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Abstract 

The global burden of inflammatory bowel disease (IBD) has increased over the 21st 

century. Despite multiple studies investigating the pathogenesis of IBD, the causative 

mechanisms pertaining to the increased prevalence remain unclear. There is growing 

evidence that aspects of a ‘Western diet’ increase the risk of developing IBD. More 

recently, evidence implicating dietary emulsifiers has accumulated, with ecological 

studies showing a positive correlation with inflammatory bowel disease and emulsifier 

consumption. Further to these, cell and animal studies have demonstrated plausible 

mechanisms by which dietary emulsifiers may contribute to IBD pathogenesis through 

mechanisms including: promotion of pro-inflammatory intestinal microbiota; 

disruption of mucus architecture; increased intestinal permeability; activation of 

inflammatory pathways and disruption of the cell cycle. This review critically analyses 

the current evidence for these mechanisms that may be of pathological relevance to 

IBD, evaluates recent dietary trials, acknowledges the challenges of dietary 

intervention studies and gives an overview of ongoing and future clinical trials in this 

important area.  
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Introduction  

The global increase in inflammatory bowel disease (IBD) over the 21st century suggest 

that environmental exposure and lifestyle factors play an important role in disease 

pathogenesis.1 Diet is one such modifiable risk factor implicated in IBD aetiology and 

disease course.2 Several epidemiological studies have found associations between 

aspects of a ‘Western diet’ and the risk of developing IBD, including higher intakes of 

processed meats, fast food, high fat intake and conversely lower intakes of fruits, 

vegetables and fibre.3-5 A dietary component previously overlooked in the aetiology of 

IBD are food-additive emulsifiers, which are a major addition to human diet during 

the 21st century. An ecological analysis using data at the country level has shown 

positive correlations between emulsifier consumption and Crohn’s disease incidence 

in Europe, North America and Japan.6  

 

Emulsifiers comprise over 60 different food-additives that form or maintain a uniform 

emulsion of two or more phases in a food, and are used to stabilise the consistency of 

food products and prevent an unappetising separation of oil and water.7 They act as 

surfactants, with the fat molecules in food adsorbing to the hydrophobic end of the 

emulsifiers and water adsorbing to the hydrophilic end.8 Emulsifiers have many 

applications in processed foods including stabilising emulsions, lengthening shelf life 

by preventing separation during storage and as gelling agents used as a vegetarian 

alternative to gelatine.9,10 Food additive emulsifiers therefore optimise a food’s 

organoleptic properties, including appearance, texture and mouthfeel, explaining why 

they have become a ubiquitous component of the diet in economically developed 

countries.6 
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The major food additive emulsifiers include lecithin (E322) which is found in many 

forms of chocolate, mono- and diglycerides of fatty acids (E471) found in many ice-

creams and frozen yoghurts, guar gum (E412) found in some dairy and soy-based 

products, xanthan gum (E415) found in mayonnaise and sandwich fillers, carrageenan 

(E407) found in flavoured milks, iced coffee and dairy-based ice cream and frozen 

desserts, celluloses including carboxymethylcellulose (E460-E469) found in vitamin 

and dietary supplements and polysorbates (E432-436) found in edible oils, ice cream, 

cake mixes, icing and chocolate syrup.8,11 

 

Several mechanistic studies have examined the potential of emulsifiers to induce 

intestinal inflammation in models of IBD. There are naturally occurring emulsifiers 

(e.g. lecithin in eggs) but the main research on the inflammatory effects of emulsifiers 

relates to food additive emulsifiers. Thus far, the main emulsifiers studied for their 

deleterious effects on the gut include Polysorbate-60 (P60), Polysorbate-80 (P80), 

Carrageenan and Carboxymethylcellulose (CMC) (Figure 1). Although the structures 

of emulsifier molecules vary greatly, they perform the same function due to having 

both hydrophobic and hydrophilic properties.  

 

Numerous in vitro studies (Table 1) and in vivo animal models (Table 2), implicate a 

role for food additive emulsifiers in intestinal inflammation via their impact on 

intestinal microbiota, permeability and inflammation (summarised in Figure 2). This 

review synthesizes the existing research linking emulsifiers to intestinal inflammation 

and discusses the translation of this evidence to human IBD. Limitations of the current 

evidence are discussed, and priorities for future research are highlighted.  
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Alterations in gut microbiota 

The impact of emulsifiers on the microbiota has been identified as a central 

mechanism in their ability to drive inflammation. For example, C57BL/6 mice fed 

glycerol monolaurate, a commonly used food emulsifier, developed a gut dysbiosis and 

decrease in -diversity. Glycerol monolaurate ingestion led to significant decreases in 

the anti-inflammatory genera Akkermansia and Lupinus, and an increase in the 

genera Escherichia, Roseburia, Bradyrhizobium and Turicibacter. Serum 

lipopolysaccharide (LPS) levels were 61.1 times higher than the control group, 

suggesting an accompanying systemic inflammatory response.33 

 

Likewise, addition of the emulsifier P80 aggravated indomethacin-induced ileitis and 

histological injury in C57BL/6 mice when compared to mice fed indomethacin alone. 

In addition, P80 resulted in altered small intestinal microbiota composition, with an 

increase in sulphide-producing Enterobacteriacaeae and enhanced ‘swarming’ 

behaviour of Proteus mirabilis.35 Swarming is a cyclical multicellular behaviour in 

which vegetative bacteria differentiate into hyperflagellated filamentous swarm cells 

capable of coordinated and rapid population migration, therefore enhancing their 

motility and ability to colonise the epithelium.37 

 

CMC may impact the microbiota through other mechanisms. Interleukin-10 knockout 

(IL10 -/-) mice given 100 μL of 2% CMC solution developed bacterial overgrowth, with 

spaces between villi distended, bacteria more adherent to mucosa, as well as migration 

of bacteria to the crypts of Lieberkühn.28 In a pivotal study, the commonly used 

emulsifiers P80 and CMC were fed to wild-type, IL10-/- and toll-like receptor-5 

knockout (TLR5-/-) mice. Both CMC and P80 dramatically altered faecal and mucosa-
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adherent microbiota composition in all three mouse models. In IL10 -/- mice, both 

CMC and P80 induced a decrease in α-diversity, reduced microbiota stability, led to a 

bloom in the Verrucomicrobia phyla Akkermansia muciniphilia and mucosa-

associated, inflammation-promoting Proteobacteria as well as increased bacterial 

adherence. Emulsifier exposure increased faecal concentrations of bioactive LPS and 

flagellin as well as circulating antibodies directed toward these bacterial components, 

suggesting greater exposure of the immune system to bacterial motifs. In order to 

confirm these changes were a consequence of emulsifier exposure, rather than simply 

reflecting a shared cage and environment, multiple litters were split into equal groups 

fed water, P80 and CMC, an approach confirming that microbiota changes occurred 

irrespective of cage clustering.29  

 

Reduced mucus thickness and increased bacterial encroachment 

Mucus-preserving Carnoy fixation and subsequent confocal microscopy demonstrated 

that when P80 (1.0% v/v) and CMC (1.0% w/v) were administered via drinking 

water  for 12 weeks to wild-type  and IL10-/-mice, mucus layer thickness was reduced 

to such an extent that some bacteria were geographically encroaching the epithelium, 

whilst the distance between bacteria and epithelial cells was more than 50% lower 

compared to placebo. Emulsifier-induced thinning of mucus did not occur in germ-

free mice nor was there a change in mucus penetrability, as assessed by gavage with 

fluorescent beads that were a similar size to bacteria; therefore, demonstrating that 

changes in mucus via emulsifiers is driven by changes in microbiota composition and 

function resulting in bacteria penetrating the normally sterile mucus layer.29 

Interestingly, there was no change in expression of the MUC2 gene encoding mucin, 

the glycoprotein that is the major component of colonic mucus, suggesting that 
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emulsifiers have an indirect action on mucus function rather than a direct impact on 

mucin production.29,38 

 

Further studies that report an impact of emulsifier exposure on the mucus include a 

porcine intestinal mucus model in which CMC exposure resulted in thinning of the 

mucus layer as assessed by fluorescent nanoparticle tracking and scanning electron 

microscopy. In the same model, P80 induced clumping of the fibres and slightly 

smaller pores in the mucus, suggesting increased viscosity. The researchers tracked 

the speed of movement of Escherichia coli through the emulsifier-treated mucus 

model. CMC slowed E.coli speed by 62% when exposed to mucus, possibly due to E. 

coli entanglement within the polymer network of CMC itself. In contrast, P80 

accelerated E.coli movement by 10% within mucus, demonstrating that both 

emulsifiers can impact the structural properties of mucus as well modifying 

interactions with luminal bacteria.21 Interestingly, in a more recent study, CMC and 

P80 were found to be able to dramatically alter gene expression by select pathobionts, 

including genes involved in bacterial motility and induction of chronic intestinal 

inflammation.36 Thus, select microbiota members are targeted directly by dietary 

emulsifiers in a way that promotes chronic intestinal inflammation in the host 

consuming such additives. 

 

This evidence indicates that emulsifiers impact the microbiota, which then modifies 

the mucus layer (Figure 2), but that the mechanisms seem to differ between emulsifier 

sub-classes. Under germ-free conditions, emulsifiers do not affect mucus thickness or 

penetrability.29 The changes in mucus seem likely to have an effect on microbiome 

interactions with the gut epithelium and may lead to changes in intestinal permeability 

and bacterial translocation.  
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Changes in intestinal permeability and bacterial translocation 

Intestinal epithelial cells maintain an important barrier to potential pathogenic 

luminal bacteria. A disorder of this barrier may result in increased intestinal 

permeability, promoting exposure to luminal contents and greater bacterial 

translocation39 that subsequently trigger immunological responses.40 Emulsifiers, 

such as carrageenan, have been shown to increase intestinal permeability in both rats 

and guinea-pigs associated with the onset of colitis (Table 2).24  

  

Carrageenan has a direct impact on epithelial monolayer permeability in Caco‐2 cells 

with associated alterations in membrane associated Zonula Occludens-1 (Z0-1) 

protein which recedes from the cell membrane to more central cell locations in a dose-

dependent manner, resulting in severely disturbed cell architecture. Actin filaments 

are also altered by carrageenan leading to disruption of intercellular junctions between 

adjacent cells and reduced barrier function.19 Carrageenan triggered a disruption of 

the epithelial barrier in the colonic adenocarcinoma cell line HCT-8 by decreasing 

gene expression and subsequent density of ZO-1.17 

 

Increased permeability after emulsifier ingestion has been observed in both wild-type 

and IL10 -/- mice, and exposure correlates positively with serum antibody levels to 

flagellin and LPS. 29,41 Increased bacterial translocation across the gastrointestinal 

mucosa has been implicated as a plausible mechanism for emulsifier-induced 

gastrointestinal inflammation. The initial studies to explore this relationship used a 

Caco2-cl1 monoculture model and examined the effect of emulsifiers on the 

translocation of E. coli across M-cells (Table 1). 16 Also known as membranous or 

microfold cells, M-cells are thought to act as a portal for bacterial translocation within 

Peyer’s patches. 42,43 P80, at 0.1% v/v, led to a 59-fold greater translocation of E. coli 
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across M-cells relative to an untreated control. There was a dose-dependent 

relationship at higher concentrations of P80. In contrast, P60 did not result in a 

significant difference in E. coli translocation across M-cells at any concentration 

tested.  

 

The above studies demonstrate that emulsifiers can alter permeability, increase 

bacterial translocation and therefore activate inflammatory pathways (Figure 2).  

 

Inflammatory pathways  

The pro-inflammatory potential of emulsifiers has been examined in numerous in 

vitro (Table 1) and animal models of IBD (Table 2), in particular in relation to the 

effect of carrageenan.  

 

Thus, exposure of the normal human intestinal epithelial cell line NCM460 to 

carrageenan activates a distinct inflammatory pathway via the CARD B-cell 

lymphoma/leukaemia-10 (Bcl-10) and subsequently through the nuclear 

factor kappa-light-chain-enhancer of activated B cells (NF-κB) cascade.12 NF-κB 

activation is triggered by the innate immune receptor Toll-like receptor-4 (TLR-4) and 

blockade of the TLR-4 pathway lowers the carrageenan-induced augmentation of Bcl-

10 and interleukin-8 (IL-8).44 This observation implies that carrageenan may 

stimulate pro-inflammatory activation (Bcl-10, IL—8) via TLR4, a recognised 

mediator of intestinal inflammation in IBD.13 Furthermore, carrageenan can activate 

LPS-induced inflammation synergistically through the Bcl-10 pathway and therefore 

magnify pre-existing inflammation.31 
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TLR4, is known to require Bcl-10 to trigger NF-κB pathway activation. Therefore, in a 

germ-free environment IL10 -/- mice fed carrageenan experienced significantly greater 

activation of the NF-κB pathway and subsequent higher faecal calprotectin compared 

to Bcl10-/- mice demonstrating that Bcl10 is required for the development of maximum 

carrageenan-induced intestinal inflammation.27 

 

Carrageenan has also been shown to induce dose-dependent TNF-α production by 

monocytes in vitro with an associated impact on cell aggregation and increased 

expression of intercellular adhesion molecule-1 (ICAM-1). Degraded carrageenan 

drives a robust increase in both TNF-α and ICAM-1 mRNA expression, induced by NF-

κB activation as confirmed by western blotting of NF-κB in the cell nucleus.15 

 

In addition to the above, using an in vitro co-culture system consisting of Caco-2 

monolayers and human monocytes from the cell-line THP-1, a model used to mimic 

M-cells, it has been demonstrated that secretion of TNF-α, interleukin 1β (IL-1β) and 

interleukin-6 (IL-6) were significantly higher following the addition of carrageenan. 

Pre-treatment of the co-culture with anti-TNFα antibodies suppressed the increase in 

IL-1β and IL-6.18 Interleukin-8 (IL-8) secretion from human intestinal epithelial cells 

have also been shown to be greater when treated with carrageenan in an NF-κB-

dependent pathway.12 

 

Other emulsifiers have also shown a pro-inflammatory effect. For example, it was 

found that CMC and P80 significantly increased the expression of pro-inflammatory 

cytokine chemokine (C-X-C motif) ligand 1 (CXCL1).30 Overall, these experiments 

suggest that emulsifiers play a role in stimulating various inflammatory pathways that 

could contribute to intestinal inflammation (Figure 2).  
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Cell proliferation and apoptosis  

High levels of apoptosis have been observed in the intestinal epithelium in IBD as well 

as with exposure to emulsifiers.45  Carrageenan exposure to the cell line NCM-460 

(derived from normal human colonic mucosa) led to a dose dependant increase in 

epithelial cell death compared to controls, with a significantly lower  percentage in cell 

cycle survival between G0-G1 at days 6 & 8 and higher p53 activation.14 

 

In a mouse model of colorectal cancer, CMC and P80 have been observed to alter 

epithelial proliferation and apoptosis in a microbiota-dependent manner, with such 

alterations disappearing under germfree conditions and being transplanted by fecal 

microbiota transplantation.30 These experiments further highlight the broad 

consequences on the host induced by select dietary emulsifier exposure.  

 

Emulsifiers and colitis in experimental animal models 

As discussed above, emulsifiers impact the gut microbiome, mucus architecture, 

intestinal permeability and inflammatory pathways (Figures 1 and 2), therefore it is 

logical to assess their effect in promoting intestinal inflammation. CMC and P80 

induce robust colitis in genetically susceptible IL10 -/- mice, whilst also inducing low 

grade inflammation in wild-type mice.29 Emulsifier-fed IL-10-/- mice exhibited 

reduced colon length, increased histological colitis scores and elevated faecal lipocalin-

2 (a sensitive and dynamic marker of intestinal inflammation in murine models). In 

addition, levels of inflammation inversely correlated with bacterial-epithelial distance 

in both IL10 -/- and wild-type mice.   

 

Numerous animal models develop colitis when exposed to carrageenan (Table 2).46 A 

study analysing the effect of degraded carrageenan on rabbits demonstrated the rapid 
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development of caecal ulceration and large discrete rectal ulcers.23 Similarly, degraded 

carrageenan induced weight loss, diarrhoea with blood and mucus and caecal 

ulceration in guinea pigs.22 In addition, rats fed carrageenan developed inflammation 

similar to human IBD, with focal lesions, lymphoid hyperplasia and microgranulomas. 

25 26 

Another emulsifier, methylcellulose (E461), has also been implicated. C57BL/6J mice 

in a dextran sodium sulphate model of colitis were tested against more than 40 

different diets. Those exposed to methylcellulose were found to have a higher severity 

of colitis (with disease severity measured by percentage weight change from 

baseline).34 

 

Emulsifiers and colitis in an experimental model mimicking the human 

microbiota 

The mucosal-simulated human intestinal microbiota ecosystem (M-SHIME) is a 

dynamic in vitro model that maintains an active human microbiome without a live 

host. P80-treated M-SHIME microbiota compositions develop a clear cluster which is 

distinct from the other M-SHIME models tested.20  The same did not occur during 

CMC treatment. However, in both P80- and CMC-treated M-SHIME models, an 

alteration in microbial gene expression was observed, with enrichment of flagella 

transcript expression, which is hypothesised to lead to low-grade inflammation via 

activation of TLR-5 and/or the nucleotide binding leucine-rich repeat caspase 

activating recruitment domain (CARD) (NLRC4) protein.29 P80 induced increased 

expression of LPS at higher concentrations.  

 

When transferred to germ free mice, P80 and CMC treated M-SHIME microbiomes 

led to increased levels of inflammatory markers such as lipocalin and IL-6, and 
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shortened, thickened colons, which correlated with increased microbiota 

encroachment onto the epithelium. These results importantly suggest that alterations 

in the microbiota induced by emulsifiers are sufficient to drive to intestinal 

inflammation. 20,47 

 

Limitations of experimental models of emulsifiers in IBD 

The cell line and murine studies outlined above are not without limitations that may 

restrict their applicability to humans. Experimental doses of emulsifiers given in 

animal models, although administered over a relatively short period, are often much 

higher than human dietary exposure. Average consumption of P80, CMC and 

carrageenan in the United Kingdom (UK) are 8.2, 46 and 11-53 mg/kg body 

weight/day, respectively.48-50 However, mouse studies report doses as percentage of 

the drinking water provided, which makes direct comparison to human intake 

challenging. For example, the doses of P80 and CMC provided in a recent murine study 

were approximately 610 mg/kg/day. However, two factors may mitigate against this 

limitation. Firstly, animal studies tend to employ short term emulsifier exposure29; 

thus the chronic human intake over many years is likely to exceed the doses tested in 

animals. Secondly, although average intakes in humans may be much lower than doses 

used in experiments, people consuming diets high in processed foods may ingest some 

emulsifiers in doses more reflective of those used in animal studies. For example, the 

95th percentile intake of carrageenan in the UK is 142.5 mg/kg/day which exceeds the 

European Union Acceptable Daily Intake of 75 mg/kg/day.50 Lastly, in-depth 

mechanistic investigation of CMC- and P80-driven alteration in microbiota 

composition and function revealed that they are acting through different mechanisms, 

with CMC promoting the expression of genes involved in the promotion of 

inflammation without impact on microbiota composition, while P80 alters microbiota 
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composition by favouring the expansion of pro-inflammatory bacteria.20,29 Hence, 

while these two compounds were tested individually in mice, it remains necessary to 

investigate their synergistic effects even at lower concentrations. 

 

Caution should be taken when applying animal models to human disease. For 

instance, there are anatomical, physiological and histological differences between 

mice and humans, as well as disparity between microbial composition, all of which can 

affect the outcomes measured.51,52 Experiments using animal models include a 

homogenous population which obviously is not the case with the heterogeneity of 

human disease and cannot fully replicate the complexity of a multifactorial disease 

such as IBD.53 This could explain the lack of confirmatory translation between pre-

clinical research and some subsequent human clinical trials.  

 

A further challenge of extrapolating the mechanistic study findings to humans pertains 

to whether the emulsifiers used in these models were food-grade, a detail that is not 

reported in the majority of in vitro and animal studies.12,13,54 Non-food grade 

carrageenan, used in applications such as cosmetics 55 is predominantly ‘degraded 

carrageenan’ which has a lower molecular weight than food-additive carrageenan.54 

Degraded carrageenan is created when it is subjected to high temperatures >80°C and 

acidic environments (pH 0.9-1.3) for several hours.50 Under conditions comparable to 

gastric digestion (pH 1.9 for 120 minutes at 37°C), only 10% of food-grade carrageenan 

is actually degraded.56 Therefore, many in vitro and animal studies examine the effects 

of a degraded carrageenan that is neither permitted in foods and is only produced in 

small amounts under physiological conditions in the gut.50 
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There are yet to be any human studies establishing the effect of emulsifiers on the 

pathways identified from in vivo and in vitro models. Given these observations, it is 

important to assess the effects of chronic daily exposure to emulsifiers on the 

microbiome, permeability and intestinal inflammatory pathways in well-designed 

human studies. Three study designs could be considered in such human studies. 

Firstly, epidemiological studies that report emulsifier exposure against the risk of 

inflammatory and metabolic disorders such as IBD. The European Prospective 

Investigation into Cancer (EPIC) study, a nested matched case-control study, reported 

256 cases of UC and 117 of CD that occurred at least 2 years after baseline and therefore 

excluded prevalent cases. Analysis of baseline, validated food frequency 

questionnaires demonstrated an association between high sugar and soft drink 

consumption and UC risk. However, although it employed prospective dietary 

assessment using a validated tool, the study has several limitations including a sample 

size that is likely underpowered to detect risk of IBD, median participant age of 50 

years which will only detect later onset IBD, the lack of adjustment for many possible 

confounders and most importantly no ability to measure actual emulsifier exposure, 

only intakes of some examples of processed foods.57 A further study investigated the 

available data for food and beverage emulsifier consumption by country. When 

compared to known CD incidence on a matched year basis, a strong positive 

correlation with emulsifier consumption was found in Europe, the United States of 

America, Canada and Japan.6 However, this analysis is based upon country-level data 

for both emulsifier intake and IBD prevalence rather than individual-level data for 

intake and IBD risk. Ecological studies and statistically significant correlations cannot 

provide evidence of causality58 and thus human studies are required to confirm test 

these hypotheses. It should also be acknowledged that there is a lack of comprehensive 
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information on emulsifier content in food composition databases or elsewhere, which 

therefore makes it challenging to accurately quantify emulsifier exposure.   

 

Secondly, feeding studies in which emulsifiers are provided to healthy humans or 

patients with IBD would identify any deleterious impact on the microbiome, 

permeability and inflammation (similar to animal experiments described, Table 2). 

However, there are no such feeding studies in humans thus far. Thirdly, studies that 

restrict emulsifier intake with subsequent investigation of any beneficial impacts on 

these outcomes of emulsifier restriction, may therefore allude to emulsifiers’ harmful 

effects in vivo.  

 

Human trials of dietary emulsifier restriction 

(i) Emulsifier-restricted diets 

Two studies have investigated the effect of dietary emulsifier restriction in IBD (Table 

3). The first was a double-blind, randomised controlled trial in 15 patients with UC in 

remission investigating whether a ‘no-carrageenan diet’ prevented relapse.59 All 

participants followed a ‘no-carrageenan diet’ and in conjunction were randomised to 

receive either 200 mg/day carrageenan capsules (carrageenan-containing diet, control 

group) or placebo dextrose tablet (‘no-carrageenan diet’, intervention group). At the 

one-year endpoint, 3 out of 5 patients in the carrageenan-containing diet group 

relapsed (≥2 point increase in Simple Clinical Colitis Activity Index plus escalation of 

treatment) whereas only 1 out of 7 relapsed in the ‘no-carrageenan diet’ (p=0.046). 

The carrageenan-containing diet group experienced an increase in faecal calprotectin 

between baseline and end of study, although this did not reach statistical significance, 

whereas faecal calprotectin was stable in the ‘no-carrageenan diet’.   
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The use of a re-supplementation design allowed an appropriate control and enabled 

double-blinding of the intervention, which can be a particular problem in trials of 

whole diet interventions.64 However, with only 12 patients completing the study (three  

withdrawals), this study was underpowered as the a priori sample size required was 

36, and therefore findings are at risk of both type 1 and type 2 error. Additionally, time-

to-relapse studies in IBD usually have a minimum time period of 2-5 years follow-up.65 

Another limitation was the re-supplementation of carrageenan in capsules that does 

not reflect real world exposure. Emulsifiers are normally consumed in a food matrix 

that may alter the impact of gastric conditions on degradation of carrageenan (as 

discussed earlier) as well as on their activity in the gut. This limitation is also shared  

by the murine studies in which emulsifiers were added to drinking water. The dose of 

carrageenan re-supplemented in this study (200 mg/d) is much lower than estimated 

UK intakes of 11–53 mg/kg/day 50. Finally, the study did not analyse microbiome, 

intestinal permeability or immune function to explore the mechanism of action.   

 

The second trial to restrict emulsifier intake was an uncontrolled, feasibility study of a 

low emulsifier diet in adults with Crohn’s disease (n=20).60 During a baseline 7-day 

food diary, the majority of participants (15/20, 75%) consumed emulsifiers every day, 

with the remainder (5/20, 25%) consuming emulsifiers on 6 of the 7 days. The 

intervention involved a 14-day low emulsifier diet designed to exclude all food-

additives classified as emulsifiers. The diet was delivered using counselling from a 

dietitian, an educational booklet and a novel smartphone application. Adherence 

(defined a priori as at least a 75% reduction in frequency of emulsifier intake between 

baseline and intervention) was achieved by 19/20 participants (95%). Food-related 

quality of life (FR-QOL) improved significantly on the low emulsifier diet. 

Interestingly, Crohn’s disease related symptoms evaluated by the patient related 
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outcomes questionnaire (PRO-2) and perceived symptom control assessed by the IBD-

Control-8 questionnaire improved significantly following the low emulsifier diet, 

however there was no other measure of disease activity such as CDAI or faecal 

calprotectin. This was indeed a feasibility study only, designed to demonstrate that a 

low emulsifier diet is deliverable and acceptable to patients. Appropriately designed 

and adequately powered studies are now required to evaluate its effect on inducing 

and maintaining disease remission. 

 

(ii) Emulsifier-restriction as part of other complex diets 

Despite the paucity of human evidence implicating emulsifiers in IBD specifically, 

recently developed complex dietary interventions that exclude many dietary 

components of the Western diet including emulsifiers, have been shown to reduce 

inflammation in Crohn’s disease (Table 3). Whilst these novel dietary interventions 

cannot implicate the effect of emulsifiers specifically on gut inflammation (as they 

exclude many other dietary components in addition), they lend weight to the potential 

of emulsifier restriction in IBD. 

 

Firstly, in a randomised controlled trial of the Crohn’s Disease Exclusion Diet (CDED) 

62, children with mild to moderately active Crohn’s disease (PCDAI 10-40) received 

either exclusive enteral nutrition (EEN) or partial enteral nutrition (PEN) (50% of 

energy requirements) and CDED (50% of energy requirements) for 6 weeks. The 

CDED group experienced significantly higher tolerability by week 6 (39/40, 97.5%) 

than the EEN group (28/38, 73.6%, p=0.002). Although not powered to detect clinical 

outcomes, there were no significant differences between groups in the proportion 

achieving corticosteroid-free remission at week 6. Both groups had a significant 

decrease in faecal calprotectin, however, there was no statistically significant 
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difference in absolute or delta calprotectin between the two groups at week 6. In line 

with clinical practice, both groups then reduced enteral nutrition to 25% of energy 

requirements from week six to week 12, with the remaining 75% of energy 

requirements provided by an unrestricted diet to those previously following EEN 

group and the CDED in those previously following PEN plus CDED. At week 12, 

significantly more patients in the CDED group maintained corticosteroid-free 

remission (28/37, 75.6%) compared to those following unrestricted diet (14/31, 45.1%, 

p=0.01).  

 

This trial demonstrates that reintroduction onto a liberalised diet after a period of EEN 

is associated with higher relapse rates compared to patients who reintroduce onto a 

controlled diet that excludes components of a Western diet. Additionally, the 

reintroduction of a restriction-free diet led to a major rebound in microbiota towards 

pre-treatment baseline profiles, most notably an increase in Proteobacteria, whereas 

the CDED group sustained the decrease in Proteobacteria. This study demonstrates 

the potential of a diet restricting many food components, including some but not all 

emulsifiers, animal and dairy fat, red meat, artificial sweeteners, sulphites, protein 

sources rich in taurine and wheat, on inducing and sustaining remission in active 

Crohn’s disease. Interestingly, participants were recruited from centres in Israel and 

Canada, countries with differing dietary patterns, and yet the effect of reintroduction 

of free-food was comparable, incriminating dietary components of an unrestricted 

free-diet in the exacerbation of Crohn’s disease. It is important to note that the PEN 

given in conjunction with the CDED was a formula containing added emulsifiers (soy 

lecithin), and so overall neither group was emulsifier-free. Future trials should 

compare CDED to a control diet to investigate whether it is the diet alone or its 

combination with PEN that accounts for any clinical benefit. 
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Secondly, the Specific Carbohydrate (SCD) diet, initially used for the treatment of 

coeliac disease66, is another popular diet used in patients with IBD that restricts 

carbohydrates containing polysaccharides and disaccharides, processed foods, all 

grains, milk, some fruit and vegetables (corn, potatoes, yams), some legumes 

(chickpeas and soy beans), canned fruits and vegetables or meats that have been 

smoked or canned.  It therefore restricts many emulsifiers.67 To date, there have been 

no RCTs of the SCD and no prospective and robust evidence of improvements in 

inflammation or mucosal healing in IBD.68However, observational studies have shown 

improvements in gastrointestinal symptoms with the SCD.69  

 

Finally, the CD-TREAT diet mimics EEN using a food based approach that restricts 

components such as gluten, lactose, emulsifiers, fibre, carbohydrates and alcohol.63 

Studies in mice and healthy humans demonstrated the CD-TREAT diet induced 

similar changes in the microbiome to EEN. Following which, a case series of  five 

children with active Crohn’s disease (weighted PCDAI ≥ 12.5) received CD-TREAT diet 

for 8 weeks, with four (80%) experiencing a clinical response and three (60%) entering 

remission, with significant concurrent decreases in faecal calprotectin (mean change -

918 ± 555 mg/kg; P=0.002). The data above are promising and a randomised 

controlled trial is now underway to fully evaluate CD-TREAT (ClinicalTrials.gov 

Identifier: NCT04225689). 

 

Whilst diets such as the CDED, SCD and CD-TREAT demonstrate that a reduction in 

food components including many emulsifiers, may reduce intestinal inflammation in 

Crohn’s disease, these diets also restrict other food groups and aspects of the Western 

diet. Compositional analysis of 61 available enteral nutrition formulas indicates that 

many contain food additives putatively linked to Crohn’s disease aetiology, including 
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emulsifiers implicated in colitis from cell line and animal models.70 However, the 

relationship between food additive concentration within these formulas and their 

subsequent clinical effectiveness was not analysed. It is also not known whether 

emulsifiers play a role in triggering IBD, or whether emulsifiers are only a crucial 

factor in a specific subset of patients. Still, such observations challenge the theory that 

these food additives are harmful and reinforces the fact that preclinical data do not 

always translate to real-life findings. Therefore, further studies are required to 

disentangle which dietary components, if any, are implicated in the induction of 

intestinal inflammation in IBD. 

 

Furthermore, following a restrictive prescribed diet is challenging; the diet must be 

feasible to allow adequate compliance and not result in nutritional deficiency or an 

overly restrictive lifestyle that might impact on psychosocial function and food-related 

quality of life that are already impaired in IBD.71 With further understanding of the 

roles of specific components in IBD, tailored and minimally restrictive advice can be 

developed, as well as therapeutic dietary interventions that improve clinical disease 

without these deleterious impairments.  

 

Although there is compelling evidence from in vitro and animal studies of the impact 

of emulsifiers on gastrointestinal inflammation (Figure 2), when examining 

applicability of these findings to humans, we must also consider whether excluding 

emulsifiers from the diet is a viable long-term therapeutic option. Of the emulsifiers 

implicated in IBD, carrageenan (labelled also as E407) is used commonly in bakery 

foods, meat products, pre-made soups and flavoured drinks 50; P80 (E433) is used in 

breads, flavoured drinks, confectionary, ice-creams and sorbets, bakery foods and 

desserts 48; and CMC (E466) is used in flavoured drinks, meat substitutes, ice lollies, 
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sorbets and artificially sweetened products.49 Therefore, exclusion of these emulsifiers 

presents a challenge for people following a ‘‘Western diet’’, and a further degree of 

difficulty will arise if additional emulsifiers are found to induce gastrointestinal 

inflammation. Hence, further investigation of the effect of numerous dietary 

emulsifiers on the human microbiota are needed to identify emulsifiers without 

deleterious impact on the microbiota or the host. Nonetheless, any therapeutic 

intervention restricting or excluding emulsifiers is likely to involve a major change to 

daily dietary patterns. 

 

Future research on emulsifiers 

A range of in vitro and in vivo studies have implicated emulsifiers in intestinal 

inflammation and IBD, which have been recognised by recent consensus 

recommendations from the International Organisation for the study of IBD (IOIBD) 

that suggest it is prudent to limit the intake of emulsifiers and thickeners in IBD.72 

However, high-quality human studies required to corroborate the in vitro and in vivo 

evidence to patients with IBD and to support these recommendations are lacking. For 

example, emulsifiers appear to disrupt epithelial tight junctions in Caco-2 monolayers 

19, but whether this  translates to increased gut permeability in humans is yet to be 

investigated. Questions also remain regarding whether the mechanisms of emulsifier-

induced inflammation differ between the small and large intestine which may impact 

applicability to different IBD disease phenotypes. Additionally, whether the activation 

of the NF-κB inflammatory pathway observed in emulsifier-exposed cell lines 17 

translates to a robust colitis in humans requires an adequately powered randomised 

controlled trial. Unlike germ-free cell lines, human studies inevitably involve 

emulsifiers interacting with the gut microbiome; this is an essential consideration as 
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mouse studies indicate that emulsifiers modulate the gut microbiota that in turn 

mediates the inflammatory response.20  

 

The impact of dietary emulsifiers on disease severity, gut microbiome, barrier function 

and intestinal inflammation in IBD patients is therefore yet to be fully elucidated. 

Whilst recent research into whole-food exclusion diets show promise62,63, the 

European Crohn’s and Colitis Organisation’s current report on gaps in the evidence-

base for diet and IBD has identified emulsifier research as an important priority to 

progress our understanding of the dietary management of IBD. 73 There is also a wider 

European food safety concern and the European Food Safety Authority’s Emerging 

Risks report identified ‘‘food emulsifiers, the gut microbiome and long-term health 

effects’’ as requiring urgent research.74 Therefore, a human RCT to investigate the role 

of dietary emulsifier exclusion on the induction and maintenance of remission in IBD 

is warranted. Such a dietary trial has been designed and is underway 

(ClinicalTrials.gov Identifier: NCT04046913). A further trial investigating the effect of 

the commonly consumed emulsifier soy lecithin on healthy volunteers using a 

controlled dietary intervention is also proceeding and will give further information on 

the role of emulsifiers in gut health (ClinicalTrials.gov Identifier: NCT03842514).11 

 

Future emulsifier research could add to the emerging evidence-base in IBD that 

microbiota profiles can be used to predict treatment response. Personalised medicine 

using baseline faecal microbiota as predictive biomarkers show promising findings in 

drug interventions.75 However, there are inconsistent findings in the nutrition field to 

demonstrate that microbiota, or its metabolites, predict response to dietary 

interventions.76,77 Future human studies measuring the gut microbiota before and 
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after a low emulsifier diet will inform this field of predicting diet response and 

personalised IBD dietary management translated into clinical practice.  

 

Although our armamentarium of drug therapy in IBD has and will continue to 

increase, it is clear that the role played by emulsifiers in IBD requires clarification with 

ambitious human studies to unravel the potential to augment, complement or replace 

current therapeutic strategies.  
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Table titles 

 

Table 1: Summary of key in vitro studies of the effect of emulsifiers on 

microbiota, mucus and bacterial encroachment, intestinal permeability 

and bacterial translocation; and inflammation & colitis 

 

Table 2: Summary of key animal model studies of the effect of 

emulsifiers on microbiota, mucus and bacterial encroachment, intestinal 

permeability and bacterial translocation; and inflammation & colitis 

 

Table 3: Summary of key human trials of emulsifier restriction and 

emulsifier restriction as part of other diets 

 

Figure titles and legends 

Figure 1: The chemical formulae and molecular structures of three 

commonly used food additive emulsifiers.  

Image courtesy of the National Center for Biotechnology Information. PubChem 

Database. CMC sodium, CID=6328154, 

https://pubchem.ncbi.nlm.nih.gov/compound/Carboxymethylcellulose-sodium; 

Carrageenan, CID=71597331, 

https://pubchem.ncbi.nlm.nih.gov/compound/71597331; Polysorbate 80, 

CID=5284448, https://pubchem.ncbi.nlm.nih.gov/compound/5284448 

 

Figure 2: Mechanisms of emulsifier driven intestinal inflammation 

(1) The microbiome and mucus are exposed to food additive emulsifiers in the 

intestinal lumen. (2) This leads to an alteration in microbiome with decreased diversity 

https://pubchem.ncbi.nlm.nih.gov/compound/Carboxymethylcellulose-sodium
https://pubchem.ncbi.nlm.nih.gov/compound/71597331
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and increased pro-inflammatory potential. (3) Some emulsifiers increase bacterial 

expression of flagellin & lipopolysaccharide, which enhances motility and the ability 

of bacteria to translocate through the mucus layer to the epithelial cell. (4) Thinning 

of the mucus, which is also driven by emulsifier interactions with the microbiome, 

leads to a decreased gut barrier function and increases penetrability. (5) The 

combination of these effects results in bacteria penetrating the mucus and encroaching 

upon the epithelial cell. (6) Increased permeability through alterations in membrane 

associated proteins such as Zonula Occludens-1 also allows for higher levels of 

bacterial translocation. (7) Inflammatory pathways are activated through the B-cell 

lymphoma/leukaemia-10 (Bcl-10) and toll like receptor-4 (TLR-4), which activates the 

nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) cascade. (8) 

The increase in NF𝛋B activation leads to the secretion of pro-inflammatory cytokines 

such as tumour necrosis factor-⍺ (TNF-⍺), interleukin-6 (IL-6) and the subsequent 

development of colitis. 
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Table 1 - The effects of emulsifiers in in vitro models 

Study Design Methods 
Emulsifier(s) 

analysed Effects 

       

Borthakur et al. (2007) 12 
Human intestinal 

epithelial cells 
Carrageenan 

Inflammation and colitis - Carrageenan increased Bcl-10, nuclear and cytoplasmic 
NF-kappaB, IL-8 promoter activation, and IL-8 secretion.  

Bhattacharyya et al. (2008) 13  
Human intestinal 

epithelial cells 
Carrageenan 

Inflammation and colitis - Carrageenan triggers TLR-4 which mediates intestinal 
inflammation via the Bcl10-NFkappaB-interleukin-8 inflammatory pathway 

Bhattacharyya et al. (2008) 14 
Human intestinal 

epithelial cells 
Carrageenan 

Inflammation and colitis - Carrageenan may effect cell survival, demonstrated by 
fewer cells re-entering G0-G1 of the cell phase.  

Benard et al.,  (2010)15 
Rats & peripheral 
blood monocytes  

Carrageenan 
 Inflammation and colitis - Degraded carrageenan  stimulated monocyte 
aggregation and  TNF-α expression and  secretion. 

Roberts et al. (2010)16 Caco-2 cell model P60 and P80 
Intestinal permeability and bacterial translocation - P80 increases bacterial 
translocation of E.coli across M-cells 

Choi et al. (2012) 17 
Human intestinal 

epithelial cells 
Carrageenan 

Intestinal permeability and bacterial translocation - Carrageenan triggered 
disruption of the epithelial barrier by decreasing density of tight junction component 
zonula occludens-1, and also decreasing its gene expression.  

Jiang et al. (2013) 18 Caco-2 cell model Carrageenan 
Inflammation and colitis - κ-Carrageenan-induced TNF-α secretion is the main 
contributor to cellular damage in Caco-2 monolayers exposed to κ-CGN 

Fahoum et al. (2017) 19 Caco-2 cell model Carrageenan 
Intestinal permeability and bacterial translocation - Carrageenan increased 
intestinal permeability, and redistributed cellular proteins such as Zonula-Occludens-1 
and actin, to disrupt normal epithelial function.  

Chassaing et al. (2017)20 
Murine & M-

SHIME model 
P80 & CMC 

Microbiota - In a mucosal-simulated human intestinal microbiota ecosystem (M-
SHIME), P80 altered microbiota composition, while CMC have potent effect on 
microbiota gene expression. When P80- or CMC-treated M-SHIME microbiome are 
transferred to germ-free mice, they both led to some intestinal inflammation.  

Lock et al. (2018)21 
Porcine mucus 

model 
P80 & CMC 

Mucus and bacterial encroachment - P80 and CMC altered mucus structure and 
E.coli speed of movement. 
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Carboxymethylcellulose (CMC), Polysorbate-80 (P80), interleukin-8 (IL-8), tumour necrosis factor-⍺ (TNF-⍺), B-cell 

lymphoma/leukaemia-10 (Bcl-10) and toll like receptor-4 (TLR-4), nuclear factor kappa-light-chain-enhancer of activated B cells 

(NF-kB).  
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Table 2 – The effects of emulsifiers in animal models  

Study Design Methods 
Emulsifer(s) 

analysed Effects 
       

Onderdonk et al. (1981) 22 Guinea Pigs  Carrageenan 
Inflammation and colitis - Degraded carrageenan induced bloody diarrhoea, 
mucus and caecal ulceration after 3 weeks 

Al-Suhail et al. (1984) 23 Rabbit model Carrageenan 
Inflammation and colitis - Degraded carrageenan induced caecal ulceration 
and large discrete rectal ulcers in rabbits   

Delahunty et al (1987) 24 
Rat & guinea pig 

models  
Carrageenan 

Intestinal permeability and bacterial translocation - Degraded 
carrageenan increased intestinal permeability in rats. Inflammation and colitis -
Degraded carrageenan induced distinct colonic ulceration in guinea pigs.  

Moyana & Lalonde, (1990)25 Rat model Carrageenan 
Inflammation and colitis - Oral carrageenan induced intestinal injury similar 
to human IBD. 

Pricolo et al., (1996) 26 Rat model  Carrageenan 
Inflammation and colitis - Carrageenan induced lesions with proximal to 
mid small bowel involvement at 2-6 weeks, developing colonic lesions after 8 
weeks. 

Bhattacharyya et al. (2008) 27 Murine model Carrageenan 
Inflammation and colitis - Carrageenan-induced colonic inflammation is 
reduced in Bcl10 null mice and increased in IL-10-deficient mice, demonstrating 
a Bcl10 requirement for development of carrageenan-induced inflammation. 

Swidsinski, et al., (2009)28 Murine model CMC 
Microbiota - CMC increased bacterial adherence and caused a massive 
bacterial overgrowth  

Benard et al., (2010)15 
Rats & 

peripheral blood 
monocytes  

Carrageenan 
Inflammation and colitis -Degraded carrageenan caused a shortening of the 
rat large colon and an infiltration of macrophages similar to that seen in DSS-
induced colitis. 

Chassaing et al. (2015) 29 Murine model P80 & CMC 

Microbiota - Bacterial genes for flagellin and LPS were upregulated in the 
emulsifier exposed group. Emulsifier dramatically altered faecal and intestinal 
adherent microbiome in wildtype, IL10 -/- and TLR 5 -/- mice. IL10 -/- mice had 
a reduction in ⍺ diversity and stability.   
Mucus and bacterial encroachment – Emulsifier exposure decreased the 
distance between bacteria and the epithelial cells by an average of more than 
50%.  



 34 

Intestinal permeability and bacterial translocation -Exposure to 
emulsifiers in wildtype and IL10 -/- mice correlated positively with increased 
antibody levels to flagellin and LPS (thought to reflect gut permeability). 
Inflammation and colitis - Emulsifiers P80 and CMC cause low grade 
inflammation in WT mice, and robust colitis in IL10 -/- mice. 

Viennois et al (2017)30 Murine model  P80 & CMC 

Microbiota - P80 and CMC led to a significantly reduced microbiota diversity 
characterised by an increase in Bacteroidales and a decrease in Clostridiales.  
Colitis-associated cancer -In a colitis associated cancer model, mice fed P80 
and CMC significantly increased the expression of pro-inflammatory cytokine 
chemokine (C-X-C motif) ligand 1 (CXCL1). Moroever, these animals developed 
significantly more colonic tumors. 

Wu  et al (2017)31 Murine model Carrageenan 
Microbiota - κ-Carrageenan can synergistically increase  LPS-induced 
inflammation through the Bcl10-NF-κB pathway. 

Shang et al (2017)32 Murine model Carrageenan 
Microbiota – Carrageenan reduced the abundance of the anti-inflammatory 
bacterium Akkermansia muciniphila in C57BL/6 mice. 

Jiang et al (2018) 33 Murine model  
Glyceryl 

Monolaurate 

Microbiota - Glyceryl Monolaurate induced dysbiosis in C57BL/6 mice. 
Inflammation and colitis -Mice fed glyceryl monolaurate developed increased 
serum LPS concentrations and pro-inflammatory cytokines IL‐1β, IL‐6, and 
TNF‐α.   

Llewellyn et al (2018)34 Murine model Methylcellulose  
Inflammation and colitis - Methylcellulose increased severity of colitis in a 
C57BL/6 DSS-induced colitis model.  

Furuhashi et al (2020) 35 Murine model P80   
Microbiota - P80 exacerbated indomethacin-induced small bowel intestinal 
lesions by inducing ileal dysbiosis . 

Viennois et al (2020)36 
 
 

Murine model P80 & CMC 

Microbiota - P80 and CMC are sufficient to directly alter gene expression in the 
pathobiont AIEC (adherent and invasive Escherichia coli) associated with 
Crohn’s disease. Such alterations are characterized by an increased ability to 
adhere to and invade intestinal epithelial cells, as well as an increased expression 
of various virulence factor.  
Inflammation and colitis – While germfree mice, or mice colonized with a 
microbiota of low complexity (Altered Schaedler Flora, containing 8 bacterial 
species only) are completely protected from the detrimental effect of P80 and 
CMC, colonization with AIEC bacteria is sufficient to restore dietary emulsifier-
induced intestinal inflammation and downstream consequences. 
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Carboxymethylcellulose (CMC), Polysorbate-80 (P80), interleukin-8 (IL-8), tumour necrosis factor-⍺ (TNF-⍺), B-cell 
lymphoma/leukaemia-10 (Bcl-10), toll like receptor-4 (TLR-4), nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
kB), interleukin 1β (IL-1β), interleukin-6 (IL-6), toll-like receptor-5 (TLR-5), dextran sodium sulphate (DSS), lipopolysaccharide 
(LPS).  
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Table 3 – Human dietary trials restricting emulsifiers 
Study Study design Participants Intervention Outcomes 

Emulsifier restriction 

Bhattacharyya 
et al, 2017 59 

Randomised, 
double-blind, 
placebo-controlled 
trial  

12 patients with 
ulcerative colitis  

Carrageenan free diet for 12 
months  vs carrageenan-
containing diet (re-
supplementation) 

Tolerance – 3 patients declined further participation due to reluctance 
to comply with the diet. 
Disease activity - At the one-year endpoint, 3/5 patients in the 
carrageenan-containing diet group relapsed; Only 1 out of 7 relapsed in 
the ‘no-carrageenan diet’ (p=0.046). 
Microbiome – not measured 
Inflammatory markers – Between the beginning and the end of the 
study,  increases in interleukin-6 and faecal calprotectin were 
demonstrated in the carrageenan-containing diet group, but not in the 
carrageenan free diet.  

Sandall et al, 
202060 

Uncontrolled, 
feasibility study  

20 patients with 
Crohn’s disease 
in remission 

Low emulsifier diet for 2 weeks Tolerance - At least a 75% reduction in frequency of emulsifier intake 
between baseline and intervention was achieved by 19/20 participants. 
Food-related quality of life (FR-QOL) improved significantly on the low 
emulsifier diet. 
Disease activity – Although not measures of disease activity, Crohn’s 
disease-related symptoms (measured using the PRO-2 questionnaire) as 
well as perceived disease control (assessed by the IBD Control-8 
questionnaire) improved significantly between baseline and the low 
emulsifier diet.  
Microbiome – not measured 
Inflammatory markers – not measured 

Diets restricting emulsifiers as part of other diets 

Sigall-Boneh 
et al, 201461 

Uncontrolled, 
retrospective study 

47 children and 
young adults 
with active 
Crohn’s disease 
(PCDAI >7.5 or 
HBI ≥4)  

Crohn’s Disease Exclusion diet 
(CDED) plus 50% PEN or CDED 
alone for 6 weeks then an 
additional 6-week stepdown diet.  

Tolerance – Five patients were not compliant (2 did not comply at all; 3 
complied most of the time, with 2/3 achieving full remission).   
Disease activity - Remission occurred in 70% of children and 69% of 
adults. Previously elevated C-reactive protein reached normal levels in 21 
of 30 (70%) of patients in remission. Seven patients used the diet without 
PEN with 6 of 7 entering remission. 
Microbiome – not measured 
Inflammatory markers – Normalisation of previously elevated C-
reactive protein was demonstrated in 70% of patients in remission.  
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Levine et al, 
201762 

Randomised 
controlled trial 

78 children with 
mild to 
moderate CD 
(PCDAI) ≥10 
and ≤40. 

Children were randomly 
assigned to CDED plus 50% of 
energy from PEN for 6 weeks 
(stage 1) followed by CDED with 
25% PEN from weeks 7 to 12 
(stage 2) (n = 40, group 1) or a 
group that received EEN for 6 
weeks followed by a free diet with 
25% PEN from weeks 7 to 12 (n = 
38, group 2). 

Tolerance - The combination of CDED and PEN was tolerated in 39 
children (97.5%), whereas EEN was tolerated by 28 children (73.6%) (P = 
0.002). 
Disease activity - At week 12, 28 (75.6%) of 37 children given CDED 
plus PEN were in corticosteroid-free remission compared with 14 (45.1%) 
of 31 children given EEN and then PEN (P = 0.01).  
Microbiome – CDED plus PEN was associated with a reduction of faecal 
Proteobacteria  
Inflammatory markers - In children given CDED plus PEN, 
corticosteroid-free remission was associated with sustained reductions in 
C-reactive protein, faecal calprotectin. 

Svolos et al, 
201963 

Open-label pilot 
study in Crohn’s 
disease. 
Randomised open-
label trial in 
healthy adults 

5 children with 
active Crohn’s 
disease (PCDAI 
≥ 12.5) and 28 
healthy adults 
received CD-
TREAT diet for 8 
weeks.  

Crohn’s disease TReatment with 
EATing (CD-TREAT) for 8 weeks 

Tolerance – In healthy adults, CD-TREAT was easier to comply with 
than EEN. Four children completed the 8-week trial, with 1 child 
withdrawn due to symptom exacerbation.  
Disease activity - Four children (80%) experienced a clinical response 
and three (60%) entered remission. 
Microbiome - The concentration of total faecal bacteria decreased with 
both diets as well as inducing similar changes to β-diversity and faecal 
bacterial metabolites.  
Inflammatory markers – Children receiving CD-TREAT had a 
significant decrease in faecal calprotectin (mean change -918 ± 555 
mg/kg; P=0.002). 

 
 
 
Partial enteral nutrition (PEN), exclusive enteral nutrition (EEN), paediatric Crohn’s disease activity index (pCDAI). 
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Figure 1 
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Figure 2 
 
 

 


