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Meeting Summary
For many people with Crohn’s disease (CD), onset occurs in childhood or adolescence. Treatment 
for CD has moved from predominantly surgical to, more often, pharmacological. While successful for 
many, others have tried various medications and combinations without long-term success and, for 
all, drug treatment needs to be balanced with potential therapy risks. Findings that diet can impact 
pathogenesis of CD to cause and exacerbate symptoms have inspired studies of dietary interventions. 
The Crohn’s Disease Exclusion Diet (CDED) was developed following the observation that certain 
dietary components were linked to inflammation and gut dysbiosis found in those with CD. This  
three-phase diet included two periods of a highly-controlled and prescribed diet, followed by a 
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Introduction to Nutritional 
Management of Paediatric 

Crohn’s Disease

Professor Paolo Lionetti

CD, a complex condition with a genetic 
predisposition, can start in childhood or 
adolescence.1 Surgery used to be the mainstay 
for CD but rates have now decreased,2 possibly 
because of the use of biopharmaceutical drugs 
(‘biologics’), more tailored use of thiopurines, 
and earlier disease recognition.3 However, 
pharmacotherapy may be limited because each 
biologic targets only one pathway. As other 
pathways come into play leading to disease 
progression, it is not known if, with these agents, 
the natural history of CD is changed in the long 
term.3,4 Dietary therapy with CD may help in  
this respect.

Diet and the immune response can affect a 
person’s gut microbiota. A diet containing cereals, 
legumes, and fibre, such as that consumed 
by children in rural Burkina Faso, promotes a 
gut microbiota with a wide variety of bacterial 
species able to extract metabolic energy from 
ingested plant polysaccharides.5 This leads to 
the production of short-chain fatty acids, which 
help control inflammation6 and improve epithelial 
cell energy metabolism in colitis.7 Comparison 
of these rural children to those who moved to a 
more urban environment found the change to a 
diet higher in calories and lower in fibre altered 
microbiota composition and lowered short-chain 
fatty acid levels to become similar to children in 
urban Italy.5,8

However, location (rural versus urban) is less the 
problem than what is consumed. A ‘Mediterranean 
diet’, including fruits, vegetables, whole grains, 

and seafood, is associated with high microbiome 
diversity, an intact gut epithelial barrier, and a 
balanced immune function. In contrast, a ‘Western 
diet’, low in fibre and high in total fat, animal protein, 
polyunsaturated fatty acids, and refined sugars, 
is associated with alterations in microbiome 
composition and metabolic activity (dysbiosis), 
increased epithelial barrier permeability, and loss 
of immune system tolerance.9-11

In the question and answer (Q&A) session, it 
was asked if everyone should avoid potentially 
inflammatory foods, such as the additive 
carrageenan. While there is little evidence 
regarding recommendations for carrageenan 
for the general population according to Mrs 
Sigall-Boneh, Prof Lionetti illustrated how animal 
and in vitro models have shown a significant 
role for dietary components in gut health. For 
instance, gut epithelial function and mucous layer 
composition can be disrupted by carrageenan,12 
emulsifiers,13 and a high-fat diet.14

Prof Lionetti hypothesised that, combined with 
genetic factors, low-grade inflammation caused 
by a Western diet can lead to CD development. 
For example, one large 26-year epidemiological 
study found CD risk was inversely associated 
with level of fruit and fibre consumption.15 As 
such, controlling diet in those with CD, such 
as with the CDED, may be useful in managing  
CD-associated inflammation.16 

maintenance diet in which patients had a wider choice of foods. The diet limited ingestion of foods 
that may trigger inflammation and/or dysbiosis in CD, such as saturated fats, wheat, carrageenan, and 
some dairy products, and included healthy choices, such as fruits, vegetables, lean protein sources, 
and complex carbohydrates. It was nutritionally balanced, science-based, and included foods that 
were widely accessible. Based on findings from clinical trials and case studies, four experts (Prof 
Lionetti, Prof Martín-de-Carpi, Mrs Sigall-Boneh, and Prof Wine) discussed the background of CD, 
current treatment options, the utility of dietary therapies including CDED, and how all healthcare 
professionals (HCP) looking after children and adolescents with CD should consider the use of diet  
as part of their therapy.
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Different Approaches for  
the Induction and Maintenance  

of Remission in Paediatric  
Crohn’s Disease 

Professor Javier Martín-de-Carpi

Treatment objectives for paediatric CD include 
achieving and maintaining remission, halting 
disease progression, and providing adequate 
nutrition for growth. There is also a focus on  
limiting potentially damaging medication 
side effects and reducing surgery and 
hospitalisations, along with holistic objectives, 
such as improving quality of life and facilitating 
support. Of great importance is recognising life-
reducing factors associated with CD, including 
infections, disability, cancer, and bone mineral 
density problems. While many paediatric HCP do 
not see such complications, these may occur as 
the patient grows up with CD.

Following European Society for Paediatric  
Gastroenterology, Hepatology and Nutrition 
(ESPGHAN) and the European Crohn’s and 
Colitis Organisation (ECCO) guidelines, first-line 

treatment for children with CD is 6–8 weeks of 
exclusive enteral nutrition (EEN).17,18 Maintenance 
therapy may include immunosuppressant 
drugs, such as thiopurines or methotrexate 
(MTX); anti-TNFα drugs, including infliximab 
and adalimumab;17,19 other biologics, such as 
vedolizumab or ustekinumab; or combination 
therapy.20-24 The benefits of drug therapy must 
always be considered alongside the risks. 

In the long term, some people fail drug therapy 
at various stages and switching therapies and/
or surgery may be required.25-28 There are also 
those that unsuccessfully progress down each 
line of therapy and hit, according to Prof Martín-
de-Carpi, a ‘non-exit road’.17 However, he stressed, 
treatment should not be ‘one-directional’ and 
HCP should reconsider previous treatments or 
re-examine those treatments not used before, 
including “going back to basics.” 

CD pharmacotherapy is utilised to stop the 
immune system reaction and aid the microbiota 
in blocking inflammation; however, these may 
not address environmental factors causing CD. 
Proper dietary interventions could address all of 
these needs (Figure 1). 

Figure 1: Crohn’s disease may have a genetic factor that cannot be changed, but pharmacotherapy and diet can 
address factors associated with a person’s immune system, microbiota, and environment.

IS: Immunosuppressant drugs.
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Paediatricians should discuss diet as part of CD 
treatment because it is a concern for patients 
and many parents ask about it when their child 
is diagnosed.29 Some patients/parents try 
restrictive, unhealthy diets but, following EEN, 
previous advice was against dietary modification 
as no single food was implicated as being entirely 
involved in CD.30 The CDED was highlighted by 
Prof Martín-de-Carpi as being one that people 
might consider trying because it fits well with 
the frequent demand by patients and their 
relatives regarding acceptability and compliance. 
It is as effective as EEN in achieving clinical and 
biochemical remission and mucosal healing but 
superior to EEN in tolerance and compliance.31-37 
Thus, the CDED may constitute a nutritionally 
balanced long-term strategy for maintaining 
remission if complied with adequately.

In conclusion, Prof Martín-de-Carpi emphasised 
how treatment plans need to be accessible and 
involve tools for patient autonomy to help them 
manage their daily life with less direct assistance 
from HCP. Allowing a patient to actively  
participate in their care could lead to better 
treatment adherence and lifestyle changes.

Updates in the Dietary 
Management of Crohn’s Disease 

with the Crohn’s Disease 
Exclusion Diet: Can We Predict  

a Patient’s Response?

Mrs Rotem Sigall-Boneh

As discussed above, CD-associated microbiome 
changes can lead to inflammation and CD 
symptoms. For example, dysbiosis is associated 
with high fat and sugar intake, low fibre intake, 
and ingestion of gluten, emulsifiers, and taurine. 
Bacterial pathogenicity, virulence, epithelial 
translocation, and mucosal adhesion are also 
associated with many of these dietary factors, 
as well as with ingestion of maltodextrins, 
high animal protein intake, and low intake of  
resistant starch.31

CDED, developed in 2011 by Prof Arie Levine, 
is a proven dietary plan with a high level of 
evidence for efficacy.16 CDED excludes potentially 
proinflammatory dietary factors to help reduce 
inflammation and improve the microbiome 

balance. It comprises three phases defined by 
which foods, and how much, can be consumed 
in each. Phases 1 and 2 are 6 weeks each and 
are designed to induce remission, with Phase 3 
set as a continuum with more flexibility in the 
diet, adapted for maintenance of remission. 
Progressive exposure, where at each phase more 
foods are allowed, makes it easier for long-term 
compliance. CDED is balanced in nutritional  
needs, is palatable, and includes allowed foods 
(some of which are highly recommended), 
excluded foods, and those that may require 
exclusion or reduced exposure depending on 
the individual.31 The diet uses foods that can 
be widely accessed and includes recipes and a 
support programme (ModuLife, Nestlé Health  
Science, Switzerland).

CDED foods include fruit, vegetables, resistant 
starch, high-quality lean protein sources, complex 
carbohydrates, and healthy oils. Food choices 
define consumption of low or no amounts of 
inflammatory-linked components, including 
animal and saturated fats, taurine, wheat, haem/
iron, emulsifiers, maltodextrins, carrageenan, 
sulphites, and dairy products.31 In Phase 1, 
CDED foods constitute approximately 50% of a  
patient’s energy requirements, with 50% from 
partial enteral nutrition (PEN). In the Q&A, 
Prof Lionetti discussed how tube-fed EEN was 
originally essential because the formula was 
‘‘unpalatable,’’ but more recent polymeric formulas 
may be taken orally because “the taste is much 
better and accepted by both adults and children.” 
A similar formula is used as part of the CDED to  
complement nutrition and energy needs. 
Moreover, during the Q&A, Mrs Sigall-Boneh 
discussed how in Phase 1, fibre is limited as 
a result of inflammation that might cause 
narrowing of the intestine and might lead 
to abdominal pain; however, at later stages  
exposure to fibre is recommended if no stricture 
is present. In Phase 1, refined rice is allowed if 
cooked with a lot of water to reduce potential 
arsenic exposure. In Phases 1 and 2, frozen and 
processed foods are discouraged because some 
have additives; however, some can be introduced 
in Phase 3 if tolerated. 

CDED studies have found CDED to have  
better tolerance and adherence than EEN16,32 
and have success in complicated situations, 
for example in patients who do not respond to 
biological therapy.33 
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In 2019, Levine et al.16 published the first 
randomised controlled trial that investigated 
CDED+PEN (n=40) compared to EEN (n=38) in 
children aged 4–18 years with mild-to-moderate 
luminal CD, defined by a Paediatric Crohn’s 
Disease Activity Index (PCDAI) score between 10 
and 40. By Week 6 (Figure 2A), there was a high 
and comparative response rate with both diets 
and many participants achieved a PCDAI score 
≤10, with some having a PCDAI score <10. 

As dietary treatment can lead to remission, Mrs 
Sigall-Boneh posited that early response might be 
used to predict this. An assessment of Levine et 
al.’s16 data found that most participants responded 
to dietary therapy by Week 3, with many having 
a PCDAI score <10 (Figure 2B). Similar response/
remission rates were shown between diets at 
both Week 3 and Week 6 (Figure 2C), along 
with a significant reduction in the inflammatory 
biomarker C-reactive protein (CRP) in both 
groups (Figure 2B and Figure 2C).34

In this analysis, 75.4% of those who achieved 
response at Week 3 showed remission at Week 
6. Of those with a PCDAI score <10 at Week 6, 
94.0% achieved response and 81.6% achieved 
remission at Week 3. As such, remission at Week 
3 was found to be predictive of remission at 
Week 6 (odds ratio [OR]: 6.37; 95% confidence 
interval [CI]: 1.600–25.000; p=0.008) and 
Week 12 (OR: 4.5; 95% CI: 1.235–16.476; 
p=0.023). Week 6 remission was negatively 
predicted by poor compliance (OR: 0.75; 95%  
CI: 0.012–0.460; p=0.006).34

It may be that Week 3 response results can 
be used as a diagnostic tool such that for  
responders, assurance can be given that they 
will very likely continue to respond to CDED, 
potentially for the rest of their lives. If a person does 
not respond at Week 3, with no other biological 
markers indicating signs of improvement, it may 
indicate the need to abandon the diet and initiate 
other treatments instead of persisting to Week 6.

Figure 2:  A) CDED+PEN at Week 6 response and remission; B) response, remission, and CRP levels following dietary 
therapy (CDED+PEN or EEN); C) CDED+PEN or EEN at Week 3 response, remission, and CRP levels.

CRP: C-reactive protein; CDED: Crohn’s Disease Exclusion Diet; EEN: exclusive enteral nutrition; PCDAI: Paediatric 
Crohn’s Disease Activity Index; PEN: partial enteral nutrition. 

Adapted from Levine et al.;16 Sigall-Boneh et al.34

A CB
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In the Q&A, it was suggested that response 
factors could include the inflammatory protein 
faecal calprotectin (FCP) and microbiome 
analysis. However, as discussed by Prof Wine, 
Levine et al.16 found FCP response to be slow 
and, while microbiome changed to a degree with 
dietary therapy, microbial balance predominantly 
reappeared when food was reintroduced to  
EEN, but not with Phase 2 CDED.

The Q&A also raised the question of whether 
there were comparison studies regarding mucosal 
healing with CDED or drug therapy. The panel 
discussed how studies that have examined this, 
including a comparison of CDED with steroids, 
were ongoing. Prof Wine emphasised that it was 
important to consider not only how quickly a 
treatment works, as may be found with steroids, 
but how safe it is long term.

In conclusion, Mrs Sigall-Boneh emphasised how 
therapeutic strategies should be personalised 
and include the option of dietary modulation. She 
suggested that short-term use of dietary therapy 
may be warranted in some to identify dietary 
response and that dietary therapy can be used 
as a standalone therapy, a bridge to biological 
therapy, or as an adjunct to medication. 

From Theory to Practice: Clinical 
Use of Crohn’s Disease Exclusion 

Diet in Real-Life Cases

Professor Eytan Wine

The aforementioned clinical trial excluded 
children using steroids or biologics and those 
with perianal or primary colonic disease.16,35 Prof 
Wine posited that other CD cohorts could benefit 
from CDED, such as those with severe luminal  
CD, individuals who are refractory to drug  
therapy, or for those where CDED might be 
beneficial beyond 12 weeks. Recent studies have 
highlighted the important role of dietary therapies 
for those with CD in settings different to clinical 
trials36,37 and ongoing studies are focussing on 
more severe patients.

Case Presentations

Case 1

Case 1 highlighted the utility of CDED+PEN for 
severe CD. A 12-year-old male with a genetic 
predisposition experienced escalating pain over 
3 months, bloody diarrhoea, weight loss, mouth 
sores, and fatigue. His PCDAI was 45 and he 
had high inflammatory markers including CRP 
(24.5 mg/L) and FCP (3,378 µg/g) at diagnosis. 
Endoscopy revealed panenteric disease and 
biopsies were positive for granulomas (indicating 
immune system activation and inflammation).  
CD was severe in the terminal ileum where 
ultrasound revealed a long, thickened segment 
(3.5–4.0 mm) with fat proliferation and 
stratification loss. 

Two weeks of EEN achieved almost complete 
remission with no pain, little diarrhoea, normal 
CRP (<0.5 mg/L), and a PCDAI of 10. While usual 
practice would be to continue EEN, the patient 
undertook Phase 1 CDED+PEN and was happy 
to resume eating at least some food. Complete 
clinical remission was achieved at 6 weeks, 
with a PCDAI of 0, normal CRP (0.2 mg/L), and 
normal terminal ileum thickness (0.9–1.4 mm). 
After 6 weeks of Phase 2 CDED, PCDAI was 0, 
CRP was <0.2 mg/L, and FCP was 229.4 µg/g. 
The patient continued onto Phase 3 maintenance 
CDED and remained in remission 22 weeks after  
initial treatment.

Reflecting this case, one Q&A query posited 
whether CDED could be used as maintenance 
therapy alone. Data are currently only based on 
experience, though trials are ongoing. Studies of 
maintenance CDED are “challenging,” explained 
Mrs Sigall-Boneh, “as patients can have some 
‘free’ meals and choose what to eat. We educate 
the patient to maintain some kind of restrictive 
diet but still go out and enjoy a normal life and 
find the balance.” Prof Wine added that: “There  
is some fatigue for patients on a maintenance  
diet even though it’s more liberal. There are 
limitations and certainly for some children it’s 
more difficult while some love it.” 

During the Q&A, Prof Wine shared: "Even if we’re 
getting a partial response [with CDED] and you 
get along with less adjuvant therapy, that’s an 
accomplishment. If you can get the effect you get 
with EEN of not needing steroids and allowing 
us to complete the workup and start the patient 
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on another therapy in a better situation, that’s 
a good enough reason to do it.” The following  
cases highlight this.

Case 2

Case 2 examined CDED+PEN in someone who  
had lost response to biologic treatment. This 
22-year-old male was diagnosed with CD aged 
16 years old and was treated with infliximab plus 
MTX, then switched to adalimumab plus MTX 
when infliximab response was lost. He achieved 
clinical remission including partial mucosal  
healing; however, there was noticeable loss 
of response to adalimumab when MTX  
was discontinued. 

On presentation, the patient reported frequent 
diarrhoea, weight loss, anorexia, and resumption 
of symptoms over 6 weeks. Investigations 
revealed elevated CRP (19 mg/L) and FCP  
(604 µg/g). With adalimumab retained, the  
patient was given Phase 1 CDED+PEN. By 6 
weeks, his CRP level normalised, he had no pain 
or diarrhoea, and was nearing remission so he 
proceeded to Phase 2. Week 12 assessment 
showed reduced FCP (228 µg/g) and normal 
CRP. Unfortunately, as a student away from 
home, while he continued taking adalimumab, 
he could not maintain the diet and he relapsed. 
Importantly, this case showed that dietary 
intervention can be successful in addition to 
biologics, as supported by similar case reports,3 
and highlighted the importance of compliance in 
achieving effectiveness of dietary management 
of CD.

Case 3

Case 3 discussed refractory disease with an 
indication for surgical intervention. A 15-year-old 
female was diagnosed with severe panenteric 
CD aged 5 years old. She was initially treated 
with infliximab plus azathioprine (later switched 
to MTX), then switched to adalimumab plus 
MTX following loss of response. Unfortunately, 
her symptoms, including abdominal pain, 
vomiting, and diarrhoea, were ongoing and she 
was hospitalised with a severe relapse. At this 
point, she showed severe panenteric stricturing, 
inflammation (an erythrocyte sedimentation rate 
of 90 mm/hour), and adalimumab trough levels 
of 15 µg, suggesting pharmacodynamic failure.

Remission was achieved after 2 weeks EEN and  
she commenced 12 weeks CDED+PEN (Phases 
1 and 2). While this therapy brought remission, 
she felt it was too difficult to continue with. 
Ustekinumab therapy was initiated but she 
was nonresponsive after 6 months and was 
hospitalised. Examination revealed numerous 
deep ulcers from rectum to caecum: a 15 cm 
thickened bowel loop with strictures and proximal 
loop inflammation (total 30 cm). She had an 
erythrocyte sedimentation rate of 76 mm/hour 
and indications of microcytic anaemia. 

This patient had a clear indication for surgery, 
including resection plus ileostomy, but she 
consented to retrying dietary therapy with EEN, 
followed by 12 weeks of CDED+PEN, to try to 
avoid surgery. Colonoscopy following therapy 
showed no inflammation with a normal colon, 
though because the ileum could not be intubated, 
a small segment was removed. Following surgery, 
adalimumab was restarted, and the patient 
remained in remission after 2 years. 

During the Q&A, adalimumab re-administration 
was queried because the patient had previously 
lost response to it. Prof Wine explained that: “This 
treatment was the most effective over time. The 
rationale was that the diet and removal of the 
strictured segment would lead to a debulking 
effect, get inflammation under control, and get 
the patient into remission to set them up to have 
more success with the treatment they were on 
before.” Further, it was asked what could be done 
if a symptom flare-up occurred during Phase 
3 maintenance CDED. Case 3 highlighted how,  
even without maintenance therapy, a person 
can return to Phase 1 CDED and it can be used 
alongside drug therapies to help induce and 
retain remission.

Prof Wine concluded by suggesting that there 
are many people with CD for whom CDED can be 
used at any disease stage or location, as shown in 
Figure 3. 

To highlight one example of a potential CDED 
candidate, the Q&A considered people with 
strictures. Prof Wine discussed how CDED Phase 1 
is low in fibre because of concern from stricturing 
disease and those with stricturing disease were 
excluded from the RCT16 as likelihood of success 
was lower. 
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WATCH THE FULL ONLINE SYMPOSIUM ON DIETARY MANAGEMENT OF PAEDIATRIC CROHN’S DISEASE

Figure 3: Who is Crohn’s disease exclusion diet therapy for? 

CDED: Crohn’s Disease Exclusion Diet.

Adapted from Prof Arie Levine, personal communication.

Prof Martín-de-Carpi agreed that these patients 
“may not be the best candidate for CDED; 
however,” he continued, “if there is a long delay in 
diagnosis and clear MRI images of strictures and 
previous dilations, it’s reasonable to try CDED 
or EEN… [with] close follow-up to try and get a 
full response.” Although, he advised that: “If you 
don’t hit the target you’re looking for, change to a 
treatment that’s more effective.”

Prof Lionetti discussed how there can be 
problems discriminating between inflammation 
and fibrosis. However, he posited that a liquid 
diet could help prior to surgery to limit strictures. 
This position was endorsed by Mrs Sigall-Boneh, 
whose patients often have EEN for 1–2 weeks 
prior to surgery. Prof Wine shared that: “There are 
some [with strictures] I’d try with a liquid diet in 
the first week or so and, if we see improvement, we 

would use CDED to try and settle inflammation.” 
This has the advantage of avoiding medication-
related side effects. Prof Martín-de-Carpi agreed 
that: “We all have some patients you think are 
going to require surgery, but you can control 
the disease and diminish inflammation so it’s 
worth trying.” Prof Wine reported that there are, 
however, “some cases where we don’t hesitate to 
go to surgery or use biologics.” 

Conclusion
While pharmacotherapy for CD has reduced the 
need for surgery, there are concerns for the utility 
of single-target medications and adverse event 
profiles. Dietary therapy, such as with CDED, is 
efficacious for many and could be trialled for a 
wide range of patients.

https://www.nestlehealthscience.com/newsroom/events/online-symposium-dietary-management-pediatric-crohn-disease
https://www.modulifexpert.com/Register.aspx
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