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Abstract
Although patients with inflammatory bowel diseases 
(IBD) have a strong interest in dietary modifications as 
part of their therapeutic management, dietary advice 
plays only a minor part in published guidelines. The 
scientific literature shows that dietary factors might 
influence the risk of developing IBD, that dysbiosis 
induced by nutrition contributes to the pathogenesis 
of IBD, and that diet may serve as a symptomatic 
treatment for irritable bowel syndrome-like symptoms 
in IBD. The role of nutrition in IBD is underscored by 
the effect of various dietary therapies. In paediatric 
patients with Crohn’s disease (CD) enteral nutrition (EN) 
reaches remission rates similar to steroids. In adult 
patients, however, EN is inferior to corticosteroids. 
EN is not effective in ulcerative colitis (UC). Total 
parenteral nutrition in IBD is not superior to steroids or 
EN. The use of specific probiotics in patients with IBD 
can be recommended only in special clinical situations. 
There is no evidence for efficacy of probiotics in CD. 
By contrast, studies in UC have shown a beneficial 
effect in selected patients. For patients with pouchitis, 
antibiotic treatment followed by probiotics, like VSL#3 
or Lactobacillus GG, is effective. When probiotics are 
used, the risk of bacterial translocation and subsequent 
bacteremia has to be considered. More understanding 
of the normal intestinal microflora, and better charac-
terization of probiotic strains at the phenotypic and 
genomic levels is needed as well as clarification of the 
mechanisms of action in different clinical settings. A 
FODMAP reduced diet may improve symptoms in IBD.
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Core tip: Over the last decades various dietary com-
ponents like milk, fructose, salty foods and sweetened 
beverages have been implicated to play a role in the 
pathogenesis of inflammatory bowel disease (IBD), 
possibly by interacting with gut microbiota and the 
mucosal immune system. The role of nutrition in IBD is 
underscored by the effect of various dietary therapies. 
In paediatric patients with Crohn’s disease enteral 
nutrition reaches remission rates similar to steroids. 
The use of specific probiotics in patients with IBD can 
be recommended only in special clinical situations. A 
FODMAP reduced diet may improve symptoms in IBD.
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INTRODUCTION
Approximately 2 million people worldwide suffer from 
inflammatory bowel disease (IBD), comprising Crohn’s 
disease (CD), ulcerative colitis (UC) and pouchitis[1].

The exact pathomechanism of IBD is remains 
unexplained[1]. According to the literature, these 
diseases may result in part from the mucosal immune 
response to altered gastrointestinal microbiota in 
genetically susceptible individuals[1,2]. An abnormal 
mucosal barrier function in IBD may allow bacterial 
access to the lamina propria, triggering an inflammatory 
response[1], though additional environmental factors 
must be presumed to be involved in the aetiology of 
IBD[3]. 

IBD was first recognized as a major health issue in 
developed countries[4]. Many studies on children and 
adults in Western Europe and North America over the 
past 20 years have indicated that the incidence in IBD 
has increased to the extent that it is no longer a rare 
condition but affects up to 0.5% of the population[5-7] 
The incidence is also increasing in Japan or Eastern 
Europe, where it used to be uncommon[3,8]. Migrants 
from low prevalence countries take on the prevalence 
of their adopted high prevalence countries[9]. The 
incidence of CD appears to increase faster than UC[10]. 
This increased incidence is due in part to higher 
awareness and more reliable diagnosis of IBD, but 
the change to a Western lifestyle also suggests that 
environmental factors play a role in the development 
and progression of IBD[3,11].

Environmental factors that may be linked to the 
Western lifestyle have been implicated as predisposing 
to IBD[9]: these include smoking, appendectomy, 
better hygiene and use of oral contraceptives IBD[12,13]. 

One aspect of Western life style that has changed 
considerably in parallel with the emergence of IBD 
is diet[9,14,15]. The early increase in incidence up to 
the 1960s has been attributed to increased milk 
consumption[16] and more recently, other dietary 
components have been implicated. Over the last 20 
years fructose intake has increased by more than 
20% and intake of salty snacks, pizza, cereals and 
sweetened beverages has increased by nearly 50%[9]. 
As dietary antigens along with bacterial antigens 
are the most common types of luminal antigen, it is 
reasonable to suppose that dietary factors may play an 
important role in the pathogenesis of IBD[12], possibly 
by interacting with gut microbiota and the mucosal 
immune system.

The aim of therapeutic management is to achieve 
and maintain remission and prevent disease pro-
gression[1]. Pharmacological agents are the main pillar 
of therapy[17], but have side effects and some patients 
become refractory to them, necessitating surgery[1]. 
Nutrition plays a pivotal role in the clinical care of all 
patients with inflammatory bowel disease[11,18], and the 
efficacy of diet therapy in IBD was first investigated 
over 30 years ago[1,19]. In 1984, O’Moráin et al[20] 
reported that patients with acute Crohn’s ileitis 
treatment with an elemental diet achieved remission 
rates comparable to those treated with corticosteroids, 
paving the way for an alternative to conventional 
therapy[18], though the mechanisms responsible are 
still not well understood[21]. Theories include improved 
nutritional status, reduced allergenicity of gut contents, 
avoidance of food additives as well as changes in 
the nature or quantity of gut bacteria[21]. Intestinal 
inflammation might be initiated by an aberrant 
response to the gastrointestinal microbiota, meaning 
that dietary substances and their metabolites might 
modify mucosal barrier function[1,22].

Nutrition in IBD as compared to controls
In recent decades a wide range of nutrients and their 
roles in the etiology of IBD have been investigated[11]. 
Persson et al[23] found an increased relative risk of IBD 
with consumption of fast food at least twice a week. 
Epidemiological studies suggest an increased risk of 
IBD associated with a high intake of the so-called 
“Western diet”, which includes refined sugar and meat 
and animal fat, along with low fiber intake[14,21]. In 
contrast, a diet emphasizing vegetables, fruits, olive 
oil, fish, grains and nuts decreased the risk of pediatric 
IBD, especially CD[24].

As association of dietary factors and CD has been 
documented. These factors include the quantity and 
quality of fat intake, fast food ingestion, total protein 
and energy intake. Patients with CD consume more 
sugar or cereals than controls[9,25-28]. Geerling et al[29] 
found that CD patients consumed more carbohydrates 
than controls, but it was unclear whether this was 
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actually due to avoidance of other fat or protein 
sources. They also found that CD patients with a 
high Crohn’s disease activity index (CDAI > 150) 
had a significantly higher carbohydrate intake than 
those in remission[29]. The literature is ambiguous on 
nutrients, as some studies did not confirm a significant 
association between high sugar intake and the 
incidence of CD[3,30].

A higher intake of linoleic acid, an n-6 polyun-
saturated essential fatty acid found in red meat, 
various cooking oils and certain margarines, was 
associated with an increased risk of UC[4,31,32]. Linoleic 
acid is metabolized to arachidonic acid, which has 
pro-inflammatory properties and is increased in the 
mucosa of patients with UC[31].

Possible mechanisms for the association between IBD 
and nutrition
Possible mechanisms by which diet may cause IBD 
include a direct effect of dietary antigens, diet-
induced alteration of gene expression, alteration of the 
composition of the enteric flora and an effect on gastro-
intestinal permeability or the immune system[11].

One hypothetical pathomechanism of CD is increased 
intestinal permeability, which might in turn increase 
exposure of the subepithelium to luminal pro-inflam-
matory molecules and microorganisms[9]. High luminal 
concentrations of short-chain fatty acids, due to 
bacterial metabolism of incompletely absorbed carbo-
hydrates[33], can reversibly impair barrier function 
by inducing apoptosis of epithelial cells[9]. FODMAPs 
(fermentable oligo-di-monosaccharides and polyols) are 
a potential source of poorly absorbable carbohydrates[9], 
but a causal relationship between these foods and IBD 
remains unclear, as well as the potential confounding 
factor of socioeconomic status, which is related to food 
intake. In addition, the role of processing and cooking 
should be taken into account[34].

Kiss et al[35] have shown that some dietary 
components derived from vegetables interact with 
intestinal immune receptors influencing intestinal 
immunity. Vegetables of the Brassicaceae family 
(e.g., broccoli, cabbage or Brussels sprouts) can 
activate the aryl hydrocarbon receptor (AhR), which 
is expressed ubiquitously in vertebrate cells[36]. 
AhR is highly expressed by intestinal intraepithelial 
lymphocytes and is involved in the defense against 
luminal attacks[37]. This receptor is down-regulated in 
the intestinal inflamed tissue of patients with IBD and 
activation of AhR can inhibit inflammation and colitis 
in the gut of mice[38]. The AhR system seems to be a 
link between external environmental stimuli and the 
immune system[39]. Dietary factors might interact with 
the AhR, which affects cytokine expression, synthesis 
of defensins, antimicrobial peptides and consequently 
also the microbial composition[36]. Activation of AhR by 
nutrients might have a beneficial effect in IBD. Clinical 
trials evaluating the stimulating effect of nutrition on 

the AhR are still missing.

ROle Of gUT mICRObIOTa
The colonic microbiota are estimated to comprise 
1014[40,41]. Humans harbour 500 to 1000 different 
bacterial species in the gastrointestinal tract[42], 
with more than 90% representing Firmicutes and 
Bacteroidetes[42], with Actinobacteria, Proteobacteria, 
Fusobacteria, Spirochaetae and Verrucomicrobia 
making up the rest[42]. At birth, the human gut is 
sterile and colonization by bacteria starts within 
the first hours of life[40]. The composition of the gut 
microbiome in infants varies greatly, depending 
on mode of delivery and infant feeding[43]. During 
childhood, a more stable, highly individual adult gut 
microbiome develops out of this diversity[40,44,45], with 
a symbiotic relationship forming between human 
host and his/her gut microbes[40]. This complex 
ecosystem protects against invasion by pathogens by 
successfully competing with them for nutrients and 
epithelial binding sites[46]. The human gut provides an 
ideal environment for the microbiota, which benefit 
the human host by fermenting indigestible food 
substances[40]. A balanced microbiota is important for 
maintaining the health of the host[40], but this balance 
may be upset by factors like host genetics, antibiotic 
treatment, intestinal inflammation or diet.

Along with food, microbiota provide the most 
common luminal antigens in the bowel, and these 
could influence intestinal inflammation[47]. Different 
dietary regimens might alter the composition of the gut 
microbiota and consequently affect the risk of IBD[34], 
but there are few data to evaluate this issue. In animal 
models, changes in fat and carbohydrate content in 
nutrition significantly affect gut microbiota[48]. When 
Turnbaugh et al[49] transfected germ-free C57BL/6J 
mice with human microbial communities and changed 
their diet from low-fat, high plant polysaccharide to 
high-fat, high-sugar “Western-style”, their microbiota 
shifted within a single day. A study in interleukin-10 
knockout mice has further shown that a mouse diet 
high in saturated fat increased the spontaneous rate of 
colitis as compared to a normal mouse diet[21]. A study 
in Japan noticed that people living in rural areas, eating 
typical Japanese food, have different faecal microflora 
than people living in urban areas, especially as to the 
number of Bifidobacteria[50]. These data suggest that 
some kinds of food might alter the intestinal microbiota 
population[21].

The role of the gut microbiota in inflammatory 
bowel disease has raised the interest in exchanging 
presumably abnormal microbiota in patients with IBD 
with fecal microbiota from healthy persons. However, 
the available evidence for this is still very weak. A 
recently published systematic literature review on 
the use of fecal microbiota transplantation (FMT) in 
IBD summarized 31 publications with 133 patients, 
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43% of whom had a Clostridium difficile infection. 
Improvement of symptoms was reported in 71% of 
patients with IBD. FMT may have the potential to be 
helpful in managing patients with IBD, but considerable 
further efforts are necessary to make this procedure a 
valid option for these subjects[51].

Microbiota, immune function and IBD
The human colonic microbiota plays a central role 
in inducing disorders of immune function and inflam-
mation[52,53] and studies in recent decades have shown 
that bacteria are involved in the pathogenesis of 
IBD[53]. The association between NOD 2/CARD15 gene 
polymorphisms and CD supports the link between IBD 
and gut microbiota. This gene has a role in bacterial 
peptidoglycan recognition and mice deficient in NOD2 
show an increased susceptibility to bacterial infection 
through the luminal route[54-56]. Abnormalities of 
NOD2 in IBD patients might decrease tolerance to 
enteric bacteria with secondary inflammation of the 
gut[54]. In addition, animal models have shown that 
intestinal inflammation fails to develop when animals 
are kept in germ-free environment, supporting the 
role of the microbiota in the pathogenesis of IBD[57]. 
An imbalance in bacterial function so might play a role 
in the initiation of IBD[34]. Further, genetic studies have 
determined that many of the genetic risk alleles for 
IBD are involved in protecting the host from bacterial 
invasion of the gut[40]. These risk loci contain genes 
regulating the epithelial barrier or the innate immune 
response.

Alterations in the gut microbiome have been 
associated with IBD[40,58]. Ewaschuk et al[59] found that 
Bacteroides spp., Enterococcis faecalis, Enterobacter 
cloacae, intestinal Heliobacter spp., Fusobacterium 
spp., adherent/invasive Escherichia coli strains, 
Eubacterium and Peptostreptococcus spp. seem to be 
harmful intestinal microbes. In contrast, Lactobacillus 
spp., Bifidobacterium spp., Streptococcus salivarius, 
Saccharomyces boulardii (S. boulardii), Clostridium 
butyricum, Ruminococci and Escherichia coli (E. 
coli) Nissle 1917 seem to be beneficial[59]. Most 
individuals with IBD, especially CD, are characterized 
by dysbiosis, in which one or a few potentially harmful 
microorganisms are dominant[53,60]. In patients with 
IBD, decreased Firmicutes, increased Proteobacteria 
as well as changes in Bacteroides compared to 
healthy controls have been detected[34,61-65]. It has 
been demonstrated that recurrence of inflammation 
after ileal resection depends on the exposure of the 
neoterminal ileum to faecal contents[66,67]. However it 
is not known which component of faeces triggers this 
inflammation[40].

NUTRITION as a TheRapeUTIC OpTION
Although the development of highly active drugs like 
anti-TNF alpha antibodies has changed the short-term 

prognosis of severe IBD, there is still a need for low-
risk alternative approaches or adjuvant therapies[68]. 
A number of trials have investigated the efficacy 
and mechanisms of action of diet in IBD. Historically, 
nutrition has been seen as an adjunctive therapeutic 
option and not as a source of therapeutic strategies 
on its own right[68]. Because of the delivery of high 
loads of specific nutritional compounds that can affect 
different targets, nutrition is now not only used as a 
supportive measure but has also been suggested as 
primary treatment[18] to induce or maintain remission.

Many studies have shown that clinical remission and 
mucosal healing in IBD can be achieved with different 
nutritional regimes. Studies evaluating the effect of 
enteral nutrition (EN), total parenteral nutrition (TPN), 
probiotics or FODMAP reduced diet in IBD have been 
published, but due to the heterogeneity of study 
protocols, there are as yet no recommendations 
for routine clinical practice[1]. This review examines 
concepts of diet therapy in IBD concerning EN, TPN, 
probiotics and FODMAPs.

Enteral nutrition
Enteral nutrition in CD: The literature includes 
numerous studies analysing the effect of EN on 
IBD. EN can be given via the nasogastric tube or by 
mouth. Generally it is offered in two forms: first, as an 
elemental diet, containing nutrients in simple forms 
such as amino acids, mono- or oligosaccharides and 
medium-chain triglycerides that require little or no 
digestion prior to absorption[69]; second, as polymeric 
diets, containing whole proteins and carbohydrates 
as hydrolysates of starch, which are mostly more 
palatable[69].

In 2006, the European Society for Parenteral and 
Enteral Nutrition published guidelines on the role of EN 
in IBD[70]. In general, EN is indicated in undernourished 
patients with CD or UC to satisfy nutritional needs[4]. 
Additionally, in children with active CD, EN is the first 
line therapy to achieve remission. In adults, however, 
EN might be a therapeutic option only if treatment 
with corticosteroids is not tolerated[4]. According to 
the guidelines of the European Crohn’ s and Colitis 
Organisation ECCO, EN may be an option together with 
other medications to maintain remission in selected 
patients[71].

There are meta-analyses and a Cochrane review 
of randomized controlled trials investigating the effect 
of EN in CD[72-75]. These studies have mostly shown 
that EN as sole nutrition can induce clinical remission 
and mucosal healing in CD[21]. Many trials have 
evaluated the effect of EN in paediatric CD with the 
aim of avoiding corticosteroids with their risk of growth 
suppression[69].

Induction of remission: Paediatric studies give 
strong support to the role of EN, showing efficacy 
similar to corticosteroids and better improvements in 
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growth and mucosal healing[76-81]. In a meta-analysis 
of paediatric trials comparing the outcome of EN vs 
corticosteroids, there was no significant difference 
between the two groups[82]. Remission rates were 
higher with total EN than with partial EN (10⁄24 vs 
4⁄26, RR = 2.7, 95%CI: 1-7.4)[4,82]. Day et al[78] 
evaluated the effect of EN in 27 children with active CD 
who received polymeric feed for 6-8 wk and no other 
medication. At the end of the study 80% of the newly 
diagnosed patients and 58% of the known CD patients 
were in remission[78]. 

In most paediatric IBD centres EN is given 
exclusively for 6 to 8 wk, mostly (90%) as polymeric 
formulas[21,83]. The mode of reintroduction of food after 
exclusive EN varies widely, but usually involves an 
initial low-fibre diet (26%) or gradual re-introduction 
of normal food, as the formula volume is decreased 
(56%)[21] . 

In adult patients, a Cochrane meta-analysis of 
six RCTs including 192 adult patients treated with EN 
and 160 with corticosteroids indicated that EN is less 
effective than corticosteroids in inducing remission 
of active CD[75], but this conclusion was based on 
an intention-to-treat analysis, and patients who 
successfully completed EN achieved remission rates 
comparable to those receiving corticosteroids[4,18]. 
Compared to placebo treated patients with response 
rates of 20%-30%, patients with EN reached remission 
rates up to 60%[11,75,84,85]. Lochs et al[86] compared 
the effect of EN as sole therapy to a treatment with 
steroids and sulfasalazine in patients with active CD 
(CDAI > 200). After 6 wk, 53% in the EN group and 
79% in the drug-treatment group achieved remission 
(CDAI decreased by 40% or at least 100 points). In 
this study EN was less effective than a combination of 
steroids and sulfasalazine for active CD.

Maintenance of remission: EN might be used not 
only to achieve but also to maintain remission[87,88]. 
Several studies in adults and children have assessed 
the efficacy of EN in maintaining medically or surgically 
induced remission[89-92]. These studies have shown 
significantly lower recurrence rates in patients treated 
with EN than in those on a normal diet[4]. Mucosal 
cytokines like interleukin-1 beta, interleukin-6 and 
tumour necrosis factor alpha were significantly lower 
in patients receiving EN than in those on a normal 
diet[93], suggesting that EN might alleviate mucosal 
inflammation and so promote remission[4]. Takagi et 
al[91] randomized 51 CD patients who had recently 
achieved remission, 26 to receive half their calorie 
intake as EN and 25 to have a free diet. Over a mean 
follow-up of 11.6 mo, the relapse rate was 34.6% 
in the “half enteral” group and 64% in the free diet 
group (relapse was defined as either a CDAI score of 
more than 200, or the need for therapy to re-induce 
remission). This study concluded that EN given as 
50% of calories seems to be effective in maintaining 
remission[21]. Hanai et al[94] compared the effect of 

6-mercaptopurine (6-MP), an elemental diet and 
no therapy in patients on CD maintenance. After 
24 mo, the clinical remission rates were 60, 47 and 
27% for 6-MP, elemental diet and the control group, 
respectively. The remission rates in the 6-MP and 
elemental diet groups were significantly higher than in 
the control group. There was no significant difference 
between the 6-MP and the elemental diet group[94].

In another prospective study, EN significantly 
reduced clinical as well as endoscopic recurrence within 
1 year in CD patients as compared to patients without 
any nutritional therapy[93]. This study included 40 adult 
patients with CD who achieved clinical remission (CDAI 
< 150). Of them, 20 received continuous elemental 
diet infusion during the night and a low-fat diet during 
the day, while the other 20 received neither nutritional 
therapy nor food restriction[93]. Twenty-five percent 
in the EN group and 65% in the non-EN group had a 
clinical relapse during the 1-year observation period, 
with clinical relapse defined as CDAI > 150.

Yamamoto et al[88] evaluated the effect of enteral 
nutrition on maintenance of clinical remission in patients 
with CD receiving infliximab (IFX) maintenance 
therapy. This study showed that concomitant enteral 
nutrition during IFX maintenance therapy does not 
significantly increase the maintenance rate of clinical 
remission in CD patients[88].

Mucosal healing: EN may have a positive effect on 
mucosal healing[76]. Yamamoto et al[95] have shown 
reduced mucosal cytokine production in adults with CD 
treated with elemental diet. Besides, some paediatric 
studies have shown that EN is more effective than 
corticosteroids in inducing mucosal healing[96,97]. Since 
along with symptomatic improvement, the main 
target in the treatment of CD is mucosal healing, 
this advantage of EN over corticosteroids might be 
considered in therapeutic decision-making[4,98].

Comparison of different EN formulas: Several 
studies have compared the effect of different types 
of enteral formulas in the management of CD: 
elemental, semi-elemental or polymeric diet[4]. A 
Cochrane meta-analysis of 10 trials did not show any 
difference between elemental diet and non-elemental 
diet[75]. There is no systematic review that shows that 
one type of enteral formula is better than others[4,18]. 
This might imply that the therapeutic effect of EN 
is independent of the type of nitrogen source[18]. 
There was also no difference in efficacy when EN was 
compared with low fat or high fat diet, and when foods 
with high-omega-3 vs high-omega-6 fatty acid content 
were compared[21,75,99]. Whole protein (polymeric) 
food works comparably well to amino-acid-based food 
and is generally less hyperosmolar[21]. In summary, 
the quantity or type of fat and protein does not affect 
the therapeutic potential of enteral nutrition[75,100-103]. 
There is no association between the efficacy of EN and 
locations of CD[21], but the validity of a meta-analysis 
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covering different feeds would be uncertain because of 
their variety composition[21].

Potential mechanisms: The mechanism by which 
EN improves CD is unclear. Hypotheses include 
altered or reduced gut microbiota, avoidance of long-
chain fat, which impairs macrophage function, and 
avoidance of other harmful components of normal 
food, like emulsifiers or nano-particles as additives[21]. 
Malnutrition, which is often a problem in IBD patients, 
can affect immune function and wound healing. 
When correction of nutritional status improves wound 
healing, reduced gut permeability could enhance 
mucosal healing as well[69].

Gut permeability is thought to play an important 
role in CD. Abnormalities in tight junctions between 
enterocytes increase luminal antigen uptake, which 
might contribute to inflammatory activity[57]. Therapy 
with an elemental diet was shown to reduce intestinal 
permeability[104], and the literature also suggests that 
there is a change in the faecal microbiome following 
exclusive EN[105,106].

A study with paediatric CD patients looked 
at the impact of exclusive EN on gut microbiota, 
which showed reduced diversity and an increase in 
Protobacteria[21,105,107]. Leach et al[105] compared the 
bacteria in the stool in patients with CD under exclusive 
enteral nutrition to a group of healthy controls under a 
regular diet. At the start of the study, the diversity of 
bacteria in the two groups was similar but after 8 wk, 
the patients treated with exclusive EN had significantly 
less bacterial diversity than the control group.

Long-term perspective of enteral nutrition: 
Compared to corticosteroids, EN has no long-term 
adverse effects[18], though there are many other 
factors that can potentially influence its efficacy[4]. The 
palatability of feeds and the length of time without solid 
food, as well as the social inconvenience, contribute to 
high dropout rates and reduced patient compliance[108]. 
Additionally, the high cost of enteral formulae has to 
be considered. A major problem of EN as primary 
therapy for CD is the high relapse rate, approximately 
50% within 6 mo, when patients return to normal 
diet[21,103]. There is evidence to advocate an exclusion 
and re-introduction diet following successful induction 
of remission with EN, rather than an immediate return 
to a normal diet[11,18]. At 2 years, the remission rate 
was 59%[18,109] when patients were weaned off EN for 
2-4 wk, and, before normal diet was re-introduced, 
given a limited range of foods generally tolerated by 
CD patients. After achieving clinical remission, patients 
with good compliance might receive a half elemental 
diet with approximately half of their calories derived 
from an elemental diet[18]. A return to normal feeding 
nonetheless often leads to relapse[110] and a lower 
efficacy of dietary therapy in distal disease (colonic/
perianal) has been described[111].

Enteral nutrition in UC
There is no evidence that EN is an effective therapy 
for active UC[21]. One prospective randomized trial 
compared the effect of TPN and total EN as an adjunct 
therapy in patients with acute UC on intensive steroid 
therapy[112]. Remission rates as well as need for 
colectomy were similar in these two groups.

TOTal paReNTeRal NUTRITION
Since dietary antigens may be important stimulants 
for the mucosal immune system, bowel rest with total 
parental nutrition (TPN) has been considered as a 
therapeutic option in IBD. The aim of TPN as primary 
therapy for IBD is to achieve bowel rest, to correct 
nutritional deficits[11,18,113] and to remove antigenic 
mucosal stimuli[110]. Various studies have analysed 
effect of TPN and in the 1980´s especially, TPN was 
used to treat patients with moderate to severe CD[40].

Müller et al[114] prospectively evaluated the effect 
of TPN in 30 patients with CD, whereby 83% achieved 
remission, but relapse was common. Surgery could 
be avoided in 25 of 30 complicated CD patients on 
3 wk of inpatient TPN followed by 9 more weeks 
at home[114]. Greenberg et al[115] compared the 
effect of TPN, partial parenteral nutrition (PPN) with 
supplementary nutrition with a defined formula via 
NG tube, or PPN with supplementary normal diet. 
There were no significant differences in the remission 
rates of 71% in the TPN group, 58% in the PPN with 
defined formula diet group and 60% in the group with 
PPN and normal diet[115]. Ostro et al[116] evaluated the 
effect of TPN in 100 patients with CD refractory to 
conventional medical management. In their study, 90 
patients received complete nutrient replacement and 
10 received protein-sparing therapy; Seventy-seven 
patients achieved clinical remission. The remission 
rate was not influenced by the location of the intestinal 
involvement. Additionally, TPN was shown to play a 
role in the healing of post-operative enterocutaneous 
fistulas arising from surgical anastomosis or com-
plicated fistulas in CD[18,113,117]. When TPN and EN 
are compared, TPN is associated with higher costs 
and significant risks including line sepsis and should 
be restricted to patients who cannot take adequate 
nutrition enterally[21].

TPN had no effect on severe acute UC in two short-
term studies of patients with severe disease[118,119].

pRObIOTICs
There is growing evidence for an association between 
IBD and an alteration in the gut microbiota but due 
to the complexity of the gut microbiota, research on 
this is still in its early stages. Studies have shown a 
disbalance in the gut between protective vs harmful 
intestinal bacteria[120] with, e.g., an increase in 
mucosa-associated Escherichia coli and a reduction 
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in bifidobacterium and lactobacillus species[21,120]. 
Strategies modulating this dysbiosis might be a 
therapeutic option in IBD[33]. Antibacterial treatment 
has been used, but with limited effect[120]. Probiotics 
may improve intestinal microbial balance, enhancing 
gut barrier function and improving local immune 
response[59]. Probiotics are live microorganisms, which 
when administered in adequate amounts, confer a 
health benefit on the host[121]. Their effects are strain 
specific, so that comparisons and meta-analyses of 
studies using different probiotics are problematic.

Bacteria associated with probiotic activity like 
lactobacilli or bifidobacteria have been used as well as 
non-bacterial organisms such as S. boulardii[122], but 
it is a challenge to manipulate the highly individual 
gut microbiota. Potential mechanisms of probiotics 
are competitive interactions with the gut microbiota, 
production of antimicrobial metabolites, and interaction 
with the epithelium or immune modulation[122,123]. 
Cells involved in both the innate and adaptive immune 
responses, like B cells, T cells and dendritic cells as well 
as macrophages, might be affected[120,124,125]. Probiotic 
bacteria are able to antagonize pathogenic bacteria 
by reducing luminal pH[126,127] and inhibiting bacterial 
adherence and translocation[123]; they can also produce 
antibacterial substances and defensins[120,128]. For 
example, invasion of an epithelial cell line by invasive E. 
coli isolated from patients with CD was prevented by 
pre- or co-incubation with E. coli Nissle 1917[129]. Pre-
treatment of IL-10 deficient mice with Lactobacillus 
reuteri and L. casei can reduce Heliobacter hepaticus-
induced colitis[130]. A decrease in mucosal secretion 
of inflammatory cytokines was shown to be induced 
by E. coli (Nissle 1917) in models of experimental 
colitis[131]. Probiotics also influence cell-cell interactions 
and stability through modulation of intestinal barrier 
function[120]. Alterations in mucus, chloride secretion 
or changes in tight junction protein expression by 
epithelial cells might be mechanisms for improved gut 
mucosal barrier function[120,132].

There are no human data showing any effect of 
probiotics on dysplasia or colon cancer; however, in 
animal studies probiotics also seem to reduce the 
progression from inflammation to dysplasia and finally 
to colon cancer[130]. Oral administration of Lactobacillus 
salivarius UCC118 was shown to reduce the incidence 
of colon cancer as well as the severity of mucosal 
inflammation in IL-10-/- mice vs placebo[130]. Oral 
administration may not be required for certain probiotic 
effects: Il-10-/- mice had fewer proinflammatory 
cytokines after subcutaneous injection of L. salivarius 
UCC18[133].

Consequently, probiotics might improve IBD by 
regulating the inflammatory response or modulating 
gut microbiota composition. Many studies have tried 
to determine the effect of various probiotics in IBD and 
there will surely be more to come.

Probiotics in CD
There is no strong scientific evidence to justify the use 
of any of the probiotic strains that have been tested in 
the past in the management of CD[134,135]. The ECCO 
guidelines do not recommend probiotics to maintain 
remission in adult or paediatric CD patients[71]. The 
use of probiotics in patients with CD has produced 
ambiguous results and the available trials are small, 
with very few double blind, randomized, controlled 
trials[54].

The only positive study, by Guslandi et al[136], 
found that the yeast S. boulardii had an effect in CD. 
Thirty-two patients with CD in remission were treated 
with either mesalazin 3 g per day alone or mesalazin 
2 g per day with S. boulardii. In the group treated 
with S. boulardii, significantly fewer patients relapsed 
than in the mesalazin only group (6.25% vs 37.5%, P 
< 0.05).

Fujimori et al[137] treated 10 patients with active 
CD unresponsive to 5-ASA or steroids with a therapy 
consisting of Bifidobacterium and Lactobacillus and the 
prebiotic psyllium for longer than 12 mo. Six patients 
achieved remission, 1 showed partial remission 
and there were 3 nonresponders. There were no 
significant differences when C-reactive protein and 
erythrocyte sedimentation values were compared 
before and after therapy. Malchow et al[129] treated 28 
patients with active CD with prednisone and either 
E. coli Nissle or placebo. E. coli Nissle 1917 is a non-
pathogenic E. coli that colonizes the intestine and 
inhibits the growth of enteropathogenic and other 
enteric bacteria[54]. This probiotic bacterium develops 
antagonistic activity against enterobacteria such as 
Salmonella enterititis, Shigella dysenteriae, Yersinia 
enterocolitica and Vibrio cholera[138,139]. In this study, E. 
Coli Nissle was given in an increasing dosage over 24 
d to a final dose of 5 × 1010 bacteria per day for one 
year. There was no statistically significant difference 
between the two groups in the time needed to induce 
remission[129]. In a placebo-controlled randomized 
study in children with CD treated with Lactobacillus 
GG vs placebo, there was also no significant difference 
in remission maintenance[140]. Seventy-five children 
were randomized to receive either Lactobacillus GG 
or placebo for 2 years, and the study concluded that 
Lactobacillus GG does not prolong time to relapse 
in children with CD when given as an adjunct to 
standard therapy. Schulze et al[138] determined the 
effect of Lactobacillus GG vs placebo in a controlled 
trial including 11 patients with mild to moderate CD. 
These patients received antibiotics (ciprofloxacin, 
metronidazole) for 2 wk, a tapering steroid regime 
over 12 wk and after 1 wk of antibiotic therapy they 
were randomized to receive either Lactobacillus GG or 
placebo for 6 mo[141]. The two groups did not differ as 
to relapse during the study period and mean time to 
relapse.
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Recurrence of CD after surgical resection: For 1 
year, Prantera et al[142] treated 45 patients who had 
undergone a curative ileocecal resection with either 
Lactobacillus GG or placebo but saw no benefit from 
the probiotic therapy. Marteau et al[143] studied the 
effect of Lactobacillus johnsonii (L. Johnsonii) in 98 
patients with CD who had undergone a resection of 
less than 1 m of small bowel within 21 d prior to study 
enrolment. Patients were randomized to receive either 
L. Johnsonii or placebo for 6 mo, with no difference 
between the two groups. Van Gossum et al[144] also 
studied the effect of L. Johnsonii vs placebo in a 3-mo 
trial and again with the same result of no difference 
between the two groups.

Probiotics in UC
There are data that suggest that certain strains 
of probiotics are effective in the management of 
UC[145,146]. Tursi et al[147] studied the effect of the 
probiotic mixture VSL#3TM. This contains 450 billion 
colony forming units of 8 lactic acid bacteria (B. breve, 
B. longum, B. infantis, L. acidophilus, L. casei, L. 
delbrueckii, L. plantarum and Streptococcus salivarius 
subsp. thermophilus). Seventy-one patients were 
treated with this probiotic for 8 wk and compared to 
an untreated control group of 73 patients[147]. VSL#3
™ was significantly superior to placebo in reducing 
the activity of mild-to-moderate UC. Other factors 
like the reduction in rectal bleeding as well as the 
reintroduction of remission in relapsing UC patients 
after 8 wk of treatment did not reach statistical 
significance[147]. Bibiloni et al[148] treated 34 patients 
with active UC unresponsive to conventional therapy 
with VSL#3TM daily for 6 wk and achieved a response 
rate up to 77%.

Twenty-four patients with mild to moderate 
UC flares were treated with S. boulardii for 4 wk 
and showed a response rate of 68%[149]. Zocco et 
al[150] evaluated the effect of Lactobacillus GG in a 
randomized study of 187 patients with quiescent 
colitis. For 12 mo they received either Lactobacillus GG 
alone, Lactobacillus GG and mesalazine 2400 mg/d 
or mesalazine 2400 mg/d alone. They concluded that 
Lactobacillus GG has efficacy similar to mesalazine in 
maintaining remission in UC. After 12 mo of treatment, 
remission was maintained of 85% in the Lactobacillus 
GG group, 80% in the mesalazine group and 84% in 
the combined treatment group.

Ishikawa et al[151] investigated the effect of daily 
Bifidobacteria supplemented fermented milk, (con-
taining Bifidobacterium bifidum, Bifidobacterium breve 
and Lactobacillus acidophilus), vs standard therapy 
with 5-ASA and steroids in 20 patients for 12 mo. 
The probiotic group had significantly fewer disease 
exacerbations than did the placebo treated control 
group.

Kruis et al[152] evaluated the effect of E. coli 
Nissle 1917 vs mesalazine 1500 mg per day in a 

12-wk randomized trial with 103 patients with UC in 
remission. Relapse rates were similar in both groups, 
supporting the use of E. coli Nissle 1917 as a non-
toxic treatment for ulcerative colitis. This result was 
confirmed by a larger study of the same group[139]. 
Rembacken et al[153] evaluated the effect of E. coli 
Nissle in maintaining remission in 83 patients with 
active UC at the start of the trial. At the beginning of 
the study patients received standard therapy to induce 
remission and were then randomized to either E. coli 
Nissle 1917 or mesalazine. There was no difference 
concerning relapse rates between the two groups.

Unlike other probiotics, the ECCO guidelines 
recommend E. coli Nissle as an effective alternative to 
5-ASA for maintaining remission in UC[154].

Pouchitis
The most convincing data so far on the effect of 
probiotics in IBD have been found in the treatment 
of pouchitis[131]. The ECCO guidelines recommend 
probiotics as a therapeutic option for maintaining 
antibiotic-induced remission in recurrent pouchitis in 
pediatric UC[155]. Several probiotic strains are beneficial 
in preventing and treating pouchitis after surgery for 
UC[59].

Pouchitis is an idiopathic inflammatory disease 
of the ileal pouch that occurs in 15%-53% of UC 
patients following total abdominal colectomy with ileal 
pouch-anal anastomosis[54,156]. As faecal stasis with 
immunologic reactivity seems to be important in the 
pathogenesis of pouchitis, several studies evaluated 
the effect of probiotics in this disease. In a study with 
40 patients with chronic relapsing pouchitis, Gionchetti 
et al[157] compared the effect of VSL#3 and placebo 
for 9 mo following one month’s antibiotic therapy 
with rifaximin and ciprofloxacin. Eighty-five percent in 
the probiotic group stayed in remission vs 0% in the 
placebo group, as was confirmed by an international 
multicentre study[158]. In a different group of 31 
patients with antibiotic dependent pouchitis, Shen 
et al[159] studied the effect of VSL#3. After 8 mo, 25 
patients (71%) stopped therapy because of recurrence 
of symptoms or side effects.

Gionchetti et al[160] evaluated the effect of pro-
phylactic probiotic therapy to prevent pouchitis. When 
40 patients were randomized within a week after 
surgery to receive either VSL#3 or placebo for 12 
mo[160], 10% in the probiotic group developed acute 
pouchitis compared to 40% in the placebo group. The 
VSL#3 treated group also showed a significantly lower 
stool frequency than the placebo group.

Similar results were shown in a study by Gosselink 
et al[161] with Lactobacillus GG in which 39 patients 
treated with Lactobacillus GG were compared to a 
placebo group for 3 years. In the probiotic therapy 
group significantly fewer patients developed pouchitis 
within those 3 years than in placebo group; however 
there is no current evidence that early intake of 
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prebiotics or probiotics can protect against the 
development of pouchitis, or even of IBD. Kuisma 
et al[162] evaluated the effect of Lactobacillus GG vs 
placebo in 20 patients in the treatment of active 
pouchitis for 3 mo and found no improvement in the 
probiotic group as compared to the control group.

Safety aspects
Although probiotics are considered safe, there have 
been case reports of bacteraemia and endocarditis 
associated with probiotic therapy[163]. In addition, the 
antibiotic resistance transferred from the probiotic 
bacteria to other bacteria in the gastrointestinal 
tract might also be of clinical relevance, and the risk 
of translocation of probiotics across the inflamed 
colonic mucosa in severely ill IBD patients has to be 
considered[54]. As mentioned above, the manipulation 
of the gut microbiota presents a challenge and the 
probiotic strain, dose, and frequency as well as the 
duration of the probiotic therapy have to be defined[120], 
taking into account that the highly individual variety 
of bacteria in the gut might cause bacteria-host 
interactions[120]. Further studies have evaluated 
the effect of nonviable bacteria. Since some of the 
beneficial effects of probiotics might be mediated by 
their DNA, live bacteria might not be needed at all[131].

fODmap
Along with increased fast food and total protein 
and energy intake fructose consumption has 
also increased dramatically. Since the incidence 
of IBD has also increased in recent decades, an 
association between ingestion of incompletely 
absorbed fermentable carbohydrates (FODMAPs) 
and IBD has been postulated[9]. In the 1980s and 
1990s, evidence was building for the role of poorly 
absorbed short-chain carbohydrates in the induction 
of gastrointestinal symptoms. These incompletely 
absorbed carbohydrates and polyols are summarized 
in the acronym FODMAPs. They include fructo-
oligosaccharides (found in wheat, onions, legumes), 
lactose (found in milk and milk products), fructose 
(found in apples and many other fruits and vegetables, 
or honey), galactans (found in legumes) and sorbitol 
(found in stone fruits, artificial sweetener)[164]. Ingested 
FODMAPs are poorly absorbed in the small intestine. 
Due to their molecular size and osmotic effect, they 
draw fluid into the small and large bowel lumina[33,165]. 
FODMAPs can also induce gastrointestinal symptoms 
when they are fermented by intestinal bacteria and 
produce large amounts of gas[33,164,166].

Several trials have demonstrated the effect of a 
FODMAP-reduced diet in the treatment of irritable 
bowel syndrome (IBS). This diet restricts FODMAPs, as 
in wheat, onions, beans, many fruits and vegetables, 
and sorbitol and other sweeteners[21,167]. Dietary 
studies have demonstrated that reduction of FODMAPs 

reduces symptoms in up to 50% of patients[164]. 
In one case, the effect of a FODMAP reduced diet 
was determined in a placebo-controlled, cross-over 
rechallenge in patients with IBS[168]. Patients had fewer 
symptoms on the FODMAP reduced diet and symptoms 
recurred in 70%-80% of them when FODMAPs were 
reintroduced.

As 57% of patients with CD and 33% of patients 
with UC experience IBS-like symptoms[169,170], a 
FODMAP reduced diet might also be a therapeutic 
option in IBD[9,164]. In addition to relief from IBS-like 
symptoms in IBD, there are three observations that 
support the hypothesis that FODMAPs may also be 
involved in the pathogenesis of IBD[9]. First, the intake 
of FODMAPs in general and fructose specifically have 
increased in Western societies in recent decades. 
Second, there is an association between increased 
intake of sugars and the development of CD[9]. Third, 
excessive intake of FODMAPs creates conditions in 
the bowel like increased intestinal permeability that 
may predispose to CD[9]. To follow this up, studies 
have investigated the effect of a FODMAP reduced 
diet in IBD[164]. Barrett et al[165] treated 12 patients 
with ileostomy with either a low or high FODMAP diet 
for 4 d. Due to the osmotic effect[33] of FODMAPs, 
there was a 20% increase in ileal effluent on the 
high FODMAP diet as compared to the low FODMAP 
diet. It has been suggested that an increased inflow 
of FODMAPs into the distal small intestinal and 
proximal colonic lumen might underlie susceptibility 
to Crohn’s disease. The passage of FODMAPs and 
their subsequent rapid fermentation might lead to 
expansion of bacterial populations with a secondary 
increase in intestinal permeability. Croagh et al[171] 
retrospectively determined the effect of a FODMAP 
reduced diet in patients with IBD. Seventy percent 
of patients who received instruction on a FODMAP 
reduced diet remained adherent to diet after 3 mo and 
reported a significant improvement of symptoms like 
pain, bloating, and diarrhea[171].

The role of bacteria in mediating the effects of 
FODMAP on intestinal inflammation was investigated 
by Zhou et al[172] in mice treated with low or high 
FODMAP diet or regular chow for 2 wk. Mice receiving 
the high FODMAP diet developed dysbiosis in the gut 
as well as mucosal inflammation and impaired intestinal 
permeability[172]. Pedersen et al[173] investigated the 
effect of a FODMAP-reduced diet in 89 patients with IBD 
(CD: 28 and UC: 61) suffering from IBS symptoms. 
They found a significant reduction in IBS-like symptoms 
in patients with IBD and a further reduction in disease 
activity for UC. In this study 70% of IBD patients 
with IBS symptoms were dysbiotic at the start of the 
diet and 50% after 6 wk on the diet. There were no 
significant changes in the microbiota in these patients 
after the 6 wk of reduced FODMAP diet[174].

It must, however, be borne in mind that most of 
the studies on the effect of a low FODMAP diet in IBD 
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are limited due to their retrospective and uncontrolled 
nature and lack of objective data on inflammatory 
changes associated with dietary intervention[14]. The 
FODMAP diet also greatly restricts consumption of 
many fruits and vegetables[175] and recurrence of 
symptoms after reintroduction of FODMAPs has to be 
expected.

CONClUsION
Pharmacological therapy remains the mainstay of 
treatment of IBD. However, patients with IBD have 
a strong interest in dietary modifications as part of 
their therapeutic management. Unfortunately, dietary 
advice plays only a minor part in published guidelines 
for the management in IBD. The scientific literature 
shows that dietary factors might influence the risk of 
developing not only IBD but also intestinal mucosal 
inflammation. In addition, diet may serve as a 
symptomatic treatment for IBS-like symptoms in IBD. 
A “Westernized diet” rich in animal fat and protein and 
low in fiber may increase the risk of IBD. Dysbiosis 
induced by nutrition contributes to the pathogenesis of 
IBD.

Table 1 shows a summary of the effects of 
nutritional interventions in IBD. Due to the lack 
of large prospective controlled studies, no strong 
recommendations can be made at this point. The 
different protocols of many studies evaluating the 
effect of nutritional interventions in IBD, like EN, 
TPN, probiotics or a FODMAP reduced diet, are 
not comparable. Still, the role of nutrition in IBD is 
underscored by the effect of various dietary therapies, 
especially in paediatrics. In paediatric patients with 
CD, EN is an accepted therapeutic option. In this 
group EN has been shown to reach remission rates 
similar to steroids. Although some studies have shown 
similar benefits in adult patients with CD treated with 
EN compared to corticosteroids, a number of meta-
analysis have shown that in adult patients, EN is 
inferior to corticosteroids. The protein or fat content 
of enteral formulae does not seem to affect clinical 
outcome. EN is not a successful therapeutic option in 
UC.

The efficacy of TPN in IBD is not greater than that 
achieved in other trials with steroids or EN.

The use of specific probiotics in patients with IBD 
can be recommended only in special clinical situations. 

There is no sound evidence to justify the use of 
probiotics in the management of CD. By contrast, 
studies on UC have shown a beneficial effect in 
selected patients. For patients with pouchitis, antibiotic 
treatment followed by probiotics, like VSL#3 or 
Lactobacillus GG, is effective in maintaining remission, 
though when probiotics are used, the risk of bacterial 
translocation and subsequent bacteremia has to be 
considered. Fulfillment of the therapeutic potential of 
probiotics requires more understanding of the normal 
intestinal microflora, and better characterization of 
probiotic strains at the phenotypic and genomic levels 
is needed as well as clarification of the mechanisms of 
action in different clinical settings. A FODMAP reduced 
diet may improve symptoms in IBD. More randomized 
controlled trails are necessary to evaluate the efficacy 
of these diet forms in IBD.

aCKNOWleDgmeNTs
The authors thank Eugenia Lamont for her assistance 
with english language editing.

RefeReNCes
1 Wedlake L, Slack N, Andreyev HJ, Whelan K. Fiber in the 

treatment and maintenance of inflammatory bowel disease: a 
systematic review of randomized controlled trials. Inflamm Bowel 
Dis 2014; 20: 576-586 [PMID: 24445775 DOI: 10.1097/01.
MIB.0000437984.92565.31]

2 Abraham C, Medzhitov R. Interactions between the host innate 
immune system and microbes in inflammatory bowel disease. 
Gastroenterology 2011; 140: 1729-1737 [PMID: 21530739 DOI: 
10.1053/j.gastro.2011.02.012]

3 Spooren CE, Pierik MJ, Zeegers MP, Feskens EJ, Masclee AA, 
Jonkers DM. Review article: the association of diet with onset 
and relapse in patients with inflammatory bowel disease. Aliment 
Pharmacol Ther 2013; 38: 1172-1187 [PMID: 24118051 DOI: 
10.1111/apt.12501]

4 Yamamoto T, Nakahigashi M, Saniabadi AR. Review article: diet 
and inflammatory bowel disease--epidemiology and treatment. 
Aliment Pharmacol Ther 2009; 30: 99-112 [PMID: 19438426 DOI: 
10.1111/j.1365-2036.2009.04035.x]

5 Montgomery SM, Morris DL, Thompson NP, Subhani J, Pounder 
RE, Wakefield AJ. Prevalence of inflammatory bowel disease in 
British 26 year olds: national longitudinal birth cohort. BMJ 1998; 
316: 1058-1059 [PMID: 9552907]

6 Petritsch W, Fuchs S, Berghold A, Bachmaier G, Högenauer C, 
Hauer AC, Weiglhofer U, Wenzl HH. Incidence of inflammatory 
bowel disease in the province of Styria, Austria, from 1997 to 
2007: a population-based study. J Crohns Colitis 2013; 7: 58-69 
[PMID: 22542057 DOI: 10.1016/j.crohns.2012.03.012]

Crohn's disease Ulcerative colitis

Induce remission Maintain remission Postop. Induce remission Maintain remission Postop. Pouchitis
Enteral nutrition Children: ++ ++ + No effect No effect No effect Not tested

Adults: +
Total parenteral nutrition + No effect Not tested No effect No effect No effect Not tested
Probiotics No effect No effect No effect + + Not tested ++
Low-FODMAP- diet Not tested Not tested Not tested Not tested Not tested Not tested Not tested

Durchschein F et al . Diet therapy for IBD



2189 February 21, 2016|Volume 22|Issue 7|WJG|www.wjgnet.com

7 Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, 
Chernoff G, Benchimol EI, Panaccione R, Ghosh S, Barkema 
HW, Kaplan GG. Increasing incidence and prevalence of the 
inflammatory bowel diseases with time, based on systematic 
review. Gastroenterology 2012; 142: 46-54.e42; quiz e30 [PMID: 
22001864 DOI: 10.1053/j.gastro.2011.10.001]

8 Jayanthi V, Probert CS, Pinder D, Wicks AC, Mayberry JF. 
Epidemiology of Crohn’s disease in Indian migrants and the 
indigenous population in Leicestershire. Q J Med 1992; 82: 
125-138 [PMID: 1620813]

9 Gibson PR, Shepherd SJ. Personal view: food for thought--western 
lifestyle and susceptibility to Crohn’s disease. The FODMAP 
hypothesis. Aliment Pharmacol Ther 2005; 21: 1399-1409 [PMID: 
15948806 DOI: 10.1111/j.1365-2036.2005.02506.x]

10 Kugathasan S, Judd RH, Hoffmann RG, Heikenen J, Telega G, 
Khan F, Weisdorf-Schindele S, San Pablo W, Perrault J, Park R, 
Yaffe M, Brown C, Rivera-Bennett MT, Halabi I, Martinez A, 
Blank E, Werlin SL, Rudolph CD, Binion DG. Epidemiologic 
and clinical characteristics of children with newly diagnosed 
inflammatory bowel disease in Wisconsin: a statewide population-
based study. J Pediatr 2003; 143: 525-531 [PMID: 14571234]

11 Goh K, Xiao SD. Inflammatory bowel disease: a survey of the 
epidemiology in Asia. J Dig Dis 2009; 10: 1-6 [PMID: 19236540 
DOI: 10.1111/j.1751-2980.2008.00355.x]

12 Chapman-Kiddell CA, Davies PS, Gillen L, Radford-Smith GL. 
Role of diet in the development of inflammatory bowel disease. 
Inflamm Bowel Dis 2010; 16: 137-151 [PMID: 19462428 DOI: 
10.1002/ibd.20968]

13 Montgomery SM, Ekbom A. Epidemiology of inflammatory 
bowel disease. Curr Opin Gastroenterol 2002; 18: 416-420 [PMID: 
17033315]

14 Hou JK, Abraham B, El-Serag H. Dietary intake and risk of 
developing inflammatory bowel disease: a systematic review of 
the literature. Am J Gastroenterol 2011; 106: 563-573 [PMID: 
21468064 DOI: 10.1038/ajg.2011.44]

15 Andersen V, Olsen A, Carbonnel F, Tjønneland A, Vogel U. Diet 
and risk of inflammatory bowel disease. Dig Liver Dis 2012; 44: 
185-194 [PMID: 22055893 DOI: 10.1016/j.dld.2011.10.001]

16 Warthin TA. Some epidemiological observations on the etiology 
of regional enteritis. Trans Am Clin Climatol Assoc 1969; 80: 
116-124 [PMID: 4389923]

17 Talley NJ, Abreu MT, Achkar JP, Bernstein CN, Dubinsky MC, 
Hanauer SB, Kane SV, Sandborn WJ, Ullman TA, Moayyedi 
P; American College of Gastroenterology IBD Task Force. 
An evidence-based systematic review on medical therapies for 
inflammatory bowel disease. Am J Gastroenterol 2011; 106 Suppl 1: 
S2-S25; quiz S26 [PMID: 21472012 DOI: 10.1038/ajg.2011.58]

18 Goh J, O’Morain CA. Review article: nutrition and adult 
inflammatory bowel disease. Aliment Pharmacol Ther 2003; 17: 
307-320 [PMID: 12562443]

19 Davies PS, Rhodes J. Maintenance of remission in ulcerative 
colitis with sulphasalazine or a high-fibre diet: a clinical trial. Br 
Med J 1978; 1: 1524-1525 [PMID: 26448]

20 O’Moráin C, Segal AW, Levi AJ. Elemental diet as primary 
treatment of acute Crohn’s disease: a controlled trial. Br Med J (Clin 
Res Ed) 1984; 288: 1859-1862 [PMID: 6428577]

21 Richman E, Rhodes JM. Review article: evidence-based dietary 
advice for patients with inflammatory bowel disease. Aliment 
Pharmacol Ther 2013; 38: 1156-1171 [PMID: 24102340 DOI: 
10.1111/apt.12500]

22 Gassull MA. Review article: the intestinal lumen as a therapeutic 
target in inflammatory bowel disease. Aliment Pharmacol Ther 
2006; 24 Suppl 3: 90-95 [PMID: 16961752 DOI: 10.1111/
j.1365-2036.2006.03067.x]

23 Persson PG, Ahlbom A, Hellers G. Diet and inflammatory bowel 
disease: a case-control study. Epidemiology 1992; 3: 47-52 [PMID: 
1313310]

24 D’Souza S, Levy E, Mack D, Israel D, Lambrette P, Ghadirian P, 
Deslandres C, Morgan K, Seidman EG, Amre DK. Dietary patterns 
and risk for Crohn’s disease in children. Inflamm Bowel Dis 2008; 

14: 367-373 [PMID: 18092347 DOI: 10.1002/ibd.20333]
25 James AH. Breakfast and Crohn’s disease. Br Med J 1977; 1: 

943-945 [PMID: 856393]
26 Bianchi Porro G, Panza E. Smoking, sugar, and inflammatory 

bowel disease. Br Med J (Clin Res Ed) 1985; 291: 971-972 [PMID: 
3929989]

27 Martini GA, Brandes JW. Increased consumption of refined 
carbohydrates in patients with Crohn’s disease. Klin Wochenschr 
1976; 54: 367-371 [PMID: 1271690]

28 Russel MG, Engels LG, Muris JW, Limonard CB, Volovics A, 
Brummer RJ, Stockbrügger RW. Modern life’ in the epidemiology 
of inflammatory bowel disease: a case-control study with special 
emphasis on nutritional factors. Eur J Gastroenterol Hepatol 1998; 
10: 243-249 [PMID: 9585029]

29 Geerling BJ, Badart-Smook A, Stockbrügger RW, Brummer RJ. 
Comprehensive nutritional status in recently diagnosed patients 
with inflammatory bowel disease compared with population 
controls. Eur J Clin Nutr 2000; 54: 514-521 [PMID: 10878655]

30 Jakobsen C , Pae r regaa rd A , Munkho lm P, Wewer V. 
Environmental factors and risk of developing paediatric inflam-
matory bowel disease -- a population based study 2007-2009. J 
Crohns Colitis 2013; 7: 79-88 [PMID: 22748696 DOI: 10.1016/
j.crohns.2012.05.024]

31 Tjonneland A, Overvad K, Bergmann MM, Nagel G, Linseisen 
J, Hallmans G, Palmqvist R, Sjodin H, Hagglund G, Berglund 
G, Lindgren S, Grip O, Palli D, Day NE, Khaw KT, Bingham 
S, Riboli E, Kennedy H, Hart A. Linoleic acid, a dietary n-6 
polyunsaturated fatty acid, and the aetiology of ulcerative colitis: 
a nested case-control study within a European prospective cohort 
study. Gut 2009; 58: 1606-1611 [PMID: 19628674 DOI: 10.1136/
gut.2008.169078]

32 Ananthakrishnan AN, Khalili H, Konijeti GG, Higuchi LM, 
de Silva P, Fuchs CS, Willett WC, Richter JM, Chan AT. Long-
term intake of dietary fat and risk of ulcerative colitis and Crohn’s 
disease. Gut 2014; 63: 776-784 [PMID: 23828881 DOI: 10.1136/
gutjnl-2013-305304]

33 Hammer HF. Gut microbiota and inflammatory bowel disease. Dig 
Dis 2011; 29: 550-553 [PMID: 22179210 DOI: 10.1159/000332981]

34 Gentschew L, Ferguson LR. Role of nutrition and microbiota in 
susceptibility to inflammatory bowel diseases. Mol Nutr Food Res 
2012; 56: 524-535 [PMID: 22495981 DOI: 10.1002/mnfr.201100630]

35 Kiss EA, Vonarbourg C, Kopfmann S, Hobeika E, Finke D, Esser C, 
Diefenbach A. Natural aryl hydrocarbon receptor ligands control 
organogenesis of intestinal lymphoid follicles. Science 2011; 334: 
1561-1565 [PMID: 22033518 DOI: 10.1126/science.1214914]

36 Tilg H. Diet and intestinal immunity. N Engl J Med 2012; 366: 
181-183 [PMID: 22236230 DOI: 10.1056/NEJMcibr1113158]

37 Monteleone I, Pallone F, Monteleone G. Aryl hydrocarbon receptor 
and colitis. Semin Immunopathol 2013; 35: 671-675 [PMID: 
23928874 DOI: 10.1007/s00281-013-0396-2]

38 Monteleone I, Rizzo A, Sarra M, Sica G, Sileri P, Biancone L, 
MacDonald TT, Pallone F, Monteleone G. Aryl hydrocarbon 
receptor-induced signals up-regulate IL-22 production and inhibit 
inflammation in the gastrointestinal tract. Gastroenterology 2011; 
141: 237-248, 248.e1 [PMID: 21600206 DOI: 10.1053/j.gastro.2011.04.007]

39 Li Y, Innocentin S, Withers DR, Roberts NA, Gallagher AR, 
Grigorieva EF, Wilhelm C, Veldhoen M. Exogenous stimuli 
maintain intraepithelial lymphocytes via aryl hydrocarbon receptor 
activation. Cell 2011; 147: 629-640 [PMID: 21999944 DOI: 
10.1016/j.cell.2011.09.025]

40 Albenberg LG, Lewis JD, Wu GD. Food and the gut microbiota 
in inflammatory bowel diseases: a critical connection. Curr Opin 
Gastroenterol 2012; 28: 314-320 [PMID: 22573192 DOI: 10.1097/
MOG.0b013e328354586f]

41 Major G, Spiller R. Irritable bowel syndrome, inflammatory 
bowel disease and the microbiome. Curr Opin Endocrinol 
Diabetes Obes 2014; 21: 15-21 [PMID: 24296462 DOI: 10.1097/
MED.0000000000000032]

42 Chan YK, Estaki M, Gibson DL. Clinical consequences of diet-
induced dysbiosis. Ann Nutr Metab 2013; 63 Suppl 2: 28-40 [PMID: 

Durchschein F et al . Diet therapy for IBD



2190 February 21, 2016|Volume 22|Issue 7|WJG|www.wjgnet.com

24217034 DOI: 10.1159/000354902]
43 Penders J, Thijs C, Vink C, Stelma FF, Snijders B, Kummeling 

I, van den Brandt PA, Stobberingh EE. Factors influencing 
the composition of the intestinal microbiota in early infancy. 
Pediatrics 2006; 118: 511-521 [PMID: 16882802 DOI: 10.1542/
peds.2005-2824]

44 Dominguez-Bel lo MG , Blaser MJ, Ley RE, Knight R. 
Development of the human gastrointestinal microbiota and insights 
from high-throughput sequencing. Gastroenterology 2011; 140: 
1713-1719 [PMID: 21530737 DOI: 10.1053/j.gastro.2011.02.011]

45 Costello EK, Lauber CL, Hamady M, Fierer N, Gordon JI, Knight 
R. Bacterial community variation in human body habitats across 
space and time. Science 2009; 326: 1694-1697 [PMID: 19892944 
DOI: 10.1126/science.1177486]

46 Sheil B , Shanahan F, O’Mahony L. Probiotic effects on 
inflammatory bowel disease. J Nutr 2007; 137: 819S-824S [PMID: 
17311981]

47 Cabré E, Domènech E. Impact of environmental and dietary 
factors on the course of inflammatory bowel disease. World J 
Gastroenterol 2012; 18: 3814-3822 [PMID: 22876032 DOI: 
10.3748/wjg.v18.i29.3814]

48 Hildebrandt MA, Hoffmann C, Sherrill-Mix SA, Keilbaugh 
SA, Hamady M, Chen YY, Knight R, Ahima RS, Bushman F, 
Wu GD. High-fat diet determines the composition of the murine 
gut microbiome independently of obesity. Gastroenterology 
2009; 137: 1716-1724.e1-e2 [PMID: 19706296 DOI: 10.1053/
j.gastro.2009.08.042]

49 Turnbaugh PJ, Ridaura VK, Faith JJ, Rey FE, Knight R, Gordon 
JI. The effect of diet on the human gut microbiome: a metagenomic 
analysis in humanized gnotobiotic mice. Sci Transl Med 2009; 1: 
6ra14 [PMID: 20368178 DOI: 10.1126/scitranslmed.3000322]

50 Benno Y, Suzuki K, Suzuki K, Narisawa K, Bruce WR, Mitsuoka 
T. Comparison of the fecal microflora in rural Japanese and 
urban Canadians. Microbiol Immunol 1986; 30: 521-532 [PMID: 
3747865]

51 Cammarota G, Ianiro G, Gasbarrini A. Fecal microbiota 
transplantation for the treatment of Clostridium difficile infection: 
a systematic review. J Clin Gastroenterol 2014; 48: 693-702 [PMID: 
24440934 DOI: 10.1097/MCG.0000000000000046]

52 Haller D. Nutrigenomics and IBD: the intestinal microbiota at 
the cross-road between inflammation and metabolism. J Clin 
Gastroenterol 2010; 44 Suppl 1: S6-S9 [PMID: 20535026 DOI: 
10.1097/MCG.0b013e3181dd8b76]

53 Baker PI, Love DR, Ferguson LR. Role of gut microbiota in 
Crohn’s disease. Expert Rev Gastroenterol Hepatol 2009; 3: 
535-546 [PMID: 19817674 DOI: 10.1586/egh.09.47]

54 Isaacs K, Herfarth H. Role of probiotic therapy in IBD. Inflamm 
Bowel Dis 2008; 14: 1597-1605 [PMID: 18421762 DOI: 10.1002/
ibd.20465]

55 Kobayashi KS, Chamaillard M, Ogura Y, Henegariu O, Inohara 
N, Nuñez G, Flavell RA. Nod2-dependent regulation of innate 
and adaptive immunity in the intestinal tract. Science 2005; 307: 
731-734 [PMID: 15692051 DOI: 10.1126/science.1104911]

56 Inohara N, Ogura Y, Nuñez G. Nods: a family of cytosolic 
proteins that regulate the host response to pathogens. Curr Opin 
Microbiol 2002; 5: 76-80 [PMID: 11834373]

57 Sartor RB. The influence of normal microbial flora on the 
development of chronic mucosal inflammation. Res Immunol 1997; 
148: 567-576 [PMID: 9588836]

58 Frank DN, St Amand AL, Feldman RA, Boedeker EC, Harpaz N, 
Pace NR. Molecular-phylogenetic characterization of microbial 
community imbalances in human inflammatory bowel diseases. 
Proc Natl Acad Sci USA 2007; 104: 13780-13785 [PMID: 17699621 
DOI: 10.1073/pnas.0706625104]

59 Ewaschuk JB, Dieleman LA. Probiotics and prebiotics in chronic 
inflammatory bowel diseases. World J Gastroenterol 2006; 12: 
5941-5950 [PMID: 17009391 DOI: 10.3748/wjg.v12.i37.5941]

60 Garrett WS , Gordon JI, Glimcher LH. Homeostasis and 
inflammation in the intestine. Cell 2010; 140: 859-870 [PMID: 
20303876 DOI: 10.1016/j.cell.2010.01.023]

61 Sartor RB. Genetics and environmental interactions shape the 
intestinal microbiome to promote inflammatory bowel disease 
versus mucosal homeostasis. Gastroenterology 2010; 139: 
1816-1819 [PMID: 21029802 DOI: 10.1053/j.gastro.2010.10.036]

62 Swidsinski A, Weber J, Loening-Baucke V, Hale LP, Lochs H. Spatial 
organization and composition of the mucosal flora in patients with 
inflammatory bowel disease. J Clin Microbiol 2005; 43: 3380-3389 
[PMID: 16000463 DOI: 10.1128/JCM.43.7.3380-3389.2005]

63 Andoh A, Tsujikawa T, Sasaki M, Mitsuyama K, Suzuki Y, Matsui 
T, Matsumoto T, Benno Y, Fujiyama Y. Faecal microbiota profile of 
Crohn’s disease determined by terminal restriction fragment length 
polymorphism analysis. Aliment Pharmacol Ther 2009; 29: 75-82 
[PMID: 18945264 DOI: 10.1111/j.1365-2036.2008.03860.x]

64 Seksik P, Rigottier-Gois L, Gramet G, Sutren M, Pochart P, 
Marteau P, Jian R, Doré J. Alterations of the dominant faecal 
bacterial groups in patients with Crohn’s disease of the colon. Gut 
2003; 52: 237-242 [PMID: 12524406]

65 Sokol H, Seksik P, Furet JP, Firmesse O, Nion-Larmurier I, 
Beaugerie L, Cosnes J, Corthier G, Marteau P, Doré J. Low counts 
of Faecalibacterium prausnitzii in colitis microbiota. Inflamm 
Bowel Dis 2009; 15: 1183-1189 [PMID: 19235886 DOI: 10.1002/
ibd.20903]

66 Rutgeerts P. Recurrence of Crohn’s disease in the neoterminal 
ileum after ileal resection: is prevention therapy possible? Neth J 
Med 1994; 45: 60-64 [PMID: 7936007]

67 D’Haens GR, Geboes K, Peeters M, Baert F, Penninckx F, 
Rutgeerts P. Early lesions of recurrent Crohn’s disease caused by 
infusion of intestinal contents in excluded ileum. Gastroenterology 
1998; 114: 262-267 [PMID: 9453485]

68 Coëffier M, Marion-Letellier R, Déchelotte P. Potential for amino 
acids supplementation during inflammatory bowel diseases. 
Inflamm Bowel Dis 2010; 16: 518-524 [PMID: 19572337 DOI: 
10.1002/ibd.21017]

69 Smith PA. Nutritional therapy for active Crohn’s disease. World 
J Gastroenterol 2008; 14: 4420-4423 [PMID: 18666339 DOI: 
10.3748/wjg.14.4420]

70 Lochs H, Allison SP, Meier R, Pirlich M, Kondrup J, Schneider 
S, van den Berghe G, Pichard C. Introductory to the ESPEN 
Guidelines on Enteral Nutrition: Terminology, definitions and 
general topics. Clin Nutr 2006; 25: 180-186 [PMID: 16697086 
DOI: 10.1016/j.clnu.2006.02.007]

71 Ruemmele FM, Veres G, Kolho KL, Griffiths A, Levine A, Escher 
JC, Amil Dias J, Barabino A, Braegger CP, Bronsky J, Buderus S, 
Martín-de-Carpi J, De Ridder L, Fagerberg UL, Hugot JP, Kierkus 
J, Kolacek S, Koletzko S, Lionetti P, Miele E, Navas López VM, 
Paerregaard A, Russell RK, Serban DE, Shaoul R, Van Rheenen 
P, Veereman G, Weiss B, Wilson D, Dignass A, Eliakim A, Winter 
H, Turner D. Consensus guidelines of ECCO/ESPGHAN on 
the medical management of pediatric Crohn’s disease. J Crohns 
Colitis 2014; 8: 1179-1207 [PMID: 24909831 DOI: 10.1016/
j.crohns.2014.04.005]

72 Fernández-Banares F, Cabré E, Esteve-Comas M, Gassull MA. 
How effective is enteral nutrition in inducing clinical remission in 
active Crohn’s disease? A meta-analysis of the randomized clinical 
trials. JPEN J Parenter Enteral Nutr 1995; 19: 356-364 [PMID: 
8577011]

73 Griffiths AM, Ohlsson A, Sherman PM, Sutherland LR. Meta-
analysis of enteral nutrition as a primary treatment of active 
Crohn’s disease. Gastroenterology 1995; 108: 1056-1067 [PMID: 
7698572]

74 Messori A, Trallori G, D’Albasio G, Milla M, Vannozzi G, Pacini 
F. Defined-formula diets versus steroids in the treatment of active 
Crohn’s disease: a meta-analysis. Scand J Gastroenterol 1996; 31: 
267-272 [PMID: 8833357]

75 Zachos M, Tondeur M, Griffiths AM. Enteral nutritional 
therapy for induction of remission in Crohn‘s disease. Cochrane 
Database Syst Rev 2007; (1): CD000542 [PMID: 17253452 DOI: 
10.1002/14651858.CD000542.pub2]

76 Fell JM, Paintin M, Arnaud-Battandier F, Beattie RM, Hollis A, 
Kitching P, Donnet-Hughes A, MacDonald TT, Walker-Smith JA. 

Durchschein F et al . Diet therapy for IBD



2191 February 21, 2016|Volume 22|Issue 7|WJG|www.wjgnet.com

Mucosal healing and a fall in mucosal pro-inflammatory cytokine 
mRNA induced by a specific oral polymeric diet in paediatric 
Crohn’s disease. Aliment Pharmacol Ther 2000; 14: 281-289 
[PMID: 10735920]

77 Newby EA, Sawczenko A, Thomas AG, Wilson D. Interventions 
for growth failure in childhood Crohn’s disease. Cochrane 
Database Syst Rev 2005; (3): CD003873 [PMID: 16034910 DOI: 
10.1002/14651858.CD003873.pub2]

78 Day AS, Whitten KE, Sidler M, Lemberg DA. Systematic 
review: nutritional therapy in paediatric Crohn’s disease. Aliment 
Pharmacol Ther 2008; 27: 293-307 [PMID: 18045244 DOI: 
10.1111/j.1365-2036.2007.03578.x]

79 Gerasimidis K, Talwar D, Duncan A, Moyes P, Buchanan E, 
Hassan K, O’Reilly D, McGrogan P, Edwards CA. Impact of 
exclusive enteral nutrition on body composition and circulating 
micronutrients in plasma and erythrocytes of children with active 
Crohn’s disease. Inflamm Bowel Dis 2012; 18: 1672-1681 [PMID: 
22069243 DOI: 10.1002/ibd.21916]

80 Cameron FL, Gerasimidis K, Papangelou A, Missiou D, Garrick 
V, Cardigan T, Buchanan E, Barclay AR, McGrogan P, Russell RK. 
Clinical progress in the two years following a course of exclusive 
enteral nutrition in 109 paediatric patients with Crohn’s disease. 
Aliment Pharmacol Ther 2013; 37: 622-629 [PMID: 23360085 
DOI: 10.1111/apt.12230]

81 Grover Z, Muir R, Lewindon P. Exclusive enteral nutrition induces 
early clinical, mucosal and transmural remission in paediatric 
Crohn’s disease. J Gastroenterol 2014; 49: 638-645 [PMID: 
23636735 DOI: 10.1007/s00535-013-0815-0]

82 Dziechciarz P, Horvath A, Shamir R, Szajewska H. Meta-analysis: 
enteral nutrition in active Crohn’s disease in children. Aliment 
Pharmacol Ther 2007; 26: 795-806 [PMID: 17767463 DOI: 
10.1111/j.1365-2036.2007.03431.x]

83 Whitten KE, Rogers P, Ooi CY, Day AS. International survey of 
enteral nutrition protocols used in children with Crohn’s disease. 
J Dig Dis 2012; 13: 107-112 [PMID: 22257479 DOI: 10.1111/
j.1751-2980.2011.00558.x]

84 Cabré E, Gassull MA. Nutrition in inflammatory bowel disease: 
impact on disease and therapy. Curr Opin Gastroenterol 2001; 17: 
342-349 [PMID: 17031181]

85 Sandborn WJ, Feagan BG, Hanauer SB, Lochs H, Löfberg R, 
Modigliani R, Present DH, Rutgeerts P, Schölmerich J, Stange EF, 
Sutherland LR. A review of activity indices and efficacy endpoints 
for clinical trials of medical therapy in adults with Crohn’s disease. 
Gastroenterology 2002; 122: 512-530 [PMID: 11832465]

86 Lochs H, Steinhardt HJ, Klaus-Wentz B, Zeitz M, Vogelsang 
H, Sommer H, Fleig WE, Bauer P, Schirrmeister J, Malchow 
H. Comparison of enteral nutrition and drug treatment in active 
Crohn’s disease. Results of the European Cooperative Crohn’s 
Disease Study. IV. Gastroenterology 1991; 101: 881-888 [PMID: 
1679736]

87 Akobeng AK, Thomas AG. Enteral nutrition for maintenance 
of remission in Crohn’s disease. Cochrane Database Syst Rev 
2007; (3): CD005984 [PMID: 17636816 DOI: 10.1002/14651858.
CD005984.pub2]

88 Yamamoto T , Nakahigashi M, Umegae S, Matsumoto K. 
Prospective clinical trial: enteral nutrition during maintenance 
infliximab in Crohn’s disease. J Gastroenterol 2010; 45: 24-29 
[PMID: 19798465 DOI: 10.1007/s00535-009-0136-5]

89 Hirakawa H, Fukuda Y, Tanida N, Hosomi M, Shimoyama 
T. Home elemental enteral hyperalimentation (HEEH) for the 
maintenance of remission in patients with Crohn’s disease. 
Gastroenterol Jpn 1993; 28: 379-384 [PMID: 8102107]

90 Koga H, Iida M, Aoyagi K, Matsui T, Fujishima M. [Long-term 
efficacy of low residue diet for the maintenance of remission in 
patients with Crohn’s disease]. Nihon Shokakibyo Gakkai Zasshi 
1993; 90: 2882-2888 [PMID: 8271460]

91 Takagi S, Utsunomiya K, Kuriyama S, Yokoyama H, Takahashi S, 
Iwabuchi M, Takahashi H, Takahashi S, Kinouchi Y, Hiwatashi N, 
Funayama Y, Sasaki I, Tsuji I, Shimosegawa T. Effectiveness of an 
‘half elemental diet’ as maintenance therapy for Crohn’s disease: 

A randomized-controlled trial. Aliment Pharmacol Ther 2006; 24: 
1333-1340 [PMID: 17059514 DOI: 10.1111/j.1365-2036.2006.03120.
x]

92 Wilschanski M, Sherman P, Pencharz P, Davis L, Corey M, 
Griffiths A. Supplementary enteral nutrition maintains remission 
in paediatric Crohn’s disease. Gut 1996; 38: 543-548 [PMID: 
8707085]

93 Yamamoto T, Nakahigashi M, Saniabadi AR, Iwata T, Maruyama 
Y, Umegae S, Matsumoto K. Impacts of long-term enteral nutrition 
on clinical and endoscopic disease activities and mucosal cytokines 
during remission in patients with Crohn’s disease: a prospective 
study. Inflamm Bowel Dis 2007; 13: 1493-1501 [PMID: 17879280 
DOI: 10.1002/ibd.20238]

94 Hanai H, Iida T, Takeuchi K, Arai H, Arai O, Abe J, Tanaka T, 
Maruyama Y, Ikeya K, Sugimoto K, Nakamura T, Nakamura 
K, Watanabe F. Nutritional therapy versus 6-mercaptopurine 
as maintenance therapy in patients with Crohn’s disease. Dig 
Liver Dis 2012; 44: 649-654 [PMID: 22542605 DOI: 10.1016/
j.dld.2012.03.007]

95 Yamamoto T, Nakahigashi M, Umegae S, Kitagawa T, Matsumoto 
K. Impact of elemental diet on mucosal inflammation in patients 
with active Crohn’s disease: cytokine production and endoscopic 
and histological findings. Inflamm Bowel Dis 2005; 11: 580-588 
[PMID: 15905706]

96 Berni Canani R, Terrin G, Borrelli O, Romano MT, Manguso 
F, Coruzzo A, D’Armiento F, Romeo EF, Cucchiara S. Short- 
and long-term therapeutic efficacy of nutritional therapy and 
corticosteroids in paediatric Crohn’s disease. Dig Liver Dis 2006; 
38: 381-387 [PMID: 16301010 DOI: 10.1016/j.dld.2005.10.005]

97 Borrelli O, Cordischi L, Cirulli M, Paganelli M, Labalestra V, 
Uccini S, Russo PM, Cucchiara S. Polymeric diet alone versus 
corticosteroids in the treatment of active pediatric Crohn’s disease: a 
randomized controlled open-label trial. Clin Gastroenterol Hepatol 
2006; 4: 744-753 [PMID: 16682258 DOI: 10.1016/j.cgh.2006.03.010]

98 Rutgeerts P, Vermeire S, Van Assche G. Mucosal healing in 
inflammatory bowel disease: impossible ideal or therapeutic 
target? Gut 2007; 56: 453-455 [PMID: 17369375 DOI: 10.1136/
gut.2005.088732]

99 Sakurai T, Matsui T, Yao T, Takagi Y, Hirai F, Aoyagi K, Okada M. 
Short-term efficacy of enteral nutrition in the treatment of active 
Crohn’s disease: a randomized, controlled trial comparing nutrient 
formulas. JPEN J Parenter Enteral Nutr 2002; 26: 98-103 [PMID: 
11871742]

100 Giaffer MH, North G, Holdsworth CD. Controlled trial of 
polymeric versus elemental diet in treatment of active Crohn’s 
disease. Lancet 1990; 335: 816-819 [PMID: 1969560]

101 Kobayashi K, Katsumata T, Yokoyama K, Takahashi H, Igarashi 
M, Saigenji K. [A randomized controlled study of total parenteral 
nutrition and enteral nutrition by elemental and polymeric diet 
as primary therapy in active phase of Crohn’s disease]. Nihon 
Shokakibyo Gakkai Zasshi 1998; 95: 1212-1221 [PMID: 9852724]

102 Middleton SJ, Rucker JT, Kirby GA, Riordan AM, Hunter JO. 
Long-chain triglycerides reduce the efficacy of enteral feeds in 
patients with active Crohn’s disease. Clin Nutr 1995; 14: 229-236 
[PMID: 16843936]

103 Raouf AH, Hildrey V, Daniel J, Walker RJ, Krasner N, Elias E, 
Rhodes JM. Enteral feeding as sole treatment for Crohn’s disease: 
controlled trial of whole protein v amino acid based feed and a 
case study of dietary challenge. Gut 1991; 32: 702-707 [PMID: 
1905672]

104 Wakefield AJ, Ekbom A, Dhillon AP, Pittilo RM, Pounder 
RE. Crohn’s disease: pathogenesis and persistent measles virus 
infection. Gastroenterology 1995; 108: 911-916 [PMID: 7875495]

105 Leach ST, Mitchell HM, Eng WR, Zhang L, Day AS. Sustained 
modulation of intestinal bacteria by exclusive enteral nutrition used 
to treat children with Crohn’s disease. Aliment Pharmacol Ther 
2008; 28: 724-733 [PMID: 19145728]

106 Lionetti P, Callegari ML, Ferrari S, Cavicchi MC, Pozzi E, 
de Martino M, Morelli L. Enteral nutrition and microflora in 
pediatric Crohn’s disease. JPEN J Parenter Enteral Nutr 2005; 29: 

Durchschein F et al . Diet therapy for IBD



2192 February 21, 2016|Volume 22|Issue 7|WJG|www.wjgnet.com

S173-S15; S173-S175; discussion S175-S178, S184-S188 [PMID: 
15980280]

107 Flanagan P, Campbell BJ, Rhodes JM. Bacteria in the pathogenesis 
of inflammatory bowel disease. Biochem Soc Trans 2011; 39: 
1067-1072 [PMID: 21787349 DOI: 10.1042/BST0391067]

108 Takahashi H, Ando T, Watanabe O, Maeda O, Ishiguro K, 
Ohmiya N, Niwa Y, Goto H. Usefulness of an elemental diet in 
Crohn’s disease. Inflammopharmacology 2007; 15: 15-17 [PMID: 
17323189 DOI: 10.1007/s10787-006-1570-0]

109 Woolner J, Parker T, Kirby G, Hunter J. The development 
and evaluation of a diet for maintaining remission in Crohn’s 
disease. J Hum Nutr Diet 1998; 11: 1-11 [DOI: 10.1046/j.1365-
277X.1998.00075.x]

110 Rajendran N, Kumar D. Role of diet in the management of 
inflammatory bowel disease. World J Gastroenterol 2010; 16: 
1442-1448 [PMID: 20333783 DOI: 10.3748/wjg.v16.i12.1442]

111 Teahon K, Bjarnason I, Pearson M, Levi AJ. Ten years’ experience 
with an elemental diet in the management of Crohn’s disease. Gut 
1990; 31: 1133-1137 [PMID: 2083858]

112 González-Huix F, Fernández-Bañares F, Esteve-Comas M, Abad-
Lacruz A, Cabré E, Acero D, Figa M, Guilera M, Humbert P, de 
León R. Enteral versus parenteral nutrition as adjunct therapy in 
acute ulcerative colitis. Am J Gastroenterol 1993; 88: 227-232 
[PMID: 8424426]

113 Scolapio JS. The role of total parenteral nutrition in the 
management of patients with acute attacks of inflammatory 
bowel disease. J Clin Gastroenterol 1999; 29: 223-224 [PMID: 
10509948]

114 Müller JM, Keller HW, Erasmi H, Pichlmaier H. Total parenteral 
nutrition as the sole therapy in Crohn’s disease--a prospective 
study. Br J Surg 1983; 70: 40-43 [PMID: 6402050]

115 Greenberg GR, Fleming CR, Jeejeebhoy KN, Rosenberg IH, Sales 
D, Tremaine WJ. Controlled trial of bowel rest and nutritional 
support in the management of Crohn’s disease. Gut 1988; 29: 
1309-1315 [PMID: 3143625]

116 Ostro MJ, Greenberg GR, Jeejeebhoy KN. Total parenteral 
nutrition and complete bowel rest in the management of Crohn’s 
disease. JPEN J Parenter Enteral Nutr 1985; 9: 280-287 [PMID: 
3925172]

117 Duerksen DR, Nehra V, Bistrian BR, Blackburn GL. Appropriate 
nutritional support in acute and complicated Crohn’s disease. 
Nutrition 1998; 14: 462-465 [PMID: 9614313]

118 Dickinson RJ, Ashton MG, Axon AT, Smith RC, Yeung CK, Hill 
GL. Controlled trial of intravenous hyperalimentation and total 
bowel rest as an adjunct to the routine therapy of acute colitis. 
Gastroenterology 1980; 79: 1199-1204 [PMID: 6777233]

119 McIntyre PB, Powell-Tuck J, Wood SR, Lennard-Jones JE, 
Lerebours E, Hecketsweiler P, Galmiche JP, Colin R. Controlled 
trial of bowel rest in the treatment of severe acute colitis. Gut 1986; 
27: 481-485 [PMID: 3084344]

120 Ng SC, Hart AL, Kamm MA, Stagg AJ, Knight SC. Mechanisms 
of action of probiotics: recent advances. Inflamm Bowel Dis 2009; 
15: 300-310 [PMID: 18626975 DOI: 10.1002/ibd.20602]

121 FAO/WHO. Report on Joint FAO/WHO Expert Consultation on 
Evaluation of Health and Nutritional Properties of Probiotics in 
Food Including Powder Milk with Live Lactic Acid Bacteria, 2001

122 Shanahan F. Probiotics in inflamatory bowel disease. Gut 2001; 
48: 609 [PMID: 11302956]

123 Shanahan F. Probiotics and inflammatory bowel disease: is there 
a scientific rationale? Inflamm Bowel Dis 2000; 6: 107-115 [PMID: 
10833070]

124 Zhang Z, Hinrichs DJ, Lu H, Chen H, Zhong W, Kolls JK. 
After interleukin-12p40, are interleukin-23 and interleukin-17 
the next therapeutic targets for inflammatory bowel disease? Int 
Immunopharmacol 2007; 7: 409-416 [PMID: 17321463 DOI: 
10.1016/j.intimp.2006.09.024]

125 Neurath MF. IL-23: a master regulator in Crohn disease. Nat Med 
2007; 13: 26-28 [PMID: 17206128 DOI: 10.1038/nm0107-26]

126 Asahara T, Shimizu K, Nomoto K, Hamabata T, Ozawa A, Takeda 
Y. Probiotic bifidobacteria protect mice from lethal infection with 

Shiga toxin-producing Escherichia coli O157: H7. Infect Immun 
2004; 72: 2240-2247 [PMID: 15039348]

127 Venturi A, Gionchetti P, Rizzello F, Johansson R, Zucconi E, 
Brigidi P, Matteuzzi D, Campieri M. Impact on the composition of 
the faecal flora by a new probiotic preparation: preliminary data on 
maintenance treatment of patients with ulcerative colitis. Aliment 
Pharmacol Ther 1999; 13: 1103-1108 [PMID: 10468688]

128 Schlee M, Wehkamp J, Altenhoefer A, Oelschlaeger TA, Stange 
EF, Fellermann K. Induction of human beta-defensin 2 by the 
probiotic Escherichia coli Nissle 1917 is mediated through 
flagellin. Infect Immun 2007; 75: 2399-2407 [PMID: 17283097 
DOI: 10.1128/IAI.01563-06]

129 Malchow HA. Crohn’s disease and Escherichia coli. A new 
approach in therapy to maintain remission of colonic Crohn’s 
disease? J Clin Gastroenterol 1997; 25: 653-658 [PMID: 9451682]

130 O’Mahony L, Feeney M, O’Halloran S, Murphy L, Kiely B, 
Fitzgibbon J, Lee G, O’Sullivan G, Shanahan F, Collins JK. 
Probiotic impact on microbial flora, inflammation and tumour 
development in IL-10 knockout mice. Aliment Pharmacol Ther 
2001; 15: 1219-1225 [PMID: 11472326]

131 Dotan I, Rachmilewitz D. Probiotics in inflammatory bowel 
disease: possible mechanisms of action. Curr Opin Gastroenterol 
2005; 21: 426-430 [PMID: 15930982]

132 Otte JM, Podolsky DK. Functional modulation of enterocytes by 
gram-positive and gram-negative microorganisms. Am J Physiol 
Gastrointest Liver Physiol 2004; 286: G613-G626 [PMID: 15010363 
DOI: 10.1152/ajpgi.00341.2003]

133 Sheil B, McCarthy J, O’Mahony L, Bennett MW, Ryan P, 
Fitzgibbon JJ, Kiely B, Collins JK, Shanahan F. Is the mucosal 
route of administration essential for probiotic function? 
Subcutaneous administration is associated with attenuation of 
murine colitis and arthritis. Gut 2004; 53: 694-700 [PMID: 
15082588]

134 Butterworth AD, Thomas AG, Akobeng AK. Probiotics for induction 
of remission in Crohn’s disease. Cochrane Database Syst Rev 
2008; (3): CD006634 [PMID: 18646162 DOI: 10.1002/14651858.
CD006634.pub2]

135 Rolfe VE, Fortun PJ, Hawkey CJ, Bath-Hextall F. Probiotics 
for maintenance of remission in Crohn’s disease. Cochrane 
Database Syst Rev 2006; (4): CD004826 [PMID: 17054217 DOI: 
10.1002/14651858.CD004826.pub2]

136 Guslandi M, Mezzi G, Sorghi M, Testoni PA. Saccharomyces 
boulardii in maintenance treatment of Crohn’s disease. Dig Dis Sci 
2000; 45: 1462-1464 [PMID: 10961730]

137 Fujimori S, Tatsuguchi A, Gudis K, Kishida T, Mitsui K, Ehara 
A, Kobayashi T, Sekita Y, Seo T, Sakamoto C. High dose probiotic 
and prebiotic cotherapy for remission induction of active Crohn’
s disease. J Gastroenterol Hepatol 2007; 22: 1199-1204 [PMID: 
17688660 DOI: 10.1111/j.1440-1746.2006.04535.x]

138 Schulze J, Sonnenborn U. Re.: Oral administration of a certain 
strain of live Escherichia coli for intestinal disorders? (Infection 23 
[1995] 51-54). Infection 1995; 23: 184-188 [PMID: 7499010]

139 Kruis W, Fric P, Pokrotnieks J, Lukás M, Fixa B, Kascák M, 
Kamm MA, Weismueller J, Beglinger C, Stolte M, Wolff C, 
Schulze J. Maintaining remission of ulcerative colitis with the 
probiotic Escherichia coli Nissle 1917 is as effective as with 
standard mesalazine. Gut 2004; 53: 1617-1623 [PMID: 15479682 
DOI: 10.1136/gut.2003.037747]

140 Bousvaros A, Guandalini S, Baldassano RN, Botelho C, Evans J, 
Ferry GD, Goldin B, Hartigan L, Kugathasan S, Levy J, Murray 
KF, Oliva-Hemker M, Rosh JR, Tolia V, Zholudev A, Vanderhoof 
JA, Hibberd PL. A randomized, double-blind trial of Lactobacillus 
GG versus placebo in addition to standard maintenance therapy 
for children with Crohn’s disease. Inflamm Bowel Dis 2005; 11: 
833-839 [PMID: 16116318]

141 Schultz M, Timmer A, Herfarth HH, Sartor RB, Vanderhoof JA, Rath 
HC. Lactobacillus GG in inducing and maintaining remission of 
Crohn’s disease. BMC Gastroenterol 2004; 4: 5 [PMID: 15113451 
DOI: 10.1186/1471-230X-4-5]

142 Prantera C, Scribano ML, Falasco G, Andreoli A, Luzi C. 

Durchschein F et al . Diet therapy for IBD



2193 February 21, 2016|Volume 22|Issue 7|WJG|www.wjgnet.com

Ineffectiveness of probiotics in preventing recurrence after curative 
resection for Crohn’s disease: a randomised controlled trial with 
Lactobacillus GG. Gut 2002; 51: 405-409 [PMID: 12171964]

143 Marteau P, Lémann M, Seksik P, Laharie D, Colombel JF, 
Bouhnik Y, Cadiot G, Soulé JC, Bourreille A, Metman E, 
Lerebours E, Carbonnel F, Dupas JL, Veyrac M, Coffin B, 
Moreau J, Abitbol V, Blum-Sperisen S, Mary JY. Ineffectiveness 
of Lactobacillus johnsonii LA1 for prophylaxis of postoperative 
recurrence in Crohn’s disease: a randomised, double blind, placebo 
controlled GETAID trial. Gut 2006; 55: 842-847 [PMID: 16377775 
DOI: 10.1136/gut.2005.076604]

144 Van Gossum A, Dewit O, Louis E, de Hertogh G, Baert F, 
Fontaine F, DeVos M, Enslen M, Paintin M, Franchimont D. 
Multicenter randomized-controlled clinical trial of probiotics 
(Lactobacillus johnsonii, LA1) on early endoscopic recurrence 
of Crohn’s disease after lleo-caecal resection. Inflamm Bowel Dis 
2007; 13: 135-142 [PMID: 17206696 DOI: 10.1002/ibd.20063]

145 Veerappan GR, Betteridge J, Young PE. Probiotics for the 
treatment of inflammatory bowel disease. Curr Gastroenterol Rep 
2012; 14: 324-333 [PMID: 22581276 DOI: 10.1007/s11894-012-0265-5]

146 Naidoo K, Gordon M, Fagbemi AO, Thomas AG, Akobeng 
AK. Probiotics for maintenance of remission in ulcerative colitis. 
Cochrane Database Syst Rev 2011; (12): CD007443 [PMID: 
22161412 DOI: 10.1002/14651858.CD007443.pub2]

147 Tursi A, Brandimarte G, Papa A, Giglio A, Elisei W, Giorgetti 
GM, Forti G, Morini S, Hassan C, Pistoia MA, Modeo ME, 
Rodino’ S, D’Amico T, Sebkova L, Sacca’ N, Di Giulio E, Luzza F, 
Imeneo M, Larussa T, Di Rosa S, Annese V, Danese S, Gasbarrini 
A. Treatment of relapsing mild-to-moderate ulcerative colitis with 
the probiotic VSL#3 as adjunctive to a standard pharmaceutical 
treatment: a double-blind, randomized, placebo-controlled study. 
Am J Gastroenterol 2010; 105: 2218-2227 [PMID: 20517305 DOI: 
10.1038/ajg.2010.218]

148 Bibiloni R, Fedorak RN, Tannock GW, Madsen KL, Gionchetti P, 
Campieri M, De Simone C, Sartor RB. VSL#3 probiotic-mixture 
induces remission in patients with active ulcerative colitis. Am 
J Gastroenterol 2005; 100: 1539-1546 [PMID: 15984978 DOI: 
10.1111/j.1572-0241.2005.41794.x]

149 Suzuki A, Mitsuyama K, Koga H, Tomiyasu N, Masuda J, 
Takaki K, Tsuruta O, Toyonaga A, Sata M. Bifidogenic growth 
stimulator for the treatment of active ulcerative colitis: a pilot 
study. Nutrition 2006; 22: 76-81 [PMID: 16226014 DOI: 10.1016/
j.nut.2005.04.013]

150 Zocco MA, dal Verme LZ, Cremonini F, Piscaglia AC, Nista 
EC, Candelli M, Novi M, Rigante D, Cazzato IA, Ojetti V, 
Armuzzi A, Gasbarrini G, Gasbarrini A. Efficacy of Lactobacillus 
GG in maintaining remission of ulcerative colitis. Aliment Pharmacol 
Ther 2006; 23: 1567-1574 [PMID: 16696804 DOI: 10.1111/
j.1365-2036.2006.02927.x]

151 Ishikawa H, Akedo I, Umesaki Y, Tanaka R, Imaoka A, Otani 
T. Randomized controlled trial of the effect of bifidobacteria-
fermented milk on ulcerative colitis. J Am Coll Nutr 2003; 22: 
56-63 [PMID: 12569115 DOI: 10.1080/07315724.2003.10719276]

152 Kruis W, Schütz E, Fric P, Fixa B, Judmaier G, Stolte M. Double-
blind comparison of an oral Escherichia coli preparation and 
mesalazine in maintaining remission of ulcerative colitis. Aliment 
Pharmacol Ther 1997; 11: 853-858 [PMID: 9354192 DOI: 10.1046/
j.1365-2036.1997.00225.x]

153 Rembacken BJ, Snelling AM, Hawkey PM, Chalmers DM, Axon 
AT. Non-pathogenic Escherichia coli versus mesalazine for the 
treatment of ulcerative colitis: a randomised trial. Lancet 1999; 
354: 635-639 [PMID: 10466665]

154 Dignass A, Lindsay JO, Sturm A, Windsor A, Colombel JF, Allez 
M, D’Haens G, D’Hoore A, Mantzaris G, Novacek G, Oresland T, 
Reinisch W, Sans M, Stange E, Vermeire S, Travis S, Van Assche 
G. Second European evidence-based consensus on the diagnosis 
and management of ulcerative colitis part 2: current management. J 
Crohns Colitis 2012; 6: 991-1030 [PMID: 23040451 DOI: 10.1016/
j.crohns.2012.09.002]

155 Turner D, Levine A, Escher JC, Griffiths AM, Russell RK, 

Dignass A, Dias JA, Bronsky J, Braegger CP, Cucchiara S, de 
Ridder L, Fagerberg UL, Hussey S, Hugot JP, Kolacek S, Kolho 
KL, Lionetti P, Paerregaard A, Potapov A, Rintala R, Serban DE, 
Staiano A, Sweeny B, Veerman G, Veres G, Wilson DC, Ruemmele 
FM. Management of pediatric ulcerative colitis: joint ECCO 
and ESPGHAN evidence-based consensus guidelines. J Pediatr 
Gastroenterol Nutr 2012; 55: 340-361 [PMID: 22773060 DOI: 
10.1097/MPG.0b013e3182662233]

156 Simchuk EJ, Thirlby RC. Risk factors and true incidence of 
pouchitis in patients after ileal pouch-anal anastomoses. World 
J Surg 2000; 24: 851-856 [PMID: 10833254 DOI: 10.1007/
s002680010136]

157 Gionchetti P, Rizzello F, Venturi A, Brigidi P, Matteuzzi 
D, Bazzocchi G, Poggioli G, Miglioli M, Campieri M. Oral 
bacteriotherapy as maintenance treatment in patients with 
chronic pouchitis: a double-blind, placebo-controlled trial. 
Gastroenterology 2000; 119: 305-309 [PMID: 10930365]

158 Mimura T, Rizzello F, Helwig U, Poggioli G, Schreiber S, Talbot 
IC, Nicholls RJ, Gionchetti P, Campieri M, Kamm MA. Once daily 
high dose probiotic therapy (VSL#3) for maintaining remission in 
recurrent or refractory pouchitis. Gut 2004; 53: 108-114 [PMID: 
14684584]

159 Shen B, Brzezinski A, Fazio VW, Remzi FH, Achkar JP, Bennett 
AE, Sherman K, Lashner BA. Maintenance therapy with a 
probiotic in antibiotic-dependent pouchitis: experience in clinical 
practice. Aliment Pharmacol Ther 2005; 22: 721-728 [PMID: 
16197493 DOI: 10.1111/j.1365-2036.2005.02642.x]

160 Gionchetti P, Rizzello F, Helwig U, Venturi A, Lammers 
KM, Brigidi P, Vitali B, Poggioli G, Miglioli M, Campieri M. 
Prophylaxis of pouchitis onset with probiotic therapy: a double-
blind, placebo-controlled trial. Gastroenterology 2003; 124: 
1202-1209 [PMID: 12730861]

161 Gosselink MP, Schouten WR, van Lieshout LM, Hop WC, Laman 
JD, Ruseler-van Embden JG. Delay of the first onset of pouchitis 
by oral intake of the probiotic strain Lactobacillus rhamnosus GG. 
Dis Colon Rectum 2004; 47: 876-884 [PMID: 15108026 DOI: 
10.1007/s10350-004-0525-z]

162 Kuisma J, Mentula S, Jarvinen H, Kahri A, Saxelin M, Farkkila M. 
Effect of Lactobacillus rhamnosus GG on ileal pouch inflammation 
and microbial flora. Aliment Pharmacol Ther 2003; 17: 509-515 
[PMID: 12622759]

163 Cannon JP, Lee TA, Bolanos JT, Danziger LH. Pathogenic 
relevance of Lactobacillus: a retrospective review of over 200 
cases. Eur J Clin Microbiol Infect Dis 2005; 24: 31-40 [PMID: 
15599646 DOI: 10.1007/s10096-004-1253-y]

164 Gearry RB, Irving PM, Barrett JS, Nathan DM, Shepherd SJ, 
Gibson PR. Reduction of dietary poorly absorbed short-chain 
carbohydrates (FODMAPs) improves abdominal symptoms 
in patients with inflammatory bowel disease-a pilot study. J 
Crohns Colitis 2009; 3: 8-14 [PMID: 21172242 DOI: 10.1016/
j.crohns.2008.09.004]

165 Barrett JS, Gearry RB, Muir JG, Irving PM, Rose R, Rosella 
O, Haines ML, Shepherd SJ, Gibson PR. Dietary poorly 
absorbed, short-chain carbohydrates increase delivery of water 
and fermentable substrates to the proximal colon. Aliment 
Pharmacol Ther 2010; 31: 874-882 [PMID: 20102355 DOI: 10.1111/
j.1365-2036.2010.04237.x]

166 Hammer HF, Hammer J. Diarrhea caused by carbohydrate 
malabsorption. Gastroenterol Clin North Am 2012; 41: 611-627 
[PMID: 22917167 DOI: 10.1016/j.gtc.2012.06.003]

167 Gibson PR, Shepherd SJ. Evidence-based dietary management of 
functional gastrointestinal symptoms: The FODMAP approach. J 
Gastroenterol Hepatol 2010; 25: 252-258 [PMID: 20136989 DOI: 
10.1111/j.1440-1746.2009.06149.x]

168 Shepherd SJ, Parker FC, Muir JG, Gibson PR. Dietary triggers of 
abdominal symptoms in patients with irritable bowel syndrome: 
randomized placebo-controlled evidence. Clin Gastroenterol 
Hepatol 2008; 6: 765-771 [PMID: 18456565 DOI: 10.1016/
j.cgh.2008.02.058]

169 Appleyard CB , Hernández G, Rios-Bedoya CF. Basic 

Durchschein F et al . Diet therapy for IBD



2194 February 21, 2016|Volume 22|Issue 7|WJG|www.wjgnet.com

epidemiology of inflammatory bowel disease in Puerto Rico. 
Inflamm Bowel Dis 2004; 10: 106-111 [PMID: 15168809]

170 Soares RL. Irritable bowel syndrome: a clinical review. World J 
Gastroenterol 2014; 20: 12144-12160 [PMID: 25232249 DOI: 
10.3748/wjg.v20.i34.12144]

171 Croagh C, Shepherd SJ, Berryman M, Muir JG, Gibson PR. Pilot 
study on the effect of reducing dietary FODMAP intake on bowel 
function in patients without a colon. Inflamm Bowel Dis 2007; 13: 
1522-1528 [PMID: 17828776 DOI: 10.1002/ibd.20249]

172 Zhou SY, Leelasinjaroen P, Wu XY, Zhou H, Lu YX, Song I, 
Owyang C. FODMAP Diet modulates visceral nociception by 
changing gut microbiota and internal inflammation. Abstract Nr: 
2235, DDW 2013

173 Pedersen N, Ankersen D, Felding M, Végh Z, Burisch J, 
Munkholm P. Low FODMAP diet reduced irritable bowel 
syndroms and improves quali ty of l i fe in patients with 
inflammatory bowel disease in a randomized controlled trail. 
Abstract Nr: DOP067 ECCO, 2014

174 Pedersen N, Kofod Vinding K, Vegh Z, Casen C, Andersen N, 
Ankersen D, Carlsen K, Munk Petersen A, Burisch J, Munkholm P. 
Gut Microbiota in IBD patients with IBS before and after 6 weeks 
of low FODMAP diet. Abstract Nr: P474 ECCO, 2014

175 Hou JK, Lee D, Lewis J. Diet and inflammatory bowel disease: 
review of patient-targeted recommendations. Clin Gastroenterol 
Hepatol 2014; 12: 1592-1600 [PMID: 24107394 DOI: 10.1016/
j.cgh.2013.09.063]

P- Reviewer: Ierardi E, Soares RL    S- Editor: Gong ZM    
L- Editor: A    E- Editor: Liu XM

Durchschein F et al . Diet therapy for IBD



                                      © 2016 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

0  7


	2179
	WJGv22i7-The Back cover

