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ABSTRACT 
Inflammatory bowel disease (IBD) is a chronic inflamma-
tory disorder of the gastrointestinal tract. Patients with 
IBD are at risk of malnutrition and growth failure, largely 
depending upon their disease burden. Growing evidence 
suggests that diet plays an important role in modulating 
the intestinal microbiota, gut mucosal barrier and hence 
the intestinal immune system. Thus, diet is considered 
a potentially modifiable risk factor in IBD. Over the last 
decade this has garnered significant interest in nutrition-
al management of IBD. The following review will discuss 
different dietary interventions in the treatment of IBD, 
including enteral nutritional therapies and emerging spe-
cific diets. Given every patient’s unique genetic make-
up and microbiome, the optimal therapeutic approach, 
including the choice of nutritional therapy, should be  
personalized.

INTRODUCTION

Inflammatory bowel disease (IBD) comprising of Crohn’s dis-
ease (CD) and ulcerative colitis (UC) is a chronic inflamma-
tory disorder of the gastrointestinal tract. The global burden 
of IBD has been steadily increasing overtime, with over 6.8 
million cases reported globally.1 The pathogenesis of IBD is 
multifactorial and involves a complex interaction between 
genetic and environmental factors, which leads to an altered 
immune response to gut microbiota (Figure 1). Studies have 
shown that immigrants in industrialized countries have a 
higher risk of developing IBD as compared to people in their 
native countries, suggesting environmental factors such as 
diet and lifestyle play an important role in the pathogen-
esis of IBD.1 Certain dietary components are considered 
more pro-inflammatory than others. In a large systematic 
review, including 19 studies with 2,609 IBD patients, it was 
found that diets high in fats, especially omega-6 fatty acids, 
refined sugars, and meat were associated with increased 
risk of IBD.2,3 On the contrary, people who followed diets 
high in fiber, including fruits and vegetables, had decreased 
risk of developing IBD. Although the exact mechanism is 
unknown, it is postulated that diet influences changes in the 
gut microbiome which may affect epithelial barrier function. 
This in turn seems to have a direct influence on immune 
function, triggering a pro-inflammatory environment that is 

characterized by an imbalance in the T-helper17 cell to regu-
latory T-cell ratio.4 In a study by Chassaing et al, emulsifiers 
present in processed foods were shown to increase bacterial 
translocation and induce low-grade inflammation and met-
abolic syndrome in wild-type mice and were shown to pro-
mote robust colitis in predisposed mice.5 It has been shown 
that the gut microbiome in patients with IBD has an overall 
decrease in microbial diversity. There are decreased numbers 
of short chain fatty acid (SCFA) producing species, changes 
in amino acid profile and bile acid dysregulation. These 
microbial products promote mucus production, strengthen 
the epithelial barrier, and promote development of T regula-
tory cells, which in turn suppresses inflammation. Thus, the 
loss of symbiotic species and microbiota-derived metabolites 
may have deleterious effects in IBD.6 In recent years, the role 
of diet in IBD has sparked special interest and there have 
been numerous publications regarding the therapeutic role 
of diet in IBD. In this review, we present a summary of com-
monly used nutritional therapies for the management of IBD.

Figure 1. Influence of diet and environmental factors on gut microbiome 

in health and disease

(LPS: lipopolysaccharide, SCFAs: short chain fatty acids)
(Image created with biorender.com)
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ENTERAL NUTRITION THERAPIES
Exclusive enteral nutrition (EEN)
Exclusive enteral nutrition (EEN) is one of the most widely 
studied nutritional support therapies for the treatment of 
Crohn’s disease. Table 1 summarizes the recent studies on 
use of EEN in IBD. EEN is recommended as first-line ther-
apy, according to North American and European Pediatric 
Gastrointestinal Societies, to induce remission in children 
with active luminal CD (including with colonic involve-
ment).7 EEN typically involves the use of a complete liquid 
diet, with the exclusion of normal dietary components for 
a period of 6–12 weeks. Different formulas may be tried 
depending upon protein source and are classified into amino 
acid based (elemental), oligo/dipeptide based (semi elemen-
tal) and whole protein based (polymeric). EEN is postulated 
to work by modulation of gut microbiome by elimination of 
dietary antigens, improved intestinal epithelial barrier, and 
resultantly decreased inflammatory mediators.8 In a study 
by Borelli et al, 37 children were randomized to two treat-
ment arms, out of which 19 received polymeric formula and 
18 received corticosteroids. At week 10, patients in both 
groups achieved comparable clinical remission. However, 
children in the polymeric group achieved higher mucosal 
healing as compared to the corticosteroid group (74% versus 
33% respectively; p < 0.05).9

In a large systematic review with meta-analysis, 18 studies 
comparing exclusive enteral nutrition to corticosteroids in 
inducing remission in pediatric CD were included. Authors 
found that EEN had similar efficacy to steroids in inducing 

clinical remission. However, patients in the EEN group had 
higher mucosal healing (p < 0.0005), histological healing 
(p= 0.0009) and higher weight gain (p= 0.05) in comparison  
to steroids.10 

EEN therapy is also associated with fewer side effects 
versus steroids. More recently, the GROWTH CD study, 
prospectively followed 147 children with mild-to-moder-
ate CD for 2 years to evaluate complications, steroid-free 
remission and growth rates. Children treated with EEN had 
a trend towards higher height Z-scores when compared with 
children treated with steroids with no difference in relapse 
rates.11 Other studies have also compared the effective-
ness of EEN to biologic therapy and have found that both 
treatments lead to improvement in clinical symptoms, 
mucosal healing, and weight. However, EEN was deemed 
superior in terms of its side effect profile when compared with  
infliximab therapy.12

While the data for use of EEN in pediatric population is 
more robust,11-16 for adults with IBD, EEN has shown vari-
able results.17-19 A recent 2018 Cochrane systematic review 
including 27 studies favored steroids over EEN in adults 
based on intention-to-treat analysis. In adults, 50% of pa- 
tients on EEN achieved remission versus 83% in pediatrics. 
It is unclear whether the difference between efficacy in pedi-
atric and adult EEN studies are related to disease severity  
or compliance with therapy.20

Another recent meta-analysis involving adult patients 

evaluated the benefit of Infliximab and EN (enteral nutrition) 
with infliximab (IFX) monotherapy for the maintenance of 

Authors Year Age (yr) Study Design n Summary

Borrelli et al 9 2006 4–17 Randomized control trial 37 EEN therapy achieved similar clinical response to steroids. Mucosal 
remission higher in steroid group (p <0.05)

Buchanan et al 13 2009 9–13 Prospective study 114 EEN induced clinical remission in 80% cases (p<0.001) Disease phenotype 
should not influence outcomes on EEN.

Grogan et al 14 2012 5–16 Randomized control trial 34 Choice of formula in EEN (elemental vs polymeric) does not influence 
remission rates. Fecal calprotectin levels decreased in both groups (p<0.05)

Lee et al 15 2015 3–18 Prospective cohort 90 EEN and anti–TNF were effective for decreasing mucosal inflammation 
(p=0.001) and improving quality of life.

Grover et al 16 2016 <16 Prospective cohort 54 Use of EEN improved clinical symptoms. Early mucosal healing predicted 
sustained remission up to 3 yrs (p=0.005)

Luo et al 12 2017 5–15 Prospective cohort 26 Both EEN and infliximab therapy induced clinical remission (p<0.001) Less 
adverse effect profile observed with EEN.

Dolev et al 11 2018 4–17 Prospective cohort 285 EEN therapy achieved higher remission and better growth vs steroids 
(p=0.05)

Yang et al 19 2017 18–60 Prospective study 41 EEN effective in inducing clinical remission (p<0.01), mucosal healing, and 
promoting fistula closure. 

Heerasing et al 20 2017 28–50 Retrospective case control 51 EEN improved inflammation (p=0.02), reduced need for surgery and post 
op complications (p=0.04)

Sahu et al 21 2021 22–47 Randomized open label 
trial

16 EEN use reduced inflammatory burden and improved steroid 
responsiveness (p=0.04)

Table 1. Summary of studies using exclusive enteral nutrition in inflammatory bowel disease

(EEN: exclusive enteral nutrition, TNF: tumor necrosis factor)
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clinical remission and found that rate of clinical remission 
in patients receiving EN with IFX was 69.4% versus 45.4% 
in those with IFX monotherapy.21

Although successful, EEN is a restrictive diet with limited 
tolerability, particularly in adults. These challenges in the 
use of EEN in adults have sparked interest in the use of alter-
nate effective dietary therapies that may be more acceptable 
and palatable.

Partial enteral nutrition
Partial enteral nutrition (PEN) relies on the use of formula 
in addition to an unrestricted diet with the aim of improv-
ing dietary compliance in patients, especially in adults. In a 
randomized control trial, Takaji et al evaluated the role of 
half elemental diet in adults with Crohn’s disease and found 
that the relapse rate in the PEN group was lower [34.6% vs. 
64.0%] as compared to the free diet group over a two-year 
period.22

Studies have shown that even though partial enteral nutri-
tion helps in achieving clinical remission, the response is 
less robust when compared to total enteral nutrition and 
anti-TNF therapy. In a prospective study of children initi-
ating PEN, EEN, or anti-TNF therapy for Crohn’s disease, 
clinical response was achieved in majority of patients on 
EEN (88%) and anti-TNF (84%) as compared to 64% on PEN 
(p trend=0.08).23 Similarly in another large study, remis-
sion rate with PEN was lower than with EEN (15% vs 42%; 
p = 0.035). Although PCDAI fell in both groups (p = 0.001), the 
reduction was greater with EEN.24

Both these pediatric studies show that even though par-
tial enteral nutrition helps in controlling symptoms to some 
extent, exposure to dietary antigens from unrestricted diet 
may be responsible for the suboptimal response. This has led 
to trials of specific dietary therapies in the treatment of IBD.

SPECIFIC DIETARY THERAPIES

Specific carbohydrate diet (SCD) 
SCD excludes most carbohydrates from the diet, including 
refined sugars, grains, processed foods, additives and dairy, 
and allows some specific fermented yogurt and hard cheeses. 
It excludes disaccharides and most polysaccharides (such 
as starches) which are thought to be fermented by colonic 
bacteria and lead to dysbiosis and inflammation. SCD has 
been effectively studied for induction of remission in IBD,  
especially in the pediatric population.

In a prospective study of pediatric patients with mild- 
to-moderate IBD, SCD was associated with clinical improve-
ment and decrease in inflammatory markers. Fecal micro-
biome reflected these changes with increased microbial 
diversity.25 In one large, randomized control trial comparing 
SCD to modified SCD (mSCD) and whole foods’ (WF) diet, 
patients were evaluated at baseline, 2, 4, 8 and 12 weeks. At 
week 12, all participants who completed the study achieved 

clinical remission. The inflammatory markers including 
C-reactive protein and ESR decreased from baseline in all 
groups, but more so in SCD and mSCD groups, along with 
changes in microbial diversity.26 Despite showing prom-
ising results,25-27 SCD may be very restrictive for pediatric 
patients to follow with concerns for macro- and micro- 
nutrient deficiencies.

Although there are few studies on efficacy of SCD in adult 
patients, one anonymous online survey of IBD patients (both 
UC and CD) evaluated the effect of SCD on symptom profile. 
In the survey, most patients perceived clinical improvement 
in their IBD symptoms. About 33% of patients reported 
remission at 2 months after initiation of the SCD and 42% 
at both 6 and 12 months.28

Crohn’s disease exclusion diet (CDED) 
CDED is a whole food-based diet that avoids dairy, gluten, 
processed meats, alcohol, emulsifying agents and other 
foods thoughts to cause dysbiosis, but allows fish, eggs, lean 
meat, and most fruits and vegetables. The CDED is gener-
ally divided into two 6-week phases grouped together as the 
induction phase, followed by a maintenance phase. CDED 
is considered to eliminate exposure to dietary antigens 
that may have adverse effects on epithelial integrity and  
microbial diversity.

Levine et al performed a randomized study including chil-
dren with mild-to-moderate CD and followed them for 12 
weeks. Children were randomly assigned to two groups: one 
group received CDED plus 50% of PEN for 6 weeks followed 
by CDED with 25% PEN for the next 6 weeks. The second 
group received EEN for 6 weeks followed by free diet with 
25% PEN for the next 6 weeks. CDED and PEN was bet-
ter tolerated versus EEN alone (97% vs 73%, p = 0.002). At 
week 12, about 75% patients in CDED plus PEN were in 
corticosteroid-free remission vs 59% children in EEN plus 
free diet group (p= 0.01). Both groups had reductions in C- 
reactive protein (CRP) and fecal calprotectin by week 6. 
However, after the introduction of the free diet in the EEN 
group, both CRP and fecal calprotectin trended upwards 
along with a shift of the microbiome towards more patho-
bionts.29 In another RCT by Signal Boneh et al, CDED was 
found to be as effective as EEN to induce remission.30

Although there is some evidence that CDED with PEN 
can be effective for induction of remission in children with 
mild-to-moderate Crohn’s disease, there is not enough data 
in adults. In one open-label pilot randomized trial, adult 
patients were randomly assigned to the CDED plus PEN or 
CDED only group. At week 6, the majority of patients in the 
CDED plus PEN group had achieved clinical remission when 
compared to CDED group (68% vs 57%; p=0.46). However, 
only about 35% of patients achieved endoscopic remission 
at week 24.31 The results are encouraging but more clinical 
data is needed to determine the efficacy of this diet.
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Mediterranean diet (MD)
Mediterranean diet mainly consists of fish, legumes, whole 
grains, fruits, and vegetables. It involves consumption 
of olive oil and nuts as source of fat. This diet is high in 
omega-3 fatty acids which are though to play a protective 
role in inflammation. Numerous cohort studies, randomized 
controlled trials, and systematic review have documented 
the efficacy of this diet to reduce inflammation.

In a prospective cohort study of 83,147 participants, adher-
ence to MD decreased the risk of developing CD overtime 

(p= 0.03).32 In another study, patients with UC who under-
went pouch surgery and adhered to MD had lower inflam-
matory burden including reductions in CRP, ESR, and fecal 
calprotectin. In a subgroup of patients, higher adherence to 
MD decreased the risk of later onset of pouchitis, thus mod-
ifying intestinal inflammation in IBD.33

In a large, randomized control trial of 194 adult patients 
with CD, the effect of MD was compared to SCD for a 
period of 12 weeks. Participants in both groups achieved 
clinical remission (SCD 46.5% vs MD 43.5%; p = 0.77) Fecal 

Table 2. Summary of specific diet therapies in inflammatory bowel disease

Author Year Age (yrs) Study Design n Summary

SCD

Suskind et al 28 2016 20–52 Online survey 417 Majority of respondents (42%) perceived clinical benefit to SCD

Obih et al 27 2016 4–19 Retrospective 
study

26 Significant improvement in PCDAI, CRP, and calprotectin over time in SCD and 
controls (p 0.03)

Suskind et al 25 2018 8–21 Prospective 
study

13 Patients on SCD had clinical improvement and microbiome shifts. ESR/CRP 
decreased in most patients (p<0.05)

Suskind et al 26 2020 7–18 Randomized 
control trial

18 Lab markers improved in all groups along with microbial diversity. Changes in 
metabolite profile in SCD, mSCD group (p<0.05)

CDED

Levine et al 29 2019 10–17 Randomized 
control trial

74 Both EEN and CDED+PEN induced remission but the latter was associated with 
more tolerability (p 0.002), higher sustained remission (p0.01) and microbial shifts.

Sigall Boneh et 
al 30

2020 11–17 Randomized 
control trial

73 CDED+PEN induced clinical remission and improved CRP as early as week 3 of 
treatment (p<0.01)

Yanai et al 31 2021 18–55 Randomized 
open label trial

44 CDED+PEN effective in inducing remission in biologic naive adult pts with mild-to-
moderate Crohn’s disease (p 0.4)

MD

Khalili et al 32 2020 45–79 Prospective 
cohort

83147 Greater adherence to a Mediterranean diet was associated with a significantly 
lower risk of later-onset CD (p 0.03)

Lewis et al 34 2021 27–53 Randomized 
control trial

194 Both MD and SCD were efficacious in inducing remission (43.5% vs 46.5%: p 
0.77). MD easier to follow.

AID

Olendzki et al 35 2014 19–69 Case series 40 After following the IBD-AID, all (100%) patients were able to discontinue at least 
one of their prior IBD medications, and all patients had symptom reduction. 

AIP

Konijeti et al 36 2017 19–60 Prospective 
study

15 Dietary elimination improved symptoms (p < 0.01) and endoscopic inflammation in 
patients with IBD. 

CD TREAT

Svolos et al 37 2019 >18 Randomized 
control trial

25 CD-TREAT was easier to comply, replicated EEN changes in the microbiome 
(p<0.001), and found to be potentially effective in adult patients with active CD.

Svolos et al 37 2019 6–15 Open label 
trial

5 Baseline PCDAI decreased in CD-TREAT group (p=0.05) along with decrease in 
fecal calprotectin (p 0.002)

Low FODMAP

Pedersen et al 39 2016 20–70 Randomized 
control trial

89 Low FODMAP diet reduced IBS-like symptoms (p 0.02) and increased quality of life 
(p < 0.01) in patients with IBD in remission.

Cox et al 38 2020 27–57 Single blind 
trial

52 4-week diet low in FODMAPs decreased persistent gut symptoms in patients with 
quiescent IBD (p 0.007)

(SCD: Specific carbohydrate diet, mSCD: modified specific carbohydrate diet, CDED: Crohn disease exclusion diet, MD: Mediterranean diet, AID: Anti-inflammatory diet: 
AIP: Autoimmune protocol, CD-TREAT: Crohn’s disease treatment with eating diet, FODMAPs : Fermentable oligosaccharides, disaccharides, monosaccharides, polyols,  
PEN: partial enteral nutrition, EEN: exclusive enteral nutrition, CRP: C reactive protein, ESR erythrocyte sedimentation rate, PCDAI: pediatric Crohn’s disease activity index)

UPDATES IN INFLAMMATORY BOWEL DISEASES
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calprotectin response was achieved in 34.8% patients in 
the SCD group vs 30.8% in the MD group (p = 0 .83). None 
of the diets were superior to another in inducing clinical 
remission. This study concluded that given greater ease of 
following MD along with other numerous health benefits, 
MD may be preferrable to SCD for most patients with CD 
and mild-to-moderate symptoms.34

IBD Anti-inflammatory diet (AID)
AID was developed by a group at the University of Massa-
chusetts medical school. It is derived from SCD and is based 
on eliminating certain foods thought to be pro-inflamma-
tory. It limits certain carbohydrates (lactose and refined 
carbs) as well as total and saturated fats, and encourages use 
of omega-3 fatty acids, as well as relies on use of prebiotics/
probiotics to help restore balance of intestinal flora. In a case 
series of 40 adult patients with IBD, after following the IBD 
AID, 100% patients were able to discontinue at least one of 
their prior IBD medications, with improved bowel frequency 
in most patients. This study, however, did not assess inflam-
matory markers or endoscopic remission after treatment. 
There is no current data to support the use of the IBD-AID in 
children. Future prospective studies are needed to determine 
the value of this diet in the pediatric population.35

Autoimmune protocol (AIP)
Autoimmune protocol is derived from the paleolithic diet. 
It includes lean meat, fish, vegetables, nuts, and seeds, and 
eliminates processed foods like refined sugars and gluten 
that may be antigenic and promote inflammation. This diet 
consists of initial elimination phase followed by a reintro-
duction and a maintenance phase. There haven’t been many 
studies on the use of AIP in IBD. In one study, adult patients 
with IBD who received AIP diet showed improvement in 
clinical symptoms along with improvements in fecal cal-
protectin and scoring parameters on follow-up endoscopy. 
However, none of the patients had complete resolution of 
symptoms. This study was limited by small sample size and 
lack of randomization.36

Crohn’s disease treatment with eating diet (CD-TREAT)
The CD-TREAT is similar to EEN and involves exclusion 
of certain dietary components (like lactose, gluten, alcohol, 
emulsifiers) and matches macronutrients and micronutri-
ents to the composition of commonly used EEN formula: 
Modulen. The aim of using CD-TREAT is to enhance the 
tolerance and compliance by using a whole food-based diet. 
In a RCT37, 25 healthy adults were randomly assigned to 
EEN or CD-TREAT for 1 week. CD-TREAT was found to be 
more tolerable than EEN and induced similar effects to EEN 
on fecal microbiome composition and resultant metabo-
lome profile. In subsequent open label study, 5 children with 
active CD received CD-TREAT and their clinical activity 
and calprotectin were evaluated after 8 weeks of treatment. 

In children receiving CD-TREAT, 4 (80%) had a clinical 
response and 3 (60%) entered remission, with significant 
decreases in fecal calprotectin (p= 0.002).37

Results from the CD-TREAT study provided promis-
ing results that individualized diets can be used to target 
changes in gut inflammation.

Low Fermentable oligosaccharides, disaccharides, 
monosaccharides, polyols (FODMAP) diet
Low FODMAP diet is one of the extensively studied diets 
for the treatment of irritable bowel syndrome. It is postu-
lated that FODMAPs induce symptoms via osmotic load 
and colonic gas production in the setting of visceral hyper-
sensitivity. In a single-blind trial of 52 patients with IBD and 
persistent gut symptoms, a higher proportion of patients 
reported relief of gut symptoms following the low FODMAP 
diet (52%) vs the control diet (16%). However, microbiome 
diversity and markers of inflammation did not differ signifi-
cantly between groups.38

In another RCT of patients with IBD in remission or with 
mild-to-moderate disease and coexisting IBS-like symptoms, 
low FODMAP diet resulted in overall symptom reduction.39

Both studies conclude symptoms improvement but the 
data on whether it impacts IBD is inconclusive.

CONCLUSION
Diet seems to have a crucial role in the pathogenesis and 
treatment of IBD. While some therapies like enteral nutri-
tion therapy are extensively studied and considered effective 
in inducing remission especially in children, clinical data 
regarding regular dietary therapies for induction and main-
tenance of remission of IBD is evolving. Specific diets that 
have shown promise include SCD, CDED+PEN and MD. 
However, further larger scale randomized trials are needed 
before we can assess their long-term benefit. Factors like 
growth potential and pubertal progression should be consid-
ered in children when deciding choice of therapy. Dietary 
therapies should be individualized for patients and must 
involve shared decision making between patients, dietitians, 
and their physicians. 
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