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Inflammatory Bowel Disease: Environmental Contribution
• The genetic contribution to the development of Crohn’s 

disease is at most 30-40%

• In total, the contribution of IBD associated genetic loci 
account for only 13% of Crohn’s disease variance

• Thus environmental factors are the largest contributor to the 
pathogenesis of IBD



Microbiota Dysbiosis in IBD: Both Cause and Effect

Peterson et al. Cell Host & Microbe 2008;3:417-427

PNAS 2008;105:16413
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Multidonor intensive faecal microbiota transplantation for 
active ulcerative colitis: a randomised placebo-controlled trial
Sudarshan Paramsothy, Michael A Kamm, Nadeem O Kaakoush, Alissa J Walsh, Johan van den Bogaerde, Douglas Samuel, Rupert W L Leong, 
Susan Connor, Watson Ng, Ramesh Paramsothy, Wei Xuan, Enmoore Lin, Hazel M Mitchell, Thomas J Borody

Summary
Background The intestinal microbiota is implicated in the pathogenesis of ulcerative colitis. Faecal microbiota 
transplantation is a novel form of therapeutic microbial manipulation, but its e!  cacy in ulcerative colitis is uncertain. 
We aimed to establish the e!  cacy of intensive-dosing, multidonor, faecal microbiota transplantation in active 
ulcerative colitis.

Methods We conducted a multicentre, double-blind, randomised, placebo-controlled trial at three hospitals in 
Australia. We randomly allocated patients with active ulcerative colitis (Mayo score 4–10) in a 1:1 ratio, using a pre-
established randomisation list, to either faecal microbiota transplantation or placebo colonoscopic infusion, followed 
by enemas 5 days per week for 8 weeks. Patients, treating clinicians, and other study sta"  were unaware of the 
assigned treatment. Faecal microbiota transplantation enemas were each derived from between three and seven 
unrelated donors. The primary outcome was steroid-free clinical remission with endoscopic remission or response 
(Mayo score #2, all subscores #1, and $1 point reduction in endoscopy subscore) at week 8. Analysis was by modifi ed 
intention-to-treat and included all patients receiving one study dose. We performed 16S rRNA stool analysis to assess 
associated microbial changes. This trial is registered with ClinicalTrials.gov, number NCT01896635. The trial has 
ended; this report presents the fi nal analysis.

Findings From November, 2013, to May, 2015, 85 patients were enrolled to our trial, of whom 42 were randomly 
assigned faecal microbiota transplantation and 43 were allocated placebo. One patient assigned faecal microbiota 
transplantation and three allocated placebo did not receive study treatment and were excluded from the analysis. The 
primary outcome was achieved in 11 (27%) of 41 patients allocated faecal microbiota transplantation versus three (8%) 
of 40 who were assigned placebo (risk ratio 3·6, 95% CI 1·1–11·9; p=0·021). Adverse events were reported by 32 (78%) 
of 41 patients allocated faecal microbiota transplantation and 33 (83%) of 40 who were assigned placebo; most were 
self-limiting gastrointestinal complaints, with no signifi cant di" erence in number or type of adverse events between 
treatment groups. Serious adverse events occurred in two patients assigned faecal microbiota transplantation and in 
one allocated placebo. Microbial diversity increased with and persisted after faecal microbiota transplantation. Several 
bacterial taxa were associated with clinical outcome; in particular, the presence of Fusobacterium spp was associated 
with lack of remission.

Interpretation Intensive-dosing, multidonor, faecal microbiota transplantation induces clinical remission and 
endoscopic improvement in active ulcerative colitis and is associated with distinct microbial changes that relate to 
outcome. Faecal microbiota transplantation is, thus, a promising new therapeutic option for ulcerative colitis. Future 
work should focus on precisely defi ning the optimum treatment intensity and the role of donor–recipient matching 
based on microbial profi les.

Funding Broad Medical Research Program, Gastroenterological Society of Australia, Mount Sinai (New York) 
SUCCESS fund, University of New South Wales.

Introduction
A substantial proportion of patients with ulcerative colitis 
are resistant or intolerant to standard drug treatment. In 
view of the pathophysiological role of the enteric 
microbiota in infl ammatory bowel disease,1 microbial 
manipulation could be an alternative therapeutic 
approach. Evidence for use of antibiotics, probiotics, and 
prebiotics is inconsistent in active ulcerative colitis.2 By 
contrast, faecal microbiota transplantation entails transfer 
of the entire enteric microbiota and might have 
augmented capacity to correct the complex microbial 
disturbances associated with ulcerative colitis.3

Faecal microbiota transplantation is highly e!  cacious 
for treatment of Clostridium di!  cile infection,4 with the 
ability to restore healthy microbial ecology. However, 
enteric microbiota alterations in ulcerative colitis 
might be more resistant to restoration than those in 
C di!  cile infection, possibly requiring more intense 
and prolonged therapy. To date, two controlled 
trials evaluating faecal microbiota transplantation in 
ulcerative colitis5,6 have di" ered in their infusion 
protocols, entailed at most weekly treatment, and 
provided confl icting outcomes. In both studies, one 
donor was used for every patient, with fi ndings of one 
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Is There a Relationship Between Diet, the Gut 
Microbiota and IBD?
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between herbivores and carnivores [13&]. In humans,
it appears that there has also been a long-term
evolution of the host-gut microbiota symbiosis
[14]. The development of agriculture and the dom-
estication of animals have led to a broadening of
the human diet which has, perhaps, altered the
composition of the human gut microbiome [14].

The notion that diet can influence the micro-
biota was strengthened by an examination of the
fecal microbiota of European children compared to
that of children from rural Africa [15]. There were
similarities in the genera of bacteria present in the
gut among the youngest children from both groups,
whichmay be explained by breast feeding. However,
outside of this age group, there were considerable
differences in the gut microbiota between the
African children, fed a traditional diet high in fiber,
and the European children, fed a modern Western
diet. A recent study on the impact of diet on the
microbiome in healthy human patients demon-
strated that long-term agrarian dietary patterns
are associated with an enterotype dominated by
Prevotella [16&], a genus also frequently observed
in people from rural Africa [15]. A long-term diet
high in animal protein and fats and low in carbo-
hydrates, similar to a Westernized diet, is associated
with high quantities of bacteroides and low
quantities of Prevotella [16&]. The influence of diet
on the microbiome is in an early stage of character-
ization and additional studies are essential to
enhance our understanding of this relationship
(Fig. 1).

The impact of genetics is less well characterized.
Investigations of the heritability of the microbiota
are primarily comprised of studies in animalmodels,
and these studies have been reviewed recently [17].

A limited number of human studies, in particular
twin studies, have yielded inconsistent results
[18,19]. It is logical to believe that genetics and
the environment interact to shape the human gut
microbiome. However, the current evidence on the
role of genetics is relatively modest.

HOST GENETICS AND THE GUT
MICROBIOTA IN THE PATHOGENESIS OF
IBD
IBD, including Crohn’s disease and ulcerative colitis
affects approximately 1.5 million Americans and
the incidence seems to be increasing worldwide
[20&]. The pathogenesis of IBD is currently thought
to involve an inappropriate and persistent inflam-
matory response to commensal gut microbiomes
in genetically susceptible individuals. The notion
that the gut microbiota plays a critical role in the
development of IBD is supported by a multitude of
animal studies showing that bacterial colonization
of the gut is critical for the development of intestinal
inflammation [21] (Fig. 1). Clinical observations in
patients with IBD also support a role for the gut
microbiota as IBD usually affects intestinal regions
with the highest level of bacteria, and both fecal
diversion and the use of antibiotics can be effective
in the management of Crohn’s disease [22,23].
However, genetic evidence provides the strongest
evidence for the role of microbes in IBD patho-
genesis. Genome-wide association studies (GWAS)
have already identified over 100 genetic risk loci,
including 28 that are shared between Crohn’s
disease and ulcerative colitis [24&&]. Although host
genetics play a critical role in disease pathogenesis,
concordance rates in monozygotic twins of 16% for
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FIGURE 1. Relationship between diet, the gut microbiota and inflammatory bowel disease. Evidence for these relationships is
shown adjacent to the solid arrows. Dietary interventions for the treatment of Crohn’s disease are shown adjacent to the
dashed arrows: exclusive enteral nutrition (EEN), restriction diet, bowel rest (NPO AQ3). Further investigation is needed to
determine whether or not any observed efficacy from these interventions involves diet-induced alterations in the gut microbiota.
GWAS, genome-wide association studies.

Impact of diet on the gut microbiome Albenberg et al AQ1.
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Food Items                       CD (n=1121)

(B, W)

UC (n=597)

(B, W)

CD-O (n=405)

(B, W)

UC-P (n=206)

(B, W)
Improved Symptoms

Yogurt 108, 7* 54, 3* 26, 0* 19, 0*
Rice 59, 3* 30, 3* 20, 3† 16, 0*
Bananas NR NR NR 14, 0*

Worsened Symptoms
Non-Leafy Vegetables 28, 221* 29, 81* 7, 90* 3, 36*
Spicy Foods 1, 145* 3, 79* 0, 46* 0, 33*
Fruit 50, 136* 40, 63 22, 51† 15, 24
Nuts 3, 120* 1, 33* 0, 52* 0, 21*
Leafy Vegetables 6, 115* 2, 50* 2, 29* 1, 14†
Fried Foods 0, 105* 0, 53* 0, 22* 0, 11†
Milk 6, 105* 0, 49* 5, 28* 2, 14†
Red Meat 6, 103* 7, 47* 2, 24* NR
Soda 11, 99* 0, 46* 0, 33* 0, 28*
Popcorn 2, 97* NR 0, 27* 0, 18*
Dairy 3, 94* 1, 56* NR 0, 12†
Alcohol 0, 90* 0, 54* NR 0, 23*
High Fiber 19, 87* 19, 35† 7, 46* NR
Corn 0, 77* 0, 31* 0, 29* NR
Fatty Foods 0, 62* NR NR NR
Seeds NR NR 0, 22* NR
Coffee NR 4, 37* NR NR
Beans NR 5, 30* NR NR

Patient-reported foods that improve / worsen symptoms

P values from the sign test. Bonferroni method p<0.00039 (i.e., 0.05/127) identified with an asterisk (*). Cohen AB Dig. Dis. Sci. 2012.



Dietary Inflammatory Potential 
Associated with Increased Risk of CD

Lo et al. Gastroenterology. May 2020. 



Something “Bad” in Diet and the Microbiome?

Courtesy of Arie Levine

Khoshbin and Camilleri. Am J Physiol Gastrointest Liver Physiol. September 2020. 



Dietary Approaches for Treating IBD
• Exclusive Enteral Nutrition (EEN)

• Whole Food Therapeutic Diets: 
– Specific carbohydrate diet (SCD)
– Crohn’s disease exclusion diet
– Semi-vegetarian diet
– CD-TREAT
– “Anti-inflammatory” diet



Defined Formula Diets for CD: Children



Defined Formula Diets for CD

PCDAI CRP CDEIS Histol -
Ileum

Histol -
Colon

Polymeric diet - Pre 38.1 10.4 12.9 10.4 10.7
Polymeric diet - Post 6.53 2 5.9 3.8 4.6
Corticosteroids - Pre 35.5 11.9 12.7 11 11.1
Corticosteroids - Post 7.5 2.2 9.8 9.6 8.8
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10 Week open label RCT in newly 
diagnosed children with Crohn’s
Polymeric diet (n=19) vs. Steroids 
(n=18)

* P<0.05 for Pre vs Post

Borrelli O. CGH
2006;4:744-53



CDED Trial - RCT comparing CDED+PEN 
to EEN followed by PEN

78 patients mild to moderate CD , mean age 14.2±2.7 years

*Primary 
outcome = 
tolerance



Rapid Response to Dietary Therapy

Sigall Boneh et al., Clin Gastro and Hepatology 2020;46:546-56.

Response, Remission, normal 
CRP at week 3

CRP at weeks 0, 3, 6

CDED EEN Total



CHOP “Partial” EN Protocol
• CHOP protocol
• 8-12 weeks
• 80-90% of estimated 

needs from formula
• 10-20% food 

– Pediatric anti-inflammatory 
diet pyramid

• NG tube/oral/combo

REE
Males

Females

0-3 60.9W - 54 61.0W - 51 

3-10 22.7W + 495 22.5W + 499 

10-18 17.5W + 651 12.2W + 746 

18-30 15.3W + 679 14.7W + 496 

• WHO’s REE multiplied by activity 
factor
• REE x 1.5 for no malnutrition 
• REE x 1.7-1.8 if moderately 

malnourished or more than 2 
hours/day high intensity 
physical activity 

Gupta K et al. Inflamm Bowel Dis. 2013



Elemental vs. Nonelemental
Response to Dietary Therapy
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Where should we place EEN?
• Most common placement of EEN observed in the 

literature: alternative to corticosteroid as a bridge to 
thiopurine

• Scarce data evaluating combination of EEN with other 
therapies (1 study with anti-TNF)

• Bridge to PEN for maintenance?
• Bridge to exclusion diets?
• Bridge to anti-TNF (delayed insurance approval, allow 

immunization catch-up in unimmunized, patients with 
intra-abdominal abscess)



Exclusive Enteral Nutrition: Pros and Cons

+ At least as effective as 
steroids

+ Associated mucosal healing
+ Works quickly
+ Improves nutritional status
+ Improves bone health
+ No side effects

- Demands resources, 
education, & dedication

- Limited long-term benefit
- Exit strategy?

Courtesy of Eytan Wine



CD-TREAT: Emulating EEN with food
• Hypothesis: Ordinary food diet based on 

composition of Modulen formula can 
achieve similar efficacy as EEN for 
treatment of Crohn’s 

• Diet: 
– Avoid gluten, lactose
– Match macronutrients, vitamins, 

minerals, and fiber
– Food delivered by catering company

• Results:
– 28 Healthy adults: similar effects on                                                                            

microbiome and metabolome
– 5 children with Crohn’s: 4 improved, 1 

discontinued because of symptom exacerbation

Svolos V. Gastroenterology. 2018.



Author Study design n Summary

Two ongoing multicenter trials:   1) n-of-1 study of SCD and modified SCD (120 participants)
2) SCD vs. Mediterranean diet  (194 participants)

Suskind DL, J Clin
Gastro (2018)

Prospective case 
series

13 Clinical + laboratory improvements; significant microbiome shifts

Braly K, J Ped Gastro 
Nut (2017)

Prospective diet 
eval

9 Nutrient intake comparable to 2012 NHANES reference group for 
protein, vitamins, minerals

Obih C, Nutrition 
(2016)

Retrospective
case series

26 Improved clinical and laboratory parameters for Crohn’s disease 
and UC

Suskind DL, Dig Dis 
Sci (2016)

Patient survey 417 Majority of respondents perceive clinical benefit to SCD

Burgis JC, World J 
Gastro (2016)

Retrospective
case series

11 Improved labs, growth parameters

Kakodkar S, J Acad
Nut Diet (2015)

Retrospective
case series

50 SCD is effective for some adults with IBD; High quality of life 
reported

Suskind DL, JPGN
(2014)

Retrospective
case series

7 Improvement in clinical + lab parameters (Hct, CRP)

Cohen SA,  JPGN 
(2014)

Prospective case 
series

16 Clinical and mucosal improvements seen



Levine et al. Gastroenterology Aug 2019;157:440-50.

Crohn’s Disease Exclusion Diet is Equally Effective but Better Tolerated than Exclusive 
Enteral Nutrition for Induction of Remission in Mild to Moderate Active Paediatric 

Crohn’s Disease: A Prospective Randomized Controlled Trial



CDED Trial - RCT comparing CDED+PEN 
to EEN followed by PEN

78 patients mild to moderate CD , mean age 14.2±2.7 years

*Primary 
outcome = 
tolerance



Week 6: Comparison EEN vs CDED + 
PEN (50% calories from formula)

Levine A. Gastro. 2019.  



Week 6 PCDAI and CRP

Levine A, Gastro. 2019.  



Median FCP weeks 6 and 12

Levine A, Gastro. 2019.  

Rebound at 
week 12 in EEN 

group with 
transition to 
25% formula, 
75% free diet



CDED RCT Conclusions

• Large (relatively)! And randomized, controlled!
• Not powered to be an efficacy trial but as good (? better) than 

EEN for induction of remission
• Mild disease cohort with short disease duration (<36 mos)
• No mucosal healing endpoint, but significant reduction in FCP
• Long term outcomes unknown 

– Will patients achieve mucosal healing with diet alone by 6 months?
– Is the diet sustainable long term?

• Is the formula required? Which formula?



Conclusion
• Exclusive enteral nutrition (EEN) is effective therapy for Crohn’s

• Restriction diets involving regular food have shown promise

• There are limitations to the clinical data for dietary therapy in IBD. This should 
not necessarily be a deterrent. 
– Shared decision making and following objective outcomes closely are critical
– Consider dietary therapy ”a drug”

• I expect the same compliance with therapy and with monitoring and 
willingness to move on if therapy not working

• ? Increased monitoring

• Further studies on dietary therapy needed, particularly those that address 
mechanism 


