in remission [58]. The authors found that GI energy 
excretion was higher in an underweight group with 
Crohn’s disease than in a normal weight group 
despite no differences between the two groups for 
dietary energy intake or resting  metabolic rate [58]. 
Similarly, in another study malabsorption and 
increased faecal fat were observed in severely 
undernourished patients which was attributed to the 
impaired gastric acid and pancreatic enzyme secre-
tion in patients with Crohn’s disease [59]. 
Interestingly, gastric acid and pancreatic enzyme 
secretion were severely impaired in 80% of these 
patients [59]. Indeed, following nutritional rehabili-
tation, stool fat output and malabsorption reduced 
with concomitant improvements in pancreatic 
enzyme synthesis, stores and secretion.

In theory, the absorption of specific nutrients 
should be impaired when the disease is located at 
the site of specific nutrient absorption or if this area 
has been resected. Patients with ileal Crohn’s dis-
ease or resection are susceptible to vitamin B12 
deficiency due to inadequate absorption [60]. Iron 
absorption may also be diminished in active Crohn’s 
disease due to the excessive production of hepcidin, 
a hepatic peptide mediating the absorption of iron at 
the level of the enterocyte [41].

Apart from malabsorption in IBD, loss of nutri-
ents can occur as a result of excessive intestinal 
mucosal sloughing, and through protein enteropathy 
from a ruptured, permeable GI tract.

Drug–nutrient interactions

Several drugs used in IBD management can directly 
influence nutritional intake or interfere with the 
absorption, metabolism and excretion of nutrients 
(see Figure  3.13.1). A prime example is the 
 antagonistic interaction of methotrexate with folate 
metabolism and its inherent side-effect of nausea. 
Prophylactic supplementation should be indicated 
as part of the mainstream management of these 
patients. Likewise, the long-term effects of steroids 
on  calcium excretion, bone resorption, growth, 
body composition and nutritional intake are well 
recognised.
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3.14.1 Dietary management 
of Crohn’s disease

Enteral nutrition in the treatment of 
Crohn’s disease: active disease

Enteral nutrition (EN), in the form of an elemental 
diet, was shown to have a primary therapeutic effect 
in Crohn’s disease in the early 1970s. An elemental 
diet provides nutrients in their simplest form – 
 protein as amino acids, carbohydrate as glucose or 
short-chain maltodextrins and fat as short-chain tri-
glycerides. Initially, elemental diets were used to 
nourish patients preoperatively and some of those 
who had Crohn’s disease improved symptomati-
cally, which suggested that this diet may have had a 
primary therapeutic effect [1,2]. In the 1980s, the 
first controlled trial confirmed that an elemental 
diet was as effective as corticosteroids in inducing 
clinical remission in active Crohn’s disease [3]. 
Several subsequent studies supported this therapeu-
tic effect for elemental diets and, furthermore, that 
this therapeutic effect could equally be achieved 
with less expensive and more palatable polymeric 
(whole protein) EN.

When the goal is primary therapy, EN is gener-
ally administered as the sole source of nutrition 
either orally or by nasogastric tube, ideally for a 
minimum of 4–6 weeks to allow for mucosal 
 healing, although benefits have been shown from 
10 days onwards [4].Although protocols may differ, 
generally patients who fail to show a clinical 

response within 7–10 days are assigned to another 
therapeutic option [5]. The practicalities of this 
regimen and the motivation of the patient, who 
may  have other therapeutic options, should be 
 considered. Poor compliance typically results in 
poor outcome and overcoming the practical chal-
lenges of using EN in adults with Crohn’s disease 
is important.

However, the critical question remains – what is 
the current evidence that EN is an effective therapy 
in Crohn’s disease today? A number of meta-analy-
ses [6,7] and a Cochrane review [8] now show that 
corticosteroids are more effective than EN in adults. 
Current guidelines mirror this (Table 3.14.1), rec-
ommending that EN is less effective than corticos-
teroids in inducing remission in Crohn’s disease, 
but that it may be considered as a therapeutic option 
for adults in special circumstances, for example 
where other primary therapy may not be feasible [9] 
or for patients who decline drug therapy [14]. An 
overview of the guidelines and consensus state-
ments for use of EN as therapy in Crohn’s disease is 
summarised in Table 3.14.1.

The role of EN in the management of adult 
Crohn’s disease in the future remains uncertain, 
particularly in an era of advanced drug therapies 
such as the biologics and newer anti-inflammatory 
agents. Moreover, in adults, guidelines recommend 
using EN in special circumstances only rather than 
as a generic therapy. Clearly, the role of EN in man-
aging undernourished patients, or those at risk of 
undernutrition, is undisputed (Figure 3.14.1).
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Enteral nutrition in the treatment of 
active Crohn’s disease in children

In children with Crohn’s disease, the rationale 
for  using EN as primary therapy is stronger than 
in  adults. Enteral nutrition appears to have a 

 therapeutic effect comparable to corticosteroids [17] 
in paediatric Crohn’s disease as well as positive 
effects on growth and development [18–20]. In 
 addition, EN may reduce the requirement for 
 corticosteroids [21] and, consequently, their adverse 

Table 3.14.1 Overview of guidelines for the provision of enteral nutrition as primary therapy in 
Crohn’s disease

Author Adults Children

British Society of 
Gastroenterology 2004 [9]

After detailed discussion, EN may be 
used in preference to corticosteroids, 
immune modulators or surgery in any 
patient with active disease or for those 
unresponsive to mesalazine or in 
whom steroids are contraindicated.

EN is appropriate for growth 
failure in children or adolescents, 
with active small intestinal CD.

European Society for Clinical 
Nutrition and Metabolism 
(ESPEN) 2006 [10]

EN is effective in the treatment of 
active disease, but in adults 
corticosteroids are more effective.
EN as sole therapy is indicated, 
therefore, mainly when treatment 
with corticosteroids is not feasible, 
e.g. due to intolerance or refusal.

In children with CD, EN is 
considered as first-line therapy.

Japanese Society for Pediatric 
Gastroenterology 2006 [11]

EN, in the form of an elemental 
formula, is indicated as primary 
therapy for children with CD at 
onset as well as the active disease 
(other than serious illness).

World Gastroenterology Global 
Guideline [12]

Exclusive EN can relieve CD, 
especially in children.

Guidelines for the Management 
of Inflammatory Bowel  
Disease in Children in the  
United Kingdom, 2010 [13]

Choice of treatment in most cases 
is between exclusive EN and oral 
corticosteroids. Exclusive EN is an 
effective first-line therapy for small 
and large intestinal disease, inducing 
remission in 60–80% of cases.

European Crohn’s and Colitis 
Organisation 2010 [14]

Considered appropriate to offer EN  
as primary therapy only to patients 
who decline other drug therapy.

Guidelines for the Management 
of Inflammatory Bowel Disease 
in Adults 2011 [15]

EN therapy alters the inflammatory 
response in CD and may be useful  
in therapy. There is little evidence  
to support use of EN as  
maintenance therapy for CD.

When used in children, EN is 
effective at inducing remission for 
small and large intestinal disease in 
60–80%.

NICE Clinical Guideline on 
Crohn’s Disease: Management  
in Children, Adults and Young 
People 2013 [16]

EN should not be used in adults to 
maintain remission after surgery.

Consider EN in children where 
growth or side-effects are a concern 
and in young people in whom there 
is a concern about growth.

EN, enteral nutrition (oral nutritional supplements or nasogastric feeding); CD, Crohn’s disease.
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long-term effects such as increased risk of osteopo-
rosis. A meta-analysis [17] concluded that EN had 
similar efficacy to corticosteroids in children, but 
cautioned that this outcome was based on limited 
data. A Cochrane review of treatments for growth 
failure [19] highlighted the positive effect of EN in 
promoting growth in children with Crohn’s disease. 
Disease location has been proposed to influence 
therapeutic response to EN, with paediatric colonic 
Crohn’s disease suggested to respond poorly [22]; 
however, others have reported no differences in 
response rates based on disease phenotype [20,22]. 
Currently, EN is recommended as first-line therapy 
for active Crohn’s disease for children, especially in 
those with growth failure (see Table 3.14.1).

Enteral nutrition in the treatment of 
active Crohn’s disease: underlying 
mechanisms

The biological mechanisms underlying a therapeu-
tic response to EN in Crohn’s disease are not fully 
understood. There is evidence that EN promotes 
mucosal healing and downregulates mucosal pro-
inflammatory cytokines [23,24]. Low antigenic load 
(absence of whole protein) was initially proposed to 
result in the therapeutic effect but whole protein 
enteral formulae have been shown to be as effective 
as the amino acid-based elemental diets [25]. Other 

theories [26] suggest immunomodulatory effects of 
fats in the formula [27], changes in GI microbiota 
and changes in intestinal permeability. At present, 
the mechanisms underlying the therapeutic response 
to EN remain unclear, but there is renewed interest 
in the potential role of modification of the GI 
 microbiota [28].

In summary, EN arguably offers a safe mode of 
delivery of potentially immune-modulating sub-
strates directly to the intestinal mucosa. Judged in 
the context of the best evidence and consensus 
guidelines, EN is shown to be less effective than 
corticosteroids in adults but is an effective and 
important first-line therapy for children.

Enteral nutrition in the treatment of 
active Crohn’s disease: adjunctive 
therapy for undernutrition

Enteral nutrition has an undisputed role as an 
adjunct therapy in the prevention and treatment of 
undernutrition in Crohn’s disease. Undernutrition is 
multifactorial in origin (see Figure 3.14.1) [26] and 
may be present in over 40% of hospitalised patients 
with Crohn’s disease [29]. Undernutrition is 
accepted to be associated with significantly higher 
mortality rates, longer hospital stays and higher 
healthcare costs. The correction and maintenance of 
nutritional status, achieved by careful nutritional 
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Nutrient malabsorption, 
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intestinal protein losses

Reduced 
nutritional intake
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Figure 3.14.1 Causes of undernutrition in IBD, inflammatory bowel disease. Adapted from O’Sullivan [26].
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monitoring and intervention, should be an integral 
part of the multidisciplinary management through-
out all stages of the disease. Nutritional support 
(including EN, oral nutritional supplements and 
dietary counselling) is recommended for any mal-
nourished patient with Crohn’s disease or for 
patients with difficulty maintaining normal nutri-
tional status (see Table  3.14.1). In the UK, for 
example, the IBD Standards Working Group states 
that all patients with inflammatory bowel disease 
(IBD) should have access to nutritional support ser-
vices [30].

Parenteral nutrition in the treatment 
of active Crohn’s disease

Although once advocated as a treatment for Crohn’s 
disease [31], parenteral nutrition (PN) is not recom-
mended as a primary therapy for Crohn’s disease. 
Parenteral nutrition is reserved for use as nutritional 
support only when feeding into the GI tract is 
 contraindicated or problematic. When the GI tract 
is functioning, the enteral route is preferred for the 
provision of nutritional support.

Enteral nutrition in the maintenance 
of remission in Crohn’s disease

In children, the continued use of supplementary EN 
has been proposed as a strategy to maintain remis-
sion. Supplementary EN in addition to normal diet 
has been shown to prolong remission and improve 
linear growth in children who have achieved remis-
sion by exclusive EN [32].

In adults, data on supplementary EN for mainte-
nance of remission in Crohn’s disease are limited. 
A systematic review [24,33] of 10 studies reported 
that EN may be useful for maintaining remission 
in  adults; however, the review highlighted that 
the  evidence level was not high and there is a 
need  for  randomised controlled trials. An  earlier 
Cochrane review [34] did not support a benefit of 
supplemental EN for maintaining remission. 
Current recommendations [14] suggest there is 
insufficient evidence to support supplementary 
EN  for the maintenance of remission in adult 
Crohn’s disease.

Exclusion diets in the maintenance 
of remission in Crohn’s disease

Exclusion diets [29,35] were previously used as a 
therapeutic option for maintaining disease remis-
sion achieved with an elemental diet. These diets 
typically comprised limited foods with staged rein-
troduction of single foods over time. This approach 
requires considerable nutritional monitoring and 
input, and while specialist centres reported favour-
able clinical results, exclusion diets for the mainte-
nance of remission have not become widely used or 
recommended by consensus guidelines.

An advance on these early exclusion diets for 
prolonging enteral diet-induced remission is a low-
fat, fibre-limited exclusion (LOFFLEX) diet [36]. 
This diet is based on limiting the intake of both 
fat and fibre to approximately 50 g of fat and 10 g 
of non-starch polysaccharide (NSP) per day due to 
reported reduced tolerability of both in Crohn’s 
 disease. For the initial 2 weeks of the diet, foods 
thought unlikely to cause intolerance are permitted 
(Table 3.14.2) [36]; this can be increased to 4 weeks 
if needed [4]. Oral nutritional supplements may be 
stopped during this period, although they are useful 
if weight gain is required. Once symptoms are sta-
ble on a diet of ‘safe’ foods’, the reintroduction pro-
gramme begins with a new food introduced every 
2–4 days and a nutritionally adequate diet of toler-
ated foods is built up. Overall, this process is shorter 
and likely to be more acceptable to patients than the 
classic elimination diet. However, evidence from 
well-designed randomised controlled trials (RCTs) 
of LOFFLEX diets in maintaining disease remis-
sion in Crohn’s disease is lacking.

Dietary management of functional 
symptoms in Crohn’s disease in 
remission

Symptoms similar to those experienced in func-
tional bowel disorders, such as irritable bowel 
syndrome, are reportedly common in IBD in 
remission. These symptoms include abdomi-
nal  bloating, abdominal pain, diarrhoea and 
 flatulence, and may be experienced by up to 
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60%  of Crohn’s disease patients in remission 
[37]. It is difficult, however, to determine if such 
symptoms are functional or are a manifestation of 
the underlying Crohn’s disease. A diet low in fer-
mentable oligosaccharides, disaccharides, mono-
saccharides and polyols (FODMAP)s has been 
proposed for the management of functional 
symptoms in IBD in remission [38,39]. The term 
‘FODMAP’ is used to describe short-chain 
 carbohydrates which are incompletely digested, 
poorly absorbed and fermentable in the GI tract 
[38,39]. Consequently, this contributes to 
increased fluid and gas production in the GI tract 
which is proposed to lead to, or aggravate, func-
tional symptoms in  susceptible individuals [40].

A low FODMAP diet has been more exten-
sively studied in the context of irritable bowel 
syndrome, where there is RCT evidence of effi-
cacy in symptom control [41] (see Chapter 3.19). 
Proposed benefits in Crohn’s disease have been 
suggested [38,39] but currently the evidence is 
limited. In a retrospective study, Gearry et al. 
reported that approximately one in two patients 
described improvements in abdominal pain, bloat-
ing and diarrhoea [38]. Benefit, however, was 
 significantly associated with compliance and a 
reported 70% of patients were able to comply 
with the low FODMAP diet [38]. Further evi-
dence is required to determine the efficacy and 
role of a low FODMAP diet in managing symp-
toms in Crohn’s disease during remission.

Other dietary treatments of  
Crohn’s disease

Probiotics

Treatments targeted at manipulating the microbiota 
such as pro-, pre- and symbiotics have been inves-
tigated in IBD [42], often with a view to maintain-
ing remission. In a Cochrane review, Rolfe et al. 
reported no significant benefit of  probiotics for 
maintaining either surgically or medically induced 
remission in Crohn’s disease [43]. Although probi-
otics remain a strong area of interest, based on the 
current evidence they are not considered an effec-
tive treatment in Crohn’s disease [44] to induce 
[45] or maintain remission [43,46] or to prevent 
postoperative disease recurrence [47]. Similarly, 
there is no  evidence to support the efficacy of 
prebiotics [48]. Interestingly, there is emerging 
evidence relating to symbiotics (combined use of 
probiotics and prebiotics) in active Crohn’s dis-
ease, with a RCT suggesting significant improve-
ment in clinical symptoms in patients taking the 
symbiotic [49] but these findings have yet to be 
confirmed.

To date, there is insufficient evidence to support 
the efficacy of prebiotics, probiotics or symbiotic 
as therapies for Crohn’s disease in clinical practice 
[14,50]. Given the strong research and commercial 
interest in manipulating the microbiome, this 
is likely to continue to be an area of research into 
the future.

Table 3.14.2 The LOFFLEX exclusion diet: summary of foods allowed and not allowed

Foods not allowed Foods allowed

Pork, meat products
Fish in batter/crumb/tinned in oil/tomato

All other lean meat and poultry
All other types of fish/shellfish

Cow/sheep/goat milk, dairy products, eggs, 
chocolate
Wheat, rye, barley, corn, oats, yeast
Corn and vegetable oil
Pulses, onion, tomato, sweetcorn
Citrus, apple, banana, dried fruit
Tea, coffee, alcohol, squash, cola

Soya milk and products
Rice, tapioca, sago, arrowroot
Sunflower and olive oils in moderation
Potato and all other vegetables, 2 portions a day, no 
skins/seeds
All other fruit, 2 portions per day, no skins/seeds
Fruit/herbal teas, water, Ribena, non-citrus fruit juice

Adapted from Woolner [36].
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Omega-3 fatty acids

Anti-inflammatory effects of omega-3 (n-3) polyun-
saturated fatty acids, including fish oils, have been 
demonstrated in animal models of IBD [51]. Several 
studies have investigated the therapeutic effects of 
omega-3 fatty acids in Crohn’s disease, but report 
inconsistent findings. A Cochrane review [52] and 
further pooled analyses [53,54], however, do not 
support their use either for maintaining remission or 
for treating active disease. Although safe for use in 
Crohn’s disease [52], current guidelines do not rec-
ommend the use of omega-3 fatty acids for the treat-
ment of this disease [14].

Emerging treatments

The potential anti-inflammatory effects of vitamin D 
are emerging across several chronic diseases, includ-
ing Crohn’s disease [55,56]. A RCT showed a non-
significant reduction in relapse rates in patients with 
Crohn’s disease treated with 1200 IU vitamin D 
compared with placebo (relapse 13% versus 29%, 
P=0.06) [57]. This finding remains inconclusive and 
requires investigation in further large RCTs.

Malnutrition and maintenance  
of remission

While weight loss and undernutrition during active 
Crohn’s disease may be expected, the nutritional 
status of patients in disease remission is less clear. It 
would appear, however, that an increase in Body 
Mass Index (BMI) and the presence of overweight 
are the major forms of malnutrition in adults in 
remission [58,59]. In children with Crohn’s disease, 
a similar picture is emerging, with most (68%) 
classed with a BMI in the normal range and 10% as 
overweight or at risk for overweight [60]. Whether 
this presence of overweight and obesity in Crohn’s 
disease is associated with more severe disease 
[61,62] or, in contrast, is a reflection of well-con-
trolled disease [59] is unclear. How this adiposity 
interacts with a background of inflammation and 
contributes to long-term co-morbidity and compli-
cations remains to be seen, but one may expect 
implications for obesity-related diseases such as 
cardiovascular disease and colorectal cancer. Thus, 

in the future, managing excess body weight may 
need to be considered in the context of managing 
malnutrition in Crohn’s disease in remission.

The patient perspective of dietary 
treatments in Crohn’s disease

There is often considerable confusion among people 
living with IBD about the role of diet and nutrition in 
the management of their condition. Not surprisingly, 
foods or even eating a meal may aggravate symp-
toms, yet have no role in either the initiation or treat-
ment of Crohn’s disease. Some people may exclude 
foods and follow unnecessarily restricted diets with 
the risk of an adverse effect on nutritional status. A 
recent study confirmed that patients consider dietary 
issues as important, with 63% rating diet as either 
‘important’ or ‘extremely important’ in their experi-
ence of IBD [63]. While the majority (82%) reported 
issues with food and nutrition, fewer than half had 
seen a dietitian for tailored nutritional counselling to 
address these issues and concerns.

Dietary management in complex 
Crohn’s disease

Patients with intractable Crohn’s disease, disease 
complications, surgical resections or short bowel 
syndrome will typically have more complex nutri-
tional needs. This may include more complex EN 
and PN strategies as well as more complex medical 
and surgical management. Nutritional intervention 
and support are essential in the presence of short 
bowel syndrome [64] (see Chapters 3.16 and 3.17). 
The UK IBD Standards Group recommends that a 
multidisciplinary nutrition support team should be 
available for those patients who may require more 
complex EN and/or PN and for comprehensive 
assessment, management and ongoing support [30].

Diet may provide symptomatic relief from some 
Crohn’s disease complications. For example, in stric-
turing disease, limiting fibrous foods is useful to 
minimise the risk of mechanical obstruction and to 
reduce pain. Bile acid malabsorption and bile acid-
induced diarrhoea may occur after resection of the 
terminal ileum; in these cases patients may benefit 
from a reduction in long-chain fatty acids and the use 
of bile salt-binding agents such as cholestyramine.
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3.14.2 Dietary management  
of ulcerative colitis

In contrast to Crohn’s disease, there is limited evi-
dence that dietary approaches are successful in 
inducing or maintaining remission in ulcerative coli-
tis (UC). The role of diet and nutrition, therefore, is 
essential to prevent and treat malnutrition and pro-
mote optimal nutritional status in this disease.

Enteral and parenteral nutrition in 
the treatment of ulcerative colitis

Enteral nutrition does not have a primary therapeu-
tic role in UC, either in inducing or maintaining 
remission (see Table 3.14.1). Enteral nutrition con-
tinues to have a role in the provision of nutritional 
support and the management and prevention of 
undernutrition (see Figure  3.14.1) as appropriate. 
Similarly, there is no role for PN as a primary 
 therapy for UC; its use is for nutritional support 

where indicated, and then only in cases where feed-
ing into the GI tract is contraindicated.

Beyond primary treatment, EN has an important 
adjunctive role in the prevention and treatment of 
undernutrition in UC. Nutritional support is recom-
mended for any undernourished patient with UC or for 
patients who have difficulty maintaining normal nutri-
tional status (Table 3.14.3), and access to appropriate 
nutritional support services is recommended [30].

Diet in the maintenance of 
remission in ulcerative colitis

Strategies that may have a role in maintaining 
remission in Crohn’s disease, such as LOFFLEX 
and exclusion diets, have no proven role in UC. 
A diet low in FODMAPs has also been proposed 
for the management of functional symptoms that 
may occur during inactive UC [38] although evi-
dence supporting this is limited. Gearry et al. have 
suggested significant improvements in abdominal 

Table 3.14.3 Summary of the dietary management of Crohn’s disease (CD) and ulcerative  
colitis (UC)

Therapy CD UC Comments

EN as primary therapy Yes No In CD, a priority treatment in children. 
Adults, limited to specific cases only.

EN as maintenance therapy Consider in  
children

No In children, because of role in nutrition  
and growth.

PN as primary therapy No No As nutritional support and only when EN 
is not possible.

LOFFLEX Consider No Can be considered for maintenance of 
remission in CD. Further long-term 
evidence and consensus guidelines required.

Probiotics No No+ +Evidence for use in pouchitis which may 
be a surgical complication of UC.

Low FODMAP diet Possible Possible No therapeutic effect. Possible benefit in 
managing functional symptoms in CD  
and UC.

Omega-3 fatty acids No No Conflicting evidence in maintenance of 
remission in CD. Insufficient evidence to 
recommend use.

Nutritional support, including  
EN, as adjunctive therapy

Yes Yes Use as appropriate for nutritional support  
in the prevention and management of 
undernutrition in adults and children and  
at all stages of UC and CD.
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symptoms for patients with UC in remission but the 
study included only 20 patients with this disease 
[38]. In more complex UC, a reduced FODMAP diet 
appears to improve stool frequency in patients with 
an ileal pouch [65] and improve output in those with 
ileostomies [40].

Probiotics in the treatment 
of ulcerative colitis

The use of probiotics in the treatment of UC remains 
inconclusive [66,67] but appears to be more promis-
ing than in Crohn’s disease. There is evidence for 
their use as an adjunct therapy to decrease disease 
activity [68] with suggested comparable efficacy to 
anti-inflammatory drugs for achieving remission 
[69]. Consensus for the use of probiotics to main-
tain or induce remission is classed as ‘C’ rated evi-
dence [70], highlighting that the evidence remains 
inconsistent.

In pouchitis, which occurs in up to 60% of 
patients with UC after ileal pouch anal anastomosis, 
favourable outcomes are reported for the use of pro-
biotics in preventing pouchitis [71] and maintaining 
remission [72,73]. The probiotic most extensively 
investigated for pouchitis is VSL#3, a proprietary 
blend of eight bacterial strains. A recent meta- 
analysis of probiotics in GI diseases [74] showed 
convincing evidence in favour of probiotic  treatment 
in pouchitis (risk ratio 0.17, 95% confidence 
 interval (CI) 0.10–0.30). Clinical practice guide-
lines now include probiotics as a therapeutic option 
for recurrent and relapsing antibiotic sensitive 
pouchitis [75].

Dietary treatment of ulcerative 
colitis: the patient perspective

Although nutrition plays a lesser role as a potential 
primary therapy in UC than in Crohn’s disease, 
patients consider it important [63] and may restrict 
specific foods or food groups to control symp-
toms. Many, however, do not appear to receive 
specific professional nutritional counselling or 
education to address their dietary concerns and 
issues [63], a feature similarly reported for Crohn’s 
disease.

3.14.3 Conclusion: role  
of dietary treatment in 
inflammatory bowel  
disease

A therapy such as EN that provides both disease-
modifying and nutritional benefits in IBD is an 
attractive proposition. While EN has the capacity to 
induce remission in at least some patients with 
Crohn’s disease, other therapeutic strategies are 
now shown to be superior in adults. But the com-
bined growth and disease-modifying effects confer 
stronger therapeutic benefits for use of EN in 
 children (see Table 3.14.1) with Crohn’s disease. In 
contrast, EN does not have a proven role as primary 
therapy in UC.

Newer nutritional approaches may have anti-
inflammatory potential in IBD. Developing an evi-
dence base for whole-diet approaches to managing 
IBD is more complex, but worthy of investigation. 
Future novel dietary therapies, however, are likely 
to be combined approaches with drug therapy rather 
than as monotherapy, and all approaches will 
require appropriate investigation in well-designed 
intervention studies.

Irrespective of primary therapy, nutrition has an 
undisputed role in preventing and treating undernu-
trition in IBD throughout all stages of the disease.
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The consumption of milk and dairy products varies 
considerably in different regions of the world. 
Indeed, according to the statistics of the Food and 
Agriculture Organization of the United Nations 
(FAO), in 2007 the consumption of milk and dairy 
products averaged 240 kg and 360 kg per capita in 
the UK and Sweden, respectively, while in China it 
was about 29 kg per capita. Milk is a complex and 
nutrient-dense food [1] that may have positive or 
negative effects on adult health [2]. The major car-
bohydrate component in milk is lactose, a disaccha-
ride whose concentration in bovine milk has been 
reported to range between 45 and 55 g/L [2–4]. 
Lactose needs to be digested by the small intestinal 
enzyme lactase into its constituent monosaccha-
rides, glucose and galactose, before transport across 
the epithelial cell membranes.

Lactase activity is therefore essential for the devel-
opment of young mammals, since their sole source of 
nourishment is their mother’s milk. In most mammals, 
including most humans, lactase expression decreases 
after the weaning period is over [5]. In humans, this 
condition is termed lactase non-persistence and is 
observed in around 65% of adults worldwide [6,7]. 
Lactase non-persistent individuals are sometimes 
described as having primary adult hypolactasia and are 
lactose maldigesters, while adults who have the genet-
ically determined trait of lactase persistence (LP) and 
continue to produce lactase throughout life are termed 
lactose digesters.

The range of timing of lactase downregulation 
varies from one population to another; for example, 
most Chinese and Japanese become lactase non-

persistent between 1 and 5 years old, while on aver-
age lactase non-persistence does not manifest in 
Finns and Estonians until somewhat later [8]. Even 
though the mechanisms of developmental lactase 
downregulation are not well understood, it is clear 
that it is not reversible [9,10]. Lactase production 
can also be lost through non-genetic mechanisms; 
this is called secondary hypolactasia and it can 
occur, for example, after any condition that dam-
ages the small intestinal mucosa brush border [11]. 
Adults with either primary or secondary hypolacta-
sia are lactose malabsorbers and may exhibit symp-
toms of lactose intolerance after ingestion of 
lactose. Genetically determined lactase non-persis-
tence is quite normal in the majority of humans 
worldwide and is distinct from congenital alactasia, 
the absence of lactase from birth. This, in contrast, 
is an extremely rare and potentially fatal condition. 
A number of mutations that affect the structure of 
the protein, and consequently its function, have 
been identified in Finnish patients suffering from 
this condition [12,13].

Two types of tests are available for determining 
lactase production status at the phenotypic level. 
Duodenal or jejunal biopsies can be taken by endos-
copy and allow direct determination of lactase 
activity. A lactase assay is usually combined with 
routine histology and an assay of another enzyme 
such as sucrase, so that secondary deficiency of 
lactase can be readily identified. This procedure is 
the most accurate available, but it is invasive and 
performed routinely only if a pathological condition 
such as coeliac disease is indicated. Other methods 
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involve lactose ingestion after an overnight fast to 
inform indirectly on lactase activity [14]. For the 
glucose test, an increase in blood glucose is indica-
tive of LP as lactase cleaves lactose into glucose and 
galactose. Although less commonly used for identi-
fying LP, a urinary galactose test can also be per-
formed, which also involves giving alcohol to block 
galactose uptake by the liver. Alternatively, the 
breath hydrogen test measures hydrogen production 
by colonic bacteria; in lactase non-persistent indi-
viduals, undigested lactose reaches the colon and 
hydrogen is released after fermentation by hydro-
gen-producing colonic bacteria, while in persistent 
individuals lactose is cleaved before reaching the 
colon. These tests require a baseline measurement 
of glucose, galactose or breath hydrogen before 
ingestion of the lactose load, and further measure-
ments of the same at about 30-min intervals for 2–3 h. 
It should be noted that these indirect tests are not 
100% accurate (error rates are discussed in Mulcare 
et al. [15]) and cannot distinguish primary from sec-
ondary hypolactasia. For example, there are some 
individuals who do not have colonic bacteria that pro-
duce hydrogen, and therefore do not show a hydrogen 
rise irrespective of their lactase production status.

The passage of lactose into the colon in non-
lactase producers can lead to GI symptoms, such as 
bloating, flatulence, abdominal pain and diarrhoea. 
These symptoms are described as ‘lactose intoler-
ance’. Lactose intolerance should be distinguished 
from milk allergy; while the former is a non-toxic 
and non-immune adverse reaction to undigested 
lactose, milk allergy involves an immune response, 
usually to milk protein.

After an individual has been diagnosed as lactase 
non-persistent, dairy products are often removed 
from the diet. This may have serious nutritional dis-
advantages, such as reducing the intake of calcium, 
phosphorus and vitamins, and may be associated 
with decreased bone mineral density [2,16,17], 
while lactose-free milk products intake would avoid 
symptoms and be nutritious. In contrast, milk pow-
der (which does contain lactose) has been used for 
famine relief in undernourished populations where 
the frequency of LP is often very low [18,19] and 
for whom symptoms of intolerance can potentially 
exacerbate diarrhoeal disease and mineral defi-
ciency [18,20,21].

3.15.1 Lactase persistence

This section briefly summarises what is known 
about the genetics and evolution of the LP trait, but 
further details and references can be found in 
Gerbault et al. [22] and on the global lactase persis-
tence database website (www.ucl.ac.uk/mace-lab/
resources/glad).

The global distribution of lactase 
persistence

Figure  3.15.1 shows an interpolated map of the 
frequency of LP in indigenous populations world-
wide. LP is particularly common in northern 
Europe, with frequencies of around 89–96% in the 
British Isles and southern Scandinavia; a declining 
gradient towards the south and east is seen in the 
rest of Europe. On other continents LP is not 
evenly distributed geographically. Indeed, in 
Africa and the Middle East it is often found at very 
different frequencies in neighbouring populations, 
such as 64% in the Beni Amir (pastoralists) and 
23% in the Dounglawi (non-pastoralists) in Sudan. 
LP frequency has been shown to correlate strongly 
with a tradition of pastoralism [23].

The genetics of lactase persistence

Lactase persistence is inherited in an autosomal 
dominant manner. A single gene (LCT) codes for 
lactase. Several single nucleotide changes have 
been found in a lactase gene regulatory region 
(so-called enhancer, which is located in the 
 adjacent gene MCM6), one of which occurs at 
high frequency in Europe. Estimates of the age 
of these changes range between 2,188 and 20,650 
years ago [24] and between 7,450 and 12,300 
years ago [25] for the −13,910*T allele associated 
with LP in Europe and southern Asia, and between 
1200 and 23,200 years ago for the −14,010*C 
allele, one of the major LP-associated variants in 
Africa [26]. These date estimates bracket those 
for the domestication of milkable animals and the 
spread of agriculture and herding obtained from 
archaeological data (cave paintings, distributions 
of animal bones and dairy fat residues in pots).

http://www.ucl.ac.uk/mace-lab/resources/glad
http://www.ucl.ac.uk/mace-lab/resources/glad


Figure 3.15.1 Interpolated map of LP phenotype distribution in the ‘Old World’. Data points (dots) were taken from the literature (for 
details see Ingram et al. [6]). The key shows the frequency of the LP phenotype, black being used for the lowest frequency while white is 
used for the highest. Source: Itan et al. [7]. Reproduced with permission from BioMed Central Ltd.
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Natural selection and evolution of 
lactase persistence in humans

A low frequency or absence of −13,910*T in early 
Neolithic central European farmers [27] and early 
Neolithic farmers from north-east Iberia [28], mid-
dle Neolithic Scandinavian hunter-gatherers [29] 
and late Neolithic farmers from southern France 
[30] suggests that dairying was practised before LP 
arose or became common. The age estimates for the 
LP-associated variants are remarkably young for 
alleles found at such high frequencies in multiple 
populations, suggesting that their spread has been 
boosted by natural selection. The strength of natural 
selection estimated for the LP-associated alleles 
is  very high (1.4–19% [23] and 5.2–15.9% [31] 
for  −13,910*T, and 1–15% for −14,010*C [26]), 
amongst the highest for any human genes in the last 
30,000 years.

Several lines of evidence (genetics, anthropology 
and archaeology) suggest that LP would not have 
provided a selective advantage without a supply 
of  dairy products containing lactose to adults, 
implying that these traits evolved as the result of a 
co-evolutionary process involving both genes and 
culture. A spatially-explicit computer simulation 
study of this gene–culture co-evolutionary process 
in Europe indicate that LP and dairying began 
between 6856 and 8283 years ago in a region 
around modern-day Hungary [31].

3.15.2 Implications for 
diet today

Variable symptoms of hypolactasia 
in adults

Symptoms of lactose intolerance can arise after an 
individual with hypolactasia has ingested lactose. 
Firstly, when undigested lactose passes into the 
colon it creates an osmotic gradient across the GI 
wall, driving an influx of water to re-equilibrate the 
osmotic imbalance, which can lead to diarrhoea. 
Secondly, the fermentation of lactose by colonic 
bacteria can lead to the production of fatty acids and 
various gases as by-products (including hydrogen), 
potentially causing discomfort, bloating and flatulence 

(reviewed in (Hammer et al. [32]). These symptoms 
usually manifest within 1–2 h of ingestion, but vary 
greatly from one individual to another.

The symptoms of lactose intolerance are a func-
tion of (1) the amount of lactose ingested at one 
time, (2) gut transit time, which itself is influenced 
by factors such as the presence and consistency of 
solid foods and the temperature of the food [33], 
and (3) the quantity of residual lactase expressed in 
the small intestine and, (4) the spectrum of micro-
biota present in the colon. In fact, most lactase non-
persistent individuals can consume small amounts 
of  fresh milk (such as in coffee or tea) without 
 symptoms, and some can consume considerably 
larger quantities. It has variously been reported that 
 lactose-intolerant individuals can tolerate daily 
amounts of lactose ranging from no more than 12–15g 
of lactose – the equivalent of a cup of milk [34,35] – up 
to 40–70 g of lactose [19,36]. Also, a controlled 
 double-blind study showed a strong placebo effect 
in  the production of symptoms [37]. It thus appears 
that  lactase non-persistent individuals should not be 
warned off fresh milk, except like all people, while 
experiencing diarrhoea, but rather need to find their 
own lactose tolerance threshold. Lactose is often used 
as a bulking agent in pills. It is relevant to note that 
administration of capsules containing either 400 mg of 
lactose or a placebo failed to show any changes in H2

 
in breath exhalation or GI symptoms [33].

Some interindividual variation in lactose intoler-
ance symptoms can be explained by the composition 
of the GI microbiota. Lactase is not an inducible 
enzyme [10] but it has been suggested that adaptation 
can come from the GI microbiota when lactose 
is   continuously consumed [33]. The microbial 
 community within the human GI tract is diverse and 
dynamic in species composition, large in mass and 
complex in  ecology [38]. Furthermore, its equilib-
rium  composition can be shaped by diet [38]. Indeed, 
both an alteration of the composition of the microbi-
ota and an increase in fecal beta-galactosidase activity 
have been observed after daily milk feeding and in 
association with a reduction in lactose intolerance 
symptoms [34,36]. There are also differences in the 
production of gases (such as hydrogen), which cause 
much of the discomfort in lactose intolerance. This 
highlights the fact that milk and lactose-containing 
products can often be consumed without provoking 
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symptoms of intolerance, and that dietary tolerance, 
rather than lactase expression, can be adaptive, as 
has  been observed in lactase non-persistent Somali 
camel herders who often consume large quantities of 
milk [19].

Dietary strategies

Many dairy products contain only small amounts of 
lactose (Table 3.15.1), allowing their consumption by 
most lactase non-persistent individuals. Bacteria and 
yeast fermentation convert the lactose in milk into 
various by-products, reducing the content of lactose 
by 25–50% [33,39]. For example, yoghurt is made of 
milk incubated with micro-organisms that contribute 
to lactose hydrolysis both during the fermentation 
 process and sometimes after ingestion (discussed in 
Montalto et al. [33]). Such micro-organisms are also 
called probiotics, i.e. live micro-organisms that are 
said to confer health benefits to the host when taken in 
adequate quantities. Even though different microbial 
species ferment lactose to different extents depending 
on their morphological and physiological character-
istics [2,33], fermented dairy products ultimately 
contain less lactose, allowing consumption of dairy 
products without ill effects [39,40].

Should people wish to consume more milk prod-
ucts than they can tolerate, exogenous beta-galac-
tosidase represents a possible therapy for primary 
lactase deficiency. Enzymes can be added in a liq-
uid or solid (capsules or tablets) form together with 
milk and dairy products. The efficacy of enzymes 
extracted from distinct species has been assessed 
and compared [33,40]. For example, the beta-D-
galactosidase from Aspergillus oryzae has shown 
good properties in decreasing symptoms of lactose 
intolerance for a relatively low dose of enzyme 
[41]. Pretreated lactose-free products, which were 
first introduced in Finland and the USA, are now 
becoming more widely available.

As an alternative approach, Ritter Pharmaceuticals 
has recently announced the successful completion 
of a phase II trial of a potential treatment for lactose 
intolerance, RP-G28, which is an orally adminis-
trated proprietary oligosaccharide that is claimed to 
stimulate the growth of certain colonic lactose-
metabolising bacteria (www.ritterpharmaceuticals.
com/product-platform/rpg28).

Pros and cons of dairy intakes 
for lactose malabsorbers

Many studies have investigated both the benefits and 
increased risks to health of dairy product consumption 
among LP and lactase non-persistent individuals, such 
as the risk of developing metabolic syndrome compo-
nents [42–45], osteoporosis [46–49] and various can-
cers [50–52]. Results from these studies should be 

Table 3.15.1 Lactose content in different  
type of products (adapted from Holland et al. 
[53], with permission from the Royal Society 
of Chemistry)

Product Type

Lactose content 
in g per 100 g 
product

Milk Cattle (whole milk, 
pasteurised)

4.6

Cattle (semi-
skimmed milk, 
pasteurised)

4.7

Cattle (skimmed 
milk, pasteurised)

4.8

Human 7.2
Sheep 5.1
Goat 4.4

Yoghurt Whole milk,  
plain

4.7

Greek style,  
plain

3.5

Cream Single 2.2
Double 1.7
Crème fraiche 2.1

Cheese Cheese spread 4.4
Fromage frais 4
Cottage cheese 3.1
Feta 1.4
Parmesan 0.9
Cheddar 0.1
Stilton 0.1
Cream cheese Trace
Brie/Camembert Trace
Edam/Gouda Trace
Mozzarella Trace

Butter 0.6
Chocolate Milk 10.1

Plain 0.2
Ice cream Dairy, vanilla 5.2

http://www.ritterpharmaceuticals.com/product-platform/rpg28
http://www.ritterpharmaceuticals.com/product-platform/rpg28
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treated with caution since confounding effects such as 
mixed ancestry, cryptic population structure or differ-
ences in diets are not always accounted for and can 
yield contradictory results.

The concentration of calcium in bovine milk is 
about 1 g/L and calcium intake from milk and 
yoghurt accounts for about 50% of the total calcium 
intake in Dutch people, though it accounts for only 
about 15% of the total calcium intake in Austrians 
[16,17]. This shows the importance of milk as a 
 calcium source but also that other dietary sources of 
calcium can be used. It is nevertheless important to 
be aware that lactose malabsorbers need not avoid 
all milk and dairy products unnecessarily, and if 
they do, they should not do so without adequate 
advice.

3.15.3 Conclusion

Far from being a disease or a dysfunctional disorder, 
lactase non-persistence – causing lactose intoler-
ance – is the norm and it is the adult consumption of 
milk that is the novel (cultural) variant. Nutritional 
epidemiology studies, and the staggering selective 
advantages that have favoured LP-associated alleles 
over the last 10,000 years, clearly show that adult 
milk consumption can be highly beneficial.

Lactase non-persistent individuals may or may not 
exhibit symptoms of lactose intolerance after con-
sumption of lactose, whose intensity depends on 
both internal (amount of lactase still expressed in the 
small intestine, GI microbiota, gut transit times) and 
external factors (food consistency, the lactose con-
tent of the food, whether it contains probiotics or not, 
and if so what probiotics they are). An individual’s 
threshold of lactose intolerance should be assessed 
before deciding to avoid dairy products, and alterna-
tive lactose intolerance management strategies exist, 
including potential oligosaccharide-based treatments 
and bacterial beta-galactosidase activity.
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Intestinal failure (IF) results from obstruction, 
 dysmotility, surgical resection, congenital defect or 
disease-associated loss of absorption and is charac-
terised by the inability to maintain protein-energy, 
fluid, electrolyte or micronutrient balance [1]. It is 
classified using a combination of severity, type and 
length of nutrition support required [2,3].

 • Type 1 – self-limiting, usually <28 days duration and 
includes postoperative ileus or small bowel obstruc-
tion requiring short-term parenteral nutrition (PN).

 • Type 2 – lasting >28 days and includes complex 
Crohn’s disease, trauma, intestinal fistula or 
 abdominal sepsis. These patients are severely ill 
with major GI resections plus septic, metabolic 
and nutritional complications requiring multidis-
ciplinary intervention with metabolic and nutri-
tional support to permit recovery.

Types 1 and 2 are often referred to as acute intestinal 
failure. The prevalence is currently unknown but 
estimates range from 10% to 15% of patients under-
going intestinal surgery [3]. The introduction of 
enhanced recovery after surgery (ERAS) pro-
grammes may minimise the likelihood of develop-
ing type 1 in the future. The Association of Surgeons 
of Great Britain and Ireland has published good 
principles on the management of patients with acute 
IF which includes information on prevention 
and  treatment. The detection and management of 
abdominal sepsis are a priority for patients as this is 
the most common cause of death if left untreated [3].

The judgement on whether to instigate nutritional 
support in type 1 IF is often fraught with  indecision. 
The ‘wait and see’ approach or the assessment of 

‘bowel sounds’ is misleading and can result in 
 significant periods without adequate nutrition in 
those who are likely to benefit from PN. In a prag-
matic study, patients with inadequate GI function 
were allocated to PN (n=267) and those with 
 adequate GI function to enteral nutrition (EN) 
(n=231). Where genuine uncertainty existed, 
patients were randomised to either PN (n=32) or EN 
(n=32). In the non-randomised arm, patients receiv-
ing EN had a significantly higher mortality and 
were more likely to receive <80% of their target 
nutrition compared to PN. In the randomised group 
there was no difference in mortality between the 
two routes of nutrition and the authors concluded 
that if in doubt, PN is superior [4].

 • Type 3 – generally irreversible and therefore known 
as chronic intestinal failure, resulting from  massive 
GI resection, leading to short bowel (e.g. mesenteric 
infarct/thrombosis, intestinal volvulus, inflamma-
tory bowel disease, chronic radiation enteritis). 
Patients with failure of intestinal motility (e.g. 
chronic idiopathic intestinal pseudo-obstruction, 
visceral myopathy/neuropathy and scleroderma) 
are included in this group and usually require long-
term home parenteral nutrition (HPN).

The incidence of type 3 is unknown but estimations 
can be made based on the number of patients requiring 
HPN. A recent UK survey reported a prevalence of 
7 per million although it is recognised that this may be 
an underestimate [5]. The reasons for dependency on 
HPN are short bowel (55.4%), malabsorption (14.8%), 
fistula (10.1%) and obstruction (7.5%). Crohn’s dis-
ease (30.4%), mesenteric ischaemia (18.8%), chronic 
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intestinal pseudo-obstruction (12.8%) and surgical 
complications (14.2%) represent the major diagnoses 
responsible for HPN [5].

3.16.1 Consequences of 
intestinal failure and short bowel

Short bowel is a subcategory of IF and is defined 
as  short bowel syndrome-intestinal failure which 
results from surgical resection, congenital defect 
or disease-associated loss of absorption and is 
characterised by the inability to maintain protein-
energy, fluid, electrolyte or micronutrient balances 
when on a conventionally accepted, normal diet 
[1]. All patients with short bowel will have 
 problems with fluid and electrolyte balance, 
 particularly in the immediate postoperative period, 
with nutritional requirements increased as a result 
of malabsorption.

The consequences of intestinal resection are 
dependent on four factors:

 • extent of resection
 • site of resection
 • integrity of the remaining bowel
 • adaptation in the remaining bowel.

Due to the variability in length of the small intes-
tine, the outcome post resection depends on the 
length of bowel remaining rather than the length 
resected. A residual small intestine length of <200 
cm is deemed short bowel and can lead to nutri-
tional, fluid and electrolyte depletion if not ade-
quately managed. The loss of the ileum and some of 
the jejunum considerably impairs digestive and 
absorptive function. When the absorptive function 
of the colon is no longer available, more fluid and 
electrolytes will be lost [6]. It has been shown that 
the following lengths of small intestine are inade-
quate to be managed on diet alone, and parenteral 
support of some form is required [7].

 • <100 cm jejunum will need long-term parenteral 
fluid and electrolyte replacement.

 • <75 cm jejunum will need long-term PN, fluid 
and electrolytes.

 • <50 cm jejunum plus colon will need long-term 
PN, fluid and electrolytes.

Citrulline is an intermediary product of glutamine 
metabolism, mainly occurring in the enterocytes of the 
small intestine, and therefore citrulline production 
reflects enterocyte mass. A study of 82 patients with 
<200 cm of small intestine 2 years post resection 
found that plasma citrulline concentration correlated 
with length of small intestine (r = 0.83, P<0.0001) with 
plasma concentration of <20 µmol/L being prognostic 
of patients with IF who continued to require HPN [8].

Studies in healthy volunteers have shown that 
approximately 4 litres of fluid pass the duodenojeju-
nal flexure daily, including saliva, gastric and pancre-
atic secretions and bile. The upper jejunum secretes 
fluid as part of normal digestion. This process con-
tributes to the high intestinal losses experienced by 
patients with short bowel, especially those with a 
jejunostomy. The ingestion of food and fluid further 
dilutes these secretions [9], exacerbating losses. 
Balance studies undertaken on 15 jejunostomy 
patients demonstrated that in patients with <100 cm 
of jejunum, the intestinal output exceeded the oral 
intake. These patients, known as ‘secretors’, are in a 
constant negative fluid and sodium balance and thus 
parenteral support is required. Conversely, in patients 
with >100 cm of jejunum, the intestinal output 
was less than oral intake. These patients, known as 
‘absorbers’, were able to avoid parenteral support 
using oral electrolyte supplements (glucose-saline 
solution or sodium chloride tablets) to maintain fluid 
and sodium balance. However, these lengths were 
based on healthy bowel and longer lengths are 
required if disease is present [10]. In patients with a 
jejunocolic anastomosis (JCA), the problems of fluid 
and sodium depletion are reduced as the colon is able 
to reabsorb fluid and sodium efficiently and intestinal 
transit time is usually unaffected as the colon acts as 
a ‘brake’, increasing transit time [11].

3.16.2 Fluid and electrolyte 
management in short bowel

The focus of treatment is to reduce intestinal losses, 
thereby preventing dehydration and electrolyte 
 disturbances. Restricting oral fluids to <1500 mL 
per  day reduced intestinal losses by 23% [12]. 
The sodium content of jejunostomy effluent averages 
88 mmol/L (range 60–118) and when fluids 
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 containing <90 mmol/L of sodium are consumed, the 
jejunum secretes fluid and sodium from the plasma 
into the lumen of the intestine which is then lost from 
the body, resulting in dehydration and sodium deple-
tion [10]. The ingestion of 500 mL of water or tea 
resulted in negative sodium and fluid balance 
whereas 500 mL of an oral rehydration solution con-
taining 90 mmol/L led to positive sodium and fluid 
balance [13]. Jejunal absorption of sodium occurs 
against a small concentration gradient, dependent on 
water movement and coupled to glucose and amino 
acids. Therefore, to optimise sodium and fluid 
absorption in the jejunum, patients are encouraged to 
consume an oral rehydration solution which has a 
sodium  content of 90 mmol/L (20 g of glucose, 3.5 g 
of sodium chloride and 2.5 g of sodium bicarbonate). 
Compliance can be poor due to palatability and the 
use of overnight infusions via a gastrostomy tube has 
enabled patients to become independent from HPN.

3.16.3 Pharmaceutical 
management

The aim of pharmaceutical intervention is to reduce 
intestinal losses and increase intestinal transit, 
allowing an increase in the time that nutrients and 
fluid are in contact with the GI lumen. Post resec-
tion, increased gastric acid production and reduced 
intestinal transit time exacerbate the problems of 
dehydration and sodium depletion. Gastric antise-
cretory drugs, such as proton pump inhibitors and 
H

2
 antagonists, have been shown to reduce intesti-

nal losses by 1.5 kg /day [14]. Patients who fail to 
absorb oral proton pump inhibitors may benefit 
from parenteral administration [15].

The somatostatin analogue octreotide reduces 
gastric, pancreatic and biliary secretions but 
research using a long-acting somatostatin in short 
bowel confirmed a lack of efficacy [16]. Others 
have demonstrated that while the treatment can 
reduce jejunostomy output, its use is associated 
with the suppression of serum concentrations of gut 
hormones including insulin, gastrin, glucagon and 
peptide tyrosine tyrosine (PYY) and could therefore 
interfere with intestinal adaptation [17]. In practice, 
octreotide is usually reserved for patients with 
uncontrollable intestinal losses which are refractory 
to conventional treatment.

Antimotility agents such as loperamide and 
codeine phosphate increase GI transit time, decrease 
intestinal output and reduce electrolyte losses [18]. 
High doses are normally required in order to achieve 
the desired outcome. Clonidine, an alpha-2 adrenergic 
agonist, has been investigated as an antimotility agent. 
The benefit of this treatment is transdermal applica-
tion, removing the potential for malabsorption via the 
GI tract. Clinically significant reductions in intestinal 
volume, weight and sodium and increased urine 
 production equating to improved hydration were 
demonstrated in eight jejunostomy patients [19].

Removal of the terminal ileum may cause bile 
acid depletion, resulting in high intestinal losses. 
Cholylsarcosine, a synthetic bile acid, has been 
shown to improve fat absorption in patients with and 
without a colon although the overall energy gain was 
poor (6%) with no other benefits demonstrated [20].

Magnesium deficiency is common and can usually 
be corrected with an oral magnesium preparation. 
Most magnesium salts result in an increased intesti-
nal output and therefore high doses are required. If 
oral supplements are ineffective then magnesium 
sulphate can be added to normal saline and given 
subcutaneously or intravenously to maintain plasma 
concentrations [21]. Vitamin D increases intestinal 
and renal absorption of magnesium so concentra-
tions should be monitored.

Further research is required to establish efficacy 
and optimum dosage of all medications used in the 
management of short bowel.

3.16.4 Adaptation

In the postoperative period, spontaneous intestinal 
adaptation occurs in an attempt to minimise the conse-
quences of intestinal resection. The presence of nutri-
ents in the GI lumen is essential to take advantage of 
this process so patients should not remain nil by mouth 
for prolonged periods. Adaptation reaches a plateau 
2 years post resection and the optimum diet to stimu-
late human intestinal adaptation is not yet known as 
most data come from animal models. Complex diets 
were found to exert a more potent effect than elemental 
diets in pigs, suggesting that a polymeric formula is 
superior [22]. The soluble fibre pectin is fermented by 
colonic bacteria into short-chain fatty acids which are 
known to contribute  significantly to energy balance in 
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patients with a JCA. A recent study in humans 
failed to demonstrate improvements in macronutri-
ent or fluid absorption [23].

Non-nutritional interventions include the use of 
growth hormone and glucagon-like peptide (GLP-2). 
Studies in humans have investigated the effects of 
growth hormone in conjunction with glutamine sup-
plementation and dietary manipulation to promote 
intestinal adaptation and absorption and reduce HPN 
dependence. However, results remain inconclusive 
due to variations in the quality and design of studies. 
Many trial subjects were not  optimally managed with 
regard to oral food and fluid restrictions, antimotility 
and antisecretory medication and therefore, positive 
outcomes could reflect improved short bowel man-
agement rather than a treatment benefit as reductions 
in HPN have been shown with structured patient edu-
cation in  isolation [24]. When well-conducted dou-
ble-blind randomised controlled trials (RCTs) are 
considered, no sustainable improvements in macro-
nutrient absorption or body composition are observed. 
Case series and studies with a less robust design have 
shown improvements in intestinal absorption, ena-
bling either reduction or complete withdrawal of 
HPN. A Cochrane systematic review concluded that 
the evidence is inconclusive to recommend growth 
hormone and glutamine for patients with short bowel 
[25]. In conclusion, further studies with a robust 
design and adequate length of follow-up need to be 
completed in order to ensure that it is the combined 
effect of these treatments rather than adherence to a 
suitable short bowel regimen or the spontaneous pro-
cess of intestinal adaptation that allows patients to 
reduce dependency or withdraw from HPN.

More promising results have been shown with 
the administration of teduglutide, an analogue of 
GLP-2, a peptide secreted from enteroendocrine 
L-cells in the distal small intestine. A randomised 
placebo-controlled study of teduglutide at 0.05 mg/
kg/day demonstrated improvements in fluid balance 
resulting in reductions in parenteral support [26].

3.16.5 Nutritional management

The management of IF is a dynamic process 
which involves overlap or transition between oral, 
EN and PN as the patient’s condition changes or 
in response to intestinal adaptation. The effect of 
intestinal resection is best understood by consid-
ering where nutrients are normally absorbed. 
Most nutrients are absorbed within the first 100–
150 cm of jejunum. Exceptions include vitamin 
B12 and bile salts which are absorbed at specific 
receptor sites in the terminal ileum. Resection of 
the small intestine will therefore affect absorption 
but the outcome for the patient will depend on 
the  type, length and quality of the remaining 
small  intestine and the presence or absence of a 
functioning colon.

Balance studies demonstrate that patients absorb 
two-thirds of their oral energy and protein intake 
[27–29], supporting the recommendation of a 
hyperphagic diet containing 30–60 kcal/kg and 0.2–
0.25 gN

2
/kg/day in order to compensate for nutrient 

malabsorption. The composition of the diet is cru-
cial and depends on intestinal anatomy in order to 
optimise the effects of oral diet (Table 3.16.1).

Table 3.16.1 Recommendations for the dietary treatment of patients with short bowel

Jejunocolic anastomosis
(JCA)

Stoma
(jejunostomy)

Total energy 30–60 kcal/kg/day 30–60 kcal/kg/day
Nitrogen
Protein

0.2–0.25 g/kg/day
1.25–1.5 g/kg/day

0.2–0.25 g/kg/day
1.25–1.5 g/kg/day

Fat
– Medium-chain triglyceride

20–30% of total energy
50% of total fat

30–40% of total energy
No proven benefit

Carbohydrate
– Lactose

50–60% of total energy
No need to restrict

40–50% of total energy
No need to restrict

Sodium chloride Normal Additions usually required
Enteral nutrition Polymeric Polymeric
Oral fluid No restriction usually required Restricted
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3.16.6 Dietary management  
of jejunocolic anastomosis

The human colon significantly contributes to the fer-
mentation of polysaccharides delivered unabsorbed 
from the small intestine resulting in the production 
of the short-chain fatty acids (SCFA) butyrate, ace-
tate and propionate. These SCFAs are subsequently 
absorbed into the bloodstream, contributing signifi-
cantly to energy balance. Danish researchers ran-
domised patients to receive a high-carbohydrate or 
high-fat diet over a 3-day period to assess the effect 
of manipulating macronutrient intake on fluid and 
nutrient absorption [30]. In JCA patients, the high-
carbohydrate diet was associated with a reduction in 
mean faecal energy loss of 478 kcal/day and a higher 
proportion of absorbed energy compared to the 
high-fat diet. There was no difference in the mean 
faecal volume produced between the two diets 
despite patients on the high-carbohydrate diet con-
suming an additional ~1000 mL/day more, indicat-
ing that the colon is capable of reabsorbing additional 
fluid or that the high-carbohydrate diet may cause an 
improvement in fluid absorption. A further study 
demonstrated that in JCA patients consuming a 
high-carbohydrate diet, colonic fermentation pro-
vided an additional 1000 kcal/day [31].

The role of fat restriction has been controversial 
with conflicting results from different research 
groups. Early research demonstrated that a low-fat 
diet resulted in a reduction in diarrhoea [32] but was 
undertaken before the benefits of a high-carbohydrate 
diet were demonstrated and the reduction in fat was 
accompanied by an increase in carbohydrate which 
may have been responsible for improvements in 
absorption observed.

In JCA patients, the substitution of long-chain tri-
glyceride (LCT) with medium-chain triglyceride 
(MCT) increased fat and energy absorption from 
23% to 58% and 46% to 58% respectively with no 
significant increase in mean faecal volume [33]. 
MCT may be beneficial in terms of absorption and 
energy density, being a useful adjunct in patients who 
struggle to achieve the recommended hyperphagic 
diet. Further research is required in order to evaluate 
long-term efficacy and impact on nutritional status, 
especially as they do not contain essential fatty acids.

The exclusion of lactose is often recommended 
as it is presumed that lack of intestinal surface area 
results in reduced lactase production [34]. While 
this may be true immediately following intestinal 
resection, the findings from two RCTs [35,36] in 
stable short bowel patients have refuted this. Both 
studies demonstrated no clinical signs of intoler-
ance or increase in faecal weight during lactose 
consumption. Therefore, foods containing lactose 
should not be excluded from the diet as they provide 
a valuable source of macro- and micronutrients.

In an observation study, 25% of patients with a 
JCA developed renal calculate [7] due to increased 
colonic oxalate absorption resulting in hyperoxalu-
ria. The risk can be minimised by advising patients 
on a diet low in oxalate, moderate in fat and high in 
calcium and preventing chronic dehydration.

3.16.7 Dietary management  
of patients with a jejunostomy

A strong correlation between oral fat ingestion and 
absorption has been demonstrated in jejunostomy 
patients [29]. The evidence to date suggests no ben-
efit in following a low-fat diet and as fat provides a 
concentrated source of energy and essential fatty 
acids, these patients should be advised to follow a 
high-fat diet. Despite a lack of evidence supporting 
a low-fibre diet, patients with a jejunostomy often 
experience a clinically significant reduction in 
intestinal losses.

3.16.8 Oral nutritional 
supplements and enteral 
nutrition

Some patients require oral nutritional supplements 
(ONS) or EN and the choice of formula is crucial to 
success. A comparison between polymeric and 
semi-elemental formulae showed the polymeric for-
mula was superior regarding both energy absorption 
and GI transit time [37]. Therefore, it is recom-
mended that if additional nutritional support is 
required to maintain or improve nutritional status 
in patients then a polymeric formula is preferable. 
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An increase in energy, nitrogen and fat absorption 
without an increase in intestinal output was found 
during continuous polymeric EN compared to those 
on diet alone [38]. All commercially available 
enteral formulae require the addition of strong 
sodium chloride solutions to reach the optimum con-
centration of sodium in the jejunum (90 mmol/L).

3.16.9 Micronutrient 
deficiencies

Several studies have documented a high prevalence 
of micronutrient deficiencies in patients with short 
bowel and those on HPN [39,40]. Causes include 
the underlying condition, increased intestinal losses 
and inadequate provision. The prevention and treat-
ment of deficiencies are of paramount importance, 
especially when aiming to reduce dependency on 
HPN and promote adaptation [41]. Supplementation 
is essential, often requiring above the recommended 
doses necessary to take account of malabsorption. 
The detection of deficiencies can be problematic 
due to a lack of reliable biochemical assays, espe-
cially in the context of the acute phase response. 
The risk of essential fatty acid deficiency (EFAD) 
should not be overlooked, especially in patients 
experiencing severe fat malabsorption maintained 
on oral diet [42]. The subcutaneous administration 
of sunflower or safflower oil to prevent EFAD has 
been recommended [43,44].

Deficiencies and toxicities of micronutrients have 
been described and can be managed with careful 
monitoring. The American Gastroenterological 
Association has published guidelines on the provi-
sion of micronutrients in short bowel and states the 
importance of observing for clinical manifestation 
of deficiencies, regular monitoring of serum concen-
trations followed by suitable supplementation [45].

3.16.10 Dietary management 
of enterocutaneous fistula

Patients can develop an abnormal communication 
between the GI tract and the skin (enterocutane-
ous  fistula), which functions in a similar way to a 

 jejunostomy. It is common practice for patients who 
develop an enterocutaneous fistula to be placed nil by 
mouth and start PN and octreotide in an attempt to 
heal the fistula. This approach has not been supported 
by RCTs [46]. In patients where closure is unlikely to 
occur spontaneously then oral diet can be introduced. 
Patients with intestinal fistulae who have >75 cm of 
normal small intestine distal to the fistula may be 
candidates for fistuloclysis, a technique in which EN 
is infused into the distal small intestine [47]. For fur-
ther details on this technique see www.i-rehab.org.uk.

3.16.11 Intestinal 
transplantation and 
tissue engineering

Patients with chronic intestinal failure who are con-
sidered to be failing on HPN are now being consid-
ered for intestinal transplantation. The world-wide 
experience of intestinal transplantation continues to 
increase on a yearly basis. Indications for transplan-
tation include life-threatening complications related 
to intestinal failure or complications of long-term PN. 
Indications for intestinal transplantation vary 
between the United States and Europe due to differ-
ences in healthcare provision. In the US, HPN is 
seen as a supportive treatment until a suitable donor 
can be found whereas in Europe, transplantation is 
only considered if HPN is failing due to complica-
tions such as lack of venous access, severe recurrent 
catheter sepsis, PN-related severe liver disease or 
poor quality of life. The 1-year survival data for 
intestine, intestine and liver and multivisceral trans-
plantation are 78%, 60% and 66% respectively, 
which decrease after 4 years to 50%, 50% and 62% [48]. 
Strategies to reduce the indications for transplanta-
tion should be a priority. Interventions which can 
improve liver function are of importance as patients 
requiring a combined intestinal and liver transplant 
have a poorer outcome than those requiring intesti-
nal transplant in isolation. Presently, the survival 
data comparing transplantation to HPN favour HPN 
as the treatment of choice for patients with chronic 
intestinal failure, with early referral for those 
patients with deteriorating liver function [49].

The concept of an ‘artificial GI tract’ was 
described 40 years ago. Attempts to create intestinal 

http://www.i<2010>rehab.org.uk.
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tissue are still in their infancy and the complexities 
of creating an organ with all the functions of the 
human intestine (secretory, peristaltic, digestive, 
absorptive, hormonal and immunological) have 
meant that this technology remains at the experi-
mental stage in animal models only. The implanta-
tion of a tissue-engineered intestine would prevent 
all the difficulties which are faced after intestinal 
transplantation due to graft-versus-host rejection.
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A stoma (from the Greek word meaning ‘mouth’) is 
an opening, connecting a portion of the GI tract to 
the outside of the body. Intestinal effluent passes 
out of the stoma and is collected in an external bag 
attached to the skin. An ileostomy or colostomy is 
created when part of the small intestine (ileum) or 
large intestine (colon) is brought out onto the sur-
face of the abdomen, respectively. A stoma may be 
temporary or permanent depending on the underly-
ing condition. Several conditions may necessitate 
the formation of a stoma and some are listed in 
Table 3.17.1.

There are three types of colostomy [1].

 • Loop colostomy – often performed in an emergency 
as a temporary procedure. The colon is  sutured to 
the abdomen and two openings are  created in the 
one stoma: one for intestinal effluent and the other 
for mucus naturally secreted by the GI tract.

 • End colostomy – known as a Hartmann’s proce-
dure, named after the surgeon who first described 
it, this involves the removal of the rectosigmoid 
colon with closure of the rectal stump and forma-
tion of an end colostomy.

 • Double barrel colostomy – the colon is severed 
and both ends are brought out onto the abdomen 
with only the proximal stoma functioning.

There are three types of ileostomy [1].

 • Temporary or loop ileostomy – involves a loop of 
the small intestine being brought through the 
skin, and the colon and rectum remain in situ, 

often performed as the first stage in the surgical 
construction of an ileo-anal pouch to prevent in-
testinal effluent entering the pouch until adequate 
healing has occurred. The ileostomy is then re-
versed, usually after 8–10 weeks.

 • End ileostomy – this is often a permanent option 
where the colon and rectum are removed and 
the end of the small intestine is brought through 
the skin.

 • Continent ileostomy – similar to an end ileostomy 
but without the need to attach an external bag as 
a pouch is created internally utilising the end of 
the small intestine. The stoma is connected to a 
valve implanted into the skin and can be emptied 
using a catheter. This option has mainly been 
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Table 3.17.1 Conditions which may require 
stoma formation

Colostomy Ileostomy

Diverticulitis Crohn’s disease
Anal stenosis Ulcerative colitis
Faecal incontinence Familial adenomatous 

polyposis
Pelvic tumours Hirschsprung’s disease
Colorectal cancer Colorectal cancer
Abdominal trauma Abdominal trauma
Perianal sepsis Bowel obstruction
Pseudomembranous 
enterocolitis

Ischaemic bowel

Radiation enteritis Radiation enteritis
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 replaced by the ileo-anal pouch although it is still 
 performed in a small minority of patients unable 
to have this operation.

3.17.1 Preoperative nutritional 
status

The nutritional status of patients requiring stoma 
formation will be affected by their underlying 
 medical condition and concurrent treatment such as 
radiotherapy and chemotherapy. Patients presenting 
to the outpatient department should be screened for 
undernutrition using a validated tool, as undernutri-
tion is known to adversely affect clinical outcome. 
Garth et al. (2010) reported that undernourished 
GI  cancer patients identified using subjective 
global  assessment (SGA) had a longer length of 
stay  (P<0.05) and a greater risk of complications 
(P<0.01) compared to well-nourished patients [2]. 
There is currently no agreed international defini-
tion  of undernutrition and therefore comparisons 
between centres are problematic. The incidence of 
undernutrition in colorectal patients varies from 
20% to 50% [2–4] depending on the criteria used.

A study in patients with colorectal cancer aimed 
to examine the associations between different 
 techniques used to assess risk of undernutrition 
with survival [4]. The risk of undernutrition 
was  assessed using SGA and the nutritional risk 
screening (NRS-2002) as recommended by the 
European Society of Parenteral and Enteral 
Nutrition (ESPEN). Sarcopenia was assessed using 
computed tomography (CT) scans by calculating 
the muscle mass cross-sectional area (cm2). The 
presence of cachexia was assessed using the Cancer 
Cachexia Study Group (CCSG) criteria:

 • weight loss of ≥10%
 • energy intake of ≤1500 kcal/day
 • C-reactive protein (CRP) ≥10 mg/L.

The incidence of undernutrition was 34% (SGA) 
with 42% nutritionally at risk (NRS-2002) and 
39% identified as sarcopenic. The authors found 
that 22% with cachexia (CCSG) had a shorter 
 survival (P=0.005). There was poor agreement 

between methods but the CCSG cachexia 
score  was the best prognostic factor regarding 
 survival [4].

An international consensus on the definition and 
classification of cancer cachexia has recently been 
agreed and includes these parameters [5]:

 • Body Mass Index (BMI) <20 kg/m2 plus weight 
loss of >2%

 • weight loss of >5% in 6 months
 • sarcopenia.

It is hoped that after validation, this work will ben-
efit the design of clinical trials and future clinical 
management.

Patients with inflammatory bowel disease (IBD) 
requiring surgery and formation of a stoma may be 
at high risk of undernutrition due to the symptoms 
associated with acute disease. Weight loss is com-
mon and has been estimated to occur in 70–80% of 
patients during hospital admission and in 20–40% 
of outpatients [6]. Several studies had determined 
that patients with IBD are not identified as under-
nourished when assessed using standard criteria 
such as SGA or BMI. However, when more sophis-
ticated body composition techniques including bio-
impedance, skinfold and muscle circumference plus 
muscle function measures such as handgrip are 
used then patients have significant differences from 
healthy controls [6–8], indicating that standard 
screening is inadequate.

Guidelines for perioperative care in elective colo-
rectal surgery have identified that a low BMI does 
not seem to be a risk factor for complications 
although the presence of sarcopenia is predictive 
[9]. In a study of 234 patients, 39% were sarcopenic 
and length of stay was longer (P=0.038), infection 
risk greater (P=0.025) and inpatient rehabilitation 
more common (P=0.024) [10]. Therefore screening 
tools that include BMI may not be sensitive enough 
to identify patients experiencing the initial stages of 
sarcopenia, especially those who are overweight 
and obese.

Micronutrient deficiencies including ferritin, 
zinc and vitamins B6, B12, D and carotene have 
been reported in IBD [8]. Therefore screening for 
deficiencies and appropriate supplementation are 
recommended perioperatively.
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3.17.2 Perioperative nutrition 
and enhanced recovery after 
surgery

Patients identified as undernourished are likely to 
benefit from improvements in nutritional status 
although evidence in colorectal surgery is lacking. 
A Cochrane review identified three studies com-
paring oral and two studies comparing enteral 
nutrition with standard care and found no differ-
ence in complications, infections or length of stay 
when provided preoperatively [3]. Three trials 
comparing preoperative parenteral nutrition 
verses  standard care demonstrated a reduction in 
major complications in undernourished patients 
(P=0.0048). A meta-analysis of six trials investi-
gating the use of preoperative immune-enhancing 
formulae versus no or standard nutrition in patients 
undergoing GI surgery showed a reduction in post-
operative (P=0.003) and infective complications 
(P=0.008) and length of stay (P=0.02). Systematic 
reviews and meta-analyses are only as good as the 
data available and the reviewers stated that although 
benefits in terms of outcome were demonstrated, 
significant bias was apparent which limits the gen-
eralisability to all patients undergoing surgery [3]. 
In addition, many of the trials were carried out 
before the implementation of the enhanced recov-
ery after surgery (ERAS) programme and so the 
results need to be interpreted within the current 
surgical context.

The ERAS protocol aims to reduce surgical 
stress, maintain physiological function and encour-
age early mobilisation. The evidence-based proto-
col has dramatically altered the perioperative 
management of surgical patients, resulting in earlier 
recovery and reduced length of stay [9]. A system-
atic review and meta-analysis by Lewis et al. (2009) 
showed that perioperative fasting in GI surgery is 
no longer recommended [11] and patients are 
encouraged to eat up to 6 h before surgery and 
undergo carbohydrate loading by consuming 400 mL 
of carbohydrate-containing fluids up to 2 h before 
surgery. Immediately after recovery from anaesthe-
sia, patients are encouraged to drink and on day one 
can eat normal food, often supplemented with oral 
nutritional supplements to meet requirements. If 

patients require nutritional support postoperatively 
then a polymeric formula is recommended as a 
study of 12 patients undergoing total colectomy 
found an elemental diet was not superior to a poly-
meric in terms of macronutrient and micronutrient 
absorption [12]. Another study by the same group 
performed in 16 patients with well-established ile-
ostomies supported the recommendation of a poly-
meric formula [13].

Postoperative complications cause a prolonged 
length of hospital stay, resulting in increased health-
care cost. Factors contributing to reduced quality of 
life for patients include:

 • intra-abdominal sepsis which can be life 
threatening

 • inadequate stoma care which can cause excoriated 
skin

 • high intestinal losses resulting in dehydration and 
electrolyte disturbances

 • poor perioperative nutrition support resulting in 
undernutrition

 • immobility
 • depression.

All of the above increase the length of rehabilitation 
during which the patient is unable to return to work 
and/or family life and therefore all measures should 
be employed to minimise the risk of these compli-
cations [14].

3.17.3 Colostomy

Nutritional consequences of 
colostomy formation

Formation of a colostomy can occur at any location 
along the colon, but the most common placement is 
on the lower left side near the sigmoid where a 
majority of colon cancers occur. Other locations 
include the ascending, transverse and descending 
sections of the colon. The location of the stoma is 
important as this may affect the risk of complications 
experienced by the patient due to difficulties absorb-
ing fluid and electrolytes. The formation of a colos-
tomy has minimal impact on the digestion and 
absorption of fluid and nutrition and most patients 
will be able to resume a normal healthy diet based on 
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national guidelines such as the ‘Eat Well Plate’ (UK) 
or ‘Eat Right’ (USA) and ‘Eating Well with Canada’s 
Food Guide’. Obesity and weight gain have been 
associated with stoma retraction and therefore main-
taining a healthy BMI is important [15].

Dietary management of a colostomy

There are no clinical trials supporting the use of 
a  particular diet after colostomy formation. 
Immediately after surgery, patients are normally 
advised to consume a diet low in non-starch poly-
saccharides (NSP) in order to minimise the risk of 
obstruction as surgery may result in GI oedema. 
After surgery, intestinal losses may be liquid and 
the prevention of dehydration is paramount. 
Patients will need to consume at least 1.5–2 L of 
fluid daily. After 6–8 weeks a normal healthy diet 
can be eaten with foods high in NSP being intro-
duced slowly to assess the effect on GI function. 
The introduction of ERAS may reduce the require-
ment for this cautious approach in the future with 
patients returning to a normal diet much more 
quickly after laparoscopic versus traditional open 
surgery.

The current dietary counselling provided to 
patients on diet and colostomy function comes 
mainly from patient questionnaires investigating 
patients with both ileostomies and colostomies. 
Patients with an ileostomy are much more likely to 
experience complications than those with a colos-
tomy and therefore future studies would benefit 
from analysing responses from these different 
patient groups separately. Ratliff et al. (2005) con-
ducted a prospective review of 220 patients return-
ing for a 2-month follow-up of whom 35% (n=77) 
had a colostomy [16]. The complication rate was 
13% and was due to mechanical or chemical dam-
age related to poor appliance use. None of the 
patients reported complications due to food and 
fluid intake. A large survey of 604 patients of whom 
83% (n=498) had a colostomy found that only 
11.5% (n=69) were following a specific diet. Of 
those surveyed, 21% (n=125) reported an increase 
in intestinal output, 14% (n=85) reported odour and 
35% (n=215) reported gas in relation to the con-
sumption of certain foods [17].

Diarrhoea

High NSP- and lactose-containing foods are often 
implicated in causing symptoms of diarrhoea, odour 
and flatus due to GI microbiota fermentation. Milk 
and cheese are often avoided plus vegetables includ-
ing onions, cabbage, peppers, beans, broccoli, 
 lettuce and mushrooms [17,18]. However, these 
effects are yet to be demonstrated under clinical 
trial conditions.

Constipation

Constipation is common, especially in cancer 
patients, due to reduced activity, opiate use, poor 
food and fluid intake due to anorexia. A thorough 
medication review by a pharmacist may be useful in 
identifying drugs which are known to cause this 
side-effect to ascertain if switching to a different 
drug may be beneficial. Treatment includes adequate 
NSP and fluid intake plus suitable laxatives if these 
measures do not improve GI function [19].

3.17.4 Ileostomy

Nutritional consequences of 
ileostomy formation

A total colectomy results in considerable loss of 
absorptive capacity in respect of fluids and electro-
lytes, most importantly sodium. Postoperatively, 
considerable quantities of fluid and electrolytes will 
be lost (1200–2000 mL fluid/day and 120–200 mmol 
sodium/day) and requirements for both will be 
increased for at least 6–8 weeks. The ileum then appears 
to adapt and fluid losses reduce to 400–600 mL/day. 
While the ileum is adapting and the intestinal output 
remains liquid, fluid losses should be replaced by 
the consumption of 1.5–2 L/day of fluid. Additional 
salt (e.g. up to one teaspoon added to food during the 
course of a day) may be necessary in hot weather 
or  if losses are particularly high [20]. As stool 
 frequency and consistency improve, losses will 
decrease but it remains important to ensure adequate 
fluid and sodium provision. An episode of vomiting 
or high intestinal losses can rapidly create an elec-
trolyte imbalance and the provision of extra fluid, 
sodium and potassium is imperative. In severe cases, 



222  SECTION 3: Gastrointestinal disorders

parenteral therapy may be necessary to prevent 
dehydration and sodium depletion.

The digestive and absorptive capacity of the small 
intestine remains, so that no major nutritional defi-
ciencies are to be expected with the exception of vita-
min B12 and bile acids as both are absorbed at specific 
receptor sites in the terminal ileum. Deficiency of 
vitamin B12 post colectomy has been estimated to 
occur in 3–9% of patients. Possible causes include 
reduced absorptive capacity due to ileal involvement, 
inadequate dietary intake and bacterial overgrowth 
as  GI microbiota utilise vitamin B12, reducing the 
amount available for absorption [21]. It  is usual 
practice to monitor serum vitamin B12 concentra-
tion routinely but Jayaprakash et al. (2004) examined 
39 patients who had undergone total colectomy with 
the formation of an end ileostomy for IBD a mean of 
12.5 years ago and were only able to identify defi-
ciency in 5% (n=2) of patients [22]. They concluded 
that routine screening for vitamin B12 deficiency is 
not required except in the presence of small intestinal 
resection or ongoing inflammation.

Dehydration

Several studies have identified dehydration as the 
most common cause of hospital readmission follow-
ing ileostomy formation, especially in the elderly 
[23], those treated with diuretics [24], antidiarrhoeal 
agents and neo-adjuvant therapy [25]. Recently, 
concerns have been raised that patients with an 
 ileostomy are chronically dehydrated and have 
depleted calcium and magnesium stores, putting 
them at risk of renal impairment, renal stones and 
bone demineralisation. Ng et al. (2013) identified that 
patients with an ileostomy (n = 60) had significantly 
lower body weight, BMI, lean body mass and bone 
mineral density compared to healthy controls [26]. 
In addition, patients had 24-h urinary volume, cal-
cium and magnesium concentrations significantly 
lower than controls, with 63% recording a urinary 
sodium excretion of less than 100 mmol/day. The 
authors concluded that patients are chronically 
dehydrated and recommended that routine urinary 
sodium measurements may detect dehydration and 
therefore identify patients at risk. Due to the kid-
neys’ attempt to  conserve water and sodium, patients 
are also at greater risk of uric acid stones as a result 
of producing urine which is low in volume and pH, 

and with a high concentration of calcium and  oxalate 
compared with healthy controls [27].

The treatment of dehydration involves adequate 
provision of fluid and electrolytes. It is of great 
importance that those experiencing dehydration due 
to high intestinal losses do not try to restrict oral 
fluid, as this is likely to exacerbate the situation. 
The use of an oral rehydration solution is beneficial 
if the ileostomy output exceeds 1 L/day. Dehydration 
may be precipitated by several factors including hot 
weather, strenuous exercise and infection, including 
food poisoning, medication and, in IBD, recurrence 
of disease. The introduction of an ileostomy path-
way based on patient education and postdischarge 
monitoring of fluid  balance found that readmission 
rates for dehydration reduced from 15% to zero 
[28], supporting the importance of patient educa-
tion in the pre- and postoperative stages. Further 
information on the management of high-output 
 stomas can be found in Chapter 3.16.

Dietary management of an ileostomy

Following formation of an ileostomy, it may take 
time before normal appetite is restored. It is there-
fore important that patients are encouraged to con-
sume small, frequent, nutrient-dense meals and 
snacks and that additional oral nutritional support 
measures are instituted when necessary.

There are no randomised controlled trials of the 
effects of specific foods on ileostomy function. No 
foods are specifically contraindicated for ileostomy 
patients but some foods can cause unpleasant symp-
toms such as odour or flatus. Obstruction with undi-
gested food can occur, particularly if the stoma is 
tight, and reducing NSP may be required if obstruc-
tion occurs frequently and cannot be surgically 
 corrected. However, in most people this is unneces-
sary and avoidance of the few specific foods which 
typically cause the problem is sufficient to prevent it 
[20]. However, it should be borne in mind that indi-
vidual tolerance may vary considerably so people 
should be encouraged to discover for themselves on a 
trial-and-error basis which foods cause repeated and 
consistent symptoms.

Only two studies to date have aimed to use more 
objective methods to quantify the effect of food and 
fluid on the intestinal output of patients with an estab-
lished ileostomy. McNeil et al. (1982) analysed 7-day 
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weighed intakes and 24-h urine and faecal collec-
tions in 36 ileostomy patients compared to healthy 
controls [29]. Most patients were in good nutri-
tional health although 47% (n=17) had an elevated 
plasma creatinine indicative of mild renal impair-
ment and 25% (n=9) had a raised aldosterone con-
centration. Aldosterone promotes sodium and fluid 
water retention and is elevated during dehydration 
and sodium depletion. Mean stoma volumes of 
760  ± 322 g with stomal sodium concentration 
of 118 mmol/kg were observed, which were highly 
significantly associated (r=0.98, P=<0.001). 
Regression analysis identified that the amount of 
ileum resected was the main determinant of stoma 
volume and sodium concentration. Patients with 
Crohn’s disease were significantly more likely to be 
sodium depleted compared to those with ulcerative 
colitis. Nutritional factors related to increased intes-
tinal losses included total energy, NSP and pentose 
component of fibre. Foods containing NSP hold 
water and therefore the physical properties of foods 
may greatly influence stoma function.

Kramer (1987) conducted balance studies on 
seven ileostomy patients who were maintained on 
a self-selected control diet for 3 days and then 
assessed the effect on ileostomy function of 37 
foods over the next 3 days [30]. The findings were 

of interest, as foods commonly excluded from the 
diet by patients did not elicit the effects commonly 
described. Only five out of 12 fruits (grapes, 
peaches, raisins, strawberries, bananas), one of 
out five vegetables (baked beans), and one out of 
seven drinks (prune juice) increased output. Water, 
alcohol, carbonated drinks, milk, fried foods and 
spices did not increase output under these con-
trolled conditions. Unlike the relationship found 
by McNeil et al. [29], no association between 
amount of NSP and intestinal output could be 
demonstrated. Thus, many foods and fluids are 
restricted unnecessarily in patients with an ileos-
tomy. This was further substantiated by a review 
which found that complications were due to poor 
stoma formation and poor stoma appliances rather 
than specific foods [15].

Information acquired from patient questionnaires 
in Europe and the USA have been used to identify 
the effect of foods on stoma function as summarised 
in Table 3.17.2.

It is of interest that many of the foods listed 
in Table 3.17.2 contain significant sources of poorly 
absorbed short-chain carbohydrates collectively 
termed fermentable oligo-, di- and monosaccha-
rides and polyols (FODMAPs). FODMAPs are 
osmotically active in the GI lumen [31] and result in 

Table 3.17.2 Dietary effects on stoma output

Output effects Foods identified

Poorly digested foods/ 
identifiable in output

Grapefruit, lettuce, mushrooms, sweetcorn, lentils, peas, nuts, seeds, 
tomatoes, coconut, celery, pineapple, Chinese food, pips, pith, seeds, skin 
of fruits and vegetables, raw cabbage and carrot, dried fruit

Increased stool odour Onions, garlic, brassica vegetables (Brussels sprouts, cabbage, 
cauliflower and broccoli), beans, fish, eggs

Increased flatulence/bloating Baked beans, cabbage, cucumber, turnip, lentils, peas, onions, garlic, 
brassica vegetables, carbonated drinks, beer and lager.

Increased stool volume Strawberries*, grapes*, peaches*, raisins*, bananas*, prune juice*, baked 
beans*, alcohol, Chinese food, whole wheat cereals, sweetcorn, apples, 
wine, fried and spicy foods, potatoes, bread, pineapple, pears, onions, 
mushrooms, lettuce, fruit, fruit juice, vegetables, beetroot, rhubarb, fried 
fish, cabbage

Decreased stool consistency Beer, wine, fried fish, strawberries, sweetcorn, popcorn, spirits, coleslaw, 
grapefruit, turnips, raspberries and fruit juice

Peristomal irritation Spicy foods, citrus fruits, raw carrot, nuts and seeds

*Food identified by Kramer [30] on weighed balance studies.
Data summarised from Thompson et al. [35] (UK), Gazzard et al. [36] (UK), Bingham et al. [37] (UK), Giunchi 
et al. [18] (Italy) and Floruta [17] (USA).
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colonic fermentation [32], leading to bloating, fla-
tus and diarrhoea. Therefore reducing these compo-
nents in the diet offers an interesting new treatment 
for patients experiencing these symptoms.

A randomised, single-blinded, controlled cross-
over trial investigated the effect of a high and low 
FODMAP diet in 10 patients with an ileostomy. 
Patients were asked to rate on a visual analogue 
scale (VAS) their perceived change in intestinal vol-
ume and consistency. At baseline and after each 
4-day diet, patients collected stoma output over 24 h, 
which was analysed for FODMAP content. Patients 
perceived a significantly thicker consistency and a 
non-significant reduction in volume (p=0.066) on 
the low FODMAP diet. The authors reported a sig-
nificant reduction in the mean total, wet and dry 
weight on the low FODMAP diet [31]. Although 
statistically significant, these results may not be 
clinically significant as the percentage reductions in 
total (22%), wet (20%) and dry (24%) weight repre-
sented a volume reduction of 95 mL (range 28–161 
mL), a wet weight reduction of 58 ± 17 mL and a dry 
weight reduction of 37 ± 15 g. It remains to be deter-
mined if these changes would have a clinical benefit 
in terms of nutritional and hydration status.

Stoma formation may be a relief for many patients 
as several studies have identified that patients have 
a less restrictive diet postoperatively. Prince et al. 
(2011) [33] and Cohen et al. (2013) [34] found that 
patients without a stoma were more likely to experi-
ence food-related difficulties than those with a 
stoma. A summary of the dietary recommendations 

for colostomy and  ileostomy patients is shown in 
Table 3.17.3.

Patients should receive regular follow-up to 
ensure that diet-related problems are remedied, 
unnecessary food restrictions avoided and that ade-
quate nutritional status is achieved and fluid and 
electrolyte balance maintained.
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Irritable bowel syndrome (IBS) is a chronic fluctuat-
ing disorder characterised by recurrent symptoms of 
abdominal pain or discomfort associated with a 
change in stool output [1]. IBS has an estimated 
 population prevalence of 40% in Western countries, 
accounting for up to 60% of outpatient referral to 
 gastroenterological clinics [2,3]. Currently, there is an 
absence of uniform investigational or treatment strate-
gies for patients despite evidence suggesting that this 
disorder results in considerable reduction in health-
related quality of life [1,4].

The aim of this chapter is to provide the reader 
with a succinct review of the mechanisms that have 
been proposed to account for the pathophysiology 
of IBS, namely genetic and psychological factors, 
visceral hypersensitivity and inflammatory changes 
to the milieu within the gastrointestinal (GI) tract. 
With respect to the latter, we also summarise cur-
rent understanding of the role of GI microbiota, 
food hypersensitivity and probiotics.

3.18.1 Genetic factors

Epidemiological studies have suggested that there is 
a genetic component in the development of IBS 
with reports of clusters of IBS in families [5,6]. For 
example, Levy et al. reported that concordance for 
IBS was significantly greater in monozygotic 
(17.2%) than in dizygotic twins (8.4%) [7]. Further 
analysis of this evidence suggests that whilst there 

is a measureable genetic component to IBS, the 
effect is, at best, modest [8]. This effect has to be 
interpreted in the context of the influence of envi-
ronmental and social factors. For instance, 15.2% of 
dizygotic twins with IBS have mothers with IBS, 
yet this is only 6.7% in those whose mothers do not 
have IBS [7].

These data provide support for the hypothesis 
that social learning contributes to the development 
of IBS as mothers share approximately the same 
number of genes with their children as dizygotic 
twins share with each other. As such, few diseases 
display purely Mendelian inheritance with disease 
phenotypes, such as IBS, actually reflecting a com-
plex interaction between genes and the individual’s 
environment.

Many studies have examined a number of candi-
date genes in patients with IBS, with genes relating 
to the serotoninergic system being amongst the 
most extensively studied. Serotonin that is released 
from the presynaptic terminal is taken up from the 
synaptic cleft by the serotonin transporter. Thus the 
synaptic concentration of serotonin, and serotonin 
transmission per se, are determined by the expres-
sion of serotonin transporter protein. The serotonin 
transporter gene is located on chromosome 17.9, 
with its gene being located in the promoter region, 
known as the 5-hydroxytryptamine transporter-
linked polymorphic region (5-HTTLPR). The 
5-HTTLPR comprises a repetitive sequence with 
an  insertion or deletion variation. The deletion 
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 variation comprises a short (s) allele, whilst the 
insertion is known as the long (l) allele. The l allele 
produces more serotonin transporter and reuptakes 
serotonin more efficiently than the s allele [9].

Three studies have evaluated this polymorphism 
in Turkish, American and Korean patients with IBS 
but did not demonstrate any association with geno-
type and disease status [10–12]. In addition, a meta-
analysis has also concluded that this polymorphism 
is associated with neither IBS nor its subtypes [13]. 
However, two studies have found that certain poly-
morphisms may predict response to therapy. For 
example, the LL genotype has been associated with 
a better response to alosetron, a 5-HT

3
 receptor 

antagonist, and the s allele was associated with pre-
dicting the response to tegaserod, a 5-HT

4
 agonist, in 

those with constipation-predominant IBS [14,15].
Interleukin (IL)-10 is an anti-inflammatory 

cytokine, where a polymorphism of its gene, 
1082G/G, is associated with higher production of 
IL-10 [16]. Gonsalkorale et al. demonstrated that 
IBS patients had a reduced frequency of the G/G 
genotype, thus suggesting that genetically deter-
mined immune activity plays a role in the patho-
physiology of IBS [17].

In summary, recent evidence does support a mod-
est polygenetic susceptibility in IBS. However, 
 further studies are needed to further delineate clini-
cally important subgroups, or phenotypes, of IBS, 
which may lead to further insights into its patho-
physiology and may facilitate utilisation of the 
genome-wide association study methodology.

3.18.2 Psychological factors

There has been a considerable degree of controversy 
in the recent past as to whether psychological factors 
are related to IBS per se or whether they are a sequela 
of the severity of symptoms. Traditional evidence of 
the former points to psychological factors influenc-
ing fluctuations in symptoms, which thus determines 
the degree of healthcare-seeking behaviour.

Drossman et al. performed a multivariate analysis 
of three groups: those with IBS who had sought medi-
cal attention, those with IBS who had not sought 
medical attention, and healthy controls [18]. They 
demonstrated that psychological factors were 

 associated with healthcare seeking rather than the dis-
order and these factors may interact with physiologi-
cal  disturbances in the GI tract thus determining how 
the illness is experienced and acted upon. Furthermore, 
Whitehead et al. evaluated whether self-selection for 
treatment accounts for psychological abnormalities in 
secondary care of patients with IBS [19]. They con-
cluded that the symptoms of psychological distress 
were not related to IBS status per se but did signifi-
cantly influence consulting behaviour.

However, more recent evidence has begun to 
challenge this long accepted view. Two studies, 
conducted in unrelated populations, demonstrated 
an association between psychological factors and 
IBS which was unrelated to the degree of healthcare 
seeking [20,21]. Furthermore, a prospective study 
by Halder et al. evaluated the factors that may pre-
dict the development of abdominal pain, showing 
that psychological distress, health anxiety and 
fatigue levels were independent predictors of future 
onset rather than sequelae of symptoms [22]. Taken 
together, the exact relationship, and influence, of 
psychological factors and IBS remain to be fully 
elucidated although there is little doubt that there is 
a complex interaction between them.

3.18.3 Visceral hypersensitivity

Visceral pain is a common presenting symptom and 
a central defining feature of IBS. Many hypotheses 
have been proposed to explain the origin of this 
symptom in IBS, but no single factor has achieved 
primacy in the literature, largely due to the signifi-
cant heterogeneity of these disorders. However, a 
common feature of IBS is that patients often display 
a heightened sensitivity to experimental GI stimula-
tion, termed visceral hypersensitivity. First reported 
in the early 1970s, it was observed that a proportion 
of patients with IBS demonstrated rectal hyperalge-
sia to mechanical distension of their sigmoid colon 
using an inflatable balloon [23]. Indeed, rectal 
hypersensitivity to mechanical distension has been 
proposed to be a clinically useful discriminatory fea-
ture between IBS and other GI disorders [24,25]. 
Nevertheless, visceral hypersensitivity is not a sine 
qua non facet of IBS, with a number of studies not 
reproducing these initial observations. Whilst the 
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evidence for the role of visceral hypersensitivity in 
IBS is often conflicting, it should be noted that the 
positive association between functional symptoms 
and rectal hypersensitivity was found in the studies 
with the largest numbers of patients [26,27].

The observation of visceral hypersensitivity has 
resulted in a considerable research effort from aca-
demia and the pharmaceutical industry alike in 
attempting to identify the culpable molecular mech-
anisms that are responsible for this epiphenomenon. 
Therefore, the pathophysiology of visceral hyper-
sensitivity may be conceptualised as being due to 
aberrant processes that may arise at any level of the 
visceral nociceptive pathway. Although the patho-
physiology of visceral hypersensitivity has not been 
completely elucidated, several mechanisms have 
been proposed, including psychosocial stress, nutri-
ent, hormonal, subtle (low-grade) inflammation and 
changes in the sensorimotor function of the GI tract, 
including both peripheral and central sensitisation 
of the visceral afferent neuronal pathways. We will 
now examine each of these factors in turn.

Psychosocial stress and visceral 
hypersensitivity

It has been well documented that patients who experi-
ence acute severe psychosocial stress are at height-
ened risk of developing a multitude of functional 
disorders, including IBS [28]. Up to 86% of patients 
with IBS report traumatic life experiences [29], with 
7.8% fulfilling the criteria for a diagnosis of post-
traumatic stress disorder [30]. Interestingly, patients 
often report that their symptoms are considerably 
worsened by stress. This has been examined in a num-
ber of studies, most notably by Posserud et al. where 
pain thresholds to rectal distensions were assessed in 
IBS patients in comparison to healthy controls in 
response to mental stress [31]. They demonstrated 
that stress induced an exaggerated neuroendocrine 
response and an increase in visceral perception, sug-
gesting that stress may exacerbate IBS symptoms.

Nutrient intake and visceral 
hypersensitivity

Irritable bowel syndrome patients often report a  dete-
rioration, or precipitation, in symptoms, in addition to 
intolerances to one or more food groups [32]. In one 

study 63% of IBS patients reported that their GI 
symptoms were exacerbated by foods rich in carbo-
hydrates, as well as fatty food, coffee, alcohol and hot 
spices [33]. Whilst the role of specific dietary con-
stituents has only been the subject of limited research 
to date, a number of mechanisms have been postu-
lated to contribute to the escalation of symptoms. 
Experimental evidence suggests that the physiological 
response of the intestine to food ingestion may pre-
cipitate symptoms in predisposed individuals. For 
example, Simrén et al. demonstrated that intraduodenal 
infusion of lipids enhanced rectal sensitivity in IBS 
patients in comparison to healthy controls [34]. 
However, this enhancement in rectal sensitivity is 
nutrient dependent, with fatty meals having a more 
pronounced effect than carbohydrates [35].

Peripheral sensitisation and visceral 
hypersensitivity

Noxious stimuli may cause the peripheral release of 
several inflammatory mediators such as K+, H+, 
adenosine triphosphate (ATP), 5-hydroxytryptamine 
(5-HT), bradykinins and prostaglandins [36,37], 
which may elicit a number of effects including the 
activation and peripheral sensitisation of nociceptive 
afferent nerves by reducing their transduction 
thresholds and by inducing the expression and 
recruitment of previously silent nociceptors. The 
main consequence of these inflammatory mediators 
is an increase in pain sensitivity at the site of injury, 
known as primary hyperalgesia [38]. A number of ion 
channels, neurotransmitter receptors and trophic 
factors have been directly and indirectly implicated 
in the development of peripheral sensitisation such as 
transient receptor potential vallinoid (TRPV) recep-
tors 1 and 4, protease activated receptors, cannabi-
noid receptors, tachykinin receptors, the nitric oxide 
pathway, mast cells, enterochromaffin cells and 
5-hydroxytriptamine, amongst others. Whilst it is 
beyond the scope of this chapter to examine these in 
detail, we would refer the reader to the excellent review 
articles by Anand et al. [39] and Knowles et al. [40].

Central sensitisation and visceral 
hypersensitivity

Sensitisation is not solely confined to the periphery. 
When a noxious stimulus is transmitted from the 
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periphery, it induces a complex series of changes at 
the level of the spinal dorsal horn through the acti-
vation of intracellular signalling cascades. This may 
lead to central sensitisation and amplification of the 
nociceptive response to the stimuli (secondary 
hyperalgesia), and previously innocuous stimuli 
may provoke a nociceptive response (allodynia). 
Whilst these observations have long been recog-
nised in somatic pain, increasingly central sensiti-
sation is thought to play a central role in the 
development and maintenance of visceral hyper-
sensitivity [41,42]. Sarkar et al. demonstrated this 
 concept in a reproducible oesophageal model in 
humans, in which hydrochloric acid was infused 
into the distal oesophagus [41]. Pain thresholds 
were reduced not only in the acid-exposed distal 
region but also in the adjacent proximal unexposed 
region, thereby suggesting the development of cen-
tral sensitisation. This effect of central sensitisation 
was prolonged, lasting up to 5 h after 30 min of acid 
exposure, suggesting that the duration and magni-
tude of the central sensitisation of the non-exposed 
proximal oesophagus were related directly to the 
intensity of acid exposure in the distal oesophagus.

Prostaglandin (PG) E
2
 and the n-methyl 

d- aspartate (NMDA) receptor have been elucidated 
as the most important molecular factors in the 
development of central sensitisation at the spinal 
dorsal horn [43]. Human pharmacological studies 
have demonstrated that antagonism of PGE

2
 or the 

NMDA receptor prevents the development of 
 central sensitisation within the oesophagus, and 
antagonism of the NMDA receptor with ketamine 
may even reverse established visceral hypersensi-
tivity [44,45]. This concept has also been demon-
strated in IBS patients who, following repetitive 
distension of the sigmoid colon, developed rectal 
hyperalgesia and increased viscerosomatic referral 
to experimental rectal distension [27].

3.18.4 Inflammatory 
mechanisms and dietary 
components

Previous chronic, or indeed transient, inflammation in 
the GI tract can potentially result in persistent symp-
toms. Evidence for this hypothesis emanates from two 

sources. First, the prevalence of IBS-like symptoms in 
patients with quiescent inflammatory bowel disease is 
2–3 times higher than in the general population [46]. 
Second, up to 22% of IBS patients report that their 
symptom onset occurs after an episode of gastroen-
teritis [47]. Additionally, several studies have identi-
fied aberrancies in mucosal T-cell immunity with an 
increase in enterochromaffin and mast cells being the 
most frequently reported abnormality [48,49].

3.18.5 Food hypersensitivity

Immune-mediated food hypersensitivity has been 
proposed to underlie the observation that patients’ 
symptoms may respond to dietary eliminations 
[50]. These immune-mediated reactions are postu-
lated to be secondary to IgG, IgG4 and to a lesser 
extent IgE. Generally speaking, tests to predict food 
sensitivity have lacked the sensitivity and specific-
ity that would make them useful for routine clinical 
practice. However, the individual tailoring of die-
tary manipulations has been evaluated by Atkinson 
et al. where IgG antibodies were measured in a rela-
tively large cohort of patients with IBS [51]. Patients 
were then randomised to receive either a diet 
excluding all foods to which they had raised IgG 
antibodies or a sham diet excluding the same 
 number of foods but not those to which they had 
antibodies. At 3 months those patients who received 
the individualised diet had a greater reduction in 
symptom scores and global rating, with these reduc-
tions being more marked in patients who had been 
fully compliant. This exciting preliminary work 
warrants further investigation as it may allow for 
the individualisation of therapy.

3.18.6 Gastrointestinal 
microbiota

Specific bacterial strains and the composition of 
intestinal microbiota have been linked to the devel-
opment of IBS and disturbances of commensal bac-
teria are thought to maintain low-grade inflammation 
[52]. Indeed, one leading authority has recently pro-
posed that bacteria are one of many irritants in the 
GI tract that may lead to persistent long-lasting GI 
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dysfunction and thus symptom generation [53]. In 
this regard, it is worth highlighting two sources of 
evidence in particular. First, Pimentel et al. per-
formed a large double-blind clinical trial assessing 
the efficacy of rifaximin, a poorly absorbed antibi-
otic, in the treatment of patients with IBS without 
constipation [54]. It was demonstrated that treat-
ment with 2 weeks’ worth treatment of rifaximin 
provided significant relief of IBS symptoms. 
Furthermore, these benefits were, to a lesser degree, 
maintained after a period of 3 months. Second, 
there are a number of studies showing that, using 
the lactulose hydrogen breath test, small intestinal 
bacterial overgrowth is more common in patients 
with IBS [55,56].

Given the wealth of evidence that intestinal 
microbiota may be implicated in the genesis and 
persistence of IBS symptoms, it is not in the least 
surprising that investigators have attempted to iden-
tify specific bacterial species putatively responsible 
for this epiphenomenon. To a degree, this goal has 
been hampered by difficulties in culturing anaerobic 
bacteria using traditional culturing techniques and 
inadequate sample sizes in many of the published 
studies. However, Si et al. quantitatively examined 
the ratio  of Bifidobacterium to Enterobacteriaceae 
in both IBS patients in comparison to healthy con-
trols [57]. They reported a relative decrease in the 
 numbers of Bifidobacterium and an increase in 
Enterobacteriaceae in IBS patients. Technological 
advances have facilitated the use of real-time poly-
merase chain reaction-based quantitative evaluation 
of bacterial DNA, a method that has been utilised by 
a number of groups but most notably by Malinen 
et al. [58]. Whilst considerable variation was observed 
in the microbiota between IBS patients and healthy 
controls in this study, the overall analysis suggested 
differences between Clostridium  coccoides and 
Bifidobacterium catenulatum.

3.18.7 Conclusion

The clinical observation that patients with func-
tional GI disorders may be hypersensitive to experi-
mental visceral stimulation has had a considerable 
influence on the direction of research in the field for 
the last three decades. Great advances have been 

made in our understanding of the molecular mecha-
nisms that underlie visceral hypersensitivity. Of 
particular interest has been the implication of 
inflammation in the genesis of symptoms in IBS 
and the potential role that the GI microbiota may 
play accounting for symptom persistence. An 
intriguing and burgeoning area of research is that of 
pharmacological manipulation of this microbiota, 
through either antibiotics or probiotics, which will 
not doubt increase the clinician’s therapeutic arma-
mentarium in the management of IBS.
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3.19.1 Dietary effects of 
disease or its management

Up to 90% of patients with irritable bowel  syndrome 
(IBS) identify food as having an important role in 
the generation of symptoms [1–3] and many patients 
report a preference for dietary management rather 
than reliance on medical therapy. As a result, self-
management is frequently attempted, which almost 
always involves exclusion of food(s) in the absence 
of a rationale. Therefore, although IBS does not 
inherently affect nutritional status, attempts to self-
manage symptoms via dietary means may do so.

Up to 50% of patients alter their diet to improve 
symptoms [4]. Many foods have been reported to 
trigger symptoms in IBS patients including dairy, 
grains, fruit, vegetables and egg [1,5]. Commonly 
reported trigger foods are often rich in important 
nutrients, so it is unsurprising that nutritional inad-
equacies become apparent on assessment of dietary 
intake. Low intake of B vitamins, iron and/or 
 calcium [6–8] has been reported, although not all 
studies are in agreement [9]. Heterogeneity of stud-
ies and the lack of research limit definitive conclu-
sions. However, it is generally well accepted that 
dietary intake may be at risk, leading to nutritional 
deficiency.

Guidelines for the management of IBS state that 
diet and lifestyle should be first-line considerations 

[10,11]. In most cases, a dietitian will investigate 
clinical history, anthropometry, symptom profile, 
dietary pattern, nutritional intake and previously 
implemented dietary measures prior to providing 
dietary advice. Determining the level of motivation 
for dietary modification is important. A diet and 
symptom diary may help identify poor eating pat-
terns and determine whether food is implicated in 
symptom provocation, although this is not always a 
valid measure of identifying problem foods. Various 
dietary intervention strategies are available for IBS 
patients and a clinical algorithm for dietary man-
agement has been developed (Figure 3.19.1) [10].

Possible underlying pathophysiological mecha-
nisms of IBS include visceral hypersensitivity [12], 
altered colonic motility [13], altered fermentation 
[14] or disturbed gas handling [15] and therefore 
it  is not surprising that symptoms are generally 
induced postprandially [16]. Furthermore, food-
related symptoms are more frequent in those with 
anxiety [16]. Assessment of eating behaviour 
(e.g.  frequency, pattern, the eating environment) 
is  important as symptoms may lead to reduced 
 frequency of meals and greater likelihood of over-
eating which might exacerbate symptoms. Advice 
regarding eating at regular intervals and appropriate 
eating behaviours forms the basis of first-line die-
tary guidelines [10]. Sitting down to eat and eating 
slowly, chewing food thoroughly and avoiding 
 eating late at night may be very useful. Explanation 
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Figure 3.19.1 Algorithm for dietary management of IBS. BMI, Body Mass Index; CHO, carbohydrate; IBS-C, constipation-dominant ir-
ritable bowel syndrome.
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of the underlying pathophysiology of IBS may reas-
sure patients and prevent unnecessary restriction of 
foods when poor eating behaviour is suspected as a 
primary trigger of symptom generation.

3.19.2 Dietary interventions

Lactose

Lactose malabsorption is present in up to 50% of 
patients with IBS, depending on ethnicity [17]. 
Lactose hydrogen breath testing can be useful to 
diagnose lactose malabsorption but may not be 
available. To assess lactose intolerance, a lactose 
food challenge using at least 12 g lactose (e.g. 
125 mL milk) and a food and symptom diary to 
identify symptom exacerbation may be useful. 
Other dietary and lifestyle factors are also often 
implicated, and therefore exclusion of high-lactose 
foods may not lead to symptom resolution.

Non-starch polysaccharides

Historically, non-starch polysaccharides (NSP) 
have been a target for dietary intervention in IBS, 
particularly in those with constipation or with vari-
able stool output (i.e. alternating constipation and 
diarrhoea). However, a recent Cochrane review sug-
gested that bulking agents, whether insoluble (e.g. 
wheat bran) or soluble fibre (e.g. psyllium, ispa-
ghula), are not effective in improving IBS symp-
toms [18] Indeed, wheat bran may worsen symptoms 
and the addition of insoluble fibre for patients with 
IBS is now discouraged [11].

Studies using soluble fibre supplementation indi-
cate that ispaghula husk may be useful in patients 
with constipation [19] but more recent reviews for 
its use in IBS present the overall evidence as weak. 
Studies are often hindered by either the lack of a 
control group or high placebo response rates. 
Interpretation of results is difficult due to study het-
erogeneity. For example, studies differ with respect 
to patient symptom profiles, the source of supple-
mental NSP, duration of intervention and outcome 
measures. Poor study design and high drop-out rates 
are also common. Furthermore, clinically, supple-
mentation with soluble fibre may induce bloating 

and discomfort probably due to its fermentation in 
the large intestine, although individual symptom 
response appears to vary markedly.

Constipation-predominant IBS is notoriously dif-
ficult to manage via dietary means. The evidence 
for NSP supplementation is weak but should not be 
ignored. Supplementation with 50 g/day linseed 
(flaxseed) increases the number of bowel move-
ments in a healthy population by 30% [20] and 24 g/
day linseeds improves constipation more than psyl-
lium over 3–6 months in constipation-predominant 
IBS patients, although laxative use was not 
 monitored in this study [21]. Recently, a small 
open-label randomised pilot study showed that 
intake of ground or whole linseed for 4 weeks was 
associated with improvement in IBS symptom 
scores  compared to no linseeds in a group of mixed 
IBS subtypes [22]. This was not statistically signifi-
cant in the intention-to-treat analysis and further 
work is needed to verify these results and investi-
gate the effect of linseeds on stool output in 
 constipation-predominant IBS.

Conversely, NSP restriction should reduce stool 
bulk and frequency and is used to manage diarrhoea-
predominant IBS with some good effect. Research 
on NSP restriction in enterally fed hospital inpa-
tients with diarrhoea and a 2-week NSP-free liquid 
diet showed an improvement in overall symptom 
scores in IBS [23]; however, this is impractical to 
maintain in the long term. Formal investigation into 
its efficacy, the level of restriction required or nutri-
tional consequences of its implementation has not 
been performed.

Caffeine

Caffeine is a stimulant of colonic motility in healthy 
individuals [24] and it is likely that sensitivity and 
symptom response are exaggerated in those with IBS. 
There are no randomised controlled trials investigating 
the effect of restriction of caffeine on symptoms in 
IBS. However, many patients report symptoms with 
caffeine consumption [1,5,16] and often limit or avoid 
it. Exclusion diet studies demonstrate that reintroduc-
tion of caffeinated drinks induces symptoms in 
approximately 30% of patients with IBS [5,25]. 
Dietary guidelines suggest a trial of caffeine restriction 
and encourage fluids from non-caffeinated sources.
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Alcohol

Alcohol is a perceived symptom trigger in up to 
33% of patients with IBS [5,16]. A large cross-sec-
tional study in the community did not find an asso-
ciation with alcohol intake and the incidence of 
IBS, although an increased likelihood of abdominal 
pain with moderate intakes of alcohol was found 
[26]. This does not demonstrate causality and ran-
domised controlled studies on the effects of alcohol 
in IBS have not been performed. Large individual 
variation in tolerance is apparent not only to volume 
but types of alcoholic drinks. It would seem prudent 
that patients abide within healthy limits for alcohol 
consumption and specific advice should be given on 
a case-by-case basis.

Fat

Dietary fat is often a trigger for GI symptoms in 
patients with IBS, particularly after meals that 
 contain large amounts of cream, oil, butter or foods 
that are battered or crumbed [1,3,5]. Fat is a stimu-
lant of colonic motility and impairs gas transit in 
IBS [27]. Furthermore, duodenal lipid infusion 
results in lower colonic pressure thresholds in IBS 
patients versus controls, leading to earlier symp-
toms [28]. However randomised controlled dietary 
studies are required to confirm that restriction is 
indeed effective.

Resistant starch

Most dietary starch is completely digested in the 
small intestine but a fraction, termed ‘resistant 
starch’ (RS), survives digestion and contributes to 
NSP intake [29]. It has similar effects to other NSP 
in the GI tract, including increased stool bulk 
[30,31], osmotic pull and fermentative effects lead-
ing to increased short-chain fatty acid production 
[30]. There are a number of classifications, including 
type 1 which is present in foods where the starch is 
physically inaccessible, e.g. in seeds. Type 2 RS is 
found in raw starch granules, e.g. raw potato. Type 3 
is formed when amylase and amylopectin are retro-
graded after heating and subsequent cooling and is 
present in foods such as bread, cooked and cooled 
potato and cornflakes. More recently, chemically 
modified starches have been included in the defini-

tion and are classified as type 4 RS and are present in 
some high-fibre fluids and breads.

Most studies have focused on the physiological 
effects of RS in healthy individuals and it has been 
demonstrated that high RS intakes of up to 60 g/day 
can lead to GI symptoms, including bloating, 
increased stool frequency and loose stools [32]. 
This may partly be due to its fermentation in the 
large intestine. However, the fermentation rate is 
relatively slow [33] and as a polymerised structure 
with a high molecular weight, it is usually better 
tolerated than other indigestible carbohydrates. The 
effect of RS in patients with IBS has not been inves-
tigated. However, anecdotal evidence suggests it 
might induce symptoms in some patients. Patients 
reporting symptoms after consumption of foods 
high in RS (e.g. part-baked breads, pizza, pasta and 
convenience foods) sometimes respond to avoid-
ance of these foods. However, whether it is the RS 
or another component that triggers symptoms is 
unknown and research is warranted to further delin-
eate its role in inducing symptoms.

Fermentable carbohydrates

There is growing interest in the effects of restrict-
ing short-chain fermentable carbohydrates, collec-
tively termed FODMAPs (fermentable, oligo-, 
di- and monosaccharides and polyols), for the 
management of IBS. Chemical structure, physio-
logical effects in the GI tract and sources of these 
carbohydrates are described in Chapter 2.2. Many 
studies have investigated the effect of individual 
fermentable carbohydrates on GI symptoms in 
patients with IBS. For example, fructose, sorbitol 
or fructans, either individually or in combination, 
are  associated with exacerbation of symptoms 
[34,35,36] and restriction is associated with 
improvement in functional GI symptoms [37,38]. 
More recently, research has focused on the effect 
of avoiding fermentable carbohydrates collectively 
(i.e. low FODMAP diet) which is effective in 
improving  overall symptoms in up to 70% of 
patients in randomised controlled trials and up to 
94% in patients in uncontrolled work [39]. 
 Gas-related symptoms such as bloating and wind, 
and urgency and stool frequency appear to be 
 particularly responsive to this type of dietary 
restriction.
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A diet low in FODMAPs involves the avoid-
ance  of  fructans, galacto-oligosaccharides, polyols, 
fructose in excess of glucose, and lactose. Poor 
absorption of fructose and lactose only occurs in a 
proportion of patients and restriction should occur 
based on the results of lactose and fructose hydrogen 
breath testing or clinical suspicion. Dietitian-led edu-
cation regarding FODMAP restriction should occur 
with the intervention lasting at least 4 weeks [6]. 
Although the diet requires substantial effort, recent 
work has shown that it is no more difficult to follow 
or understand compared to standard IBS advice [40].

After a period of FODMAP restriction, patients fol-
low a staged reintroduction process, systematically 
reintroducing foods high in one short-chain fermenta-
ble carbohydrate. This helps to determine dose toler-
ance and ultimately directs long-term dietary habits 
whilst promoting increased nutritional variety.

Due to the complex nature of the low FODMAP 
diet, and that foods frequently consumed require 
restriction (i.e. some breads and cereals, fruits and 
vegetables, dairy products), it has been suggested that 
this diet may not be nutritionally adequate, which is 
always a risk with elimination diets. Indeed, a lower 
calcium intake was found in patients with IBS follow-
ing a low FODMAP diet compared to a habitual diet 
[6]. This is a concern as IBS may be associated with a 
higher risk of osteoporosis [41]. Emphasis should be 
placed on inclusion of appropriate portions of high 
calcium, low lactose foods. Specific instruction on 
suitable brands of low lactose dairy alternatives.

A low FODMAP diet also affects the GI 
 microbiota and recent work has shown that luminal 
bifidobacteria are markedly lower after a 4-week 
low FODMAP diet in patients with IBS [6]. This is 
probably due to the restriction of prebiotic fructo- 
and galacto-oligosaccharides. Whether this effect 
persists long term or affects long-term health is not 
known and requires further investigation.

Finally, research on the efficacy of FODMAP 
restriction has thus far been limited to a dietitian-led 
approach. Compliance, which is influenced by 
patient motivation but also careful advice from an 
experienced dietitian who has access to up-to-date 
lists of suitable and unsuitable foods, is vital to its 
success. The success of a simpler modified approach 
when complete restriction is not justified, led either 
by a dietitian or other health practitioner, is yet to be 
determined.

Gluten

Gluten has also been proposed as a provoker of GI 
symptoms, and is often reported as problematic by 
patients with IBS. A recent double-blind placebo-
controlled study has shown that symptoms return 
when patients previously well  controlled on a glu-
ten-free diet are challenged with gluten [42]. No 
changes in coeliac serology, intestinal permeability 
or immune markers were found to explain a mecha-
nism supporting this finding and further recent work 
by the same group did not reproduce the same effect 
on symptoms [43]. Further work is required before a 
gluten-free diet becomes a recommended dietary 
strategy for patients with IBS.

3.19.3 Food allergy

The above dietary interventions assume that symp-
toms are elicited by the effect of food residue in 
the GI lumen. Food-provoked GI symptoms are not 
always caused by underlying IBS. For example, IgE 
food allergy, diagnosed using skin prick tests or 
food-specific blood immunoglobulin E (IgE) con-
centrations, occurs in 1–4% of the adult population 
[44] and can provoke GI symptoms. Gastrointestinal 
symptoms may also present as delayed-onset non-
IgE-mediated food allergy, although this is less 
well understood, poorly defined, difficult to diag-
nose and almost exclusively studied in the paediat-
ric popu lation [45]. It relies dietary elimination and 
controlled reintroduction, monitoring for allergic 
response. Pathophysiological studies show that the 
GI immune system, particularly mast cell activa-
tion, might be important in IBS [46]. Furthermore, 
there is some overlap between IBS and atopic 
 disease [47]. However, whether the primary 
 diagnosis is allergy and not IBS in these patients, or 
whether IBS truly has a significant inflammatory 
component needs to be clarified [48]. Both IgE 
and non-IgE allergies are, of course, distinct condi-
tions in themselves, although they may co-exist 
with IBS [47].

The use of food-specific IgG antibody con-
centration as a diagnostic tool for identifying 
 culprit foods in food allergy or any other adverse 
food reaction has been investigated [49]. Its 
validity is questionable and a European position 



238  SECTION 3: Gastrointestinal disorders

paper [50], supported by the national US allergy 
body [51], has affirmed that this type of testing is not 
recommended as a diagnostic tool.

3.19.4 Pharmacological food 
intolerance

Pharmacological food intolerance may also con-
tribute to GI symptoms. Restriction of naturally 
occurring food chemicals including salicylates and 
vasoactive amines as well as  additives (e.g. col-
ours, preservatives) may be  helpful. The literature 
to date is predominantly dedicated to their effect 
on non-GI symptoms (e.g. migraine, urticaria) 
[44,45] although  clinically they appear to provoke 
GI symptoms in some individuals with IBS. Treat-
ment involves dietary exclusion and stepwise food 
reintroduction.

3.19.5 Other exclusion diets

Various other types of exclusion diets for the 
management of IBS have been described but 
the  limited data and lack of understanding of 
the active components in restricted foods make 
them a final option when other strategies have 
failed [10].

Strict exclusion diets are difficult to comply with 
and may be of prolonged duration. The use of food 
reintroduction to challenge tolerance is more practi-
cal than capsule challenges, which are considered 
the gold standard in diagnosis of food intolerance. 
However, food composition is complex, and a sin-
gle challenge food item contains numerous possible 
constituents that could induce symptoms, leading to 
erroneous interpretation of food challenge results 
and increasing the risk of inappropriate long-term 
food exclusion.

3.19.6 Probiotics

There has been interest in the role that the GI micro-
biota plays in the aetiology of IBS and its poten-
tial as a therapeutic target, in particular through the 
use of probiotics and to a lesser extent prebiotics 

[52]. Probiotics have been shown to have several 
mechanisms of action, which may be important in 
the treatment of IBS.

 • Anti-inflammatory – in the pilot trial of the probi-
otic bacteria Bifidobacterium infantis 35624, 
 patients randomised to B. infantis 35624 demon-
strated a reduction in systemic inflammatory 
cytokines which was not seen in either the place-
bo or a second probiotic strain [53]. These 
 findings correlated with clinical benefit.

 • Modulate visceral hypersensitivity – Lactobacillus 
acidophilus has been shown to upregulate 
 mu-opioid and cannabinoid receptors in colonic 
epithelial cell lines and in the colonic epithelium 
in pretreated rats and mice [54]. Similarly, L para-
casei attenuated abdominal pain and mucosal 
 inflammation in an antibiotic-induced murine 
model of visceral hypersensitivity [55].

 • Small intestinal permeability – a probiotic 
drink  containing Streptococcus thermophilus, 
Lactobacillus bulgaricus, L acidophilus and 
Bifidobacterium longum in patients with IBS-D 
led to a significant decrease in small intestinal 
permeability, as well as an improvement in global 
symptom scores [56].

 • GI transit – the probiotic mixture VSL#3 
(Lactobacillus casei, L. plantarum, L. acidophi-
lus, and L. bulgaricus, Bifidobacterium longum, 
B. breve, B. infantis and Streptococcus thermo-
philus) has been shown to significantly decrease 
intestinal transit in patients with IBS-D although 
this did not correlate with a reduction in stool 
 frequency [57]. Conversely, B. animalis DN 175101 
has been shown to increase colonic transit in 
 patients with IBS-C [58].

There have now been numerous clinical trials 
investigating the therapeutic benefit of probiotics in 
IBS with heterogeneity in dosing regimens, species 
used and clinical end-points. Many of the recent 
RCTs are summarised below.

Lactobacillus plantarum

There are three small single-centre studies using a 
liquid form of L. plantarum with two studies show-
ing some benefit [59,60] and one with no benefit 
although this was significantly underpowered [61]. 
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These initial results have never been followed up in 
larger multicentred studies.

Bifidobacterium infantis 35624

In a trial of 77 patients with IBS randomised to 
B.  infantis 35624 or Lactobacillus salivarius or 
 placebo, B. infantis 35624 significantly reduced pain, 
bloating and symptom satisfaction scores in compari-
son to placebo as well as composite scores [53]. A sec-
ond multicentre dose-finding trial of B. infantis 35624 
in 362 female patients with IBS found that the group 
taking B. infantis 108 cfu per day scored  significantly 
better than placebo in all symptom groups, including a 
global assessment of IBS relief [62].

Bifidobacterium animalis DN 173010

A multicentre trial of B. animalis DN 173010 in 274 
primary care patients with IBS-C did not demonstrate 
significant benefit over placebo [63]. However, sub-
group analysis of patients with less than three bowel 
motions a week (n = 19) at baseline showed a signifi-
cant rise in stool frequency compared to controls.

Escherichia coli DSM 17252

A primary care-based, placebo-controlled trial of E. 
coli DSM 17252 in 298 patients with IBS found that 
the treatment arm achieved complete remission in 
significantly more cases than placebo [64]. Data 
from primary rather than secondary care are partic-
ularly useful given that the majority of IBS patients 
are treated by primary care physicians.

VSL#3

A combination probiotic, VSL#3, has been used in 
two small trials of patients with IBS by the same 
group [57,65]. Both trials failed to meet their pri-
mary end-point of reduction in GI transit [57] or 
reduction in bloating scores [65]. However, there 
was a significant reduction in flatulence in the latter 
trial and the combination probiotic significantly 
retarded colonic transit although without a corre-
sponding change in stool frequency or form. Thus 
there is only weak evidence supporting the use of 
this combination probiotic in IBS at present.

Bifidobacterium bifidum MIMBb75

A single 4-week controlled trial of B. bifidum 
MIMBb75, in which 122 patients with IBS were 
randomised to either probiotic or placebo, demon-
strated that it was superior to placebo in reducing 
global symptom scores [66]. This improvement was 
maintained over a 2-week washout period. In 
 addition, the probiotic strain significantly reduced 
subscores of abdominal pain, bloating/distension 
and satisfaction with stool output.

Escherichia coli Nissle 1917

This probiotic strain has been shown to be clinically 
effective in the treatment of ulcerative colitis 
[67,68]. A trial in 120 patients with IBS demon-
strated only a modest benefit in reduction of global 
symptom score, requiring 11 weeks of treatment 
prior to reaching significance [69]. However, in a 
subgroup analysis of 17 patients in whom the symp-
toms of IBS followed either an episode of acute gas-
troenteritis or a course of antibiotics, response rates 
were significantly superior in the E. coli Nissle 
1917 group compared to placebo. This is the first 
trial in which patients with postinfective IBS have 
been studied as a subgroup and further work is 
required to validate these results.

The probiotics with the best efficacy data in treat-
ing IBS are B. infantis 35624 and E. coli DSM 
17252. Both of these probiotics have had initial 
 successful trials supported by larger multicentre 
studies [53,62,64,70]. In particular, B. infantis 
35624 has in vitro and human data supporting a 
putative mechanism of action. Clinical guidelines 
recommend that individuals choosing to try probi-
otics should select one product at a time and moni-
tor the effects. They should try it for a minimum of 
4 weeks at the dose recommended by the manufac-
turer [10,11].

3.19.7 Prebiotics

There have been very few trials of prebiotics in IBS. 
A randomised placebo-controlled trial of transgalacto-
oligosaccharide in 44 patients with IBS found 
that  at a dose of 7 g/day, there was a significant 



240  SECTION 3: Gastrointestinal disorders

improvement in a subjective global score (SGA) 
over placebo [71]. This corresponded with a signifi-
cant rise in bifidobacteria and a significant reduc-
tion in Bacteroides-Prevotella spp in the prebiotic 
group compared to controls.

3.19.8 Conclusion

In conclusion, a number of dietary components have 
been reported to trigger symptoms in IBS. Good-
quality evidence exists for the effectiveness of 
FODMAP restriction in a majority of IBS patients, 
and this should be implemented when removal of 
basic IBS triggers is not effective. Further data are 
required to unearth the full potential of other dietary 
regimens. Reliable identification of food chemical and 
gluten sensitivity and a better understanding of the role 
of the GI immune system will be vital for optimising 
the dietetic IBS treatment pathway.
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3.20.1 Dietary factors involved 
in causation

Diverticula of the colon are acquired herniations of 
colonic mucosa, protruding through the circular 
muscle at the points where the blood vessels (vasa 
recta) penetrate through the colonic wall. They tend 
to occur in rows between the strips of longitudinal 
muscle, sometimes partly covered by appendices 
epiploicae. They most commonly involve the sig-
moid colon but can be pancolonic. As the rectum 
has a complete muscle layer it is not affected [1].

It is important to differentiate between diverticu-
losis and the presence of diverticula which may be 
asymptomatic, and clinical diverticular disease 
(DD) where the diverticula are causing symptoms 
due to disordered colonic function resulting in 
 distension, pain and altered stool output. There are 
several terms used in the modern description of 
DD  that must be clearly understood. Diverticular 
disease is an all-encompassing term including 
symptomatic and asymptomatic disease. The most 
commonly used terms are defined in Table 3.20.1. 
The evo lution of normal colon to symptomatic DD 
is  summarised in Figure 3.20.1.

Dietary fibre/non-starch 
polysaccharides

Dietary fibre is not a chemically defined material, 
unlike NSP, and will be used throughout this chap-
ter (see Chapter 2.1 for definitions). Fibre is the part 
of fruit, grains or vegetables not digested in the GI 

tract and contributes to stool bulk. Restriction of 
fibre results in a reduction in the size and number 
of stools.

Lack of dietary fibre results in slower gut transit, 
greater water resorption and production of smaller 
firmer stools which are implicated in formation of 
diverticula. It is proposed that a low-fibre diet 
results in exaggerated contractions of the colonic 
circular muscle, dividing the lumen into a series of 
segments, raising the intracolonic pressure and 
leading to mucosal herniation [5,6]. Decreasing 
these effects is thought to decrease the likelihood of 
developing both diverticula and symptoms of DD 
[5,7].

When measurements are obtained from within 
the true sigmoid colon, there appears to be a link 
between exaggerated colonic motility, increased 
pressures and symptomatic DD [8,9] as well as 
abnormal motor and propulsive activities confined 
to the regions affected by DD [10]. However, there 
is considerable heterogeneity within these studies 
due to methodological factors that lead to scepti-
cism about the link between altered colonic motility 
and DD and whether these findings play a role in 
pathogenesis or are simply related to diverticular 
symptoms.

Low-fibre diets and increased DD prevalence 
have also been shown to exist in non-Western 
 populations in South Africa where the urban black 
population with higher dietary fibre intake (mean 
daily dietary fibre intake of 32.5 ± 11.4 g) than the 
local whites (mean daily dietary fibre intake of 
22.4 ± 6.0 g) had an increased prevalence of DD 
compared to non-urban blacks with significantly 
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higher dietary fibre intake [11]. It has to be noted, 
however, that this is a small population study and it 
is difficult to draw firm conclusions from it. In 
right-sided colonic DD commonly seen in the Asian 
populations of the Far East, similar increased risk is 
seen in urban populations with lower fibre intakes 
[12,13] with decreasing intake over time from 
25.0 g/day per capita in 1946 to14.5 g/day in 1991 

[14] coinciding with increased prevalence and daily 
dietary fibre intake of 17.4 ± 5.1 g in patients com-
pared to 21.1 ± 6.6 g in controls [15].

Evidence exists that high-meat diets change bac-
terial metabolism in the colon [16]. It is possible 
that the interaction of red meat and bacteria results 
in production of a ‘toxic metabolite’ which pro-
motes bowel wall spasm, resulting in weakening of 

Normal colonic appearance

Fibre deficient diet

Pressure on
colonic wall

Diverticula formation

Alterated colon
Micro-ecology

Colonic immune
response

Microscopic diverticula inflammation (symptomatic
uncomplicated diverticular disease)

Acute uncomplicated/complicated diverticulitis

Figure 3.20.1 Pathogenetic events leading from diverticulosis to diverticular disease. Source: Tursi and 
Papagrigoriadis [4].

Table 3.20.1 Definition of terms in diverticular disease

Term Definition

diverticular disease The entire spectrum of asymptomatic to symptomatic disease 
associated with colonic diverticula

diverticulosis The presence of one diverticulum or, more commonly, multiple 
diverticula that are not inflamed

diverticulitis Diverticulosis with clinical symptoms and evidence of inflammation
complicated diverticulitis Disease state of diverticulitis including abscess, fistula, obstruction or 

free perforation

Source: Rodkey [2], Stollman [3].
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the colon wall and diverticula formation [17]. 
Studies have revealed that a high intake of either red 
or processed meat correlates with a 2–4-fold 
increase in the risk of developing DD [18,19]. When 
compared to vegetarians, meat eaters were three 
times more likely to develop DD with diets contain-
ing half the dietary fibre of that in a vegetarian diet 
(21.4 g/day versus 41.6 g/day) [20]. A lifetime 
 vegetarian diet, with a fibre intake of 42 g/day over 
45 years, has been shown to be protective from DD 
compared to a meat eater’s diet of 21 g/day of fibre 
with a 20-fold difference in prevalence [21]. In a 
more recent UK study over a mean follow-up time 
of 11.6 years, vegetarians (22 g/day fibre intake in 
men and 21 g/day in women) had a 31% lower risk 
of DD compared with meat eaters (18 g/day fibre 
intake in men and women). The cumulative proba-
bility of admission to hospital or death from 
DD between the ages of 50 and 70 for meat eaters 
was 4.4% compared with 3.0% for vegetarians. 
Vegetarians also have faster colonic transit times 
and less disease, again probably due to the higher 
dietary fibre intakes [22].

A prospective study examining the relationship 
between red meat consumption and DD found age 
and energy-adjusted relative risk (RR) were signifi-
cant for certain servings of meat, such as beef, pork 
and lamb as a main dish (RR 3.23); in sandwiches or 
mixed dishes (RR 1.98); processed meat (RR 1.90); 
bacon (RR 1.07); and hot dogs (RR 1.38). When 
 further adjusted for dietary fibre intake and physical 
activity, consumption of red meat, as a single cate-
gory, was still positively associated with risk of DD 
(RR 1.48) but did not reach statistical significance. 
Further analysis showed that the association of red 
meat with DD was not related to its protein or fat 
content. There was little association between DD and 
intake of chicken and fish or dairy fat [18].

The relationship between high-meat diets and 
DD extends to Asian patients as well, where the risk 
of right-sided disease may be increased by nearly 
25 times compared with patients with low overall 
meat consumption [12].

Fat

A systematic review of dietary factors which were 
potential risk factors for the development of DD 

found that other than low fibre intake, high fat 
intake and high meat intake were associated [23]. 
Positive associations were found between DD and 
saturated, monounsaturated, trans-saturated and 
polyunsaturated fats, particularly in the presence of 
low fibre intake. A weak inverse association was 
observed for omega-3 fatty acids and DD. When 
adjusted for physical activity and dietary fibre, 
however, the association of DD with total fat and 
various types of fat was no longer significant [18].

3.20.2 Dietary effects of 
disease or its management

Diverticular disease is a disease of the West where 
decreased fibre intake, increased fat intake and sed-
entary lifestyles are major health issues resulting in 
obesity, cardiovascular disorders and diabetes. 
Management includes increasing dietary fibre and 
fluid intake. However, this blanket approach to man-
aging DD can sometimes result in diarrhoea and 
flatulence in patients and there is a need to balance 
individual dietary requirements and sensitivities in 
order to satisfactorily manage the condition in differ-
ent patients. This is a problem also because of the 
overlap with irritable bowel syndrome in these symp-
tomatic patients. Although irritable bowel syndrome 
is considered a diagnosis of exclusion, the symptoms 
of variable stool output and abdominal pain can com-
monly co-exist alongside uncomplicated DD where 
diverticulosis is present with no evidence of inflam-
mation, making a clear differentiation difficult.

3.20.3 Dietary management

Dietary fibre and colonic physiology

High-fibre diets are commonly recommended as 
part of the preventive and treatment regimen for 
symptomatic uncomplicated DD. In particular, fibre 
which is incompletely or slowly fermented by 
microbiota in the large intestine promotes normal 
laxation, provides relief from constipation and 
 ultimately prevents the development of DD and 
diverticulitis by accelerating the faecal transit time 
and reducing the intraluminal pressure.
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Dietary fibre can be classified according to its 
water solubility. The structural fibres which con-
sist of cellulose, lignin and some hemicelluloses 
are insoluble and the natural gel-forming fibres, 
which are the pectins, gums, mucilages and remain-
ing hemicelluloses, are soluble [24]. Insoluble 
fibre, such as wheat bran, is primarily important for 
GI health, while soluble fibre, such as oat bran, has 
been thought to reduce risk of chronic disease. 
Fruit and vegetable fibre has been found to be 
inversely associated with risk of DD. The relative 
risk associated with fruit fibre was 0.62 and that 
for vegetable fibre was 0.55. The insoluble compo-
nent of fibre, particularly cellulose, was strongly 
associated with decreased risk of DD. Cereal fibre, 
however, was not associated with decreased risk 
of DD [24].

Several controlled clinical trials tested the effi-
cacy of wheat bran and bulking agents in the relief 
of GI dysfunction in symptomatic DD patients  
[25–28]. The most commonly used supplements are 
wheat bran and ispaghula husk. However, high-
level evidence to support this recommendation is 
lacking.

Dietary fibre and symptoms

Painter was the first to advocate fibre supplementa-
tion in symptomatic DD [29] and over time the 
positive effect of increased fibre on symptom relief 
has been repeatedly seen. The treatment found to 
be most effective was 24 g/day of wheat bran for at 
least 6 months resulting in symptomatic relief, 
accelerated transit times, increased stool weight 
and decreased postprandial intracolonic high pres-
sure waves, especially during and after eating [30]. 
Fibre supplementation has also retrospectively 
been shown not only to provide symptom relief 
with less pain and constipation but also required 
less surgery [31].

Symptom relief from fibre supplementation is 
reported to last over 6 years in more than half of 
patients undertaking it [32–34]. Constipation is the 
symptom which is most consistently relieved by 
fibre supplementation; the effect on other symp-
toms can be more variable although a lower relative 
risk of abdominal pain, bleeding and change in 
stool output has been shown to be inversely related 
to a low-fibre diet [18].

Prospective comparison of treatment over 12 
weeks with the laxative lactulose or a high-fibre diet 
found a similar improvement in bowel frequency, 
stool consistency, frequency and severity of pain on 
bowel movement and abdominal pain [35].

However, despite the evidence for the positive 
effect of fibre supplementation, a recent systematic 
review [36] concluded that compared with placebo, 
wheat bran and ispaghula husk may be no more 
effective at 16 weeks at relieving symptoms of 
uncomplicated DD, based on one cross-over ran-
domised controlled trial (RCT) [37]. Methylcellulose 
may be no more effective at 3 months at reducing 
mean symptom scores in people with uncomplicated 
DD compared with placebo based on one RCT [38].

It is therefore difficult to conclusively recom-
mend the use of fibre supplementation or laxative 
use to improve outcomes in symptomatic DD. 
However, as the benefits outweigh the very minimal 
risks of this relatively benign dietary modification, 
advocating it to patients does not cause apparent 
harm. In the United States, fibre recommendations 
for an individual with DD are 6–10 g/day higher 
than the normally recommended 25–35 g/day [39]. 
And although there are some recommendations to 
avoid nuts, seeds and popcorn there appears to be 
no real evidence to support this [40].

A vegetarian diet has also been shown to have 
 beneficial effects on disease prevention, but this 
is  a very much more difficult lifestyle change to 
make. A case-by-case view needs to be taken in 
order to adjust treatment for patients with overlap-
ping irritable bowel syndrome symptoms who can 
react negatively to increased dietary fibre.

Medical management

The management of DD takes a staged approach in 
which symptomatic uncomplicated disease where 
patients present with pain, bloating, constipation or 
diarrhoea is treated mainly with a change in diet to 
high fibre, low fat and the recommendation of exer-
cise. As the disease gets more complicated to 
involve inflammation as an attack of acute divertic-
ulitis, antibiotics become the mainstay of treatment, 
orally where the attack is mild, parenterally where 
the attack involves phlegmon or abscess. Treatment 
then progresses to radiological or surgical interven-
tion where necessary [4].
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The anti-inflammatory role of 5-aminosalicylic acid 
(5-ASA) has been applied to DD in the form of mesala-
zine. It has been shown to be effective in improving 
symptoms in patients with symptomatic uncompli-
cated DD [41]. Combining it with a broad-spectrum 
antibiotic such as rifaximin has shown synergy thus 
preventing disease recurrence and improving symp-
toms in patients with symptomatic, uncomplicated 
diverticulitis and mild-to-moderate colonic obstruc-
tion, rather than using rifaximin on its own [42].

Probiotics

Probiotics are living micro-organisms that, if con-
sumed in sufficient numbers, can alter the host 
microbiota and exert specific health benefits with-
out increasing the risk of antibiotic resistance [43]. 
The addition of non-pathogenic E. coli (Nissle 
strain) to antibiotic therapy (dichlorchinolinol) and 
an intestinal absorbent (active coal tablets) resulted 
in greater symptomatic improvement and longer 
periods of disease quiescence than with the antibi-
otic with absorbent regimen alone [44].

The probiotic Lactobacillus casei DG and the high-
potency probiotic mixture VSL#3 in combination 
with 5-ASA or balsalazide in patients with sympto-
matic, uncomplicated DD in remission found the pro-
biotic with 5-ASA combination performed better in 
preventing disease relapses and improving symptoms 
than the single-agent regimens [45,46].

Studies on the use of mesalazine and probiotics 
are, however, limited and their use in the treatment 
of DD is yet to become clearly established.
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Constipation in adults is often trivialised. However, 
it is a frequent (2–34% of the population in Western 
countries) and often debilitating medical problem, 
generating many medical visits and having a con-
siderable impact on individual physical and emo-
tional well-being [1–3].

3.21.1 Definitions and types

Functional constipation (primary or idiopathic) is 
chronic constipation with an unknown cause [4]. 
Several physiological subtypes have been described.

 • Colonic inertia or slow transit constipation – 
when movement of GI contents through the colon 
is slowed.

 • Outlet delay constipation (or obstructed defaeca-
tion) – which can be caused by pelvic floor dys-
synergia (the pelvic floor muscles contract or fail 
to relax during attempted defaecation) and by an-
ismus (the external anal sphincter contracts in-
stead of relaxing during attempted defaecation).

 • Normal transit constipation (without delays in 
colonic transit or outlet delay) – the least clearly 
defined and most common subgroup.

Secondary constipation (organic constipation) is 
caused by a drug or medical condition. Faecal load-
ing/impaction is retention of faeces resulting in dif-
ficulty in evacuation. Retained faeces are usually 
palpable on abdominal examination, and may be 
felt on internal rectal examination or by external 
palpation around the anus.

Although constipation means different things to 
different people, frequency, consistency and normal 
bowel movements are considered as important crite-
ria to clinicians and patients; it is how these criteria 
are perceived that differs. The Rome Criteria are con-
sidered as the gold standard for constipation and are 
useful in clinical practice and research [5,6].

Rome III defines functional constipation as a 
functional bowel disorder that presents as persis-
tently difficult, infrequent or seemingly incomplete 
defaecation, which does not meet irritable bowel 
syndrome criteria and includes the criteria shown in 
Box 3.21.1 [6]. These can be used with the Bristol 
Stool Form Scale, which helps define stool types 
and evaluate transit time, to provide a comprehen-
sive clinical definition.

A patient’s perception of constipation may include 
the objective observation of infrequent defaecation 
patterns and the subjective complaints of straining at 
stooling, incomplete evacuation, abdominal bloating 
or pain, hard or small stools, or a need for digital 
manipulation to enable defaecation. Stool frequency, 
as a measure, is imprecise, as it varies between healthy 
individuals, let alone constipated patients.

3.21.2 Factors involved in 
causation

Demographics

Although there is a lack of consensus on the preva-
lence rates of constipation, many researchers have 
found that certain demographic and dietary factors 
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may increase causation. Constipation is reported to 
be higher in women than men (median female:male 
ratio of 1.5) [6] and this persists after age adjust-
ment. Age is inversely associated with constipation, 
with increasing prevalence of constipation affecting 
the very young or the very old [7]. Constipation 
among older people could be due to changes in 
mobility, diet, fluid intake or polypharmacy. The 
use of laxatives increases with age, with adults over 
65 being frequent users, even when bowel move-
ments would be described as ‘normal’ by clinicians 
[3,7–9]. Independent living also plays a role in the 
prevalence of constipation in older people. Healthy, 
active individuals living in the community are often 
less likely to experience functional constipation 
than those in institutions (including hospitals) 
[3,7,9].

Constipation affects non-white people more than 
white [6]. Reasons for this are unclear, but it may be 
linked to dietary differences or genetics. A strong 
relationship exists between low socioeconomic 
groups and greater reporting of constipation [3]. 
This may be related to poor diet and reduced level 
of physical activity or limited education, as socio-
economic position is often associated with lower 
attained education level.

Non-starch polysaccharides

It is often said that the prevalence of constipa-
tion has increased due to modern food processing 

methods, resulting in a diet low in non-starch poly-
saccharides (NSP) [10]. However, a low NSP diet 
should not be assumed to be the cause of consti-
pation, but possibly a contributory factor [11]. 
Although evidence is controversial, intake of NSP, 
mostly insoluble fibre, has been shown to be bene-
ficial [6] and to increase gut transit time, faecal 
weight and bowel frequency in healthy individuals, 
but also in some constipated patients [11]. 
Constipation is often lower among vegetarians [7] 
and in developing countries, where higher amounts 
and types of NSP are consumed. Many people with 
constipation, especially the elderly, report having a 
low NSP intake because of chewing difficulties and/
or denture problems. There are a few cases where 
high NSP is contraindicated: patients with second-
ary to slow transit and/or pelvic floor dyssynergia, 
or where abdominal distension has worsened or 
resulted in incontinence (mostly in the elderly) [12]. 
However, these represent a minority.

Fluid

Dehydration is a risk factor [12,13], slowing 
colonic transit or lowering stool output in healthy 
adults. This is a problem among the elderly, who 
tend to drink less in an attempt to control 
 continence. Evidence for increasing fluid intake 
generally or when NSP is ingested is con-
troversial [14].

Box 3.21.1 Diagnostic criteria* for functional constipation

1. Must include two or more of the following:
a. Straining during at least 25% of defaecations
b. Lumpy or hard stools in at least 25% of defaecations
c. Sensation of incomplete evacuation for at least 25% of defaecations
d. Sensation of anorectal obstruction/blockage for at least 25% of defaecations
e. Manual maneuvers to facilitate at least 25% of defecations (e.g. digital 

evacuation, support of the pelvic floor)
f. Fewer than 3 defaecations per week

2. Loose stools are rarely present without the use of laxatives
3. There are insufficient criteria for irritable bowel syndrome

*Criteria fulfilled for the last 3 months with symptom onset at least 6 months prior 
to diagnosis.
Source: Longstreth et al. [6]. Reproduced with permission from BMJ.
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3.21.3 Dietary effects of 
disease or its management

Constipation is common in irritable bowel syn-
drome and symptomatic diverticulosis or divertic-
ulitis leading to an overlap of risk factors between 
those diseases and functional constipation.

Reduced NSP intake is believed to be a con-
tributory factor to functional constipation. The 
greatest effect on constipation seemed to be 
related to the insoluble fibre component, espe-
cially cellulose, found in fruit and vegetables, 
rather than in cereals [11,15]. Insoluble fibre is 
known to increase faecal bulk and be a potent 
stimulus to colon transit [16], which may result in 
reduced constipation symptoms. Diverticulosis is 
generally asymptomatic [11,15]. However, when 
active, NSP should be decreased to reduce pain 
and bloating sensation, but increased gradually 
when symptoms lessen. Although symptoms may 
worsen initially, improvement should follow after 
a few weeks. Intake of a high-fibre diet is in line 
with healthy dietary recommendations, but any 
treatment management should be carefully 
monitored.

3.21.4 Dietary treatments

A multifaceted approach is preferred to treat 
patients with functional constipation, with dietary 
and lifestyle changes being the first step. If unsuc-
cessful, fibre supplements can be used, and if this 
fails then laxative treatment can be given [1,7]. The 
latter is currently the most used by health profes-
sionals and patients, especially among the elderly 
population. However, there is little evidence to sup-
port either their clinical or cost-effectiveness. 
Emmanuel designed a draft algorithm for such an 
approach, which is useful as there is no treatment 
protocol at present, probably due to the complexity 
of the condition and the lack of uniformity in defin-
ing it [17]. Although toileting time [13], posture 
[18], physical activity [8] and psychological coun-
selling [2] are important aspects of constipation 
management, only the dietary aspect of the treat-
ment will be considered here.

Non-starch polysaccharides

Soluble fibre has an effective water-holding capac-
ity to form highly viscous solutions, but has little 
effect on stool output and colon transit. Whilst 
insoluble fibre has poor water-holding capacity, it 
increases faecal bulk and offers potent stimuli to 
colon transit [16]. Wheat bran and oat bran contain 
differing amounts of insoluble fibre (>90% and 
50–60% respectively) but have similar effects on 
daily stool output although they work by a different 
mechanism. Oat bran is higher in soluble fibre than 
wheat bran and when consumed results in greater 
bacterial growth, and the insoluble fibre provides 
more slowly fermentable polysaccharides to main-
tain the microbial population during transit through 
the large intestine [19]. Other food plants (prunes 
and kiwis) have been shown to be effective in 
improving constipation [20–22]. It is difficult to 
ascertain which fibres are most effective in these 
fruits, but probably a combination of both and other 
components within the fruit.

Adequate fluid intake is recommended when 
consuming a high NSP diet or fibre supplements 
[23] but this can be problematic for some individu-
als, such as the frail and elderly. However, encour-
aging such practice may increase the beneficial 
effects of NSP and decrease some of the common 
side-effects, e.g. increased bloating and flatulence 
[10,11]. Incremented intake (about 5 g/day weekly 
until the recommended amount is achieved) and 
patient monitoring are crucial for compliance, 
which can be poor [10,11] as some patients 
believe that high NSP diets make their constipation 
worse. Patients should be informed that benefits 
may take from a few days to several weeks to 
become evident.

In the UK, it is recommended that the healthy 
adult diet should contain an average of 18 g/day of 
NSP [24] whilst the US dietary guidelines [25] 
 recommend a NSP intake of 14 g/1000 kcal, which 
represents around 25–38 g/day for healthy adult 
women and men respectively.

Probiotics and prebiotics

The GI microbiota comprises 400–500 bac-
terial  species in the colon alone and has many 
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important metabolic, trophic and protective 
functions.

Research evidence for beneficial effects of probi-
otics in constipation is strain dependent and fairly 
limited but includes improvements in transit time, 
faecal frequency and stool consistency [26] 
(Table  3.21.1). Bifidobacterium lactis, B. longum 
and Lactobacillus GG have been shown to normal-
ise stool output in the elderly in nursing homes [27]. 
The benefits of Lactobacillus GG have only been 
demonstrated when ingested with fibre-rich rye 
bread [28] and are known to improve stool fre-
quency in constipated children [29].

One issue with probiotics is the quality control of 
(often milk-based) products (see Chapter 2.3).

Inulin and fructo-oligasaccharides (FOS) are 
prebiotics fermented by bifodobacteria and lactoba-
cilli within the GI tract (see Chapter 2.4). There is 
insufficient evidence to fully identify the health ben-
efits of inulin and FOS in patients with constipation. 
However, they contribute to the increase of micro-
bial mass and the production of short-chain fatty 
acids [30], and have a laxative effect. Studies using 
inulin and lactose in the elderly have shown clinical 
improvements in constipation with 15 g/day [31] or 
20–40 g/day of inulin [32]. The greater laxative 
effect of inulin, combined with an increase in bifi-
dobacteria and a decrease in enterococci and entero-
bacteria, might explain such improvement. There 
is no optimum dose recommended for inulin and 
FOS but daily doses above 20 g/day may cause 
undesirable effects, such as abdominal pain, and 
intestinal cramps in some patients with constipation 
[33]. These effects vary between individuals [32]. 
Considering the limited strength of evidence, it is 
 difficult to recommend these products to all patients 
with constipation.

Fluid

Although hydration status may or may not contrib-
ute to constipation [14,34], it is well established that 
being well hydrated is important to health [35,36]. 
Therefore regular habits of fluid consumption 
should be started from an early age and continued 
throughout life. It is recognised that thirst sensation 
decreases in later life, and dehydration can then 
become a problem for general health and may lead 

to constipation [12–14]. Studies undertaken in con-
trolled environments among elderly patients showed 
that establishing regular drinking times, with the 
support of medical staff, improved constipation. A 
fluid intake of 1.5–2 L/day, excluding caffeinated 
drinks and depending on NSP intake, decreased 
constipation. Encouraging oral fluids is essential, 
but mobility issues should be considered too, 
 particularly in the elderly, as increased fluid con-
sumption results in increased urine output. Close 
monitoring of fluid intake is particularly important 
among elderly patients with cardiac and renal 
 disease [9].

The recommended fluid intake is 2 L/day; water is 
best but the amount will vary for each individual 
depending on levels of physical activity and consump-
tion of water-containing foods and other liquids (i.e. 
juices, tea, coffee, soups and fruit and vegetables) [37].

References

1. McCallum IJ, Ong S, Mercer-Jones M. Chronic constipation 
in adults. British Medical Journal 2009; 338: 763–766.

2. Speed C, Heaven B, Adamson A, et al. LIFELAX – diet and 
LIFEstyle versus LAXatives in the management of chronic 
constipation in older people: randomised controlled trial. 
Health Technology Assessment 2010; 14(52): 1–251.

3. Mugie SM, Benninga MA, di Lorenzo C. Epidemiology of 
constipation in children and adults: a systematic review. Best 
Practice and Research in Clinical Gastroenterology 2011; 
25(1): 3–18.

4. NHS Evidence. Clinical Knowledge Summaries. Constipation. 
2013. http://cks.nice.org.uk/constipation, accessed 20 January 
2014.

5. Drossman DA. The functional gastrointestinal disorders and the 
Rome III process. Gastroenterology 2006; 130: 1377–1390.

6. Longstreth GF, Thompson WG, Chey WD, Houghton LA, 
Mearin F, Spiller RC. Functional bowel disorders. 
Gastroenterology 2006; 130(5): 1480–1491.

7. Petticrew M, Watt I, Sheldon T. Systematic review of the ef-
fectiveness of laxatives in the elderly. Health Technology 
Assessment 1997; 1(13): 1–52.

8. Dukas L, Willett WC, Giovannucci EL. Association between 
physical activity, fiber intake, other lifestyle variables and 
constipation in a study of women. American Journal of 
Gastroenterology 2003; 98(8): 1790–1796.

9. Rao SSC, Go JT. Update on the management of constipation in 
the elderly. Clinical Interventions in Aging 2010; 5: 163–171.

10. Taylor R. Management of constipation: high fibre diets work. 
British Medical Journal 1990; 300: 1063–1064.

11. Cabré E. Clinical nutrition university: nutrition in the preven-
tion and management of irritable bowel syndrome, constipation 

http://cks.nice.org.uk/constipation


254  SECTION 3: Gastrointestinal disorders

and diverticulosis. European e-Journal of Clinical Nutrition 
and Metabolism 2011; 6(2): e85–e95. www.e-spenjournal.org/.

12. Muller-Lissner SA, Kamm MA, Scarpignato C, Wald A. 
Myths and misconceptions about chronic constipation. 
American Journal of Gastroenterology 2005; 100: 232–242.

13. Imershein N, Linnehan E. Nutrition management in home health 
and long-term care. Constipation: a common problem of the 
 elderly. Journal of Nutrition for the Elderly 2000; 19(3): 49–54.

14. Arnaud MJ. Mild dehydration: a risk factor of constipation? 
European Journal of Clinical Nutrition 2003; 57: S88–S95.

15. Stollman NH, Raskin JB. Diverticular disease of the colon. 
Lancet 2004; 363: 631–639.

16. Spiller RC. Pharmacology of dietary fibre. Pharmacology and 
Therapeutics 1994; 62(3): 407–427.

17. Emmanuel A. Current management strategies and therapeutics 
targets in chronic constipation. Therapeutic Advances in 
Gastroenterology 2011; 4(1): 37–48.

18. Sikirov D. Comparison of straining during defecation in three 
positions. Results and implications for human health. Digestive 
Diseases and Sciences 2003; 48(7): 1201–1205.

19. Chen H, Haack VS, Janecky CW, Vollendorf NW, Marlett JA. 
Mechanism by which wheat bran and oat bran increase stool 
weight in humans. American Journal of Clinical Nutrition 
1998; 68: 711–719.

20. Stacewicz-Sapuntzakis M, Bowen PE, Hussain EA, Damayanti-
Wood BI, Farnworth NR. Chemical composition and potential 
health effects of prunes: a functional food? Critical Reviews in 
Food Science and Nutrition 2001; 41(4): 251–286.

21. Rush EC, Patel M, Plank LD, Ferguson LR. Kiwifruit pro-
motes laxation in the elderly. Asia Pacific Journal of Clinical 
Nutrition 2002; 11(2): 164–168.

22. Attaluri A, Donahoe R, Valestin J, Brown K, Rao SSC. 
Randomised clinical trial: dried plums (prunes) vs psyllium 
for constipation. Alimentary Pharmacology and Therapeutics 
2011; 33: 822–828.

23. Rodrigues-Fisher LC, Bourguignon BV. Good, dietary fiber 
nursing intervention: prevention of constipation in older 
adults. Clinical Nursing Research 1993; 2: 464–477.

24. Department of Health. Dietary Reference Values for Food 
Energy and Nutrients for the United Kingdom. London: 
HMSO, 1991.

25. US Department of Health and Human Services and Department 
of Agriculture. Dietary Guidelines for Americans, 2005. www.
health.gov/dietaryguidelines/dga2005/document/pdf/
DGA2005.pdf, accessed 20 January 2014.

26. Pathmakanthan S, Meance S, Edwards CE. Probiotics: a re-
view of human studies to date and methodological approach-
es. Microbial Ecology in Health and Disease 2000; 2: 10–30.

27. Pitkala KH, Strandberg TE, Finne-Soveri UH, et al. Fermented 
cereal with specific bifidobacteria normalizes bowel move-
ments in elderly nursing home residents. A randomized, con-
trolled trial. Journal of Nutrition, Health and Aging 2007; 
11(4): 305–311.

28. Hongisto SM, Paajanen L, Saxelin M, Korpela R. A combina-
tion of fibre-rich rye bread and yoghurt containing Lactobacillus 
GG improves bowel function in women with self-reported 
 constipation. European Journal of Clinical Nutrition 2006; 
60(3): 319–324.

29. Banaszkeiwicz A, Szajewska H. Ineffectiveness of Lactobacillus 
GG as an adjunct to lactulose for the treatment of constipation 
in children: a double-blind, placebo-controlled randomized 
trial. Journal of Paediatrics 2005; 146(3): 364–369.

30. Schneeman BO. Fiber, inulin and oligofructose: similarities and 
differences. Journal of Nutrition 1999; 129: 1424S–1427S.

31. Gibson GR, Beatty ER, Xin W, Cummings JH. Selective stim-
ulation of bifidobacteria in the human colon by oligofructose 
and inulin. Gastroenterology 1995; 108: 975–982.

32. Kleesen B, Sykura B, Zunft HJ, Blaut M. Effects of 
inulin and lactose on fecal microflora, microbial activity, 
bowel habit in elderly constipated persons. American Journal 
of Clinical Nutrition 1996; 65: 1397–1402.

33. Tuohy KM, Rouzaud GC, Brück WM, Gibson GR. Modulation 
of the human gut microflora towards improved health using 
prebiotics – assessment of efficacy. Current Pharmaceutical 
Design 2005; 11: 75–90

34. Linderman RD, Romero LJ, Hwa Chi L, Baumgartner RN, 
Koehler KM, Garry PJ. Do elderly persons need to be encour-
aged to drink more fluids? Journal of Gerontology Series A - 
Biological Sciences and Medical Sciences 2000; 55A(7): 
M361–M365.

35. Kleiner SM. Water: an essential but overlooked nutrient. 
Journal of the American Dietetic Association 1999; 99(2): 
200–206.

36. World Health Organization. Water for Health – Taking 
Charge. Geneva: World Health Organization, 2001.

37. Goldberg G. Water, water. Nutrition Bulletin 2001; 26(3): 
197–198.

38. Koenick C, Wagner I, Leitzmann P, Stern U, Zunft HJ. 
Probiotic beverage containing Lactobacillus casei shirota im-
proves gastrointestinal symptoms in patients with chronic 
constipation. Canadian Journal of Gastroenterology 2003; 17: 
655–659.

39. Mollenbrink M, Bruckschen E. Treatment of chronic constipa-
tion with physiologic Escherichia coli bacteria. Results of a 
clinical study of the effectiveness and tolerance of microbio-
logical therapy with the E.coli Nissle 1917 strain (Mutaflor). 
Medizinische Klinik (Munich) 1994; 89: 587–593.

40. Yang YX, Mei H, Gang H, Wei J, Philippe P, Bourdu-Naturel 
S. Effect of a fermented milk containing Bifidobacterium lac-
tis DN-173010 on Chinese constipated women. World Journal 
of Gastroenterology 2008; 14(40): 6237–6243.

41. Bouvier M, Meance S, Bouley C, Berta JL, Grimaud JC. Effects 
of consumption of a milk fermented by the probiotic 
Bifidobacterium animalis DN 173010 on colonic transit time in 
healthy humans. Bioscience and Microflora 2001; 20(2): 43–48.

42. Meance S, Cayuela C, Raimondi A, Turchet P, Lucas C, 
Antoine JM. Recent advances in the use of functional foods: 
effects of the commercial fermented milk with bifidobacteri-
um animalis strain dn-173010 and yoghurt strains on gut tran-
sit time in the elderly. Microbiological Ecology in Health and 
Disease 2003; 15(1): 15–22.

43. Marteau P, Cuillerier E, Meance S, et al. Bifidobacterium ani-
malis strain DN-173010 shortens the colonic transit time in 
healthy women in a double-blind, randomized, controlled 
study. Alimentary Pharmacology and Therapeutics 2002; 
16(3): 587–593.

http://www.e-spenjournal.org/
http://www.health.gov/dietaryguidelines/dga2005/document/pdf/DGA2005.pdf
http://www.health.gov/dietaryguidelines/dga2005/document/pdf/DGA2005.pdf
http://www.health.gov/dietaryguidelines/dga2005/document/pdf/DGA2005.pdf


Advanced Nutrition and Dietetics in Gastroenterology, First Edition. Edited by Miranda Lomer. 
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

Colorectal cancer (CRC) is the third most common 
cancer worldwide after lung and breast cancer 
with an estimated 1.24 million new cases diagnosed 
in 2008 [1]. In 2010 there were approximately 
40,695 new cases of CRC diagnosed in the UK, 
around two-thirds in the colon and one-third in the 
rectum [2].

The incidence of CRC varies between countries 
and the highest rates are found in Australia, New 
Zealand (approximately 45 cases per 10,000 popu-
lation in men and 33 cases per 10,000 in women) 
and Western Europe, with the lowest rates reported 
in middle Africa (approximately four cases/10,000 
in men and three cases/10,000 in women) [1]. 
Geographical variation in incidence across the 
world has been attributed to dietary variations 
and different levels of physical activity. Epidemiolo-
gical studies report a rapid increase in risk for 
CRC  in migrants moving from low- to high-risk 
 countries and in countries that have had a rapid 
‘Westernisation’ of diet, such as Japan [3].

Presenting symptoms include an alteration in 
stool output, rectal bleeding and anaemia with 
abdominal pain, anorexia and weight loss in more 
advanced tumours. Worldwide, CRC is the fourth 
most common cause of cancer death, estimated to 
be responsible for around 8% of the total (almost 
610,000 deaths) in 2008 [1]. Mortality has been 
falling over the last decade, with the 5-year survival 
rates for both men and women improving consider-
ably between the early 1970s and early 2000s [2]. 
Overall, 5-year survival rates average 55% in high-
income countries and 39% in middle- to low-
income countries [4]. Worldwide, it is estimated 

that there were 3.26 million CRC patients still alive 
in 2008, up to 5 years after their diagnosis. These 
changes can be attributed to screening programmes 
leading to earlier detection of tumours and substan-
tial advances in treatment options.

Surgical resection with curative intent is the 
 primary treatment for 80% of patients diagnosed 
with CRC [5]. The extent of intestinal resection 
and the presence of a stoma may affect the patient’s 
nutritional status.

3.22.1 Factors involved in 
causation

Colorectal cancer is widely considered to be an 
environmental disease, with diet strongly influenc-
ing risk [6]. In the UK, it has been estimated that 
approximately 57% of CRC cases in men and 52% 
in women are linked to lifestyle and environmental 
factors [7], with incidence of CRC generally higher 
in populations that consume ‘Westernised’ diets . 
Colorectal cancer is one of the main cancers for 
which modifiable causes have been identified and 
therefore a large proportion of disease is theoreti-
cally preventable. It has been suggested that changes 
in dietary habits might reduce up to 70% of this can-
cer burden [6].

The link between diet and cancer is multifaceted 
and difficult to unravel. Diet may affect GI 
mucosa  either directly from the luminal side or 
 indirectly through whole-body metabolism. 
Compounds derived from food that are constantly 
present in the intestine, or the blood content of 
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nutrients, hormones and growth factors, may shift 
cellular balance toward harmful outcomes [8]. 
Variation in dietary intake and the complexity of 
interactions of dietary components, with each other 
and with metabolites, make it difficult to design 
studies that accurately identify dietary components 
that might induce or prevent CRC.

A recent report entitled Food Nutrition, Physical 
Activity and the Prevention of Cancer: A Global 
Perspective produced by the World Cancer Research 
Fund (WCRF) in collaboration with the American 
Institute for Cancer Research (AICR) provided a 
series of recommendations based on expert judge-
ment, systemic reviews and case studies of the 
world literature [9]. Based on mainly prospective 
cohort studies, it was concluded that there is con-
vincing evidence that physical activity can decrease 
the risk of CRC, while there is a probable reduction 
in cancer risk associated with foods rich in non-
starch polysaccharides (NSP), garlic and calcium. 
Conversely, processed meat, red meat, alcohol, body 
fatness and in particular abdominal fatness are asso-
ciated with cancer risk.

Red and processed meat

Meat consumption, most notably red and pro-
cessed meat, has been described as a promoter of 
carcinogenesis. It has been estimated that 21% of 
CRC in the UK was linked to meat consumption 
[10], with the positive association stronger for 
colon cancer than rectal cancer [11]. Over the past 
three decades a plethora of epidemiological and 
prospective studies have evaluated this hypothesis. 
However, the possible role of this food group in 
CRC is equivocal.

Meta-analysis of the literature has concluded that 
there was a significantly increased risk of CRC in 
the highest category of red meat consumption when 
compared to the lowest category. An intake of 
25–50 g/day processed meat was associated with 
9–50% increased risk and a 17–30% increased risk 
of CRC was associated with a red meat intake of 
100–120 g/day [11]. In contrast, a pooled analysis 
of UK case–control studies found no effect of 50 g/
day red or processed meat; however, a relatively 
low amount of meat was consumed and the number 
of participants was relatively small [12].

The WCRF/AICR report concluded that consump-
tion of red meat is a ‘convincing’ cause of CRC [9]. 
There has been much debate on the WCRF/AICR 
conclusions and a review of prospective epidemio-
logical studies by Alexander et al. suggested that there 
are limitations to the available data [13]. Specifically, 
the epidemiological associations across the consortium 
of studies have been considered as being relatively 
weak in magnitude, most individual studies have 
not observed statistically significant associations, 
evidence of dose–response is unclear and patterns of 
associations vary by study characteristics. Also it is 
worth noting that red meat is defined and analysed 
heterogeneously across studies. The authors con-
cluded that the available evidence is not sufficient to 
support a clear positive association between red and 
processed meat consumption and CRC.

Several postulated mechanisms regarding meat 
consumption and CRC incidence have been examined. 
Dietary mutagens (e.g. heterocyclic amines, 
 polycyclic aromatic hydrocarbons) or chemical 
compounds that may develop during cooking at 
high temperatures have been most intensively 
 studied, but associations from epidemiological 
analysis have been variable across several specific 
compounds [14]. Other mechanisms involve the 
potential role of nitrate and nitrite, commonly used 
in processed meat as preservation agents, and 
N-nitroso compounds, which have been shown to 
be carcinogenic in some laboratory animal studies. 
Finally, some researchers have suggested that iron 
may play a role in increasing CRC. However, 
 relatively few studies have evaluated the potential 
role that this factor may play in cancer risk [14].

Obesity

Obesity, categorised as a Body Mass Index (BMI) 
>30 kg/m2, is associated with an increased risk of 
colon cancer. In 2010 it was estimated that 13% of 
CRC cases in the UK were associated with an indi-
vidual being overweight or obese [10].

Meta-analyses have shown that the risk of colon 
cancer increases by approximately 30% per 5 kg/m2 
increase in BMI for men, increasing to a 53% higher 
risk in obese men in comparison to healthy weight 
men (BMI <25 kg/m2). The data for rectal cancer 
show a weaker association with BMI and cancer 
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risk; a 5 kg/m2 BMI increase is associated with a 
9–12% higher risk in men, with those being obese 
having a 27% higher risk of developing rectal can-
cer [15]. The data for women are less clear with a 
non-significant association for colon cancer risk in 
one meta-analysis. It is likely that the female sex 
hormone oestrogen may affect the correlation 
between risk and BMI but the exact nature of this 
relationship is unclear.

Alcohol

Alcohol intake has been implicated as a risk factor 
for CRC, with the greatest risks associated with 
intakes in excess of 30 g/day. Thirteen cohort stud-
ies and 41 case–control studies reported a linear 
relationship with increased risk of CRC with 
increasing ethanol intakes. No contrary results were 
found with statistical significance [9].

A recent systemic review reported a 21% increase 
in risk for both colon and rectal cancers with an 
alcohol intake of 1.6–6.2 UK units (12.8–49.6 g) 
per day when compared to those categorised as non-
drinkers or occasional drinkers [16]. Dose–response 
analysis within this study showed a 7% increase 
risk for every 10 g/day alcohol consumed. There is a 
suggestion of sexual dysmorphism, with evidence 
stronger for men. This is believed to be as a result of 
fewer data for women [9]. The EPIC study also 
found a significant positive association between 
alcohol consumption and CRC risk, with higher 
risks observed in the rectum compared to the distal 
colon. Several plausible mechanisms have been 
reported for this, including the hypothesis that indi-
viduals with habitually high alcohol intake have 
suboptimal intakes of essential nutrients, making 
them more susceptible to carcinogenesis.

Non-starch polysaccharides

It has been estimated that 12% of CRC could be 
attributed to poor NSP intakes <23 g/day [7]. 
Although the WCRF/AICR study noted foods high 
in NSP as being ‘probable’ in terms of decreasing 
the risk of CRC, it was acknowledged that the evi-
dence is conflicting [9].

Studies have reported no correlation between 
CRC incidence and NSP whereas the EPIC study 

found a direct link, specifically in populations with 
low average intakes of NSP. More recently, a meta-
analysis of 25 prospective studies with 2 million 
participants found that CRC risk was reduced by 
10% for every 10 g/day total NSP [17]. Conflicting 
results have been attributed to possible confounding 
effects which include the overall amount of NSP 
consumed, the definition of NSP and type of fibre.

3.22.2 Nutritional status of 
colorectal cancer patients

Impaired nutritional status is a frequent complication 
in patients with CRC and can negatively affect the 
outcome of treatment and quality of life The conse-
quences of underlying pathology or disease-associ-
ated symptoms such as diarrhoea, nausea or vomiting 
all contribute to the high incidence of protein energy 
malnutrition (PEM). All causes of excessive nutrient 
loss with or without increased metabolic needs will 
influence nutritional status. The undernourished can-
cer patient responds poorly to therapeutic interven-
tions, such as chemotherapy, radiotherapy and 
surgery, with increased morbidity and mortality com-
pared with well-nourished patients.

From early studies, the incidence of PEM in 
patients with CRC was cited as 37% [18]. More 
recently, Gupta et al. reported that PEM is observed 
in up to 41% of patients with advanced CRC [19]. 
Available data on the prevalence of PEM can vary 
broadly depending on evaluation criteria, for exam-
ple tumour site, extension and anticancer treatment. 
Early identification and treatment of PEM in a 
patient’s cancer journey are crucial in order to 
achieve favourable outcomes.

Surgical treatment

It is well recognised that patients undergoing GI 
 surgery have an increased risk of devel oping under-
nutrition secondary to inadequate nutritional  intake 
and metabolic stress following surgery. Furthermore, 
undernutrition can increase the incidence of postop-
erative complications, such as delayed wound healing 
or anastomosis dehiscence [20].

Surgery induces a catabolic response associated 
with a rise in stress hormone release and insulin 
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resistance [21]. The generalised ‘stress response’ takes 
the form of a widespread endocrinal, biochemical 
reaction, involving the release of inflammatory 
markers such as prostaglandins, interleukins, 
 histamine and also vascular endothelial cell products, 
the magnitude of which is determined by the severity, 
intensity and duration of the stressor. Cytokine 
concentration has been shown to have a significant 
bearing on the development of postoperative 
complications [22]. It has been reported that the 
balance between tumour necrosis factor (TNF) alpha 
and interleukin (IL)-10 seems to determine the occur-
rence of postoperative complications, particularly 
after abdominal surgery [23]. This hypermetabolic 
state, a delay in postoperative feeding coupled with 
preoperative starvation, often results in significant 
negative nitrogen balance [24]. The cumulative net 
nitrogen loss after elective abdominal surgery 
ranges between 40 and 80 g/day. Furthermore, it 
has been suggested that complications which delay 
the use of the GI tract can result in nitrogen losses 
of up to 150 g/day.

Loss of lean body mass and reduced muscle 
strength as a result of postoperative protein depletion 
increases the risk of cardiorespiratory impairment 
and compromised immune function, increasing the 
likelihood of infectious complications [24]. This 
can culminate in prolonged convalescence and 
increased morbidity The GI tract has a  central 
 modulatory role in the inflammatory and immune 
response to major surgery [25]. Gastrointes-
tinal manipulation and splanchnic hypoperfusion 
have been shown to downregulate local and sys-
temic immune function and increase intestinal 
permeability, potentially resulting in  bacterial or 
endotoxin translocation into the systemic circulation, 
contributing to the systemic inflammatory response 
 syndrome [26].

Studies have shown that measures to reduce the 
stress of surgery can minimise catabolism and sup-
port anabolism throughout surgical treatment, 
improving time to recovery [27], even after major 
surgical operations. There is extensive evidence to 
show that patients undergoing colorectal surgery 
should be managed within an enhanced recovery 
after surgery (ERAS) programme. ERAS pro-
grammes, first described by Professor Henri Kehlet 
in 2000, are a patient-centred method of optimising 

surgical outcomes, integrating a range of periopera-
tive interventions proven to maintain physiological 
function, attenuate the stress response and facili-
tate postoperative recovery, especially after colonic 
resection [28].

A cohort study by Pascal et al. compared mortality, 
morbidity and length of stay between ERAS patients 
and carefully matched historical controls [29]. They 
concluded that ERAS reduces morbidity and length 
of hospital stay for patients undergoing elective 
colonic or rectal surgery. ERAS advocates that nutri-
tional management becomes an integral component 
for all patients undergoing major surgery.

Preoperative nutritional status

Associations between weight loss, poorer outcomes 
and increased mortality rate have been documented 
since 1936. Since then, several studies have shown 
that when patients are undernourished their outcome 
after surgery is negatively affected. More recently, 
66% of preoperative CRC patients were found to 
have lost weight, and weight loss greater than 10% 
was reported in 20% of this patient group [30]. It is 
worth considering whether it would be beneficial to 
correct preoperative weight loss using oral nutri-
tional supplements (ONS). Standard ONS have been 
shown to decrease the incidence of wound infections 
in weight-losing CRC patients [30].

Immune-enhancing nutrition

Several specific substrates have been shown to 
 augment or modulate host immune function. 
These  nutrients include glutamine, arginine, n-3 
fatty acids and nucleotides [31]. The mechanism by 
which supplementation of these nutrients exerts 
beneficial effects is unclear. All may exert their 
effects by suppressing inflammation, n-3 fatty acids 
by direct suppression of the process and glutamine 
by acting indirectly on antioxidant status. Glutamine 
and nucleotides exert a direct effect on lymphocyte 
proliferation [32].

The clinical benefits of these specially supple-
mented enteral diets, administered to those undergoing 
major surgical procedures, have been documented in a 
number of randomised clinical trials. It has been pro-
posed that compared with standard enteral nutrition 
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(EN), immune-enhancing EN upregulates the immune 
response, controls the inflammatory response and 
improves GI function after surgery [33]. To date, 
there has been a large number of randomised clini-
cal trials and four meta-analyses reporting that 
 perioperative immune-enhancing nutrition is asso-
ciated with a substantial reduction in both inci-
dences of infection and length of hospital stay. 
These results have been found in both upper and 
lower GI patients, regardless of their baseline nutri-
tional status. In a recent meta-analysis preoperative 
immune-enhancing nutrition was demonstrated to 
have a positive effect on  both total complications 
and infections in GI surgical patients. However, 
studies using ONS in unselected GI surgical patients 
failed to demonstrate a decrease in postoperative 
 complications [34].

Currently there are limited studies on immune-
enhancing EN in conjunction with ERAS programmes 
so immune-enhancing EN has not been fully evaluated 
with other advances in surgical practice. Also some 
components of immune-enhancing formulae have 
been noted to have unfavourable effects in other 
patient groups. Some unwanted effects have been 
reported with components of immune-enhancing EN 
in critical care patients and it is unknown whether 
there would be detrimental effects by administering 
immune-enhancing EN to patients who require critical 
care support after their surgery [35].

Fasting guidelines and carbohydrate 
loading

Historically, elective surgical patients present in 
surgery in a catabolic fasted state. Although fasting 
from midnight has been standard practice to avoid 
pulmonary aspiration in elective surgery, a review 
has found no evidence to support this [36]. The 
typical order of ‘nil by mouth after midnight’ has 
been challenged in recent years, so much so that 
several anaesthetic associations across the world 
have updated their guidelines.

A Cochrane review of 22 randomised controlled 
trials (RCTs) in adult patients provides robust 
 evidence that reducing the preoperative fasting 
period for clear fluids to 2 h does not increase com-
plications [37]. National anaesthesia societies now 
 recommend intake of clear fluids until 2 h before 

induction of anaesthesia as well as a 6-h fast for 
solid food. These developments in practice improve 
patient comfort and reduce adverse outcomes. 
Despite the change in recommendations, however, 
patients remain exposed to unnecessary starvation.

The provision of a carbohydrate-rich beverage has 
been shown to alter metabolic state; ensuring patients 
undergo surgery in a metabolically fed state. An oral 
dose of 50 g of carbohydrate results in an insulin and 
glucose response similar to that following the inges-
tion of a normal meal, representing a switch from a 
fasting state to an anabolic metabolic state. This 
modulates the postoperative insulin response, reduc-
ing postoperative insulin resistance [38].

Patients in a more anabolic state have fewer 
postoperative nitrogen and protein losses [39], as 
well as better maintained lean body mass and muscle 
strength. Data from RCTs indicate accelerated 
recovery and shorter hospital stay in patients receiv-
ing preoperative carbohydrate loading in colorectal 
surgery [21]. Reductions in preoperative thirst, hun-
ger and anxiety have also been well documented, 
improving patient experience. Practically, carbohy-
drate solutions should be administered 12 and 2–3 h 
preoperatively. Preoperative carbohydrate loading 
has been shown to be safe in patients without type 1 
diabetes [40]. Patients with diabetic neuropathy may 
have delayed gastric emptying, possibly increasing 
the risk of regurgitation and aspiration [41]. Patients 
with uncomplicated type 2 diabetes can have normal 
gastric emptying, and a study of preoperative carbo-
hydrate loading did not find increased aspiration 
rates in such patients [42] or hyperglycaemia [43]. 
However, monitoring of blood glucose levels should 
be carried out at regular intervals.

Postoperative nutrition

There is a growing body of data which proposes 
that patients undergoing different types of GI 
 surgery could benefit from early postoperative 
EN.  However, the role of early postoperative 
EN  after GI surgery is somewhat controversial. 
Traditionally, fluids and oral diet have been rein-
troduced cautiously after colorectal surgery, often 
rendering the patients nil by mouth or on oral sips 
only for many days in the postoperative period. This 
decision is based upon fears that early feeding may 



260  SECTION 3: Gastrointestinal disorders

lead to postoperative complications if oral intake 
begins prior to return of GI function.

Enteral nutrition is a key preventive measure to 
minimise progression of sepsis, maintain mucosal 
integrity and prevent further deterioration of the 
immune function of the GI tract [44]. Several 
RCTs of early EN or oral diet versus ‘nil by mouth’ 
conclude that there is no advantage to keeping 
patients fasted after elective GI resection [45]. Early 
feeding is associated with a reduced risk of infec-
tion and length of hospital stay although it was 
not  associated with an increased risk of anasto-
motic dehiscence, pneumonia and intra-abdominal 
abscess [45].

Tolerance to early feeding provides a more objec-
tive evaluation of GI function than assessment 
of bowel sounds or passage of flatus [40]. How-
ever,  there is an increased risk of vomiting in 
patients fed early, and early feeding has been asso-
ciated with bloating, impaired pulmonary function 
and delayed mobilisation in the absence of multi-
modal anti-ileus therapy [46]. When used in combina-
tion, preoperative oral carbohydrate loading, epidural 
analgesia and early EN have been shown to result 
in nitrogen equilibrium without concomitant hyper-
glycaemia [47].

For optimal benefit, delivery of oral or EN should 
be commenced within 12 h of surgery [48], consid-
ering EN in patients who are unable to achieve 
adequate nutrition via the oral route alone [49]. The 
use of ONS is encouraged through ERAS and has 
been used successfully for at least the first 4 postop-
erative days to achieve recommended intakes of 
energy and protein [50]. There is a clear advantage 
of prescribing postoperative ONS to patients with 
pre-existing undernutrition, improving nutritional 
status, protein economy and quality of life. Positive 
clinical outcomes from ONS given to patients 
undergoing elective surgery who are not undernour-
ished have also been demonstrated [51].

3.22.3 Medical treatment 
of colorectal cancer

The role of adjuvant chemotherapy after curative 
surgery for colon cancer is well established. 
However, controversies remain surrounding the 

optimal chemotherapy regimen. Medical treatment 
of CRC usually focuses on the administration of 
cytotoxic agents with or without radiation therapy. 
These modes of treatments can potentially eradicate 
or reduce tumour size but may have several toxic 
side-effects that can negatively affect nutritional 
status. When PEM is established, it can be neces-
sary to reduce the dose of cytotoxic agents and 
modify the timing of radiation or duration of treat-
ment. Direct associations between the necessity to 
stop or delay anticancer treatment with time of 
remission, overall survival and response rates to 
chemoradiotherapy have been reported [52].

An RCT of patients undergoing pelvic radiation for 
CRC reported that 32% of patients experienced 5% 
weight loss prior to starting treatment [53]. A review 
by McGough et al. complemented the findings of the 
earlier trial, concluding that the incidence of PEM in 
patients commencing radiotherapy for pelvic malig-
nancy was 11–33% [54]. Over 70% of patients under-
going pelvic radiation develop acute inflammatory 
small intestinal changes, leading to GI symptoms 
 during and after treatment [55]. Six percent to 78% of 
patients may develop symptoms which affect quality 
of life [56]. These symptoms can include faecal 
incontinence, diarrhoea, steatorrhoea, tenesmus, pain, 
constipation and weight loss [53]. Serious complica-
tions such as bowel obstruction,  fistulation, intractable 
bleeding or secondary cancer have been seen in 
5–10% of patients [57].

A variety of dietary modifications have been 
studied to help alleviate acute and chronic GI side-
effects associated with treatment. Dietary fat and 
NSP manipulation, elemental diets or supplemen-
tation of antioxidant or probiotics may show some 
benefit but the evidence for the use of nutritional 
intervention is limited and further research is 
required [54].
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4.1.1 Gallstones

Gallstones are dense hard structures formed from 
the precipitation of solids in bile and are usually 
located within the gallbladder or, less frequently but 
with potentially greater clinical significance, lodged 
in a bile duct outside or within the liver. The type of 
gallstone is defined by its composition and can be 
divided into two main groups: those which are cho-
lesterol rich and comprise approximately 70% of 
cases in Western populations and those composed 
predominantly of bile pigments [1]. Although there 
are some common features and the clinical conse-
quences are similar between the two groups, the 
pathogenesis and risk factors differ.

The worldwide prevalence of gallstones varies 
with  stone composition and between countries 
(Table 4.1.1). Prevalence is generally considered 
to be increasing as a consequence of nutritional and 
lifestyle changes, ageing populations, the increasing 
global prevalence of obesity and improved diagnos-
tic capabilities [9]. Although gallstones are associ-
ated with a comparatively low mortality rate of 
0.6%, the burden of morbidity and direct and 
 indirect costs are high, estimated in the United States 
as being approximately $6.2 billion annually [9].

4.1.2 Factors involved in 
causation

A number of nutritional and other aetiological 
 factors, including demographic, genetic and biliary 

issues (Table 4.1.2), are associated with increased 
risk of gallstone formation. Cholesterol supersatu-
ration of bile is the primary requirement for the for-
mation of cholesterol-rich gallstones and this is 
influenced by dietary intake, eating behaviour and 
body weight but supersaturation alone does not 
automatically lead to the production of stones.

Obesity

Carrying excessive body weight, particularly as 
abdominal fat, is well recognised as a risk factor for 
developing cholesterol-rich gallstones [18,19]. The 
relationship is linear in women with least risk asso-
ciated with Body Mass Index (BMI) <20 kg/m2, and 
increasing to a relative risk of 1.7 (95% confidence 
interval (CI) 1.1–2.7) with BMI between 24.0 and 
24.9 kg/m2 and relative risk of 6.0 (95% CI 4.0–9.0) 
associated with BMI >32 kg/m2 [18]. Increasing 
waist circumference is also independently associated 
with greater risk of developing gallstones in both men 
and women, with the greatest relative risk in men asso-
ciated with measurements of 102–106 cm (relative risk 
3.9, 95% CI 1.5–10.7 compared to <86 cm) and in 
women with measurements of 81–86 cm (relative risk 
2.9, 95% CI 1.6–5.2 compared to <71 cm) [19]. The 
risk is mediated by increased cholesterol synthesis and 
cholesterol secretion into bile associated with raised 
insulin concentrations in excessive body weight. 
Counterintuitively, weight reduction increases the risk 
of cholesterol-rich gallstone formation in the short 
term as a negative energy balance results in choles-
terol mobilisation from adipose stores [20]. Risk 
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can be reduced by maintaining a rate of weight loss 
below 1.5 kg/week [21], minimising weight cycling 
where body weight is sequentially lost and regained 
[22,23] and maintaining weight loss <25% of total 
body weight after bariatric surgery [24].

Dietary fat and cholesterol

Several studies investigating the effects of total die-
tary fat, monounsaturated and polyunsaturated fatty 
acids on gallstone formation have provided con-
flicting results from which no definitive conclusion 
can be drawn [25]. This equivocal evidence may 
reflect that although dietary fat is associated with 

obesity and high cholesterol concentrations, it also 
stimulates the release of cholecystokinin (CCK) 
which provokes gallbladder contraction, thus expel-
ling potentially lithogenic bile and reducing stone 
formation. Studies of dietary cholesterol intake have 
also yielded no definitive association between 
intake and gallstone formation. However, examining 
specific lipid fractions may provide further evi-
dence as epidemiological and experimental investi-
gations into the effects of n-3 fatty acids, i.e. derived 
from fish oil, have shown that these may have a pro-
tective effect [26]. Conversely, long-term consump-
tion of a high intake of trans fatty acids, formed 
during hydrogenation of lipid in food processing, is 

Table 4.1.2 Non-nutritional factors influencing the formation of gallstones

Risk factor Explanation

Age Increased risk with increasing age, especially after 40 years [10]
Gender Increased risk in women, particularly premenopause [11]
Reproductive history Increased risk with pregnancy, oral contraceptive use and oestrogen 

replacement therapy in women [12]
Genetics Increased risk in people with family history of gallstones; some rare 

monogenetic defects identified but gallstone formation is probably polygenic 
disorder [13,14]

Gastrointestinal health Increased risk associated with disruption to enterohepatic circulation and 
faecal loss  of bile salts and conditions including gastric bypass, pre-existing 
liver disease, Crohn’s disease and malabsorption due to cystic fibrosis 
[15,16]

Biliary health Increased risk associated with incomplete gallbladder emptying, impaired 
gallbladder motility, sphincter of Oddi dysfunction, congenitally misshaped 
or diseased gallbladder and with biliary infections [1,17]

Table 4.1.1 Worldwide prevalence* of gallstones

Population (number studied)

Prevalence (%)

StudyMen Women

USA, North American Indians (3296) 29.5 64.1 Everhart et al. 2002 [2]
Italy, Padua (1065) 17 35 Lirussi et al. 1999 [3]
Peru, Lima (1534) 16.1 10.7 Moro et al. 2000 [4]
Taiwan, Taipei (3647) 10.7 11.5 Chen et al. 1998 [5]
USA, Mexican Americans (4174) 8.9 26.7 Everhart et al. 1999 [6]
USA, White Americans (5275) 8.6 16.6 Everhart et al. 1999 [6]
UK, Bristol (1896) 6.9 8.0 Heaton et al. 1991 [7]
India, Uttar Pradesh and Bihar (22861) 2.0 5.6 Unisa et al. 2011 [8]

*Studies vary in the age of participants and diagnostic criteria so direct comparisons between populations should 
be undertaken with caution.
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associated with a modest but independent increased 
risk of developing gallstones (comparison of highest 
and lowest intake quintiles, relative risk 1.23, 95% 
CI 1.04–1.44) [27]. This is probably mediated via a 
lowering of serum high-density lipoprotein (HDL) 
cholesterol which is associated with the reduction 
of cholesterol saturation in bile [28].

Dietary carbohydrate and fibre

High intakes of refined carbohydrate are associated 
with increased risk of developing gallstones [29,30]. 
It has been suggested that this arises because diets 
containing more carbohydrate usually provide less 
fat and therefore will provoke less CCK secretion 
and thus less contraction of the gallbladder. This 
hypothesis is logical but not supported by any 
 evidence of an association between high intakes of 
unrefined carbohydrate and increased risk of gall-
stone formation. It is likely that the lithogenic effects 
of refined carbohydrate are mediated through 
increased cholesterol saturation of bile [31] second-
ary to raised insulin concentrations [32] and through 
a reduction in sensitivity to CCK in the presence of 
raised serum triglycerides, which are associated 
with high refined carbohydrate intake [33].

Studies have identified a protective effect of dietary 
fibre on cholesterol gallstone formation [18,30,34]. 
This is probably mediated through the reduction of 
intestinal transit time by insoluble fibre, thus limiting 
colonic reabsorption of the bile acid deoxycholic acid 
(DCA), and so reducing biliary DCA concentrations 
and increasing the synthesis of bile acids from 
 cholesterol resulting in reduced bile cholesterol 
saturation [35]. The effects of soluble fibre, which 
is known to reduce serum cholesterol [36], may be 
the same but also explained by luminal binding of 
bile acids or the formation of a physical barrier 
which reduces bile acid reabsorption [37].

Alcohol

Consumption of alcohol is inversely associated with 
gallstone development in men and cholecystectomy 
in women [38]. In a recent study of 2417 adults, the 
independent relative risk of developing gallstones in 
those consuming alcohol compared to non-drinkers 
was 0.67 (95% CI 0.46–0.99) [39]. The EPIC-Norfolk 

study of 25,639 adults identified a 3% reduction in 
risk of developing gallstones associated with every 
unit of alcohol consumed by men but no effect in 
women [19]. The effect of alcohol in men is probably 
mediated via an increase in HDL cholesterol which is 
associated with the reduction of cholesterol saturation 
in bile [28,31].

Other dietary factors

A number of other nutrients and foods have been 
investigated as possible causative agents in gallstone 
formation, including protein, vitamin C, caffeine and 
nuts. However, the findings from different studies are 
conflicting and do not allow firm conclusion to be 
drawn [25].

Physical activity

Whilst physical activity might not be considered 
a nutritional variable, it is a potentially modifiable 
influence on the risk of cholesterol-rich gallstone for-
mation. A number of epidemiological studies have 
identified the beneficial effects of physical activity 
in reducing the risk of gallstone disease in men and 
women [40]. These effects are independent of BMI 
and probably mediated through an increase in serum 
HDL cholesterol and reduction in serum insulin [40].

4.1.3 Nutritional management

Optimising nutritional intake may play a role in the 
prevention of cholesterol-rich but not pigment 
 gallstones. However, few dietary intervention stud-
ies have been undertaken to investigate nutritional 
management and therefore advice should be based 
on evidence from epidemiology which is supported 
by a plausible mechanism. It is necessary to con-
sider the stage of the individual’s condition as this 
will influence their dietary intake and the relevance 
of nutritional advice. Once formed, gallstones may 
be asymptomatic or lead to chronic or acute chole-
cystitis when the gallbladder becomes inflamed, 
causing pain. It is estimated that approximately 
10% of the population with asymptomatic gall-
stones will develop symptoms or require treatment 
within 5 years [41].
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Minimising risk of gallstone formation 
and management of asymptomatic 
gallstones

Strategies are based on reducing the cholesterol 
saturation of bile. This should include consuming 
an energy intake to achieve or maintain a healthy 
BMI below 25 kg/m2, reducing excess body weight 
at a rate of less than 1.5 kg/week, minimising intake 
of refined carbohydrate and trans fatty acids, con-
suming alcohol within safe drinking limits and 
increasing dietary fibre. This is compatible with 
current healthy eating guidelines in many countries 
[42,43]. A supplement of n-3 fatty acid may be of 
benefit to weight reducers [26]. In addition, it is 
logical to advise regular food intake, including 
breakfast, in order to stimulate gallbladder contrac-
tion and so reduce the time that bile, particularly 
lithogenic overnight bile, is retained [44].

Acute cholecystitis

Pain is usually severe in acute cases of cholecystitis 
and occurs primarily in the epigastric or right upper 
abdomen and lasts 2–4 h. It is often accompanied by 
nausea and sometimes pyrexia. Some patients with 
acute cholecystitis experience loss of appetite. Short-
term dietary management may include encouraging 
intake through offering food ‘little and often’, food 
fortification and strategies to address nausea and 
vomiting. If nutritional requirements cannot be met 
by consuming food alone, oral nutritional supple-
ments andor enteral nutrition (EN) may be required. 
When pain subsides, nutritional management com-
patible with chronic cholecystitis is appropriate.

Chronic cholecystitis

Chronic cholecystitis can occur with or without a pre-
viously documented acute episode and is characterised 
by often vague symptoms including epigastric dis-
comfort, particularly after eating, abdominal dis-
tension, nausea, belching and flatulence. Nutritional 
management should be based on minimising risk of 
further stone formation and avoiding foods that worsen 
symptoms in individuals. As symptoms are usually 
abdominal and sometimes associated with eating, 
advice or self-preference to avoid specific foods is 

common in people with cholecystitis. However, this is 
often individual and mostly unsupported by evidence 
from studies [45]. Specifically, there is no logic to 
avoiding dietary fat with the intention of minimising 
pain through reducing gallbladder contractions [46]. 
The gallbladder indeed contracts in response to dietary 
fat but also does so following consumption of mixed 
meals, elemental diets [47], protein [48] and 
medium-chain  triglycerides [49] as well as in response 
to cephalic stimulation [50] and spontaneously [51]. 
This indicates that minimising dietary fat is unlikely 
to  eliminate pain and may even result in increasing 
the  risk of further cholesterol stone formation [52]. 
Therefore, it is reasonable to recommend a healthy 
diet providing less than 35% of food energy from total 
dietary fat as suitable in chronic cholecystitis [53].

After cholecystectomy

Treatment for symptomatic gallstones is surgical 
removal of the gallbladder which is undertaken lapa-
roscopically without overnight admission to hospital 
in 75–95% of cases. The consumption of a carbohy-
drate-rich drink before laparoscopic cholecystec-
tomy is associated with reduced postoperative nausea 
and vomiting [54]. Oral nutrition can be initiated, 
in most cases, immediately after surgery, as neither 
oesophagogastric decompression [55] nor delayed 
oral intake has proven beneficial after cholecystec-
tomy. Furthermore, enhanced recovery programmes, 
which include early postoperative oral feeding, are 
associated with improved patient outcomes in those 
undergoing gastrointestinal surgery [56].

Most patients will not require any specific dietetic 
intervention after surgery. In a small minority of 
patients who are unable to achieve an adequate intake, 
postoperative advice should focus on dietary manipu-
lation and food fortification tailored to individual 
symptoms. EN via a feeding tube may be indicated, 
and a standard whole protein feed is appropriate for 
most. In those who are malnourished at the time of 
surgery and in whom it is anticipated that oral intake 
will remain inadequate (<60% of estimated require-
ments) for more than 10 days, tube feeding should 
ideally be initiated within 24 h after surgery [57]. 
Postoperative ileus or prolonged gastrointestinal dys-
function may contraindicate oral or EN. In these cases, 
parenteral nutrition (PN) may be appropriate [58].
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Although there is evidence of increased faecal 
fat excretion after cholecystectomy [59] and some 
patients continue to experience food-related pain 
after gallbladder removal [60], weight gain is com-
mon following surgery [61]. Therefore, rather than 
any specific nutritional manipulation, a diet compat-
ible with healthy eating guidelines, as described for 
minimising risk of gallstone formation and chronic 
cholecystitis, is recommended after cholecystectomy 
for patients without complications. Whilst a rela-
tively low fat intake is compatible with a healthy diet, 
the avoidance of all dietary fat after cholecystectomy 
is not necessary [62].

Complications following 
cholecystectomy

Diarrhoea is commonly reported by patients fol-
lowing cholecystectomy and prevalence may vary 
between 1% and 36% [63]. A number of different 
causes may contribute.

Exocrine pancreatic function may be impaired 
in  patients with gallstones and following chole-
cystectomy [64]. Gallstones can lodge in the com-
mon bile duct, preventing the normal flow of 
exocrine pancreatic secretions, including pancre-
atic enzymes, into the duodenum. This blockage 
can lead to inflammation of the pancreas, causing 
gallstone pancreatitis and pancreatic exocrine insuf-
ficiency which does not resolve following cholecys-
tectomy. In severe cases, this can result in steatorrhoea. 
Treatment of pancreatic insufficiency should  include 
pancreatic enzyme replacement therapy (PERT) and 
consideration of supplementation with fat-soluble 
vitamins A, D, E and K. Dietary fat restriction is 
unnecessary as it may compromise energy intake in 
patients who may already be undernourished (see 
Chapter 3.16).

Diarrhoea secondary to bile acid malabsorption 
(BAM) occurs in a number of gastrointestinal tract 
disorders. Although this has been reported after chol-
ecystectomy, a causal relationship between BAM 
and postcholecystectomy diarrhoea has not been 
substantiated [65]. The 75-SeHCAT test can be used 
to diagnose BAM following  gallbladder surgery [66] 
and limited prevalence data based on this method 
indicate that BAM is present in approximately 58% 

of patients  following vagotomy and pyloroplasty 
with or without cholecystectomy who have chronic 
or recurrent diarrhoea [67]. Bile acid sequestrants, 
including cholestyramine, can be used to treat BAM 
symptoms by binding with bile acids and preventing 
reabsorption. As these also reduce absorption of fat-
soluble vitamins, patients taking bile sequestrants 
should be checked for deficiencies.

Psychological and psychosomatic factors might 
also contribute to postcholecystectomy diarrhoea [63].

Common bile duct injury caused during chole-
cystectomy may result in biliary leaks and fistula 
 formation. The prevalence of injury varies between 
0.1–0.4% in open surgery and 0.2–0.7% during 
laparoscopic procedures [68]. Conservative treat-
ment includes sepsis management, wound care, 
 correction of fluid and electrolyte disturbances and 
nutritional support [69]. EN should be used in pref-
erence to PN with close monitoring of drain output 
and for evidence of fat malabsorption. Semi-
elemental or low-fat EN should be considered if fat 
malabsorption is present. Complex enterocutane-
ous fistulae with output exceeding 500 mL/24 h may 
require advice on oral rehydration solutions, avoidance 
of hypotonic fluids and possible use of antisecretory or 
antimotility medications. If fistula output remains 
high, PN may be beneficial (see Chapter  3.16). If 
 biliary leaks do not heal spontaneously, corrective 
 surgery may be required.

4.1.4 Functional dyskinesia of 
the gallbladder

Episodic biliary pain that is associated with 
 abnormal gallbladder motility in the absence of 
gallstones has been described as gallbladder 
 dyskinesia [70]. Although some of the pain 
described in this condition is related to eating food 
[71], there is no evidence that dietary modification 
is helpful in alleviating this. Dyskinesia is associ-
ated with impaired gallbladder emptying in many 
patients, which increases the risk of cholesterol 
supersaturated bile and microlithiasis (formation 
of crystals) and then gallbladder inflammation 
[72]. Dietary advice for minimising gallstone risk 
is, therefore, appropriate in these cases.
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4.1.5 Steatocholecystitis

Lipid deposits that are associated with inflammation 
in the wall of the gallbladder have been reported in 
obese patients both with and without gallstones and 
also in animal models [73,74]. This condition, 
referred to as steatocholecystitis or cholecystostea-
tosis, is analogous to non-alcoholic steatohepatitis 
in the liver. The lipid deposits infiltrating the smooth 
muscle cells, endothelium of capillaries and fibro-
blasts in the gallbladder wall provoke a cytokine cas-
cade causing inflammation and impairing the ejection 
of bile [75]. These, in turn, are likely to increase the 
risk of gallstone formation and potentially the risk of 
gallbladder cancer [76]. The treatment to date has 
focused on pharmacotherapy with ezetimibe, which 
inhibits intestinal fat absorption, and no studies have 
investigated dietary interventions. However, as this 
condition appears to obesity related, it is logical to 
recommend a healthy, well-balanced diet that is 
compatible with reducing excessive body weight.

4.1.6 Gallbladder cancer

Gallbladder cancer (ICD-10 code C23) is a rela-
tively rare malignancy with approximately 160 new 
cases diagnosed per year in the UK and 150,000 
worldwide [77,78]. Countries with the highest 
 incidence include areas in Chile, India, Korea and 
Peru and in most of these, it is more common in 
women than men [79]. Risk factors include a his-
tory of gallstones, primary sclerosing cholangitis, 
choledochal cysts, obesity, parity and chronic infec-
tion with Salmonella typhi, Salmonella paratyphi, 
Helicobacter bilis and Helicobacter pylori [80,81]. 
A large multicentred case–control study identified 
high intakes of energy and carbohydrate (refined or 
unrefined not specified) as independent nutritional 
risk factors whilst high intakes of vitamins B6, C 
and E and dietary fibre were protective [82]. Dietary 
advice to minimise risk of gallbladder cancer is 
compatible with the international recommendations 
to prevent cancer [83]. Protein-energy malnutrition 
is common in those with advanced cancer due to 
tumour-related catabolism, physical symptoms 
impairing intake and nutrient absorption, reduced 
oral intake due to anxiety or depression and the 
side-effects of treatment. The nutritional management 

of patients diagnosed with gallbladder cancer should 
be individualised and planned as an integral part of 
their care so that nutrient requirements are provided 
in a format that is acceptable to the patient and com-
patible with surgery, radiotherapy or other anticancer 
treatment they are receiving.
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Chapter 4.2

Primary biliary cirrhosis and primary 
sclerosing cholangitis and nutrition
natasha A. vidas
King’s College Hospital NHS Foundation Trust, London, UK

Primary biliary cirrhosis (PBC) is marked by chronic 
progressive inflammation and destruction, predom-
inantly of the small but also the medium-sized 
intrahepatic bile ducts. The destruction of the bile 
ducts leads to reduced bile flow from the liver into 
the GI tract, known as cholestasis. The consequent 
build-up of bile in the liver over time causes progres-
sive inflammatory destruction of the hepatocytes 
leading to fibrosis, then cirrhosis and ultimately liver 
failure [1]. Patients with advanced PBC and cirrho-
sis may develop ascites, hepatic encephalopathy 
and portal hypertension. The latter may develop in 
patients before cirrhosis is established, in contrast to 
other liver diseases [2]. The pathogenesis is thought 
to be autoimmune with a complex interplay of 
environmental triggers such as bacteria and viruses, 
combined with a genetic predisposition [2].

Primary sclerosing cholangitis (PSC) is a chronic 
progressive disorder defined by inflammation, fibrosis 
and stricture formation of the whole biliary tree, both 
intra- and extrahepatic bile ducts, mostly medium and 
large bile ducts [3]. The hepatic injury that ensues is as 
for PBC; cirrhosis, portal hypertension and liver fail-
ure usually follow [4]. The pathogenesis is less clear 
but evidence suggests involvement of autoimmune, 
genetic and infectious factors [5].

4.2.1 Factors involved 
in causation

Fatigue is debilitating and affects quality of life and 
normal daily activities in PBC and PSC [6]. Tyrosine 
and tryptophan are involved in the pathogenesis of 

fatigue and Borg et al. (2005) found that patients 
with PBC and increased tyrosine concentrations 
had less fatigue [6]. However, further studies are 
required to evaluate the effect of tyrosine and tryp-
tophan supplementation before recommendations 
can be made.

4.2.2 Nutritional consequences

Malnutrition

Malnutrition has been reported in patients with PBC 
with and without established cirrhosis [7,8] and in 
most patients with cirrhosis irrespective of disease 
aetiology, including PSC [9,10]. Contributing factors 
include reduced oral intake, particularly in patients 
with ascites, fat malabsorption and increased meta-
bolic rate. The latter has been found to increase as 
liver disease progresses [11].

Metabolic bone disease in liver 
disease (hepatic osteodystrophy)

Hepatic osteodystrophy, seen predominantly in 
cholestatic liver disease but also in other chronic 
liver diseases, includes osteoporosis, the dominant 
form of hepatic bone disease [12], and osteomala-
cia, which is more frequent in severe malabsorption 
and advanced liver disease [13]. Both may affect 
quality of life and morbidity [13]. Osteoporosis has 
been found to increase with worsening liver disease 
in both PBC and PSC [14]. The reported incidence 
of osteoporosis is 30% in PBC [2] and 4–10% in 
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PSC [15]. The pathogenesis of this disorder is 
 complex and multifactorial [13]. Suggested causes in 
PBC include raised bilirubin inhibiting osteoblast 
function; increased bone resorption; deficiencies of 
calcium, magnesium, vitamin D and vitamin K; 
reduced muscle mass; increased duration of cholesta-
sis; and medication side-effects (e.g. corticosteroids 
and cholestyramine that are sometimes used to treat 
the disease process) [13,16,17]. The causes of osteo-
porosis in PSC are similar to those in PBC [14].

Biochemical indices frequently guide treatment 
of osteomalacia as bone biopsies used for diagnosis 
are invasive and thus not routinely used [13]. 
Osteomalacia particularly seen in PBC is associated 
with low concentrations of 25-hydroxyvitamin D. 
Contributing factors include vitamin D malabsorp-
tion corresponding to steatorrhoea; impaired dietary 
vitamin D intake; reduced exposure to ultraviolet 
rays; increased renal loss of soluble vitamin D; and 
reduced enterohepatic circulation of vitamin D 
[12,13,18]. Metabolism of vitamin D is normal in 
PBC [2,19], except in those with jaundice and clini-
cally advanced disease [2]. The synthesis of vitamin 
D cutaneously in other jaundiced patients may also 
be impaired [14].

Malabsorption

Chronic cholestasis, frequently a consequence of 
PBC and PSC secondary to the disease process 
(i.e. the inflammation, fibrosis and destruction of the 
bile ducts) may lead to an inadequate biliary secre-
tion of bile salts and hence a reduced ability to break 
down dietary fat [20]. The consequent malabsorption 
of dietary fat and fat-soluble vitamins (i.e. A, D, E 
and K) may lead to steatorrhoea. Weight loss and fat-
soluble vitamin deficiencies may ensue. Steatorrhoea 
may also lead to calcium malabsorption secondary to 
the insoluble calcium soaps formed in the presence 
of unabsorbed dietary fat in the small intestine [20]. 
It is important to exclude and/or treat other causes of 
malabsorption and steatorrhoea, e.g. coeliac disease, 
ulcerative colitis (UC) and pancreatitis.

In PBC, 33.5%, 13.2%, 1.9% and 7.8% of patients 
have been found to have deficiencies of vitamins A, 
D, E and K, respectively [21]. In PSC deficiencies 

have been reported in 40%, 14% and 2% of patients 
for vitamins A, D and E respectively [22], with 
greater deficiencies found in patients undergoing 
pretransplant assessment: 82%, 57% and 43% for 
vitamins A, D and E respectively.

Hyperlipidaemia and xanthoma

In PBC serum lipids may be markedly elevated [2] 
though studies suggest there is no increased risk of 
cardiovascular disease. However, if there is a family 
history of lipid abnormalities or cardiovascular dis-
ease, treatment with cholesterol-lowering medication 
may need to be considered [2].

Disease symptoms

Symptoms of pruritus and fatigue in PBC and PSC 
and upper right quadrant pain (typically from bacte-
rial overgrowth in the strictured bile ducts) in PSC 
usually develop when disease is quite advanced and 
can be severe and disabling. Ten percent to 15% of 
patients with PSC have intermittent episodes of 
cholangitis [4,23]. Functional status has been 
reported to be significantly reduced in patients with 
PBC [24]. Thus it seems reasonable to expect that 
nutritional status may be compromised secondary 
to symptoms of disease.

Medication side-effects

Cholestyramine used to treat pruritus can cause 
bloating, constipation and diarrhoea [2]. Antibiotics 
used to treat recurrent bacterial cholangitis in PSC 
long term may lead to diarrhoea [15] and possibly 
long-term nutritional consequences.

Co-existing autoimmune diseases

Coeliac disease has been found in 3–7% of patients 
with PBC and in 2–3% of patients with PSC [25]. 
Inflammatory bowel disease has been found in less 
than 5% of patients with PBC [19] and 60–80% of 
patients with PSC, with 48–86% of those having 
UC [15]. Pouchitis after colectomy and ileo-anal 
pouch formation is more common in PSC patients 
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with UC than in patients with only UC – 60% and 
15% respectively [3]. Both diseases, and the surgi-
cal consequences thereof, need to be taken into 
account in the nutritional management of these 
patients.

4.2.3 Dietary management

Since PBC and PSC are progressive diseases, moni-
toring patients over the course of their disease is 
important, particularly since metabolic rates, fat-
soluble deficiencies, osteoporosis and osteomalacia 
have been shown to increase as disease severity 
increases. Disease symptoms of both PBC and PSC, 
medication side-effects, co-existing autoimmune 
diseases and the potential progression to cirrhosis 
should all be considered in nutritional assessment 
and intervention.

The advice for cirrhotic PBC and PSC patients 
is the same as that for other cirrhotic patients, i.e. 
regular meals and snacks, including a bedtime 
snack containing 50g of carbohydrate, to prevent 
protein catabolism and the latter to promote nitro-
gen balance [26,27]. The ESPEN 2006 guidelines 
for energy and protein requirements are used in 
clinical practice. All patients with inadequate oral 
intakes and/or weight loss should be encouraged to 
make high-energy, high-protein meal and snack 
choices to aid meeting their  estimated requirements. 
Consider oral nutritional supplements and/or enteral 
tube feeding (ETF) if  estimated requirements 
 cannot be achieved orally.

Fat restriction

Dietary fat restriction should only be instituted 
if  necessary. Advice for dietary fat modification 
should be individually tailored, ensuring that esti-
mated energy and protein requirements are met. 
In practice, consider restriction if patients have stea-
torrhoea or severe nausea or indigestion with  dietary 
fat intake that have not responded to antiemetics or 
antacids. Low-fat diets to reduce xanthoma have 
been found to be unsuccessful and even harmful 
[28] and are thus not advised.

Oral nutritional supplements and/or ETF may 
be  needed to meet estimated nutritional require-
ments. Standard preparations may be tolerated 
but  fat-free, low-fat and/or medium-chain triglyc-
eride (MCT) preparations may be better tolerated. 
It is thus important to individually assess tolerance 
to fat and advise accordingly. Modular carbohy-
drate and protein powders and MCT oils can also 
be used.

Fat-soluble vitamins and minerals

Recommendations for bone density scanning, 
 calcium and fat-soluble vitamin supplementation in 
patients with PBC and PSC are outlined in Table 4.2.1 
[2,15,23]. Epidemiological data support the use of 
calcium and vitamin D supplementation but no trial 
data  confirming efficacy in preventing bone loss in 
liver disease are yet available [13,23]. Vitamin K sup-
plementation is associated with improved bone min-
eral density (BMD) [13] while parenteral vitamin D 
or oral alfacalcidol has been shown to improve osteo-
malacia [14].

Screening for fat-soluble vitamin deficiencies in 
PBC and PSC is recommended prior to supple-
mentation [17,23]. Kennedy and O’Grady (2002) 
suggest aqueous fat-soluble vitamin preparations 
to promote absorption [29]; however, such prepara-
tions are not always readily available, particularly 
in the UK. Best practice suggests that standard 
preparations are given if required, serum vitamin 
concentrations are monitored and doses adjusted 
accordingly to ensure adequate supplementation is 
provided and toxicity avoided. See Table 4.2.2 for 
further information on measurement and sources of 
fat-soluble vitamins.

Co-existing autoimmune diseases

Symptoms secondary to coeliac disease and inflam-
matory bowel disease (IBD) may wrongly be attrib-
uted to PBC and PSC. Gluten-free diets for patients 
diagnosed with coeliac disease, and dietary modifi-
cations suitable for those with IBD, including 
patients with UC and pouchitis, should thus be 
 considered as necessary.
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Lifestyle advice

Progression of PBC and the factors responsible 
are still poorly understood. In a study of 274 asymp-
tomatic patients with PBC, histological steatosis, 
oxidative stress, Body Mass Index (BMI) ≥26 and 
alcohol, even in small quantities, were independent 
co-factors predicting the severity of liver damage 
and as such, they could play a role in disease pro-

gression by accelerating the pathway to fibrogene-
sis [30]. It is  thus suggested that addressing such 
factors therapeutically could slow down the 
 progression of PBC. Further studies are required to 
investigate these factors and the dietary and lifestyle 
implications. However, Lindor, et al. (2009) suggest 
that for all forms of liver disease, including PBC, 
excess alcohol, cigarette smoking and obesity 
should be avoided [2].

Table 4.2.1 Recommendations from EASL and AASLD for bone density scanning, calcium and 
fat-soluble vitamin supplementation for those with PBC and PSC

EASL (2009) AASLD (2009 and 2010)

Bone density assessment

DEXA to assess BMD in chronic cholestatic liver 
disease at presentation. Rescreening up to annually 
thereafter depending on degree of cholestasis or 
other individual risk factors. Reversible  
osteoporosis risk factors* should be identified 
and targeted and lifestyle advice  
provided

BMD scans at diagnosis. Rescreening every 2–4 years 
in patients with PBC depending on bone density at 
baseline and severity of cholestasis; every 2–3 years 
in patients with PSC

supplementation of calcium and vitamin d for bone health

Calcium 1.0–1.2 g/day
Vitamin D 400–800 IU/day
To be considered in all patients with cholestatic liver 
disease but is not evidence based

Alendronate or other bisphosphonates for patients 
with osteoporosis; supplementation in patients with 
osteopenia may be appropriate

Calcium 1.0–1.5 g/day
Vitamin D 1000 IU/day
In diet and as a supplement if required

Bisphosphonates (alendronate 70 mg orally  
specified in PBC) for osteopenic patients in the 
absence of oesophageal varices and ulcers.  
If the former present, parenteral 
bisphosphonate therapy is  
suggested

Fat-soluble vitamin supplementation

Vitamin D (and calcium) as above

Vitamins A, E and K should be given enterally where 
steatorrhoea is present, in overt cholestasis or where 
low concentrations of fat-soluble vitamins are found

Vitamin K should be given parenterally 
prophylactically prior to invasive  
procedures

Vitamins A, D, E and K in jaundiced patients with 
PBC should be monitored annually. No specific 
recommendations for PSC

* Risk factors for osteoporosis: smoking, alcohol excess, inactivity, family history, low body weight, increasing 
age, female gender, prolonged corticosteroid therapy (e.g. prednisolone 5 mg/day for >3 months), previous 
fragility factors, hypogonadism, premature menopause (<45 years of age) [14,23].
AASLD, American Association for the Study of Liver Diseases; BMD, bone mineral density; DEXA, dual-
emission X-ray absorptiometry; EASL, European Association for the Study of the Liver.
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Table 4.2.2 Measurement and sources of fat-soluble vitamins

Measurement index Vitamin sources

vitamin A

total serum vitamin A/serum retinol
Reflect total body reserves when liver vitamin A 
stores are severely depleted (<20 µg/g liver) or 
excessively high (>300 µg/g liver), but not when 
between these concentrations due to homeostatic 
control
retinol binding protein (rBP)
A transport protein on which vitamin A circulates. It 
can be measured in conjunction with serum vitamin A 
to determine if vitamin A is truly low or if low due to 
RBP being low
relative dose response (rdr)
A more sensitive index of marginal vitamin A status, 
but sensitivity and specificity are reduced in liver 
disease, malabsorption and severe protein-energy 
malnutrition

Some centres send both the above to aid the 
interpretation of results. Feranchak et al. [31] 
suggest using serum retinol as an initial screen 
for vitamin A deficiency: if <20 µg/dL then a modified 
oral RDR* be done to confirm deficiency. But method 
validation in larger studies was suggested. Note this 
study was done in children with chronic liver disease
deuterium-labelled vitamin A
May be used in the future to determine total body 
stores of vitamin A

Preformed vitamin A: liver, liver products, fish 
liver oils, dairy products (milk, butter, cheese, 
cream), fortified margarine and spreads, egg yolk. 
Poorer sources include muscle meats, nuts, 
grains, vegetable oils
Provitamin A carotenoids: yellow and red 
vegetables (e.g. carrots, red peppers), dark green 
leafy vegetables (e.g. spinach, broccoli), 
tomatoes, fruit (peaches, apricots, mangoes)

vitamin d

serum 25-hydroxyvitamin d (25-oH-d)
Reflects total supply of vitamin D from endogenous 
and exogenous sources
serum 1,25-dihydroxyvitamin d (1,25-oH-d)
Not a useful index of vitamin D status as under tight 
homeostatic regulation at the site of synthesis in the 
kidney

vitamin d2 (ergocalciferol): meat, particularly 
liver, eggs, dairy products, fortified foods (D2 and 
D3 used to fortify)
vitamin d3 (cholecalciferol): oily fish; also 
synthesised in the skin; the intensity of ultraviolet 
radiation and skin pigmentation affect formation

vitamin e

serum total tocopherol
Used to assess vitamin E status but its use as an index 
of tissue stores or dietary intake is questionable except 
in deficiency states
new functional tests including breath pentane
Seem promising but studies are needed to 
establish validity

Vegetable and seed oils (e.g. corn, soya bean, 
sunflower, safflower seed oils), margarine  
(but the content is variable), cereal foods, meat,  
meat products

(Continued )
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4.3.1 Alcoholic hepatitis

Alcoholic hepatitis (AH) refers to acute decompen-
sation of the liver function in an individual with a 
history of alcohol abuse [1]. Clinical presentation 
after abstinence for several weeks is not unusual. 
Clinical features include rapid onset of jaundice, 
fever, hepatomegaly, ascites, anorexia and enceph-
alopathy. Typically presentation is between 40 and 
60 years and female sex is an independent risk fac-
tor for AH [2].

Maddrey’s discriminant function provides risk 
stratification and a value more than 32 indicates 
severe AH. There is a significant mortality associated 
with severe AH: a 28-day mortality of higher than 
40% compared to patients with mild AH [3].

Undernutrition: prevalence and 
effects on survival

Protein-energy malnutrition (PEM) is strongly associ-
ated with AH. Based on anthropometry and laboratory 
testing, protein malnutrition and/or PEM were 
found in all patients with AH [4]. The severity of 
PEM correlates with the severity of AH and mortal-
ity, with 2% at 30 days with mild PEM and up to 
52% with severe PEM [5].

Pathogenesis of undernutrition

Contributing factors to developing undernutrition 
include anorexia, malabsorption and a diminished 
ability to utilise or store nutrients. The inflamma-
tion present in AH promotes a depletion of muscle 

and visceral proteins and therefore is associated with 
an increased catabolic state [6]. Patients with acute 
hepatitis can have an increased metabolic rate. AH is 
a hypermetabolic state and patients have a 55% higher 
energy expenditure compared to healthy controls [7].

Nutritional therapy

Alcohol

Alcohol abstinence is of paramount importance in the 
treatment of AH and has been shown to significantly 
improve long-term survival [8].

Oral and enteral nutrition

Nutritional status should be evaluated in patients 
with AH as adequate energy intake (>2500 kcal/day) 
was associated with 19% mortality, whereas patients 
with inadequate intake exhibited 51% mortality [9]. 
Increased intestinal bacterial translocation and 
endotoxaemia are frequent events in patients with 
AH with or without cirrhosis [10]. Enteral nutrition 
(EN) might exert its therapeutic action by improving 
the intestinal barrier function [11].

Nutrition support

Early trials assessing the benefit of oral, EN or 
parenteral nutrition (PN) in patients with AH sug-
gested that nutritional support improves nitrogen 
balance and liver function but not survival. 
Interestingly, a randomised, controlled clinical trial 
comparing EN (2000 kcal/day) with prednisolone 
therapy (40 mg/day) for 28 days in 71 patients with 
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severe AH found the survival rate to be similar 
between the two groups at 28 days and at 1 year, 
suggesting that nutrition support may be as effective 
as corticosteroids in some patients [11].

Vitamins

There are no published guidelines for vitamin or 
mineral supplementation in patients with AH [12]. 
As with alcoholic liver disease, consideration 
should be given to vitamins A, C, D, E, K, B1, B2, 
B6 and B12, nicotinic acid, folic acid and zinc.

Antioxidants

Alcohol ingestion increases the excretion of markers 
of oxidative stress, and the highest levels are 
observed in patients with AH [2]. Antioxidants are 
not currently recommended as research has failed to 
demonstrate a beneficial role in AH [13,14].

Nutritional assessment and goals

All patients with AH should be assessed for PEM, 
as well as vitamin and mineral deficiencies. Those 
with severe disease should be treated aggressively 
with EN [15].

As for cirrhosis, energy aims are 35–40 kcal/kg/
day [16]. As a general consensus, a higher energy 
requirement of 45 kcal/kg/day is recommended for 
patients with AH given their greater prevalence of 
undernutrition and cachexia. A protein intake of 
1.2–1.5g/kg/day is recommended [16]

.

4.3.2 Alcoholic liver disease

Alcoholic liver disease (ALD) encompasses a range 
of conditions from steatosis to cirrhosis with all the 
symptoms and nutritional challenges which these 
present posed. The association between alcohol and 
liver injury has been well known for centuries and 
liver disease caused by alcohol remains a major 
cause of morbidity and mortality worldwide. 
Although the incidence has always been high, patient 
demographics is changing with a pronounced trend 
towards younger people (<25 years) presenting with 
established cirrhosis. From the 1970s to 2000, deaths 

from liver cirrhosis steadily increased. In people 
aged 35–44 years, the death rate went up eight-fold 
in  men and almost seven-fold in women, and in 
25–34 year olds, a four-fold increase was seen [17]. 
The increasing incidence of non-alcoholic fatty liver 
disease (NAFLD) presents an additional stress to a 
liver already compromised by alcohol with patients 
presenting in a very poor nutritional state.

Malnutrition occurs in up to 80% of patients with 
ALD [18]. The challenge is to meet the increased 
nutritional requirements for energy, protein and 
micronutrients in patients who already have depleted 
stores, poor dietary intake, energy often provided 
exclusively by alcohol, and the risk of refeeding syn-
drome when nutrition support is instituted. Adequate 
nutritional intake in patients with cirrhosis is further 
compromised by reduced expansion of the proximal 
stomach, thus compounding early satiety [19].

Accurate nutritional assessment is difficult in 
 cirrhosis and the use of a modified subjective global 
assessment tool incorporating anthropometric 
measurements is recommended [2]. Anthropometric 
measurements are most useful if performed 
by  an  experienced practitioner, preferably using 
International Society for the Advancement of 
Kinanthropometry (ISAK) methods [20].

4.3.3 Steatosis – fatty liver

Fat is deposited in the liver tissue causing reduced 
function and hepatomegaly, often associated with 
abdominal discomfort and reduced appetite. The 
degree of fatty deposits in the liver is associated 
with chronic fatigue.

Steatosis may be present and fatty liver develops 
in approximately 90% of individuals who drink 
more than 60g alcohol per day [21]. In patients with 
fatty liver, synthetic liver function is usually well 
maintained [22]. Simple fatty liver would be com-
pletely reversible within 6 weeks of abstinence 
[23]; however, progression to fibrosis and cirrhosis 
occurs in 5–15% of patients despite abstinence [24]. 
In continued alcohol use of more than 40g per day, 
one study showed a 30% and 37% risk of develop-
ing cirrhosis and fibrosis respectively [25].

Patients may be lethargic and find cooking and 
food shopping difficult. Alcohol may be a major 
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energy source (7 kcal/g alcohol) and high-fat 
 convenience foods often feature.

The treatment for alcoholic fatty liver is alcohol 
abstinence and a reduction in fat intake, combined 
with increased activity where possible and supplemen-
tation of thiamine and other B vitamins. It is important 
to gain a clear idea of the patient’s lifestyle and moti-
vation to change when attempting intervention.

4.3.4 Fibrosis

Excessive buildup of scar tissue in the liver paren-
chyma leads to fibrosis and structural changes having 
a deleterious effect on function. Fibrosis is usually 
detected on liver biopsy and/or by fibroscan.

Fibrosis leads to stress on liver tissue, increasing 
the inflammatory response. The toxic alcohol break-
down product acetaldehyde causes upregulation of 
collagen synthesis, leading to further fibrotic tissue 
development [26]. Portal hypertension often develops 
and may lead to the development of ascites.

Energy from alcohol often regularly replaces food, 
resulting in vitamin deficiencies. Micronutrients play 
a vital role in the metabolism of alcohol and therefore 
their deficiencies have a major effect on the body’s 
response to alcohol insult.

Ethanol is oxidised to acetaldehyde by alcohol 
dehydrogenase. Acetaldehyde is a highly unstable 
compound. If it is not downregulated by antioxi-
dants such as ascorbic acid or thiamine, it quickly 
forms toxic free radical structures and becomes a 
hepatotoxin. Nicotinic acid is required as a co-fac-
tor in the conversion of acetaldehyde to acetic acid 
and then to acetyl CoA.

In individuals with chronic high alcohol con-
sumption, there is an induction of an alternative 
metabolic pathway, the microsomal ethanol oxida-
tion system (MEOS). This utilises enzymes from 
the cytochrome P450 family to metabolise alcohol 
to acetaldehyde. This pathway is energy expensive, 
invoking a huge requirement for adenosine triphos-
phate (ATP) with the consequence of increased 
energy requirements.

Thiamine deficiency is well recognised in ALD 
and can be demonstrated in liver diseases of other 
aetiologies; however, it cannot be demonstrated in 
the absence of cirrhosis [27].

4.3.5 Alcoholic cirrhosis

Progression of ALD results in the development of 
cirrhosis. Cirrhosis is irreversible and therapies are 
focused on treating the complications of this degree 
of liver damage. Widespread micronodular cirrhosis 
will impair carbohydrate and protein metabolism 
[28], cause portal hypertension with the development 
of ascites, and increase the risk of encephalopathy 
and bleeding from varices. Jaundice is likely with 
associated appetite suppression and food aversion 
secondary to taste changes. Unless steatorrhoea is 
present, fat restriction is not necessary. Pancreatic 
ductal changes occur in patients with ALD but only a 
small proportion of these changes are clinically rele-
vant and/or produce symptoms [29].

Protein-energy malnutrition is a feature of ALD 
[15] and nutritional requirements are high. Energy 
and protein requirements are 35–40 kcal/kg/day and 
1.2–1.5g protein/kg/day. A 50g carbohydrate even-
ing snack is crucial in maintaining lean muscle 
stores by sparing nitrogen utilisation overnight. 
Patients are at risk of electrolyte disturbance and 
refeeding syndrome [18].
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4.4.1 Autoimmune hepatitis

Autoimmune hepatitis (AIH) is a rare chronic 
 progressive inflammatory liver disease of unknown 
aetiology. AIH is classified as type 1 or type 2 
according to serum autoantibody profiles [1].

Nutritional consequences

Symptoms of AIH include anorexia, nausea, 
abdominal pain, fatigue and arthralgia, of which the 
latter two can be incapacitating [2]. These symp-
toms may affect appetite, oral intake and nutritional 
status [3,4]. Further nutritional consequences of AIH 
stem predominantly from medication side-effects 
and co-existing autoimmune diseases.

Autoimmune hepatitis is frequently treated with 
long-term corticosteroids. Nutritional side-effects 
include increased appetite, weight gain, fluid reten-
tion and mood changes in the short term. Longer 
term side-effects include weight gain, central obe-
sity, peptic ulcers, onset of steroid-induced diabetes 
and/or hypertension, deterioration in the control of 
pre-existing diabetes and/or hypertension, increased 
risk of fractures secondary to osteopenia, osteopo-
rosis and avascular bone necrosis, pancreatitis 
and  psychosis [1,2]. Osteoporosis with vertebral 
compression and brittle diabetes has been found in 
27% and 20% of patients with AIH respectively. 
Patients most at risk of these drug-related side-
effects include postmenopausal women, individuals 

with pre-existing osteoporosis, brittle diabetes, 
emotional instability or obesity. Treatment risk 
 benefit is thus important to consider before corti-
costeroid initiation [1,2].

Azathioprine, frequently used in combination with 
corticosteroids in AIH, particularly for treatment 
periods over 6 months, has several side-effects which 
may have nutritional consequences including nausea, 
vomiting, pancreatitis and, more rarely, a diarrhoeal 
syndrome associated with small intestinal villous 
atrophy and malabsorption. Side-effects develop in 
10% of patients but improve when azathioprine is 
reduced or stopped [2].

The incidence of coeliac disease is 4% in type 1 AIH 
and 8% in type 2. Screening for coeliac disease before 
and during treatment in patients with AIH has been 
suggested [5]. Sixteen percent of patients with AIH 
have ulcerative colitis (UC) [6]. Both these diseases 
have nutritional consequences and need to be taken into 
account in the nutritional management of these patients.

Dietary management

The symptoms of AIH, side-effects of azathioprine, 
existence of coeliac disease and UC, and the poten-
tial progression to cirrhosis in patients with AIH 
should all be considered in nutritional assessment 
and intervention.

Manns et al. (2010) suggest that corticosteroid 
treatment  and related bone disease should direct 
lifestyle and dietary advice and treatment including 
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 weight-bearing exercise, vitamin D and calcium 
supplementation [2]. The use of bisphosphonates 
should be considered in individuals with osteopenia 
and osteoporosis. Dual-energy X-ray absorptiometry 
(DEXA) scans are recommended annually for 
patients on long-term corticosteroids [2]. The devel-
opment or worsening of diabetes and hypertension 
with corticosteroid use should be managed with 
dietary and medical intervention as appropriate.

Future developments

It is suggested that insulin resistance is involved in 
the pathogenesis of AIH [7]. Salmon et al. found 
steatosis related to age and diabetes in 25% of 
patients with AIH [8]. It seems reasonable to suggest 
that a well-balanced diet and regular exercise may 
prove beneficial but further studies to demonstrate 
this are required.

4.4.2 Viral hepatitis

Viral hepatitis is inflammation of the liver due to a 
viral infection and it affects over 700,000 people in 
the UK. It can present as a recent infection with a 
rapid onset or it can take a chronic form. The most 
common causes of viral hepatitis are five unrelated 
hepatotrophic viruses: hepatitis A, B, C, D and E.

Hepatitis A, B and C are the most common hepatic 
viruses but B and C can cause long-term liver damage 
and liver cancer. Hepatitis D, also known as a delta 
virus, can only exist in the body in the presence of 
hepatitis B. It is seen mostly in central Africa, the 
Middle East and central South America. Infection 
rates are low in most of Europe and the USA. The 
treatment for hepatitis D is the same as the treatment 
for hepatitis B. Hepatitis E is most common in South 
Asia, Africa and Central America, areas that are 
known for poor sanitation. There is no specific dietary 
advice for patients infected with hepatitis D and hepa-
titis E. For hepatitis E, there is no specific treatment 
and most people go on to make a full recovery.

Hepatitis A

Hepatitis A is a virus that is transmitted by the 
 faecal–oral route, often through the ingestion of 
contaminated food and drink. The virus passes out 

in the stool of the infected person. It is common in 
areas where the water supplies and sewage disposal 
are of a poor standard. Fruit, vegetables and 
uncooked foods washed in contaminated water can 
cause the infection as can shellfish if it is sourced 
from contaminated waters. Incubation time aver-
ages 28 days and most people fully recover within 
2 months. Infection is not common in the UK but a 
vaccine is available that can offer protection for up 
to 10 years. Most people recover from hepatitis 
A with no lasting damage to the liver [9].

Hepatitis B

The hepatitis B virus (HBV) is classified by the 
World Health Organization as the world’s second 
greatest carcinogen after tobacco. HBV is 50–100 
times more infectious than HIV. In the UK, HBV 
has a low prevalence but there is significant varia-
tion across the country. Transmission of HBV is by 
parenteral exposure to infected blood or body 
 fluids. HBV is not spread by casual contact such as 
touching hands and kissing, or sharing towels and 
eating utensils. A vaccine is available that will pre-
vent infection from HBV for life.

The goal of therapy for HBV is to improve the 
quality of life and prevent progression to end-stage 
liver disease, hepatocellular carcinoma (HCC) and 
death [10]. Two major groups of antiviral therapies 
are used in the treatment of HBV: interferon and an 
oral nucleoside. HBV infection cannot be totally 
cleared so therapy is aimed at reducing HBV DNA 
to as low as possible [10]. The most common side-
effect is an initial flu-like illness; other common 
side-effects include fatigue, anorexia and weight 
loss. Generally speaking, the treatment for HBV 
appears to be well tolerated and patients do not have 
the same tolerance issues that can arise with hepatitis 
C treatment. However, other co-morbidities, includ-
ing alcohol abuse and being overweight, can affect 
the natural course of HBV as well as the efficacy of 
the antiviral strategies [10].

Hepatitis C

Hepatitis C virus (HCV) is the main cause of 
chronic liver disease worldwide [11]. It is estimated 
that over 200 million people, i.e. 3% of the world 
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population have HCV. Prior to the 1990s, the main 
routes of transmission of HCV were through blood 
transfusions, unsafe injection procedures and intra-
venous drug use [12]. Currently new HCV infections 
are due mostly to intravenous or nasal drug use and to 
a lesser extent unsafe medical or surgical practices. 
The risk of perinatal and heterosexual transmission is 
low; recent data indicate that promiscuous male 
homosexual activity is related to HCV infection [13].

In some cases the HCV infection resolves sponta-
neously but as acute HCV is often asymptomatic, 
detection and diagnosis are usually difficult. The 
primary goal of HCV therapy is to eradicate the cir-
culating virus by achieving a sustained virological 
response (SVR) and preventing the complications 
of HCV-related liver disease.

Dietary effects of HCV or its management

Prior to commencing treatment, patients should be 
counselled on the side-effects to be expected. They 
should also be guided on preventive and therapeu-
tic measures to help improve the symptoms. HCV 
can affect individuals in many different ways. 
Fatigue is the primary symptom, often leading to 
poor quality of life [14,15]. Patients can be advised 
on how to manage fatigue by energy conservation, 
sleep and exercise management. Other symptoms 
such as nausea, pain and depression can have a 
serious impact on the ability to work and quality of 
life [16].

Once treatment starts, patients often experience 
worsening symptoms. The treatment may be par-
ticularly demanding, particularly for those with a 
prior history of drug or alcohol abuse. Side-effects 
such as worsening fatigue, insomnia and alopecia 
are common [17]. The symptoms can occur at 
any stage of the treatment, regardless of genotype 
or  length of time on treatment. A substantial 
 proportion of patients will experience a panoply of 
side-effects ranging from flu-like syndrome to severe 
adverse events including anaemia, cardiovascular 
events and psychiatric problems. Other side-effects 
include poor appetite, weight loss, neutropenia, skin 
irritations and myalgia [17–19]. Patients should 
have regular follow-up so that treatment progress 
and management issues regarding side-effects can 
be discussed [12].

Body mass index

Research has shown that there is a highly significant 
relationship between steatosis and increasing Body 
Mass Index (BMI) in patients with untreated chronic 
HCV [20]. Further studies have since shown that 
weight reduction in patients with chronic HCV may 
reduce hepatic steatosis, irrespective of viral geno-
type [21]. It is thought that even a small amount of 
weight loss may be associated with a reduction in 
abnormal liver enzymes and an improvement in 
fibrosis, despite the presence of the virus. A BMI 
>30 kg/m2 is a risk factor for non-response to antivi-
ral therapy and this is independent of genotype and 
the presence of cirrhosis [22]. Gradual weight reduc-
tion and improvement in insulin resistance prior to 
starting treatment are associated with better SVR 
rates [23]. However, weight loss should only be con-
sidered if HCV management is stable. It is advised 
that weight reduction is not attempted during antivi-
ral treatment, as side-effects may lead to excessive 
unintentional weight loss [24].

Alcohol

Several studies have shown increased histological 
liver damage in chronic alcoholic patients with HCV, 
in the form of higher rates of fibrosis progression and 
development of cirrhosis compared with HCV infec-
tion in non-drinking subjects [25,26]. However, fur-
ther work has demonstrated that alcohol use did not 
have any impact on SVR in patients who had stopped 
drinking at least a year prior to treatment or those 
who had recently stopped drinking [27]. The only 
negative impact of alcohol on treatment outcome was 
that there were higher treatment discontinuation rates 
in recent drinkers [27]. Patients should be advised to 
abstain from regular alcohol consumption during 
therapy. If they cannot abstain, they should be offered 
treatment for alcohol dependence before treatment 
starts and support should be given during therapy to 
help adherence to treatment [12].

Insulin resistance

Patients with chronic HCV have a higher homeosta-
sis model of assessment insulin resistance index 
(HOMA-IR) than healthy controls matched for age 



4.4 Autoimmune hepatitis and viral hepatitis and nutrition  287

and BMI [28]. This insulin resistance is associated 
with fibrosis progression in HCV patients. Insulin 
resistance, advanced fibrosis and genotype 1 were 
independent predictors of poor treatment response 
in chronic HCV patients [28].

Eradication of the HCV virus is associated with a 
reduction by half of the incidence of type 2 diabetes 
and/or impaired fasting glucose [29]. However, this 
outcome is not seen in non-responders but only in 
sustained responders to treatment. There are no pro-
spective trials to prove the efficacy of a therapeutic 
intervention aimed at improving insulin resistance in 
SVR. Thus no recommendations are made with 
regard to the use of drugs that reduce insulin resist-
ance and further exploration is needed [12].

Weight loss

Weight loss has been reported in 11–29% of 
patients treated with pegylated interferon [30]. 
Patients who experienced greater weight loss dur-
ing combination therapy did not benefit from 
improved antiviral response [19]. This weight loss 
is possibly a result of other side-effects, such as 
fatigue and depression, which may have a negative 
impact on appetite [31].

Significant weight loss during HCV treatment 
puts patients at risk of developing undernutrition. 
Poor appetite and weight loss can have a huge 
impact on ability to continue with treatment. 
Regular follow-up and support during treatment are 
essential to minimise undernutrition and help 
improve adherence to treatment.

Dietary management

The nutritional management of patients with HCV 
with or without cirrhosis is the same as that for other 
causes of liver disease, as discussed earlier in this 
chapter. It should involve promotion of optimal 
nutrition and prevention of undernutrition or defi-
ciencies of specific nutrients [24].

Anaemia

Patients are at risk of low iron and reduced dietary 
intake. Recombinant erythropoietin (EPO) can be 
administered when the haemoglobin concentration 

falls below 10g/day in order to avoid ribavirin dose 
reduction or discontinuation [12].

Vitamins and minerals

There is little evidence that individual vitamins and 
minerals may influence the natural history of chronic 
HCV. Patients should be encouraged to achieve the 
recommended intake for all vitamins and minerals; 
there is no evidence to support amounts in excess of 
this [24].

A study investigating zinc supplementation 
found that 34 mg/day in combination with inter-
feron showed a beneficial effect on SVR in patients 
with genotype 1b HCV with high virus load [32].

High-dose vitamin E supplementation in chronic 
HCV patients undergoing combination therapy 
does not prevent ribavirin-associated haemolysis. In 
addition, vitamin E does not affect patient compli-
ance or SVR [33]. Supplementation with vitamin C 
does not decrease the incidence of retinopathy dur-
ing interferon therapy [34].

Complementary and alternative medicine

A number of herbal products claim to be beneficial 
for the liver. A survey of 1145 people with HCV in 
the HALT-C trial found that 23% were using herbal 
products at the time of enrolment. Although partici-
pants reported using many different herbal products, 
silymarin (milk thistle) was by far the most com-
mon. A Cochrane review investigating medicinal 
herbs for HCV infection concluded that there is no 
firm evidence of efficacy of any medicinal herbs for 
HCV infection [35].

Silymarin

The HALT-C trial showed that the use of silymarin by 
HCV patients was associated with fewer and milder 
symptoms but that there was no change in virus activ-
ity or liver inflammation [36]. A further in vitro study 
demonstrated anti-HCV actions of silymarin which 
disagree with other clinical trials that found no effect 
of silymarin on HCV replication in vivo [37]. However, 
this study concluded that further clinical trials are 
needed to determine if silymarin could be a safe and 
effective supplement for treating HCV in humans.
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Coffee

Epidemiological and case–control studies show 
consistently that coffee drinking is associated with 
better serum liver function tests, particularly antag-
onising the hepatotoxic effects of alcohol, and so 
associated with less fibrosis and cirrhosis [38]. 
Furthermore, when cirrhosis is present, coffee 
drinking appears to protect against hepatocellular 
carcinoma. Further research has also concluded that 
high-level consumption of coffee (three cups per 
day) is an independent predictor of improved viro-
logical response to PEG interferon plus ribavirin in 
patients with HCV [39].
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Chapter 4.5

Non-alcoholic fatty liver disease and 
hereditary haemochromatosis and nutrition
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4.5.1 Non-alcoholic fatty 
liver disease

Non-alcoholic fatty liver disease (NAFLD) is the liver 
manifestation of metabolic syndrome. The National 
Institutes of Health (NIH) define metabolic syndrome 
as having at least three of the following risk factors: 
increased abdominal girth, increased triglyceride 
concentrations, low high-density lipoprotein (HDL), 
high blood pressure and high fasting blood glucose. 
It is estimated that 48–100% of people with NAFLD 
are asymptomatic. Many have non-specific symp-
toms such as fatigue and right upper quadrant 
pain [1]. NAFLD is often an incidental finding from 
abnormal liver function tests, predominantly alanine 
aminotransferase (ALT). Often the ratio of aspartate 
aminotransferase (AST) to ALT is <1, which dif-
ferentiates NAFLD from alcohol-related fatty liver 
disease.

The NIH Clinical Research Network on NAFLD 
has agreed that the maximum allowable level of 
 alcohol intake for definition of NAFLD as opposed to 
alcoholic fatty liver disease is 140g ethanol per week 
for men and 70g for women. Practice guidelines from 
the American Association for the Study of Liver 
Disease (AASLD) recommend that ongoing or 
recent alcohol consumption of >21 units/week for 
men and >14 units/week for women is a reasonable 
definition for significant alcohol consumption when 
evaluating patients with suspected NAFLD in clinical 
practice [2].

Non-alcoholic fatty liver disease is histologically 
subcategorised into non-alcoholic fatty liver (NAFL) 
and non-alcoholic steatohepatitis (NASH). NAFL is 
defined as the presence of hepatic steatosis with no 
evidence of hepatocellular injury in the form of 
 ballooning of the hepatocytes. NASH is defined as 
the presence of hepatic steatosis and inflammation 
with hepatocyte injury with or without fibrosis [2]. 
Figure 4.5.1 presents the stages of NAFLD.

Approximately 5% of people with NAFLD 
develop end-stage liver disease. Mortality is greater 
than in age- and gender-matched controls [1]. Most 
cryptogenic cirrhosis and 25% of liver disease are 
caused by NAFLD [3,4]. Liver disease is the third 
most common cause of death in NAFLD [1].

The prevalence of NAFLD increases with age 
[5]. Estimates of worldwide prevalence of NAFLD 
range from 6.3% to 33% with a median of 20% in 
the general population [2]. In America the preva-
lence of NAFLD is 17–33%, whilst in Europe 
it  is  estimated at 20–30% [5,6]. The estimated 
prevelance of NASH is lower and ranges from 3% 
to 5% [2].

Non-alcoholic fatty liver disease is linked with 
insulin resistance, diabetes, hypertension and obe-
sity, particularly central obesity (Table  4.5.1). It 
affects 76% of obese individuals but NASH is only 
present in 18.5% of obese individuals whilst 80% of 
those with NAFLD are morbidly obese [1]. Only 
3% of people with NAFLD have a normal Body 
Mass Index (BMI) but this subgroup does exhibit 
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central obesity or insulin resistance [7]. In type 2 
diabetes, rates of NAFLD are approximately 
50–69% [1,8].

Causes of non-alcoholic fatty 
liver disease

The cause of NAFLD is multifactorial, including 
genetic predisposition, lack of exercise, increased 
energy intake, obesity and insulin resistance 
(Table 4.5.2). The consumption of trans fats is asso-
ciated with the development of NAFLD and hepatic 
inflammation [10] and saturated fat intake is a risk 
factor for NASH in the obese as it increases insulin 
resistance [11]. Abdominal or central obesity 
increases the flux of free fatty acids to the liver. An 
overabundance of circulating fatty acids increases 
insulin resistance and in NAFLD there is no insulin-
mediated suppression of lipolysis. The consumption 
of high-fructose corn syrup contributes to insulin 
resistance and NAFLD [12].

Secondary NAFLD/NASH is rare in adults and is 
unrelated to insulin resistance or metabolic syn-
drome. Figure 4.5.2 illustrates the first- and second-
hit hypothesis in NAFLD.

Nutritional assessment

A nutritional assessment of a patient with NAFLD 
should include weight, BMI, HDL, low-density lipo-
protein (LDL), triglycerides, waist circumference, 
diet history and HbA1c if diabetic. BMI and waist 
circumference have both been shown to correlate with 
insulin resistance. Waist circumference also correlates 
with ALT concentrations. The presence of NASH 
with fibrosis is associated with being overweight and 
an increase in waist circumference [13].

Dietary management

Given the strong association between insulin resist-
ance and NAFLD, it is reasonable to recommend 
lifestyle modification to all patients with NAFLD 
[14]. This decreases the risk of developing type 2 
diabetes but an intense dietary intervention may 
also improve liver histology in people with NAFLD 
(Table 4.5.3) [15]. The present gold standard for the 
management of NASH is modest weight reduction, 

Table 4.5.2 Causes of non-alcoholic fatty liver 
disease

Primary NAFLD
Secondary NAFLD
(absence of insulin resistance)

Central obesity
Insulin resistance
Type 2 diabetes

Total parenteral nutrition
Fatty liver of pregnancy
Intestinal jejunoileal bypass 
surgery
Post gastrointestinal surgery 
for obesity
Metabolic conditions
Medications

Table 4.5.1 Waist circumference levels for central 
obesity [9]

Waist circumference

Country/ethnic group Male Female

South Asian/ Chinese/ South 
and Central American/ 
Japanese

>90 cm > 80 cm

European >94 cm >80 cm
USA* >102 cm >88 cm

*ATP III Adult Treatment Panel III values are used 
for clinical purposes.
Reproduced with permission from the World Health 
Organization.

Spectrum of Disease

Bland steatosis-macrovesicular

Steatosis with mild inflammation

Steatosis with inflammation +/– fibrosis (NASH)

Cirrhosis-irreversible damage
+/– hepatocellular carcinoma

Figure 4.5.1 Stages of non-alcoholic fatty liver 
disease.
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and a decrease in central obesity by combining 
 dietary advice with increased physical activity 
[16,17]. Weight loss generally reduces hepatic 
steatosis, achieved either by hypocaloric diet 
alone or in conjunction with increasing physical 
activity [2,16]. Loss of at least 3–5% of body 
weight appears necessary to improve steatosis, 
but a greater weight loss (up to 10%) may be 
needed to improve necroinflammation [2]. Emphasis 
should be on decreasing abdominal girth [17]. 
Crash dieting should be avoided (weight loss 
greater than 1 kg/week) as it is associated with 
worsening liver function test abnormalities, accel-
erated fibrosis and exacerbated steatosis [1]. Patients 
should be monitored for subacute NASH during 
rapid weight loss [18].

Therapy for NASH aims to prevent or reverse 
hepatic injury and hepatic cellular damage caused 
by lipotoxicity [5]. The treatment and monitoring 
of metabolic and cardiovascular co-morbidities 
should also be managed [5]. NASH can be reversed 
by lowering body weight and increasing physical 
activity [20].

Central
OBESITY

↑ TG accumulation
and steatosis  

↑TNF-α

2nd Hit

Oxidative stress
& inflammation

leptin

↑ various 
proinflammatory 
cytokines

↓ Adiponectine

↑Hepatic  
Fatty acid
oxidation

1st Hit

Insulin resistance

↑ flux FFA
to liver 

Genetic
factors

Excessive 
food intake

Sedentary
low exercise

Figure 4.5.2 Two-hit theory of obesity-related hepatic fibrosis. FFA, free fatty acids; TG, triglyceride; 
TNF, tumour necrosis factor.

Table 4.5.3 Potential beneficial effect of 
diet-induced weight loss on non-alcoholic 
fatty liver disease

Main effect Result

Reduced hepatic 
FFA supply

↓TAG synthesis
↓Hepatic insulin resistance
↓Hepatic glucose output
↓ROS generation
↓Hepatocyte inflammation

Improved 
extrahepatic insulin 
sensitivity
Reduced circulating 
insulin 
concentrations

↓ De novo lipogenesis
↑ VLDL export
↓ Fibrosis

Reduced adipose 
tissue inflammation

↑ Leptin sensitivity
↑ Adiponectin
↓ Proinflammatory 
cytokines

Reprinted with permission from BMJ [19].
FFA, free fatty acid; ROS, reactive oxygen species; 
TAG, triglycerol ;VLDL, very low-density lipoprotein.
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Weight-reducing diets are associated with poor 
compliance. The assistance of a dedicated dietitian 
is critical [21]. Behaviour modification, cognitive 
behavioural therapy and support groups can improve 
weight loss [4,22]. A multidisciplinary yet personal-
ised approach yields the best results [5]. Italian prac-
tice guidelines on NAFLD recommend that all 
patients receive counselling for a low-carbohydrate, 
low-saturated fat diet and avoidance of fructose-
enriched soft drinks and an increase in fruit and 
vegetables [4].

The type of lipids as opposed to the volume 
accumulating in the liver may play a role in disease 
progression [23]. Some limited studies suggest 
that  increasing the ratio of omega-3 to omega-6 
fatty acids in the diet may lead to metabolic and 
histological improvements [24]. If triglyceride 
concentrations are high, two portions of oily fish 
per week should be recommended as for the  general 
population [25].

Glycaemic control can be improved by con-
suming low Glycaemic Index (GI) and foods high 
in non-starch polysaccharides. If the patient is 
diabetic aim for an HbA1c <53 mmol/mol but the 
impact of this on NAFLD has yet to be established 
[18]. If blood pressure is high it is prudent to rec-
ommend a low-sodium diet. Patients with NAFLD 
should not consume heavy amounts of alcohol. 
However, there are no recommendations for mild-
to-moderate alcohol consumption in people with 
NAFLD [2].

If patients are obese and do not respond to 
attempted lifestyle changes, they should be referred 
to centres specialising in obesity management. 
Bariatric surgery or gastric balloons can be consid-
ered for some patients [21]. Bariatric surgery may 
be useful in morbidly obese patients and has been 
reported to improve liver histology [4]. AASLD 
practice guidelines state that foregut bariatric sur-
gery is not contraindicated in otherwise eligible 
obese individuals with NAFLD or NASH without 
established cirrhosis [2]. They also state that it is 
premature to consider foregut bariatric surgery as 
an established option to specifically treat NASH [2]. 
A Cochrane review reported a lack of randomised 
clinical trials which precludes the assessment of 
benefit or harm of bariatric surgery as a therapeutic 
approach for patients with NASH [4].

Physical activity

Exercise alone in adults with NAFLD may reduce 
hepatic steatosis but its ability to improve other 
aspects of histology remains unknown [2]. Only 
20–33% of patients with NAFLD meet the American 
Surgeon General’s recommendations for physical 
activity [5,26].

There are no recognised criteria for the optimal 
intensity, duration or total volume of exercise required 
to ameliorate insulin resistance, maintain weight loss 
and improve liver histology in NASH [27]. Suggested 
physical activity targets for NAFLD are at least 
150 min of moderate-intensity and 75 min of vigorous 
activity per week in addition to muscle strengthening 
activity twice a week. These recommendations are 
derived from the diabetes prevention trials and can be 
applied to adult patients with NAFLD [5].

People with a BMI >40 are unlikely to implement 
and benefit from the recommended physical activity 
levels [17]. However, even small amounts of exercise 
are better than none, as physical activity increases 
insulin activity and decreases abdominal fat. Any 
increase in physical activity over baseline or even 
avoidance of being sedentary is desirable [4]. Physical 
activity increases the oxidative capacity of muscles, 
increasing use of free fatty acids for oxidation. This 
decreases fatty acids and triglycerides in myocytes 
which in turn increases insulin sensitivity.

Hepatitis C and non-alcoholic fatty 
liver disease

Obesity and its associated NAFLD play a role in 
fibrosis and hepatitis C [28]. Insulin resistance 
results in reduced viral clearance for patients on 
antiviral medications [29]. It is appropriate to coun-
sel patients with hepatitis C who have a BMI greater 
than 25 to lose weight. Weight reduction may 
improve insulin resistance and response to antiviral 
treatment [28].

Non-alcoholic fatty liver disease 
and liver transplant

End-stage NASH is an under-recognised cause of 
cryptogenic cirrhosis [5] which is the most common 
reason for orthotopic liver transplant [3].
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Steatosis can reoccur in the majority of patients 
with NAFLD by 5 years post transplant. Post trans-
plant, it is estimated that 50% develop recurrent 
NASH and fibrosis, where the indication for trans-
plant was NASH which can progress to graft loss. 
Risk factors include type 2 diabetes, steroids and 
weight gain. The greatest weight gain usually 
occurs within the first 6–12 months after transplant. 
Type 2 diabetes and hypertension both increase from 
15% before transplant to 30–40% and 60% post 
transplant respectively. Post-transplant mortality is 
increased with pre-existing type 2 diabetes [29]. The 
prevalence of hyperlipidaemia is 50–70% post trans-
plant [30]. It is therefore important to give education 
and lifestyle management for the prevention of 
weight gain post transplant.

Vitamin E

Vitamin E administered at a daily dose of 800 IU/
day improves liver histology in non-diabetic adults 
with biopsy-proven NASH and therefore should be 
considered as first-line pharmacotherapy. However, 
vitamin E is not recommended to treat NASH in 
diabetic patients, NAFLD without liver biopsy, 
NASH cirrhosis or cryptogenic cirrhosis [2].

Future developments

A 2007 Cochrane review found no evidence to 
 support or refute the use of antioxidants or probiotics 
in patients with NAFLD [31,32]. A large multicen-
tre study in America to treat NASH using an 
omega-3 fatty acid (eicosapentaenoic acid) is cur-
rently taking place. AASLD practice guidelines 
indicate that it is premature to recommend omega-3 
fatty acids for the specific treatment of NAFLD or 
NASH but they may be considered as first-line 
agents to treat hypertriglyceridaemia in patients 
with NAFLD [2].

A recent review recommends the consumption of 
two oily fish meals per week in NAFLD and NASH 
although they acknowledge that the efficacy and 
safety have not been confirmed in randomised con-
trolled trials. More trials are needed before omega-3 
supplements are recommended and to determine if 
any other histopathological features of NAFLD 
respond to omega-3 fatty acids.

4.5.2 Hereditary 
haemochromatosis

Hereditary haemochromatosis (HH) is a genetic 
iron overload disorder. Iron may accumulate from 
the early twenties onwards, usually later in women. 
The iron is deposited in the liver, other endocrine 
glands and the heart. Without therapeutic interven-
tionm there is a risk that iron overload will occur 
with the potential for tissue damage and disease 
[33]. Iron depletion by venesection has been estab-
lished as the accepted standard of care, despite the 
absence of randomised controlled trials.

There are no studies proving that dietary inter-
vention will provide any additional benefit in 
patients undergoing venesection. It is recommended 
that patients follow a balanced diet and avoid iron-
containing vitamin supplements and iron-fortified 
foods such as breakfast cereals. There is a recom-
mendation that vitamin C is limited to 500 mg/day 
[34]. However, this was based on a single case 
report on a patient with HH in whom vitamin C may 
have had a negative effect on cardiac function [35]. 
It has also been suggested that tea drinking may 
reduce the increase in iron stores in HH but this has 
not been confirmed [36,37]. As with other types of 
liver disease, excess alcohol can speed liver damage 
and may increase iron absorption.
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Decompensated liver disease and nutrition
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4.6.1 Dietary causes and 
effects of decompensated 
liver disease

Liver disease can be caused by various factors as 
shown in Table  4.6.1. Largely it is the symptoms 
and severity of the disease that determine the nutri-
tional treatment, rather than the aetiology.

Due to the vital metabolic role of the liver, loss of 
function has significant nutritional consequences. 
The reported incidence of undernutrition in this 
population varies with assessment technique and 
stage of disease; it can be as high as 100% [1–3]. 
Malnutrition affects important clinical outcomes 
including rates of variceal bleeding, encephalopa-
thy, infections, ascites, poor muscle function, 
length of hospital stay and mortality rates [4–7]. 
The level of protein-energy malnutrition (PEM) is 
dependent on the severity of the liver disease and 
level of nutritional input into patient care rather 
than the aetiology.

Factors contributing to PEM include a reduced 
oral intake due to nausea, vomiting, pain, encepha-
lopathy, early satiety (which may be due to the pres-
sure of ascites), alcohol withdrawal, periods of 
being nil by mouth for tests, anorexia, nutrient and 
fluid restrictions, unpalatable diets (such as very 
low-salt diets), altered sense of taste and fatigue. 
Patients with PEM may also have malabsorption 
in  the form of diarrhoea or steatorrhoea due to 

cholestasis, the use of regular lactulose or changes 
to GI microbiota following antibiotics, and may have 
increased requirements for energy and protein due 
to changes in energy metabolism.

Metabolic changes in cirrhosis

Figure 4.6.1 shows the major metabolic changes that 
occur in a person with cirrhosis and the connections 
between them.

Malnutrition in liver disease has been called a 
‘glycogen storage disease’ as even in the fed state, 
glycogen stores remain low [14]. Hepatic glycog-
enolysis is also impaired, making glycogen a less 
suitable fuel for cirrhotic patients. To maintain 
blood glucose concentrations in the short term 
when there has been no recent intake of carbohy-
drate, there is an increase in gluconeogenesis 
from amino acids, resulting in protein depletion 
[15]. Petersen et al. compared gluconeogenesis 
and glycogenolysis rates in cirrhotic subjects and 
matched healthy controls using nuclear magnetic 
resonance spectroscopy and 2H

2
O and found that 

they had similar rates of glucose production but 
the cirrhotic subjects had an increased rate of 
 gluconeogenesis and decreased rate of glycogen-
olysis compared to the control subjects [16]. Fat is 
also used as an alternative fuel source [17]. However, 
the fat oxidation rates do return to normal after 
refeeding [18].
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Using indirect calorimetry, the percentage of total 
energy from fat, carbohydrate and protein in control 
subjects after a 36–72-h fast were comparable to 
those found in cirrhotic patients after an overnight fast 
(10–12 h) [19]. These proportions were significantly 
different from overnight fasted control subjects. This 
indicates that cirrhotic patients reach a fasted state 
much more rapidly than healthy controls; cirrhosis 
has been termed a disease of accelerated starvation. 
Increased endogenous protein breakdown leads to 
increased protein turnover. However, the protein 
resynthesis rate does not increase and the capacity 
of the cirrhotic liver to synthesise and store proteins 
is reduced, leading to muscle wasting. The mecha-
nism of this hypermetabolism is unclear but is 
thought to be extrahepatic as it persists for over a 
year following liver transplantation [20].

Not all cirrhotic patients are hypermetabolic; 
those that are have a similar percentage of muscle 
mass as normometabolic cirrhotic patients, but a 
reduced body cell mass [8]. They also have raised 
serum cytokines, indicating a potential role for the 
inflammatory response in the hypermetabolic state. 
Greco et al. showed hypermetabolism, increased 
lipid oxidation rates and insulin resistance after an 
overnight fast in Childs B cirrhotic patients when 
compared to matched healthy controls [20a]. The 
Body Mass Index (BMI), fat free mass and fat mass 
of the patients were not statistically significantly 

different from the healthy controls, suggesting that 
metabolic changes precede weight loss rather than 
being a consequence of it.

Muscle wasting can be a major feature of cirrhosis 
but with skilled nutritional assessment and therapy 
this can be prevented.

Nutritional assessment

Undernutrition can be present in the early stages of 
liver disease but is not always readily evident, espe-
cially in people who are overweight. Detailed nutri-
tional assessment is needed to identify people who are 
undernourished or at risk of becoming so. Accurate 
assessment of nutritional status can be particularly 
difficult in patients with cirrhosis due to altered 
fluid homeostasis. Traditional nutritional assess-
ment methods and nutrition screening tools are 
often based on weight and BMI changes but more 
specific measures of nutritional status are required 
for this patient group.

Nutritional assessment would include a review of 
symptoms, medical history, social history, assess-
ment of body composition, biochemistry, detailed 
dietary intake and fluid restrictions. Symptoms such 
as nausea, anorexia, pain, fatigue and encephalopa-
thy can reduce nutritional intake, as can any fluid 
restrictions. While constipation can lead people to 
be more likely to experience encephalopathy, diar-
rhoea reduces the absorption of nutrients and can 
also lead people to be less inclined to eat. Medical 
history including co-morbidities such as renal fail-
ure, hepatopulmonary syndrome or diabetes will 
potentially have an impact on patient nutritional 
status as well as the dietary counselling given. 
A person’s social situation including financial situ-
ation, living conditions, alcohol and illicit drug use 
will have an impact on their nutritional status. 
Changes in a patient’s liver function tests can give 
an indication of an improvement or decline in their 
condition; it is important to monitor electrolytes in 
potential refeeding syndrome patients and bio-
chemistry can also be used to monitor conditions 
such as renal failure.

When taking a diet history, it is particularly impor-
tant to note the pattern of nutritional intake as well as 
the nutritional content and portion sizes, looking out 
for the frequency and amount of carbohydrate and 

Table 4.6.1 Types of liver disease

Cause Type of liver disease

Infections Hepatitis A, hepatitis B, hepatitis C, 
hepatitis D, hepatitis E

Toxic Alcohol-related liver disease, drug 
overdoses, other poisons

Cholestatic Primary sclerosing cholangitis, 
primary biliary cirrhosis

Metabolic Non-alcoholic fatty liver disease, 
non-alcoholic steatohepatitis, 
hereditary haemochromatosis, 
alpha-1 antitrypsin deficiency, 
Wilson’s disease

Vascular Budd–Chiari syndrome
Other Cystic fibrosis-related liver disease, 

autoimmune hepatitis, cryptogenic 
liver disease
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Figure 4.6.1 The major metabolic changes that occur in someone with cirrhosis [7–13].
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protein consumed in particular. As with any other 
patient group, it is important to take into account 
patient preferences and tolerances, daily pattern of 
activities and any concerns they have.

Upper arm anthropometry

Upper arm anthropometry, mid arm circumference 
(MAC), triceps skinfold thickness (TST) and mid 
arm muscle circumference (MAMC) are used in the 
clinic or ward setting to differentiate between fat 
and muscle stores. These measurements indicate a 
patient’s nutritional status compared to an expected 
population. Serial measurements in one patient 
every 3–8 weeks are most useful as body fat has to 
change by several kg before it is detectable by skin-
fold measurements [21]. It is important to be aware 
of inter- and intraobserver error. Reliability and 
accuracy can be improved by standardising the 
observer’s technique or by undertaking specialist 
anthropometry training.

Hand grip strength

Hand grip strength is measured using a dynamometer 
and is a measure of muscle function. Low handgrip 
strength has been shown to be a predictor of compli-
cations and poor clinical outcome in patients with 
cirrhosis [22]. Patients’ handgrip strength changes 
more rapidly than the measured change in muscle 
bulk and can be assessed weekly if required.

Nutrition screening

Tools that incorporate information from several 
sources to a patient in a structured way can be par-
ticularly helpful. The Royal Free Hospital Global 
Assessment (RFH-GA) which uses BMI (calculated 
using estimated dry body weight), MAMC, dietary 
intake and symptoms in an algorithm [23] has very 
good intra- and interobserver reproducibility and is 
validated in this patient group [24]. Accurate use of 
this assessment requires specialist training and can 
take an hour to complete. The Royal Free Hospital 
Nutritional Prioritising Tool (RFH-NPT) has 
recently been developed and validated. This has 
very  good intra- and interobserver reproducibility, 
with a diagnostic sensitivity of 100% and specificity 

of 73% [25]. It takes 2–3 min and little training to 
complete but gives a less detailed assessment than 
the RFH-GA. This tool includes the presence/
absence of ascites and/or oedema with different 
subsequent questions depending on this answer.

Dry weight

Table 4.6.2 can be used to estimate the weight of fluid 
and therefore to calculate dry weight. The estimated 
weight of ascites and peripheral oedema is subtracted 
from the patient’s ‘wet weight’. Patients may have 
ascitic volumes larger than 14 kg. Even in patients with 
no ascites or oedema, weight alone is a crude measure 
of nutritional status as it does not distinguish between 
fat and muscle stores. For patients with ascites who 
have regular paracentesis, it is useful to monitor 
how much fluid is removed during each paracentesis 
session, how much fluid is remaining after paracen-
tesis, a typical postparacentesis weight and the 
duration since the last paracentesis, to individualise 
estimates of dry body weight.

Nutritional requirements

When gluconeogenesis rather than glycogenolysis is 
used to maintain hepatic glucose release there is an 
increase in both resting energy expenditure (REE) 
and protein requirements [19,27]. Gluconeogenesis 
uses more energy than glycogenolysis and requires 
amino acids as substrates, therefore both energy and 
protein requirements for cirrhotics are increased. 
People with liver disease can replete their stores with 
increased intakes [28,29]. The European Society of 
Parenteral and Enteral Nutrition (ESPEN) guidelines 
aim for 25–40 kcal/kg body weight but whether dry, 
actual or ideal body weight is used is not agreed 
(Table  4.6.3) [30]. If a patient is undernourished, 

Table 4.6.2 An estimate of the weight of ascites 
and peripheral oedema [26]

Ascites Peripheral oedema

Minimal 2.2 kg 1.0 kg
Moderate 6.0 kg 5.0 kg
Severe 14.0 kg 10.0 kg

Reproduced with permission from Taylor & Francis.
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unless they are overtly critically ill or septic, the 
 addition of an extra 400–1000 kcal per day is encour-
aged to promote repletion of stores.

Protein stores of lean body mass (LBM) are 
depleted by the use of amino acids for glucose gen-
eration, therefore extra dietary protein is required to 
maintain and replete LBM. Swart et al. used radi-
olabelled [15 N]glycine to investigate rates of nitro-
gen flux, protein synthesis and protein breakdown 
in people with cirrhosis and healthy controls and 
suggested that cirrhotic patients require an increase 
in nitrogen intake to achieve a positive nitrogen bal-
ance due to their increase in gluconeogenesis [29]. 
Protein requirements are calculated based on the 
patient’s estimated dry weight and are shown in 
Table 4.6.3.

Patients, particularly if at home and mobile, may 
need to increase their intake beyond these calcu-
lated requirements in order to replete or maintain 
their muscle stores. It is important to monitor their 
nutritional status regularly and adjust their dietary 
recommendations accordingly.

In obese patients, protein and energy require-
ments are adjusted to account for increased body 
mass with a likely reduced percentage of meta-
bolically active tissue. In the UK, protein and 
energy requirements are reduced by 25% and 
400–1000 kcal per day respectively. When making 
any such adjustments, it is important that patients 
are regularly monitored so any decline in nutritional 
status can be identified and mitigated. Preservation 
of muscle function and a patient’s fitness take 
 priority over any aim to reduce fat mass. ESPEN 

guidelines do not give guidance specifically for 
obese liver patients.

Fluid requirements are rarely estimated from pre-
determined calculations but assessed on an individual 
basis and dependent on the patient’s fluid status.

4.6.2 Dietary causes of hepatic 
encephalopathy

The cause of hepatic encephalopathy (HE) is likely 
to be multifactorial and is still not fully understood. 
Consequently dietary manipulation in HE has 
evolved as a greater level of evidence supports or 
disproves theories. One of the first theories about 
the cause was that dietary protein causes HE in liver 
failure. Hence, historically dietary protein restric-
tion was advised to reduce the risk and facilitate the 
management of HE [32]. This is no longer advised 
as protein turnover studies have demonstrated that 
the requirement for protein and the overall energy 
need increase with the development of end-stage 
liver failure [3,33]. Restricting intake can lead to 
muscle catabolism and the associated poor out-
comes in these patients [34].

It is thought that the need for additional dietary 
protein is driven by the utilisation of branched chain 
amino acids (BCAA) for the repair of the liver injury 
or utilisation of them to dispose of ammonia [35], low-
ering the ratio of the BCAA relative to the aromatic 
amino acids. Furthermore, if the additional calorie 
requirements are not met, the breakdown of muscle 
protein increases the circulating concentration of 

Table 4.6.3 Energy and protein requirements for people with liver disease

Stress factor*

Energy
kcal/kg dBW/day

Protein
g/kg dBW/day

Compensated 0–20% 25–35 1.2–1.3
Decompensated 30–40% 35–40 1.2–1.5
Acute (fulimant) 20–30% 1.2–1.5
Post transplant
(approx. 1 month)

30% 1.2–1.5

In the UK, energy (for weight maintenance) and protein requirements use dBW 
(dry body weight) [30,31].
*A stress factor is used to adjust for additional metabolic stress and multiplied by 
basal metabolic rate or by the specific kcal/kg for each condition by body weight [30].
Reproduced with permission from Elsevier.
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aromatic amino acids (phenylalanine, tyrosine) 
 relative to the circulating concentrations of BCAA 
(leucine, isoleucine, valine). Ultimately a higher 
ratio of aromatic amino acids to BCAA facilitates 
the movement of aromatic amino acids across the 
blood–brain barrier, altering the mental state associ-
ated with HE. This theory is further supported by 
the development of HE following a gastrointestinal 
bleed. It is proposed that the digestion of blood, 
which is deficient in isoleucine, a branched chain 
amino acid, alters the ratio of aromatic amino acids 
to BCAA, causing acute HE [36].

A high concentration of gastrointestinal ammo-
nia is another theory for the cause of HE. During 
periods of fasting, the utilisation of amino acids 
from muscle for gluconeogenesis produces ammonia. 
Circulating ammonia is removed by muscle tissue, 
hence muscle loss in itself may exacerbate the devel-
opment of HE [37]. Dietary factors that can alter the 
gastrointestinal microbiota and reduce the high con-
centrations of ammonia production are thought to 
reduce the risk and facilitate the management of 
HE. Dietary factors that have been studied in this 
process include lactulose, probiotics, vegetable 
protein and zinc.

4.6.3 Nutritional 
consequences of ascites

Ascitic volume is normally defined as mild, moderate 
or severe (see Table 4.6.2) but can exceed 25 litres 
in some patients. Moderate-to-severe ascites can 
have a detrimental effect on nutritional status due to 
multiple factors (Box 4.6.1).

Disease-related anorexia and intake

Abdominal pain and discomfort are common symp-
toms in patients with ascites and most common in 
those with spontaneous bacterial peritonitis (SBP), 
an infection of the peritoneal fluid [39]. This com-
bined with early satiety due to the pressure of fluid 
pressing on the stomach can dramatically reduce 
food intake. Additional factors reducing intake 
are  nausea due to SBP or hepatorenal syndrome 
(HRS) and the potential dietary restrictions this 
may require.

4.6.4 Dietary management of 
decompensated liver disease

Studies have investigated the effect of increased 
energy and protein intake in patients with decompen-
sated liver cirrhosis, using both oral nutritional sup-
plements and enteral nutrition (EN). Improvements 
in nutritional status [40], in liver function [41,42] 
and survival [41] have been reported. The dietary 
goal is for the patient to receive adequate nutrient 
intake to prevent nutrient and muscle depletion and 
minimise complications. To achieve this aim, 
aggressive nutritional support is frequently required. 
Vitamin and mineral deficiencies are common in 
these patients, especially in patients with PEM, and 
these need to be corrected. Unnecessary or inappro-
priate dietary restrictions should be avoided as these 
can be detrimental to outcomes.

Patients with decompensated cirrhosis who are 
not meeting their nutritional requirements should be 
offered dietary advice [3]. Dietary counselling alone 
can be successful [40] but often supplementary 
nutrition is required. Oral nutritional supplements 
(ONS) or EN are indicated when patients cannot 
meet their nutritional requirements from normal 
food and drink, despite adequate individualised 
dietary counselling [30].

Box 4.6.1 Factors associated with ascites 
which affect nutritional status

Reduced 
appetite 
and intake

Abdominal pain and discomfort
Early satiety
Nausea associated with 
spontaneous bacterial peritonitis 
and hepatorenal syndrome
Severe fluid and sodium 
restrictions

Increased 
nutritional 
requirements

Possible increase in resting 
energy expenditure with 
ascites [38]
Infections
Protein loss at paracentesis

Increased 
muscle 
atrophy

Recommended or self-imposed 
bed rest
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Oral nutritional support

Oral nutritional supplements high in energy and 
protein but low in volume are frequently used in 
clinical practice. Low volume is not only useful for 
patients with fluid restrictions but also for patients 
experiencing early satiety, disease-related anorexia 
or who need to consume large volumes of ONS to 
meet their nutritional requirements.

Enteral nutrition

Oral intake should be encouraged but for patients 
who are unable to meet their nutritional require-
ments orally, EN should not be delayed [41,42], 
even if only required in the short term. Cabre et al. 
showed decreased inpatient mortality rates in 
severely undernourished patients with cirrhosis using 
EN compared with standard oral diet (12% versus 
47% mortality) [41]. Campillo et al. found that not 
only did severely undernourished cirrhotic patients 
show an improvement in liver function after 6 weeks 
of EN but there was also an increase in spontaneous 
dietary intake [42]. Formulae that are high in energy 
and protein are frequently used and whole-protein 
formulae are generally recommended [30]. Feeding 
regimens may be continuous or intermittent, ideally 
choosing a method that most reduces long periods of 
fasting, for example overnight feeding.

Enteral nutrition via the nasogastric (NG) route is 
perhaps the easiest to initiate in clinical practice but 
feeding via the nasojejunal (NJ) route is useful in 
patients with high-volume ascites, delayed gastric 
emptying or early satiety, nausea or vomiting. 
Gastrostomy or jejunostomy placement is contrain-
dicated in patients with cirrhosis due to impairment 
of the coagulation system and portosystemic col-
lateral circulation [43]. During gastrostomy or jeju-
nostomy insertion, patients with gastric varices 
have an increased risk of bleeding and those with 
ascites have an increased risk of infection and leak-
age of fluid from the tube site. There is no evidence 
that NG tube insertion increases the incidence 
of variceal bleeding [41,44] and slow or intermittent 
GI bleeding is not an absolute contraindication to 
EN [3]. However, after acute variceal bleeding 
NG tube insertion should be avoided for 3 days 
[45,46] as this period has the highest risk of 

rebleeding [47]. No favourable effect of EN via an 
NG tube initially after a variceal bleed has been 
demonstrated [45].

Parenteral nutrition

Parenteral nutrition (PN) is associated with higher 
risks of infection, electrolyte imbalance and greater 
expense than EN and is generally only recom-
mended for patients who cannot receive nutrition 
via the GI tract, for example those with intestinal 
obstruction [48]. PN may also be considered in 
patients with an unprotected airway and advanced 
HE when swallow and cough reflexes are compro-
mised [49]. In cirrhotic patients with portosystemic 
shunting, Plauth et al. found that PN may be 
superior to EN because the latter may worsen 
hyperammonaemia [50].

Eating pattern

In addition to meeting nutritional requirements, it is 
important to consider the pattern of food intake 
throughout the day. A modified eating pattern of 
4–6 meals per day containing food rich in carbohy-
drate is recommended [51,52] to avoid periods 
of  fasting for longer than 2 h. Early satiety and 
 disease-related anorexia are common features of 
patients with cirrhosis, therefore small meals at regular 
intervals can help ensure adequate dietary intake. One 
of these meals should be a late evening carbohydrate 
snack to shorten nocturnal fasting and minimise early 
starvation. A late evening snack improves nitrogen 
balance [53–55] and fat-free mass [56]. It also 
increases carbohydrate oxidation [55,57] and 
the  respiratory quotient [55,57,58]. Carbohydrates 
have antiketogenic and nitrogen-sparing effects 
during periods of energy deprivation [59] and it is 
assumed that 50–100g carbohydrate is required to 
produce these effects [60]. Therefore, in practice, a 
late evening snack comprising at least 50g carbohy-
drate is recommended.

The study by Yamanaka-Okumura et al. [58] used 
a 44 g carbohydrate rice ball at 21:00 h and Chang 
et  al. [57] used two slices of bread and jam (50g 
 carbohydrate) at 23:00 h to provide extra late evening 
carbohydrate. Both demonstrated improved energy 
metabolism and Yamanaka-Okumura et al. [58] 
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proved that the timing, rather than the amount of 
energy supplementation, is of greater importance in 
achieving this. Chang et al. [57] found six out of the 
16 cirrhotic patients prior to the study had individu-
ally altered their eating patterns to include a snack 
before bed or in the early morning to relieve symp-
toms of dizziness, hunger or abdominal discomfort. 
Swart et al. concluded that a late evening meal 
seemed to improve the efficiency of nitrogen metab-
olism compared with isocaloric and isonitrogenous 
diets without an evening meal [53]. Zilikens et al. 
studied the effect of polymeric glucose solution 
(100g carbohydrate) in the late evening and found 
nocturnal glucose improved nitrogen balance during 
the night in patients with cirrhosis but not in healthy 
controls [54].

Liquid dietary supplements have also been used 
as late evening snacks. Miwa et al. demonstrated 
correction of abnormal fuel metabolism in patients 
with cirrhosis using a nutritional supplement drink 
(Ensure, 250 kcal) at 23:00 h [55]. A long-term study 
compared the effects of taking nutritional supple-
ments (710 kcal/day, >50g carbohydrate) during the 
night-time (between 21:00 h and 07:00 h) and the 
daytime (between 09:00 h and 19:00 h) over a 
12-month period [56]. Those who consumed the 
supplements at night increased their lean muscle by 
2–2.5 kg whereas the daytime group showed no 
significant changes over the 12 months.

The importance of a late evening snack has been 
demonstrated but the most effective composition 
of this is debated. Oral BCAA supplementation as 
the late evening snack may also prevent protein 
catabolism [61–63] and may improve glucose toler-
ance [63]. Nocturnal BCAA administration may also 
stimulate hepatic albumin synthesis [62]. However, 
studies have revealed poor compliance mainly due to 
the poor palatability of the formulae [62] and they are 
expensive and hence potentially not felt to be an eco-
nomically viable solution for long-term care.

4.6.5 Dietary management of 
hepatic encephalopathy

Dietary interventions are based on the correction of 
precipitating factors of HE. Hence they can be used 
to reduce the risk and recurrence of HE as well as 

acting as a form of treatment. A combination of 
treatments may be more beneficial as HE is thought 
to be multifactorial.

Probiotics and prebiotics

The effectiveness of treating HE with lactulose is 
controversial [64]. Lactulose is a non-digestible 
sugar and prebiotic that alters GI microbiota as it 
is fermented. Evidence is emerging that synbiot-
ics or fermentable fibres are a more effective 
alternative to lactulose and this warrants further 
research [65]. In HE probiotics reduce the sub-
strate for some urease-producing GI microbiota 
[66]. The fermentation products lactic acid, etha-
nol, acetic acid and carbon dioxide lower the pH, 
creating a hostile environment for the urease GI 
microbiota [65]. Studies are needed to elucidate 
which micro-organisms would be effective, viable 
bacteria as well as the frequency and dosing 
required.

Protein

Routine dietary protein restriction does not reduce 
the risk of HE. In the unusual scenario where the 
cause of HE is unidentified, traditional management 
methods of the condition such as regular enemas to 
promote stool evacuation should be trialled before 
dietary manipulation is considered. The ESPEN 
guidelines for nutrition in liver disease and trans-
plantation recommend, as a last resort, a short trial 
of 3 days of a moderate protein restriction to 0.5g/kg 
and if there is no response then to return to a nor-
mal to high protein intake (1–1.5g/kg/day) [3]. 
A randomised trial refuted this guideline and dem-
onstrated that a normal protein diet (1.2g/kg/day) 
does not alter the progression of HE and can be 
administered safely [67].

It can be difficult to meet the dietary protein and 
energy requirements for improved outcomes in 
patients with HE, as confusion, as well as the other 
factors limiting food intake described above, is 
likely to lead to a reduction in food intake. To facili-
tate dietary intake, patients should be supervised at 
meal times and any reduced dietary intake should 
be supplemented between meals. Small frequent 
meals, evenly distributed throughout the day, 
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including a bedtime snack, will reduce the risk of 
excess ammonia production via gluconeogenesis. 
When inadequate oral intake persists, supplemen-
tary EN may be required to meet the energy and 
protein requirements [4]. HE-related confusion can 
result in inadvertent removal of nasogastric tubes. 
With low-grade encephalopathy, where response to 
pain stimulation is unaffected, the use of nasobridle 
attachments to nasogastric tubes may prevent extuba-
tion. Nasogastric tube feeding with bridle attachments 
are not advised with grade three encephalopathy, as 
the response to pain stimulation is likely to be affected 
and hence there is a high risk of nasal trauma. This 
can be difficult to manage due to the reduced for-
mation of blood clotting factors impacted by liver 
failure.

Small-scale studies suggest high vegetable protein 
intake rather than animal protein could facilitate the 
management of HE [68]. It is unclear whether this is 
related to the higher BCAA content of these foods, 
the high ornithine and arginine content which may 
facilitate ammonia removal or if it is related to the 
effect of these diets on gastrointestinal microbiota. 
Changing from high animal protein diets to high veg-
etable protein diets will also increase the non-starch 
polysaccharide (NSP) content of the diet. This may 
result in inadvertent reduction of overall energy 
intake in patients who traditionally enjoy meat- and 
fish-laden diets. Patients with large ascitic volumes 
who suffer from early satiety are also likely to reduce 
their overall energy intake if a bulky high-NSP diet is 
consumed. This could exacerbate undernutrition in 
patients with end-stage liver failure.

Branched chain amino acids

Dairy products and red meat contain the greatest 
amount of BCAA. To date, there have not been any 
randomised trials assessing the impact of dietary 
consumption of BCAA on HE. Clinical trials assess-
ing individual and combined products of BCAA for 
the amelioration of HE have found inconsistent 
results, making it difficult to justify the routine use of 
these products [69]. This is further supported by the 
added expense of the products available in the UK, 
in relation to the standard oral nutritional supple-
ments that contain additional protein. However, in 
cases where management of HE requires recurrent 

admissions to hospital, a supervised trial of BCAA 
supplementation may justify the associated added 
expense but poor palatability may limit the success-
fulness of the trial. It has been suggested that oral 
supplementation of BCAA should be provided at 
0.25g/kg body weight [3]. However, dose-ranging 
studies are needed to detect the optimum dosage, 
the safe limits of administration and whether all 
three BCAAs need to be supplied.

Zinc

In the 1980s and 1990s rectification of zinc deficiency 
was studied as a treatment for HE. Even today, the 
precise role of zinc in the development of HE remains 
uncertain [70]. It is thought that zinc deficiencies 
lead to increased ammonia concentrations due to 
abnormalities of hepatic urea cycle enzymes as well 
as glutamine synthetase. Inconsistent findings may 
be  attributable to type and dose of zinc salts used, 
hence more high-quality evidence is needed to formu-
late specific recommendations [71].

4.6.6 Dietary management 
of ascites

Fluid

There is no requirement for fluid restriction in sim-
ple ascites but where severe hyponatraemia (serum 
sodium <120–125 mmol/L) co-exists it is common 
practice to restrict fluid intake to 750–1500 mL/day 
[72,73]. Severe fluid restrictions may prevent 
undernourished patients consuming liquid oral 
nutritional supplements. In such cases, powder 
modules and dessert-style supplements are useful. 
If the patient is receiving EN, 1.5–2.0 kcal/mL for-
mulase should be used to meet high requirements in 
a limited volume.

Sodium

Clinical trials of sodium restriction compared with a 
free diet to control ascites are limited and inconclu-
sive. Reynolds et al. favoured an unrestricted diet 
(over a 10 mmol/day restriction), citing increased 
dietary palatability as an advantage [74]. Gauthier et al. 
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reported a transient benefit of sodium restriction 
(21 mmol/day) although not statistically signifi-
cant, with a trend towards improved survival in 
the restricted group [75]. Bernardi et al. compared 
a low-sodium diet of 40 mmol/day to a no added 
salt diet of 120 mmol/day and found that a low-
sodium diet did not confer any benefit over no 
added salt when used in conjunction with diuretic 
treatment [76].

Severe sodium restrictions of 10–40 mmol/day 
involve eating no bread or cereals and limiting milk 
intake. Such diets are likely to be unpalatable to 
most patients and may contribute to undernutrition. 
However, only one study has investigated the 
 nutritional consequence of sodium restriction in 
 cirrhotic patients. In a small randomised cross-over 
study of six patients, Soulsby (1997) compared the 
effects of a low-sodium diet (40 mmol/day) with a 
no added salt diet (80–100 mmol/day) [77]. Energy 
and protein intakes were found to be lower on the 
low-sodium diet and this diet was also associated 
with a loss of MAMC.

Current practice is for a moderate sodium restric-
tion of 80–120 mmol/day equivalent to a no added salt 
diet of 4.6–6.9g/day of salt [72,73]. In general terms, 
if patients are eating well, this entails avoiding the 
use of salt in cooking and at the table and avoiding 
processed foods.

In hospitalised patients with disease-related 
 anorexia, sodium intake may well be less than 
80 mmol/day. For example, in the Gauthier et al. 
trial the unrestricted group were estimated to have a 
sodium intake of only 51–68 mmol/day [75]. These 
patients need nutritional support to concentrate on 
improving energy and protein intakes.

Salt substitutes are not recommended as they 
tend to contain potassium chloride and can lead to 
an increase in serum potassium concentrations. 
This is particularly important if patients are on 
potassium-sparing diuretics or have HRS. A salt 
substitute may also reinforce preference for salty 
foods.

It is important that all patients with moderate-to-
severe ascites have nutritional monitoring to ensure 
that there is not an associated reduction in nutri-
tional status. This cannot be done via body weight 
but requires serial measurements of upper arm 
anthropometry.

Protein and energy

In addition to the general increase in energy and 
protein requirements associated with chronic liver 
disease (CLD), patients with ascites have other 
factors that increase their nutrient requirements. 
One study has queried whether the presence of 
ascites itself increases REE [38]. The authors 
 performed indirect calorimetry on 10 patients 
with moderate-to-severe ascites and discovered a 
decrease in REE post paracentesis. They con-
cluded that ascites is not an inert volume and may 
accelerate PEM by increasing REE. They did 
not  speculate why this may be. It could be that 
additional energy is required to heat the fluid to 
body temperature or due to the increased respira-
tory exertion of breathing whilst carrying the 
extra ascitic weight. Patients with ascites are 
prone to infections such as SBP which when 
associated with pyrexia will further increase 
energy requirements.

Serial paracentesis depletes body proteins, which 
may aggravate undernutrition [78]. Consequently 
patients requiring this treatment should have protein 
requirements calculated at the top of the range, 
i.e.1.5g/kg/day.

Muscle atrophy

Bed rest as a treatment for ascites has been 
 advocated in the past based on the assumption that 
an upright posture activates sodium retaining 
 systems. There are no clinical trials to support this 
practice and as bed rest may increase muscle 
 atrophy, it is no longer advocated [74]. Patients 
with large-volume ascites may naturally become 
less active due to the additional weight they are 
carrying. Dietetic advice should therefore encour-
age an increase in physical activity where  possible. 
Bed and chair exercises can be helpful for this 
patient group.

There are a small number of studies showing an 
improvement in nutritional status when ascites is 
resolved with a transjugular intrahepatic portosys-
temic shunt (TIPS) [79,80]. There is a need for 
studies comparing serial paracentesis with TIPS to 
establish which treatment is best for maintaining 
nutritional status.
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Chapter 4.7

Hepatocellular carcinoma and nutrition
Frances dorman
King’s College Hospital NHS Foundation Trust, London, UK

Hepatocellular carcinoma (HCC) is the most 
 common primary cancer of the liver. It has a poor 
5-year survival rate of less than 5%. The incidence of 
HCC has been increasing worldwide, especially in 
Japan [1]. There is a higher incidence in developing 
countries compared to developed countries. Patients 
with liver cirrhosis are primarily affected and HCC is 
the most common cause of death [2]. There is a 
higher incidence in males and in older patients.

Liver cirrhosis is a risk regardless of aetiology. 
However, HCC can also occur in non-cirrhotic 
patients. In cirrhotic patients the presence of viral 
hepatitis, increased alcohol intake and hereditary 
Haemochromatosis also increases the risk of devel-
oping HCC. In Hepatitis B the DNA virus mutation 
rate is 10 times higher than that of other DNA viruses. 
The virus binds itself to the liver cells’ DNA, which 
disrupts normal cell activity and growth, leading to 
cell destruction and mutation [3].

Hepatocellular carcinoma often has no or only mild 
or vague symptoms. It is important to detect HCC 
early at a stage when potentially effective treatment 
can be offered. Treatments include surgical resection, 
liver transplant and percutaneous destruction.

4.7.1 Treatments

Surgery achieves a high rate of complete response 
and is the treatment of choice in non-cirrhotic 
patients. A right-sided hepatectomy in cirrhotic 
patients can increase the risk of inducing decom-
pensation more than a left-sided hepatectomy [4]. 
Liver resection includes wedge resection and 

 segmentectomy. If HCC is detected early, the survival 
rate is >90% after a successful resection. Liver trans-
plantation is considered to be the first-line treatment for 
single tumours less than 5 cm or ≤3 nodules ≤ 3 cm 
(Milan Criteria) not suitable for resection [5]. Five-year 
survival of patients transplanted for HCC is above 
60%, but recurrence rates are estimated at 30-40%.

Surgical techniques have reduced the operative 
morbidity and mortality associated with the resec-
tion of HCC. Patients with cirrhosis who received 
perioperative nutrition had better outcomes after 
surgery and weight loss was less severe than in 
those who did not [6].

After surgery, patients often have reduced oral 
intake due to reduced appetite, pain and nausea. 
Patients have increased nutritional requirements after 
surgery, often necessitating the use of oral nutritional 
supplements, enteral or parenteral nutrition. These 
methods of nutritional support should be considered 
if patients are unable to meet their nutritional require-
ments via diet alone. The influence of nutritional sta-
tus on postoperative morbidity and mortality has 
been well documented [7].

4.7.2 Nutritional consequences 
of palliative treatments

Palliative treatments include transarterial chemo-
embolism (TACE), radiofrequency ablation (RFA), 
 percutaneous ethanol injection, systemic chemother-
apy, photodynamic therapy and radiotherapy.

Transarterial chemoembolism involves chemo-
therapy being delivered directly into the tumour’s 
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blood supply via the hepatic artery to destroy 
the liver cancer cells. It is often used as a holding 
treatment for patients awaiting transplantation. As 
with other chemotherapy agents, nausea, vomiting 
and loss of appetite are common symptoms after 
TACE. Other gastrointestinal disturbances include 
mouth ulceration, diarrhoea and constipation. The 
lining of the gastrointestinal tract is composed of 
rapidly dividing cells and may also be affected by 
chemotherapy. Management of symptoms using 
antiemetics and natural remedies such as ginger and 
peppermint is useful [3].

In RFA, a probe with an electrical current which 
creates heat is inserted directly into the tumour, 
which destroys abnormal cells. It is suitable for 
small tumours and can be used in combination with 
TACE. Side-effects of RFA include increased tem-
perature and feeling generally unwell which often 
affects nutritional intake.

Sorafenib is the standard drug therapy used to 
treat HCC; it is a multitargeted kinase inhibitor, indi-
cated for patients with well-preserved liver function 
(Child-Pugh A) and those with advanced tumours. 
Side-effects of this drug include constipation, ano-
rexia, weight loss, abdominal pain, diarrhoea and 
fatigue. Reducing the dose has been shown to help 
alleviate some of the symptoms [5,8].

Selective internal radiation therapy (SIRT) using 
radiolabelled microspheres is a relatively new treat-
ment for patients with HCC. The SIRT beads stop 
the flow of blood to the tumour. Side-effects are 
similar to TACE, with mild abdominal pain, nausea 
and fever being most commonly reported.

4.7.3 Nutritional requirements

Depending on the type of primary tumour and stage of 
disease, weight loss is reported in 30% to more than 
80% of patients and is severe (loss >10% of the usual 
body weight) in 15% of patients [9]. Malnutrition is 
associated with reduced quality of life, lower activity 
levels, increased treatment-related adverse reactions, 
reduced tumour response to treatment and reduced 
survival [9].

Cancer affects patients’ physical function. 
Nutrient and energy metabolism are altered, 
increasing the production of acute phase proteins. 
There is accelerated proteolysis and lipolysis and a 
reduction in muscle protein synthesis resulting in a 

loss of lean muscle mass and fat tissue [10]. The 
systemic inflammatory reaction is assumed to be 
involved in causing loss of appetite and weight loss 
and may facilitate tumour progression [9].

Cancer does not have a consistent effect on rest-
ing energy expenditure (REE). Oncological treat-
ment, however, may modulate energy expenditure 
[9,10]. Studies in cancer patients show that REE 
does not differ from that of healthy subjects so total 
daily energy expenditure in cancer patients may 
be  assumed to be similar to healthy subjects, or 
20–25 kcal/kg/day for bedridden and 30–35 kcal/kg/
day for ambulatory patients. For patients undergoing 
surgery, malnutrition is a risk factor for postopera-
tive morbidity, which could lead to increased length 
of hospital stay, risk of infections and treatment 
costs and reduced quality of life.

The optimal nitrogen supply for cancer patients 
cannot be determined at present; the recommendation 
is a minimum protein intake of 1g/kg/day and a target 
supply of 1.2–2g/kg/day [9].
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Chapter 4.8

Liver transplantation and nutrition
Frances dorman
King’s College Hospital NHS Foundation Trust, London, UK

Liver transplantation has had a profound impact on 
the care of patients with end-stage liver disease [1] 
and is an established treatment for acute and chronic 
end-stage liver disease. The first liver transplant was 
carried out by Dr T. Starzl in Denver, USA. Between 
2011 and 2012 there were more than 700 liver trans-
plants in the UK [2]. Advances in surgical techniques 
and immunosuppressive agents have led to an 
improvement in the prognosis of patients [2,3].

Life expectancies for at least 1, 2 and 5 years after 
a liver transplant are 90%, 85% and 76% respectively. 
On average, adults wait 146 days for a transplant. It 
is vital that patients are referred early to specialist 
centres for liver transplant assessment. This allows for 
patient optimisation prior to transplantation. Patients 
with severe decompensation and severe undernutrition 
are at higher risk of postoperative complications [3]. 
Late referral to a specialist centre is likely to be asso-
ciated with a worse nutritional status [4]. With the 
exception of those with acute liver failure, patients 
can often have a long wait for a suitable organ; there-
fore it is vital that patients are closely monitored 
whilst they are on the waiting list.

Indications and contraindications for liver trans-
plantation [5] are shown in Table 4.8.1 and Box 4.8.1.

4.8.1 Nutritional status 
pre-transplant

There have been several studies assessing the nutri-
tional status of patients and the impact on outcomes 
prior to liver transplantation [6]. Malnutrition leads 
to increased operative blood loss, longer hospital 

stay in the intensive care unit (ICU), prolonged 
 ventilator support requirements and higher risk of 
mortality. Figueiredo et al. found that longer ICU 
stay was associated with lower handgrip strength 
and lower aromatic amino acid concentrations. Low 
intakes of branched chained amino acids (BCAA) 
were associated with longer total hospital stay and 
increased infection rates. They did not find any asso-
ciation with mortality and nutritional status [7]. Dick 
et al. found that underweight patients required more 
dialysis, had a higher rate of combined liver-kidney 
transplantation and higher retransplantation rates 
due to graft failure and were more likely to die 
from haemorrhagic complications or cerebrovascular 
accidents. They also found that being underweight 
was a significant predictor of risk to survival [8].

Although undernutrition is common amongst liver 
transplant recipients, studies show that pretransplant 
nutritional supplementation does not have a major 
effect on patient outcome and regular dietetic support 
may be as effective at increasing energy intake as 
nutritional supplementation [9]. Studies show that 
Body Mass Index (BMI) corrected for ascites and 
other fluid disturbances is not independently predic-
tive of patient or graft survival [10]. It has been noted 
that nutritional status does not influence graft or 
patient survival rates, incidence of infection or rejec-
tion, but severely undernourished patients have longer 
ICU stays compared to well-nourished patients [11].

Overweight and obese patients have increased 
rates of wound infection and multisystem organ 
failure. Patients with morbid obesity (BMI >40) are 
associated with significant decreases in patient and 
graft survival as well as increased 30-day mortality. 
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Cardiovascular mortality and infection-related 
 allograft failure are associated with BMI >35 [12]. 
The 5-year mortality rate is significantly higher in 
the severely obese and morbidly obese [13,14].

4.8.2 Nutritional requirements 
and feeding immediately post 
transplant

With the exception of the Roux-en-Y hepaticojeju-
nostomy, it is recommended that normal food and/
or enteral nutrition (EN) be commenced within 
12–14 h post surgery [15]. Transplant patients who 
received early EN had fewer viral infections and 
had better nitrogen retention. Although evidence is 
limited, EN is usually delayed between 3–5 days 
post Roux-en-Y liver transplant as there are risks of 
leaks and biliary obstructions and there has been 
some manipulation to the small intestine. The tech-
nique involves a loop of small intestine 10–20 cm 
 distal to the ligament of Treitz being divided and 
brought up to the donor bile duct. An end-to-side 
anastomosis is then completed between the two. It is 
the preferred technique when the donor bile duct 
diameter is small (paediatric, split liver and living 
donor transplants) and in patients with extrahepatic 
biliary disease (e.g. primary sclerosing cholangitis).

In the immediate phase post transplant, protein 
catabolism is significantly increased as demonstrated 
by the excretion of large amounts of urinary nitrogen 
[2,6]. Catabolism occurs due to the release of cata-
bolic hormones promoted by surgery and corticoster-
oids. Due to the elevated nitrogen excretion, a protein 
intake of 1.2–1.5 g/kg/day is recommended [15]. 
BCAAs remain an area of interest pre and post 
tranplantation. Studies have shown that liver 
 transplantation rapidly normalises aromatic acid 
clearance and that BCAAs increase above normal and 
there is little need for specialised amino acids 
 formulations post transplant [16]. Other studies 
have  shown non-significant improvements in 
patients who received immuno-nutrition compared 
to patients who received standard nutrition. Therefore, 
more studies are needed to justify their use [2].

Energy requirements are not significantly elevated 
in the uncomplicated patient after transplant but 
these patients still require additional energy due to 
the reasons explained above [17]. Therefore it is 
recommended that patients receive an energy 
intake of 35–40 kcal/kg/day [15].

Enteral nutrition should be continued until patients 
are able to maintain an adequate oral intake [18]. 

Box 4.8.1 Contraindications to liver 
transplantation [3,4]

Absolute contraindications
AIDS
Extrahepatic malignancy
Advanced cardiopulmonary disease
Cholangiocarcinoma
Active alcohol/substance misuse

relative contraindications
HIV positivity
Age above 70 years
Hepatitis B virus positivity
Significant sepsis outside the extrahepatic 
biliary tree

Table 4.8.1 Indications for liver transplantation [4]

Acute liver failure Subcategory

Cholestatic liver 
disorders

Primary biliary cirrhosis
Primary sclerosing 
cholangitis
Biliary atresia
Alagille syndrome
Progressive familial 
intrahepatic cholestasis
Cystic fibrosis

Non-cholestatic 
liver disorders

Alcohol-related liver disease
Non-alcoholic steatohepatitis
Toxin/drug-induced hepatitis

Metabolic Hereditary 
haemochromatosis
Wilson’s disease
Alpha-1 antitrypsin 
deficiency
Glycogen storage diseases

Chronic hepatitis Viral (includes hepatitis  
B and C)
Autoimmune

Vascular Budd–Chiari
Veno-occlusive disease

Liver malignancy Hepatocellular carcinoma
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Electrolyte and mineral abnormalities are common 
and are usually related to abdominal drain, gastroin-
testinal losses and medications. Reduced concentra-
tions of zinc affect oral intake due to decreased taste 
sensation. Nausea and early satiety secondary to 
gastroparesis, ascites, small intestinal dysmotility 
and undernutrition also contribute to reduced intake 
and should be monitored closely [19].

4.8.3 Metabolic syndrome post 
liver transplant

Metabolic complications such as diabetes, hyper-
cholesterolaemia, obesity and hypertension are 
common after liver transplantation and contribute to 
patient morbidity and mortality [20]. Risk factors 
are shown in Box  4.8.2. The prevalence of meta-
bolic syndrome is 38.5–58% [17,18,20]. As patients 
are living longer, cardiovascular disease is the main 
cause of non-graft-related mortality.

Immunosuppressive agents are well-known risk 
factors for developing diabetes, with corticosteroids 
having the greatest risk. The calcineurin inhibitors 
(CNI) cyclosporin and tacrolimus are associated 
with an increased risk for developing diabetes, 
Tacrolimus is five times more diabetogenic than 
cyclosporin [22]. Fasting plasma glucose should be 
monitored in patients post transplant at least weekly 
in the first 4 weeks after transplant, then at 3, 6 and 12 
months post transplant and annually thereafter [22]. 
Reducing corticosteroids and CNI doses increases 
insulin production [23,24]. Some causes of liver dis-
ease (e.g. hereditary haemochromatosis, alcohol 
abuse and autoimmune hepatitis) are risk factors for 
developing diabetes after transplantation. Hepatitis C 

virus and insulin resistance are well documented in 
the non-transplanted population. It has been sug-
gested that this may be due to the direct effect of the 
virus on insulin signalling pathways; it may also be 
true in the transplanted population [25].

The prevalence of hypertension following liver 
transplantation ranges from 62% to 69% [21]. 
Cyclosporin can cause hypertension in normal sub-
jects and in all solid organ transplants. The most 
likely mechanism is renal vasoconstriction with 
subtle retention of sodium chloride together with 
systemic vasoconstriction [25,26].

The prevalence of hyperlipidaemia ranges from 
45% to 85% [21,26] and is associated with corti-
costeroid and CNI usage. Cyclosporin binds to the 
low-density lipoprotein cholesterol receptor, thereby 
increasing circulating concentrations of  low-density 
lipoprotein cholesterol. Tacrolimus is less likely to 
cause hypercholesterolaemia. Sirolimus is a potent 
hyperlipidaemic agent. Statins should be initiated early 
in the course of post-transplant hyperlipidaemia [27].

The prevalence of obesity increases after trans-
plantation; potential causes for this include lifestyle 
modification, the return to normal daily life and 
increased food intake. The greatest weight gain 
occurs after the first 6 months. Dietary advice should 
be implemented early to minimise the long-term 
morbidity and mortality associated with obesity [17]. 
Recurrence of non-acoholic fatty liver disease 
(NAFLD) is being increasingly recognised; 18–40% of 
patients have NAFLD post transplant but some were 
transplanted for diseases other than NAFLD [21].

4.8.4 Bone disease

Bone disease is common after transplantation due 
to a combination of pre-existing low bone mineral 
density and early post-transplant bone loss. In the 
early months after transplantation, rapid bone loss 
may lead to a high incidence of fractures. However, 
recovery of bone mass can occur [28]. High-dose 
steroids are associated with increased bone loss 
 predominantly by suppression of bone formation, 
but also reduced osteoclast apoptosis, reduced 
intestinal calcium absorption, increased renal cal-
cium excretion and hypogonadism. Withdrawal of 
steroids soon after transplant accelerates recovery 

Box 4.8.2 Risk factors for developing 
metabolic syndrome [21]

Higher age at transplant
Increased Body Mass Index post transplant
Pre-existing diabetes
History of smoking
Immunosuppressant regime
Indication for transplantation (Hepatitis C virus, 
alcohol or cryptogenic)
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of spinal bone mass after transplant. Vitamin D 
 deficiency has also been linked to post-transplant 
osteoporosis but it has been shown that serum 
25-hydroxyvitamin D increases with time after 
transplantation [29,30]. Patients with the lowest 
baseline bone mineral density experienced the 
greatest gain of bone mass post transplant.

All patients should be screened for osteoporosis 
pretransplant. In those with significant bone loss, 
efforts should be made to improve bone mineral 
density before and after transplant [1]. Patients 
should be advised about lifestyle measures including 
adequate intakes of dietary calcium, good nutrition 
and maintenance of a healthy body weight [29].

4.8.5 Probiotics

There are few studies that have demonstrated the safe 
use of probiotics in immunocompromised patients, 
and therefore probiotics cannot be safely recom-
mended to patients taking immunosuppressive 
medications. Rayes et al. found that early EN with a 
fibre-enriched formula and Lactobacillus achieved a 
significant reduction in bacterial infections after liver 
transplantation compared with EN with no fibre and 
selective bowel decontamination, which was also an 
effective way of preventing postoperative infections. 
They also suggested that the live bacteria could be 
considered for patients pretransplant [30,31].

4.8.6 Drug–nutrient 
interactions

Grapefruit juice and Seville oranges are not recom-
mended in liver transplant patients due to an inter-
action with the immunosuppressants tacrolimus, 
cyclosporin and sirolimus increasing the immuno-
suppressant concentration. Two mechanisms have 
been suggested, the first being the inhibition of 
CYP3A4-mediated metabolism by a component of 
grapefruit juice. CYP3A4 is a substrate of 
cytochrome P450 3A4. The second mechanism is 
possibly through the P glycoprotein (Pgp), which 
transports numerous medications including cyclo-
sporin. There is a suggestion that Pgp and CYP3A4 
may act in tandem as a barrier to medications. 

Seville orange juice also inhibits CYP3A4 but does 
not influence cyclosporin disposition. It is not 
known whether all medications which interact with 
grapefruit also interact with Seville oranges. A nor-
mal intake of grapefruit juice consumed 24 h before 
drug therapy increases bioavailability so it is advis-
able that grapefruit should be avoided entirely [32].

4.8.7 Recurrence of diseases

As patients are surviving longer, recurrence of primary 
disease, i.e. Hepatitis C virus, primary sclerosing chol-
angitis and primary biliary cirrhosis are common. 
These patients should be treated as cirrhotic decompen-
sated liver patients and their nutritional requirements 
will be the same as for patients who have not had a 
transplant.

4.8.8 Food safety post 
transplantation

Transplant patients are at high risk of food- and water-
borne pathogens and opportunistic infections due to 
the use of immunosuppressive agents. The risk of 
developing infections as a consequence of food safety 
decreases as time since transplant progresses and is 
significantly improved at 1 year although patients still 
remain immunocompromised. There are many types 
of bacteria that can cause food-borne illness; the 
most common offenders are E. coli, Listeria and 
Salmonella. Box 4.8.3 shows the foods that should be 
avoided after transplantation.

Box 4.8.3 Foods to avoid after a transplant

Unpasteurised dairy products, e.g. milk, cheese
Mould-ripened cheeses, e.g. Camembert
Blue veined cheeses, e.g. Stilton
Raw or undercooked meat, fish or poultry,  
e.g. sushi
Raw or lightly cooked shellfish
Raw eggs or dishes that use raw eggs or 
undercooked eggs as an ingredient, e.g. 
mayonnaise
Smoked meats
Unpasteurised patés
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General food hygiene and food handling principles 
should be observed. Special attention should be 
paid to separating cooked and raw foods, using 
foods by the ‘use by’ date and ensuring that the 
foods are cooked thoroughly. There is no evidence 
that correctly reheated food increases food poison-
ing risk in immunocompromised individuals. The 
exception is reheating cooked rice as the spores of 
Bacillus cereus and B. subtilis survive the cooking 
process and may not be destroyed during the reheat-
ing process [32]. Ice cream from mobile vans and 
soft-serve machines is discouraged as it may har-
bour high levels of bacteria.

All yoghurts are made using live bacteria 
Lactobacillus delbrueckli subsp. bulgaricus and 
Streptococcus thermophilus. The risk of developing 
infection from lactobacilli is low and there have 
been no reports of infections in immunosuppressed 
individuals [33]. Therefore live yoghurts are not 
deemed as harmful and can be consumed by the 
transplanted patient [34].

Pasteurised and filtered honey is fine to use in the 
transplanted population as although the production and 
storing process of honey produce micro-organisms, 
they are said to be in the inactive forms. This is because 
the micro-organisms survive poorly in honey [35].
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