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Abstract: Diet is intimately linked to the gastrointestinal (GI) tract and has potent effects on intestinal
immune homeostasis. Inflammatory bowel disease (IBD) is characterized by chronic inflammation
of the GI tract. The therapeutic implications of diet in patients with IBD have received significant
attention in recent years. In this review, we provide a contemporary and comprehensive overview of
dietary exposures and interventions in IBD. Epidemiological studies suggest that ultra-processed
foods, food additives, and emulsifiers are associated with a higher incidence of IBD. Exclusion
and elimination diets are associated with improved symptoms in patients with IBD, but no effects
on objective markers of inflammation. Specific dietary interventions (e.g., Mediterranean, specific
carbohydrate, high fiber, ketogenic, anti-inflammatory diets) have been shown to reduce symptoms,
improve inflammatory biomarkers, and quality of life metrics to varying degrees, but these studies
are limited by study design, underpowering, heterogeneity, and confounding. To date, there is no
robust evidence that any dietary intervention alone may replace standard therapies in patients with
IBD. However, diet may play an adjunct role to induce or maintain clinical remission with standard
IBD therapies. The results of novel dietary trials in IBD such as personalized fiber, intermittent fasting,
and time-restricted diets are eagerly awaited.

Keywords: food; diet; inflammatory bowel disease; ulcerative colitis; Crohn’s disease; clinical
trials; epidemiology

1. Introduction

Inflammatory bowel disease (IBD), which includes Crohn’s disease (CD) and ulcer-
ative colitis (UC), is a chronic inflammatory disorder of the gastrointestinal tract. The
incidence of IBD is increasing worldwide in both industrialized and developing coun-
tries [1]. Although genetic predisposition is a major factor in the pathogenesis of IBD,
environmental exposures are being increasingly recognized to contribute to the risk of
developing IBD. Indeed, the incidence in IBD has paralleled changes in diet, lifestyle, and
industrialization [2]. Currently, the mainstay of therapy in IBD involves immunosuppres-
sive drugs such as steroids, immunomodulators, biologics, and small molecule inhibitors
to curb gastrointestinal inflammation [3]. However, some of these pharmacologic therapies
carry a risk of infection, malignancy, and adverse reactions. There is an unmet clinical need
for non-pharmacologic strategies to manage IBD. Given that diet is intimately linked with
the gastrointestinal tract and that nutritional deficiencies are common in IBD [2], there
has been significant interest in exploring dietary exposures as modifiable risk factors in
IBD and dietary interventions as direct or adjunct therapies in patients with IBD. In this
review, we provide a contemporary and comprehensive overview of the role of dietary
exposures and interventions in IBD. First, we review the association and potential mecha-
nisms of ultra-processed foods and food additives contributing to the risk of IBD in both
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animal and human studies. Second, we review the impact of elimination and exclusion
diets (e.g., low FODMAP, lactose-free, gluten-free, carrageenan-free, low microparticle
diets) and clinical outcomes in IBD. Third, we review specific dietary interventions (e.g.,
Mediterranean, specific carbohydrate, ketogenic, plant-based, anti-inflammatory diets, etc.)
from both clinical trials and cohort studies in IBD. Finally, we highlight emerging concepts
and ongoing dietary clinical trials in IBD as well as challenges and future directions in
this field. Table 1 provides a summary of dietary patterns and their descriptions included
in this review. Table S1 (Supplementary Materials) provides a succinct summary of the
included clinical dietary studies, study design, patient population, and clinical outcomes.

Table 1. Description of Diets Reviewed in the Article. This article reviews distinct dietary patterns
which have been studied in IBD. The table provides a description of the diet and provides examples
of included and excluded foods.

Dietary Patterns Description of Diet

Ultra-processed foods (UPF)
Ready-to-consume foods, typically created by industrial processes. Rich in
additives (sweeteners, emulsifiers, flavors). Examples of UPFs include bacon,
brownies, and soda.

FODMAP diet
Eliminates short-chain carbohydrates that are poorly absorbed in the small
bowel (Fermentable Oligosaccharides, Disaccharides, Monosaccharides, and
Polyols). Examples of FODMAPs include dairy, beans, cherries, and onions.

Carrageenan-free Diet Eliminates carrageenan, a highly sulfated polysaccharide food additive
commonly added to dairy products (ice cream, yogurt) and sandwich meats.

Gluten-free diet (GFD) Eliminates gluten, a structural protein found in grains. Examples of
gluten-containing foods include bread, beer, and soy sauce

Lactose-free diet Eliminates lactose, a disaccharide protein found in dairy. Examples of
lactose-containing foods include milk, cheese, and butter.

Low microparticle diet
Diet that eliminates additives with particle size <1 uM, such as titanium
dioxide. Examples of microparticle-containing foods include powdered
sugar and processed dairy.

Mediterranean diet (MD) High consumption of olive oil, vegetables, fruits, nuts; moderate
consumption of fish and dairy; limited meat and unsaturated fats.

Specific carbohydrate diet (SCD) Allows non-starchy vegetables, fruits, unprocessed meats. No grains,
processed meats or sugars, or starchy vegetables (such as yams).

Ketogenic diet Low carbohydrate, high fat diet that induces ketosis. Favors meats, eggs,
dairy, and non-starchy vegetables.

Plant-based diet Diet that eliminates or minimizes non-plant-based foods; not necessarily
entirely vegetarian or vegan.

Anti-inflammatory diet (AID)
Eliminates processed carbohydrates, increases n-3-polyunsaturated fatty
acids, and decreases n-6-polyunsaturated fatty acids. Examples of
disallowed foods includes cured meats, fruit juices, and many dairy items.

High fiber diet Diet enriched with fruits, vegetables, legumes, and nuts. Generally above 30
g of fiber per day.

Exclusive enteral nutrition (EEN) Nutrition exclusively through liquid formula. Only water is allowed beyond
the formula-based diet.

2. Food Processing and Additives and Risk of IBD
2.1. Ultra-Processed Foods in Inflammatory Bowel Disease

Consumption of highly processed foods has occurred in developing and developed
countries at a rapid rate, just as the incidence of chronic inflammatory diseases, such as
IBD, has increased dramatically [4]. This correlation has led many to question whether a
link exists between food processing and the risk of chronic diseases such as CD and UC
(Figure 1). The 2021 International Prospective Urban Rural Epidemiology (PURE) cohort [5]
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presented data showing a significant association between ultra-processed food (UPF)
consumption and an increased risk of CD. UPF consumption also showed an association
with an increased risk of UC, although the relationship was not as significant.
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Figure 1. Ultra-processed Foods and Food Additives in IBD. (A) Additives and their effects on
IBD: Excessive salt and artificial sweeteners can promote intestinal inflammation and induce colitis.
Higher salt concentrations have been shown to increase intestinal permeability, increase inflammatory
cytokine production through a reduction in fecal short-chain fatty acid production and depletion of
Lactobacillus, and exacerbate chemically induced colitis in experimental models. Artificial sweeteners
in UPFs may also induce gut inflammation, as seen in mice models of spontaneous ileitis with
sucralose/maltodextrin supplementation. Azo dyes red 40 and yellow 6, the most abundant synthetic
food coloring used by the food industry, can trigger IBD-like colitis in genetically susceptible mice.
Consumption of ≥3 servings/week of soft drinks, consumption of ≥100 g/day of refined, sweetened
foods, and consumption of ≥100 g/day of salty snacks were all associated with a higher risk of IBD.
(B) Common Emulsifiers P80 and CMC effects on Gut and Microbiome: P80 and CMC are the most
studied emulsifiers. They have been found to cause similar alterations to human gut microbiomes
as does IBD. CMC and P80 are found in edible oils, ice creams, cake mixes, icing, and chocolate
syrup, but ingestion of them has led to reduced numbers of beneficial Bifidobacterium and important
SCFA producers—Faecalibacterium and Subdoligranulum—and Clostridium leptum. These same
microbiota alterations by P80 and CMC in mice led to chronic intestinal inflammation.

Processed food additives, such as azo dyes red 40 and yellow 6, the most abundant
synthetic food coloring used by the food industry, can trigger IBD-like colitis in genetically
susceptible mice [4]. Commensal bacteria, i.e., Bacteroides ovatus and Enterococcus faecalis,
can metabolize these food dyes to produce a metabolite known as 1-amino-2-naphthol-6-
sulphonate sodium salt (ANSA-Na) which appears to induce colitis [4]. This is important to
note since intestinal microbiota seem to play a key role in determining the harmful effects
of food additives on intestinal health.

Ultra-processed food consumption may influence the development of IBD through
various mechanisms. One hypothesis is that higher UPF consumption may be associated
with the replacement of “unprocessed or minimally processed foods (UMPs)” that typically
contain abundant amounts of fiber [6]. Another hypothesis is that ultra-processed foods
with additives, such as excessive salt and artificial sweeteners, can promote intestinal in-
flammation. Higher salt concentrations have been shown to increase intestinal permeability,
increase inflammatory cytokine production through a reduction in fecal short-chain fatty
acid production and depletion of Lactobacillus, and exacerbate chemically induced colitis in
experimental models [6]. Artificial sweeteners in UPFs may also induce gut inflammation,
as seen in mice models of spontaneous ileitis with sucralose/maltodextrin supplementation;
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inflammatory bacteria, such as Salmonella, that flourish under sucralose/maltodextrins
supplementation, affect gut epithelial cells by reducing mucus production, and enhancing
colitis susceptibility [6].

In the global prospective cohort study by Narula et al. [7], higher intake of ultra-processed
food was associated with a higher risk of incident IBD, especially in participants consuming
≥5 servings/day. Data from the study also demonstrated that higher intake (≥5 servings/day
vs. <1 serving per day) of processed meat was associated with a greater risk of IBD (hazard
ratio (hazard ratio 1.82, 95% confidence interval 1.22–2.72, p = 0.006). The highest intake of soft
drinks (≥3 servings/week) compared to the lowest intake (<0.5 serving/week) was associated
with a higher risk of IBD. Consumption of ≥3 servings/week of soft drinks, consumption of
≥100 g/day of refined, sweetened foods, and consumption of ≥100 g/day of salty snacks
were all associated with a higher risk of IBD. Intake of just one serving of fried food per
day showed the highest risk of IBD compared to those consuming zero servings per day. In
summary, a higher intake of ultra-processed food was associated with higher risk of IBD [7].

In a European prospective cohort study that followed CD and UC patients for 13 years,
179 incident cases of CD and 431 incident cases of UC were identified. Risk of Crohn’s
was lower in people consuming high proportions of unprocessed or minimally pro-
cessed foods; hazard ratios were adjusted for the highest vs. lowest quartile: 0.57 (95%
CI: 0.35–0.93; p-trend < 0.01); fruits and vegetables (hazard ratios 0.54; 95% confidence in-
terval: 0.34–0.87 and 0.55; 95% confidence interval: 0.34–0.91, respectively). Findings from
the cohort study showed that consumption of unprocessed and minimally processed foods
was associated with a lower risk of CD. No significant associations were found in this
cohort for UC patients [8]. However, in another European Prospective (EPIC) study, a diet
with a high consumption of processed sugar and soft drinks alongside low consumption of
vegetables was associated with a higher risk of UC [9]. In a recent case-control study in Iran,
adherence to a “healthy” diet, categorized by low-fat dairy products, nuts, fish, dried fruits,
vegetable oil, olive oil, fruits, and vegetables (all unprocessed), was protective against UC,
whereas adherence to an “unhealthy” diet, which is high in processed meat, red meat,
processed/high-fat dairy products, pickles, animal fats, potato chips, eggs, processed sugar,
and processed desserts, correlated to an increased risk of UC [10].

In patients with a pre-existing IBD diagnosis, it has been found that ultra-processed-food
consumption is reported as significantly higher (CD: Odds Ratio (OR) 1.94 (95% CI: 1.52–2.49,
p < 0.001); UC: OR 1.39 (95% CI: 1.17–1.65, p < 0.001) compared to individuals without IBD.
This higher intake of ultra-processed foods was also associated with an increased risk for
IBD-related surgery (Hazard Ratio 4.06 (95% CI: 1.52–10.86, p = 0.005) [11]. In contrast,
an intake of unprocessed white meat, unprocessed red meat, dairy, starchy foods, fruits,
vegetables, and legumes was not associated with IBD risk. Since these foods were not found
to be associated with the development of IBD, it is possible, according to Narula et al. [7],
that the risk of developing IBD depends more on the way the food is processed (or ultra-
processed) than the actual food itself [7]. However, future studies are needed to rule out
confounding factors from the study.

2.2. Emulsifiers in Inflammatory Bowel Disease

Emulsifiers have been shown, in recent studies, to play a role in microbiota dysbiosis
and inflammatory responses that influence the development of IBD. Emulsifiers are food
additives frequently used in food processing to extend shelf-life. However, some emulsifiers
have pro-inflammatory effects [4].

The most studied emulsifiers are polysorbate 80 (P80) and carboxymethyl cellulose
(CMC). CMC and P80 are commonly found in edible oils, ice creams, cake mixes, icing,
and chocolate syrup, but ingestion of CMC and P80 emulsifiers are found to negatively
impact intestinal microbiota [12]. Mice models investigating the consumption of these two
emulsifiers, CMC and P80, showed exposure to these emulsifiers can induce microbiota
penetration of the mucus layer that lines the intestinal mucosa. These microbiota alterations
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in mice led to chronic intestinal inflammation and “colitis in genetically susceptible hosts
and as metabolic dysregulation in wild-type hosts” [4].

P80 administration caused similar alterations to human gut microbiomes as does
IBD, which resulted in the reduction in beneficial Bifidobacterium and the reduction in
important SCFA producers including Faecalibacterium and Subdoligranulum, as well as
Clostridium leptum. In mice, an intake of P80 exacerbated ileitis, decreasing the α-diversity
of intestinal microbiota. The growth of sulfide producers including Enterobacteriacaeae
and the swarming behavior of the IBD-related species, Proteus mirabilis, were significantly
increased in mice exposed to P80. This swarming behavior is a type of flagellar movement
requiring multicellular processes and the differentiation of vegetative cells into specialized
cells called swarmer cells. The promotion of swarming behavior in Proteus mirabilis is
associated with its pathogenesis in IBD. Thus, in patients with IBD, intake of P80, as well
as CMC, should be thoroughly considered due to the ability of these emulsifiers to destroy
the mucosal barrier, promote colitis, and alter the gut microbiome populations and their
functions [12].

In a controlled study of human subjects, the effects of CMC consumption were again
observed to detrimentally alter the intestinal microbiome and fecal metabolome. These
results emphasize the need for more studies focusing on the long-term effects of emulsi-
fiers and the development of chronic inflammatory diseases in humans such as IBD [4].
Emulsifiers, thickeners, and other additives in many UPFs have been shown to disrupt and
inflame the intestines; Lo et al., reported an experiment involving the administration of the
synthetic emulsifiers, CMC and P80, in which the mucosal barrier was disrupted and the
gut microbiome population was altered by inflammation, resulting in colitis [6].

In a recent study by Naimi et al. [13], 20 dietary emulsifiers were studied to show that
P80 and CMC are not the only emulsifiers causing changes in the gut microbiota; the study
found that carrageenans, gums, and sunflower lecithin can also lead to gut disruption of
the microbiome [13]. A decrease in Clostridiales, specifically Faecalibacteria, was found
after the intake of P80, iota carrageenan, and mono-diglycerides, while an increase in the
Bacteriodales was associated with the consumption of the following emulsifiers: kappa
carrageenan, lambda carrageenan, and glyceryl stearate. These findings were supported
by the results of the study of Gerasimidis et al. [14] that showed an increase in Escherichia
coli/Shigella after carrageenan kappa consumption and a reduction in Bifidobacterium
after P80 and carrageenan-kappa consumption.

Depletion of Faecalibacterium and Bifidobacterium species with an increase in levels of
E. coli are typically found in CD and UC patients. Studies by Naimi et al. [13] and Gerasimidis
et al. [14] thus supported the hypothesis, stated in the review by Raoul et al. [15], that
certain emulsifiers, including P80 and carrageenan-kappa, can exacerbate specific microbial
variations that can be related back to CD and UC pathogenesis [15–17].

Sandall et al.’s murine study confirmed the inflammatory potential of various dietary
emulsifiers by observing that a reduced colon length occurred following treatment with all
the tested emulsifiers. Only P80 and CMC reached statistical significance, but gum arabic
had highly variable effects through coordinate analysis. This study was the first to test
commonly consumed emulsifiers, lecithin and gum arabic, for a gastrointestinal impact
in mouse models. In Sandall et al.’s human study, it was found that soy lecithin and gum
arabic were more commonly consumed than P80 and CMC in the diets of CD patients.
Given that emulsifiers other than P80 and CMC approached significance for reducing
colon length in human subjects, and consumption frequency of these other emulsifiers was
high, an investigation testing the regulation of various emulsifier classes in the diets of CD
patients should be undertaken [18].

As previously mentioned, the Naimi study reported findings that carrageenans are
another emulsifier type that cause changes in the gut microbiota. Carrageenans are a
group of sulfated polygalactans that are commonly found in flavored milks, iced coffee,
dairy-based ice cream, and other frozen desserts. Carrageenan is directly metabolized by
gut microbiota in the host which influences intestinal homeostasis. Liu et al., interestingly,
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noted that varying molecular weights of carrageenan have different effects. When car-
rageenan is divided into a low molecular weight, it increases intestinal permeability and
leads to colitis onset. When it is of a high molecular weight, carrageenan may promote
antitumor/antioxidant activities [12].

Carrageenan consumption has been reported to cause increases in Deferribacteres, Pro-
teobacteria, Actinobacteria, Bacteroidetes, and Firmicutes. When carrageenan is of the κ-, ι-,
and λ-isomers, it can induce harmful changes of α-diversity and increase microbiota inflam-
matory potential in the human gut. Bacteroides was promoted by λ-carrageenan while Fae-
calibacterium was decreased by ι-carrageenan. κ-carrageenan promoted Bacteroides and
Shigella, decreased Bifidobacterium, and induced robust colitis in high-fat diet models [12].
Carrageenan in the κ-isomer form also drastically promoted two inflammation-related
bacteria, Alistipes finegoldii and Bacteroides acidifacien [17]. In contrast, fecal bacteria
diversity and abundance were enriched in rats when treated with ι-carrageenan [12].

A randomized controlled trial looked at 15 UC patients in remission to investigate
whether a ‘no-carrageenan diet’ prevented relapse. All participants followed a diet free of
carrageenan. The participants were then randomized to two arms: one arm would receive
200 mg/day of carrageenan in capsules and the other arm would receive a placebo dextrose
tablet. After 1-year, three out of five patients in the carrageenan capsule group relapsed. In
contrast, only one out of seven UC patients relapsed in the placebo, non-carrageenan diet
group. The carrageenan capsule arm group experienced an increase in fecal calprotectin,
although these results were not statistically significant. Fecal calprotectin remained stable
in the non-carrageenan diet group [18]. This underscores the caution that UC patients may
need to take to avoid carrageenan in their diet.

Glycerol monolaurate (GML) is an FDA-approved safe emulsifier that inhibits the
growth of harmful bacteria, fungi, and viruses. GML is considered an antimicrobial-
emulsifier. Prior work demonstrated that pre-treatment with GML is superior to co-
treatment with GML for colitis; pre-treatment with GML increased the abundance of
Lactobacillus and Bifidobacterium in feces and the levels of butyric and propionic acid,
while also leading to a more rapid remission rate of colitis. This was measured by a recon-
structed microbiome with an enhancement of fecal SCFAs. Furthermore, colitis remission
induced by GML is associated with an altered gut microbiome, suggesting that it might be
a friendly companion for IBD. However, more studies requiring long-term follow-up are
necessary to test and qualify this assumption further [12].

3. Elimination and Exclusion Diets
3.1. Low FODMAP Diet

FODMAP, which stands for fermentable, oligosaccharides, disaccharides, monosac-
charides, and polyols, is a diet initially created for irritable bowel syndrome (IBS), which
is enriched in short-chain carbohydrates that are poorly absorbed and highly fermented
in the small intestine (Figure 2). This increased fermentation and poor absorption are
hypothesized to lead to increased bloating, diarrhea, and abdominal pain. Consequently, a
low FODMAP diet has gained popularity to help reduce these symptoms in patients with
IBS and has been further trialed in many other gastrointestinal diseases, including IBD in
attempts to find similar results. Multiple studies of varying sizes have shown significant
decreases in IBS-like symptoms including bloating, abdominal pain, diarrhea, and overall
symptom severity scores in patients with IBD consuming a low-FODMAP diet compared
to a normal diet [19–22]. Low FODMAP groups also reported significantly increased rates
of “normal” stool consistency [21]. Further, IBD patients on low FODMAP diets have
shown higher general and IBD-specific quality of life scores, as well as rates of “satisfactory
relief” after instituting the diet [19–22]. Of further support, IBD patients eating a high
FODMAP diet reported an increased symptom burden [23]. In contrast, some studies have
shown that the opposite may hold true. For example, IBD patients who are given a 3 d
fructan (example of short-chain sugar) challenge showed increased pain, flatulence, and
fecal urgency [24]. One hypothesized drawback to a low FODMAP diet in IBD is that the
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fecal samples of patients receiving a high FODMAP diet have been shown to increase rates
of prebiotic bacteria [23]. The primary concern is that a low FODMAP diet may reduce
symptoms but simultaneously reduce gut biodiversity and therefore overall gut health,
leading to worse outcomes overall in IBD patients. Overall, current evidence suggests that
low FODMAP diets can have beneficial effects in terms of symptom relief and increase
patient satisfaction for IBD patients having IBS-like symptoms. However, the effects of a
low FODMAP diet on IBD-specific pathology, IBD flares, severity, long-term sequelae, and
response to treatment are yet to be determined.
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3.2. Carrageenan-Free Diet

Another elimination diet undergoing research in patients with IBD is a carrageenan-
free diet (Figure 2). Carrageenan is a food additive used as a thickening, stabilizing,
texturizing, or emulsifying agent in a variety of foods, most commonly in dairy products
and processed foods [25]. There have been multiple animal model studies demonstrating
the correlation between carrageenan administration and increased rates of colitis [26].
These animal model studies are supported by in vitro experiments with human colonic
tissue showing increased signs of inflammation with carrageenan exposure. Given these
in vitro and in vivo animal studies, a pilot, randomized control trial of 12 UC patients in
remission were all counseled to follow a no-carrageenan diet. They were then randomized
to receive placebo capsules or carrageenan-containing capsules. The study showed that the
“carrageenan-free” group had decreased rates of symptom relapse, as well as IL-6 and fecal
calprotectin levels [27]. The results from the in vitro, in vivo animal models, and the small
pilot study above indicate a possible correlation between decreased inflammation and a
carrageenan-free diet. However, further large-sample, clinical studies in IBD patients are
needed to elucidate the full effects of such a diet on that population.

3.3. Lactose-Free Diet

A lactose-free diet has been the mainstay treatment for GI symptoms in those with
lactose intolerance for many years. Initial investigations of lactose intolerance in IBD
patients (Figure 2) found similar rates in the IBD patient population compared to the
general population, however, a recent meta-analysis found significantly increased rates
of lactose intolerance in both CD and UC patients [28,29]. In terms of the lactose-free
diet clinical effects, Gudman-Hoyerm et al. found that IBD patients with previously
undiagnosed lactose-intolerance demonstrated significant improvement in their symptoms
when changed to a lactose-free diet [28]. The study also trialed a lactose-free diet on
21 UC and 9 CD patients without lactose malabsorption. Of that group, five UC and three
CD patients showed an improvement in symptoms, though no further statistical analysis
was performed given the lack of a control group [28]. In contrast, a 2016 meta-analysis
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found that eating dairy products could even be protective against IBD [30]. The overall
clinical impact of a lactose-free diet on IBD patients without diagnosed lactose intolerance
remains unclear. The current literature indicates a benefit to testing and treating for lactose
intolerance in IBD patients to relieve persistent symptoms despite disease control.

3.4. Gluten-Free Diet

Another ubiquitous elimination diet is a gluten-free diet. Classically, it was developed
for the treatment of Celiac disease, which is an immune-mediated inflammatory disease
of the small intestine due to sensitivity to dietary gluten. Given the similar inflammatory
pathogenesis of Celiac disease and IBD, there has been much interest in the association
between the two disease states. The studies to date have had contradicting results, and thus
there is still controversy regarding the association between the two [31–36]. Regardless,
many IBD patients have reported trialing a gluten-free diet when completing surveys for
cross-sectional dietary studies (Figure 2). To date, there have been two large, internet-based
studies assessing diets trialed, symptom improvement, and IBD flares. Of the 1647 patients
surveyed in the United States, 314 (19.1%) reported having previously trialed a gluten-free
diet, and 65.6% of patients described an improvement in their gastrointestinal symptoms,
and 38.3% reported fewer or less severe IBD flares [37]. In the Switzerland cohort, 54 out of
1254 (4.7%) participants reported following a gluten-free diet. There were no significant
differences in disease activity, hospitalization, or surgery. There were, however, significantly
higher levels of anxiety and depression symptoms for those following a gluten-free diet [38].
Given the heterogeneity and different outcomes in these studies, as well as the lack of
prospective studies, the effects of a gluten-free diet on IBD symptoms and flares remain
elusive and require further evaluation.

3.5. Low Microparticle Diet

One of the earliest hallmarks of CD is the change in lymphoid aggregates in the gut
known as Peyer’s Patches. Microparticles, which are defined as particles between 0.1 and
1.0 µm in size, have been shown to accumulate in phagocytes in this intestinal lymphoid
tissue and are associated with inflammatory changes [39]. It has been hypothesized that
microparticles with an actively charged surface strongly absorb luminal antigens, are
brought into lymphoid tissue and phagocytes, and thus stimulate an aberrant immune
response resulting in gut inflammation [40]. Studies have shown that after exposure to
complexes of microparticles, intestinal cultures and biopsies of intestinal lamina propria
have shown increased secretion of pro-inflammatory cytokines, particularly IL1-B. These
findings lead to the notion that the ingestion of microparticles through diet can lead to
increased inflammation in susceptible patients, such as those with IBD [41,42].

Microparticles are differentiated into two groups, endogenous and exogenous. En-
dogenous microparticles predominantly consist of calcium phosphate particles, whereas
exogenous microparticles include both dietary contaminants such as dust or soil, and food
additives such as TiO2 and aluminosilicates [40]. TiO2 is a whitening and food coloring
additive commonly used in powdered foods, processed dairy products, sauces, toothpaste,
and certain pharmaceuticals [43]. Aluminosalicates are frequently used in granular and
powdered food products [43].

Recent studies have focused primarily on exogenous microparticles as they are com-
monly found at higher levels in Western diets and can theoretically be reduced with
counseling (Figure 2). Lomer et al. conducted an initial double-blind pilot study of 18 total
patients with ileal or ileal-colonic CD, randomized into either the microparticle diet coun-
seling group or the control group without counseling. The CDAI (Crohn’s disease activity
index) was significantly reduced in patients counseled on a low microparticle diet com-
pared to controls [40]. However, a larger, follow-up study from the same group included
83 patients randomized to low/normal microparticle diet and/or low/normal calcium
diet and found no significant difference in CDAI or remission rates after 16 weeks and
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1 year [44]. The secondary analysis also found no difference in ESR, CRP, fecal calprotectin,
or need for surgery in the low microparticle group compared to control groups [45].

Overall, the effect of a low microparticle diet on IBD remains inconclusive. While
histological and in vitro studies suggest that microparticles lead to increased inflammatory
cytokines and cell apoptosis in intestinal lymphoid tissue, data targeting clinical outcomes
have yet to show benefit. Apart from the small pilot study by Lomer et al. [43], larger,
prospective follow-up studies have shown no evidence of decreased clinical symptoms,
changes in lab values, or remission rates in patients counseled on a low microparticle
diet [44]. Further analysis should be completed on the relationship between calcium intake
and its effects on gut inflammation as that may be a confounding factor for microparticle
uptake and thus the induction of proinflammatory pathways. Regardless, there currently
is insufficient evidence to counsel patients on a low microparticle diet with the goal of
decreasing symptom burden or increasing remission rates.

The low FODMAP (fermentable, oligosaccharides, disaccharides, monosaccharides,
and polyols) diet may reduce symptom burden and improve IBD-specific quality of life
scores in patients with IBD. The gluten-free diet has been reported to reduce gastrointestinal
symptoms and severity of flares in patients with IBD in cross-sectional studies, but there
were no significant differences in disease activity, hospitalization, or surgery. The lactose-
free diet is beneficial in patients with IBD with persistent symptoms despite disease control
and undiagnosed lactose intolerance. Carrageenan is a food additive used as a thickening,
stabilizing, texturizing, or emulsifying agent in a variety of foods, most commonly in
dairy products and processed foods. A pilot randomized control trial of 12 UC patients in
remission were all counseled to follow a no-carrageenan diet which resulted in decreased
rates of symptom relapse, as well as IL-6 and fecal calprotectin levels. The low microparticle
(0.1–1.0 uM) diet was shown to reduce CDAI in a small cohort of patients with CD. However,
a larger follow-up study in CD found negative studies. The effects of the low microparticle
diet in IBD remains inconclusive.

4. Specific Dietary Interventions
4.1. Mediterranean Diet

The Mediterranean diet (MD) is characterized by a high consumption of vegetables,
fruits, nuts, legumes, unsaturated fats, and moderate consumption of fish and dairy;
saturated fat, meat, and sweets are consumed sparingly [46]. In patients consuming a
MD-like diet, fecal microbiome showed decreased Ruminococcus and Dorea, along with
increased Faecalibacterium [47]. In patients with CD and UC, animal-derived foods are
associated with increased Ruminococcus and elevated calprotectin [48].

In previous studies, the MD was associated with a reduction in colorectal cancer,
cardiovascular disease, and diabetes [49,50]. Given this, there has been considerable
interest regarding the impact of the Mediterranean diet (MD) on IBD among patients and
providers alike (Figure 3). In a study assessing attitudes towards the MD in patients with
IBD, approximately 85% of patients believed that better dietary patterns could help control
IBD symptoms, and a similar proportion was willing to visit a dietician to improve their
diet [51].
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Data regarding the role of the MD in the development of de novo IBD comes from a
pooled analysis of two large national prospective cohort of Swedish patients, which showed
that higher adherence to the MD was associated with a lower risk of CD among adults aged
45–79 years in a dose-dependent fashion (highest adherence compared to lowest, HR (hazard
ratio) 0.42 [0.22–0.80], Ptrend = 0.02). The risk of UC was unchanged in patients with a high
adherence to the MD compared to low adherence (HR 1.08 [0.74–1.58], Ptrend = 0.61) [52].
The impact of the MD on the development of IBD during the first epidemiologic peak of IBD
remains unstudied.

Two small retrospective studies assessed the impact of the MD in adult patients with
established IBD. In the first study, only nine patients fulfilled criteria for adherence, and all were
men, greatly limiting conclusions [51]. A second study of 80 patients (62 CD, 18 UC) showed
that there was a higher adherence to the MD among CD patients with inactive disease and
those with active disease (43.2% vs. 9.3%, p < 0.001). There was no association for patients
with UC [53]. A prospective study of 142 adult patients with IBD (58 CD, 84 UC) followed
patients given the MD for 6 months. Disease activity was determined by Crohn’s disease activity
index (CDAI) and partial Mayo score (PMS). Fewer patients with CD had active disease at
6 months compared to baseline (17.6% vs. 3.0%, p = 0.011) and there was a corresponding
decline in a percentage of patients with a calprotectin over 250 (45.0% vs. 27.5%, p = 0.035).
Similarly, in patients with UC there was an association with decreased disease activity (23.7% vs.
6.8%, p = 0.004) and elevated calprotectin (43.8% vs. 28.1%, p = 0.049)1.

In a single center randomized trial, 100 pediatric patients with known mild-to-moderate
IBD (ages 12 to 18) were assigned to the MD vs. usual diet for 12 weeks. Approximately
50 percent of both groups were prescribed either an aminosalicylate, immunomodulator, or
biologic. There was a statistically significant decline in pediatric Crohn’s disease activity
index (PCDAI: 6.4 ± 8.1 vs. 10.8 ± 7.4, p = 0.02) and pediatric ulcerative colitis activity
index (PUCAI: 7.6 ± 11.2 vs. 9.2 ± 7.5, p = 0.04) at 12 weeks among patients assigned to
the MD, but the clinical significance of this difference is unclear. Calprotectin was lower
among patients who received the MD (221.5 ± 88.5 vs. 395.7 ± 194.4, p = 0.03) [54].

Data in post-surgical patients are limited to a single retrospective study of one hundred
fifty patients with UC who previously underwent a colectomy and ileal pouch anal anasto-
mosis (IPAA). Godney et al. showed that high adherence to a MD, in a multivariable model,
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was associated with decreased fecal calprotectin, but ultimately did not impact disease
activity or pouchitis over 8 years of follow-up. In exploratory analysis, they identified high
dietary fiber and dietary antioxidants as components of the MD that were associated with
lower calprotectin [55].

4.2. Specific Carbohydrate Diet

There is considerable patient interest in the specific carbohydrate diet (SCD) as an
adjunctive treatment for IBD. SCD specifies allowed and excluded foods; all fresh fruits
and vegetables are acceptable except for starchy vegetables such as potatoes and yams.
Unprocessed meats are allowed but processed or smoked meats are not. No grains are
allowed. Honey is allowed as a sweetener, but processed sugars are not. Dairy is generally
not allowed, but exception is made for certain cheeses [56].

Nutritional adequacy of dietary therapy in IBD is a key concern. A pilot study of eight
patients with pediatric IBD suggested a SCD was adequate for growth and development.
Six of eight (75%) patients gained weight on the diet. Mean energy intake relative to recom-
mended daily allowance (RDA) was between 88%-145%. Macronutrient and micronutrient
intake was largely adequate [57].

The efficacy of SCD (Figure 3) has been studied in pediatric patients, though studies
uniformly have a small sample size. A single-center retrospective study of 26 pediatric
patients (20 CD, 6 UC) showed decline in mean PCDAI from 14.5 ± 16.4 at baseline to
3.1 ± 5.1 at 6 months (p = 0.03); among the nine patients with active CD (PCDAI > 10), mean
was 32.8 ± 13.2 at baseline and 8.8 ± 8.5 at 6 months. A similar decline was observed in
PUCAI (six patients, two with active disease) [58]. A case series of seven pediatric patients
with CD suggested improvement in symptoms and fecal calprotectin with a SCD [59].
Another case series of seven patients with CD showed that SCD resulted in symptomatic
improvement in all patients, but none had normalization of fecal calprotectin or endoscopic
mucosal healing [60].

A small prospective study followed nine patients with pediatric CD for 52 weeks.
Compared to baseline values, at 12 weeks PDCAI (21.1 ± 5.9 to 7.8 ± 7.1, p = 0.011)
declined, as did the Harvey–Bradshaw Index (HBI) and Lewis score (LS). At 52 weeks,
the improvement in PDCAI (21.1 ± 5.9 to 5.4 ± 5.5, p = 0.016) and HBI was sustained;
however, the improvement in LS was not sustained and only two of the seven patients
had mucosal healing by capsule endoscopy [61]. A pilot study randomized 18 patients
with only 10 patients completing the study (SCD = 4, modified SCD = 4, or whole food
diet = 2). All patients had improvement in clinical symptoms at week 12. Microbiome,
proteomics, and metabolomic analysis were performed, but a consistent signal was not
obtained [62]. In a survey of 417 adult patients with IBD (70% female, mean age 34.9 years,
47% CD, 43% UC), 42% of patients reported symptomatic remission at 12 weeks compared
to 4% at baseline.

4.3. Comparison of Mediterranean Diet and Specific Carbohydrate Diet

The efficacy of MD vs. SCD (Figure 3) was compared head-to-head in a randomized
control trial of 194 patients with mild-to-moderate CD (Diet to Induce Remission in Crohn’s
Disease: DINE-CD) [63]. Participants were randomized 1:1, stratified by whether the
participant was currently using a biologic drug. Participants were recruited from 33 sites
in the US and were followed for 12 weeks. Sixty three percent were female, ninety-one
% were white. At screening, 57% were taking a biologic medication and 61% had non-
stricturing, non-penetrating disease. The primary outcome was symptomatic remission at
6 weeks (short Crohn’s disease activity index—sCDAI <150), and key secondary outcomes
were calprotectin response (<250 ug/g and reduction by >50% of for those with baseline
calprotectin >250 ug/g) and c-reactive protein (CRP) response (<5 mg/L and reduction by
>50% of for those with baseline CRP >5 mg/L). Participants were included if they had a
diagnosis of CD and had a sCDAI between 175 and 400. Patients with an ostomy, stricture,
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or medication changes within a specific timeframe prior to study initiation were excluded.
Analysis was completed with intention to treat.

The proportion of patients who achieve symptomatic remission at 6 weeks was not
different between the two groups (SCD 46.5%, MD 43.5%, p = 0.77). Both groups had
improvement in sCDAI and IBD-related quality of life compared to baseline but there was
no difference between the two groups. Similarly, there was no inter-group difference in
calprotectin or CRP response. Both diets were well-tolerated with low rates of serious
adverse events in both groups. Microbiome alpha and beta diversity at baseline and at
week 6 were not associated with symptomatic remission, and these values remained stable
throughout the study. Both diets were moderately effective in mild-to-moderate CD, but
SCD was not superior to the MD [63].

4.4. Ketogenic Diet

Many have heard of the Ketogenic diet (KD) in recent years due to its effectiveness for
weight loss. With less than 50 g of carbohydrates per day, the KD alters the gut microbiota
differently than a high-fat diet by elevating circulating ketone bodies, thus inhibiting the
growth of Bifidobacterium and reducing the level of intestinal inflammatory Th17 cells [64].

The KD would be beneficial to achieve ketosis, an anti-inflammatory state (Figure 4)
characterized by increased levels of blood acetoacetate (ACA) and β-hydroxybutyrate
(βOHB), the two main ketone bodies in the liver.
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in IBD.

The ketogenic diet has been shown to positively affect the gut of children by in-
fluencing the growth of commensal microbes producing short-chain fatty acids (SCFAs)
(e.g., Bifidobacterium, Lactobacillus, Bacteroides, Faecalibacterium, Clostridium, and Ru-
minococcus). The anti-inflammatory effects of KD in reducing IBD in children may be due
to an increase in anti-inflammatory βOHB made by SCFA-producing bacteria [65].

SCFA plays a key role in the relationship between KD and the gut microbiota of
children with IBD. Butyrate and βOHB work in tandem to reduce intestinal inflammation,
reduce inflammatory cytokine production, and increase histone acetylation in macrophages.
Bacteria that produce SCFA play a large part in promoting gut barrier integrity and mitigat-
ing the dysbiosis in IBD colon mucosa. Since KD influences gut SCFA-producing bacteria in
children, KD may be a possible approach to inducing remission and reducing inflammation
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in IBD [66]. However, future studies are needed to test if SCFA-producing gut bacteria are
associated with specific inflammation markers after treatment with the KD.

A study by Kong et al. [66] study compared the gut microbiome and metabolic changes
in mice fed with a KD, a low-carbohydrate diet (LCD), or a normal diet (ND). The effects
of the KD on inflammation, gut microbiome, mucosal barriers, and immunity using a
dextran sulfate sodium (DSS)-induced colitis model were used to highlight the beneficial
effects of a KD-modified gut microbiome on intestinal inflammation using fecal microbiota
transplantation (FMT) in a germ-free (GF) mouse model. Researchers found that the KD sig-
nificantly reduced inflammatory responses, protected intestinal barrier function, reduced
innate lymphoid cell (ILC3) production, and reduced expression of related inflammatory
cytokines as compared to LCD [66]. While the Kong et al. study [66] suggested that a
KD attenuated intestinal inflammation in a DSS murine colitis model, another study [67]
showed the opposite findings. The Li et al. study [67] aimed at exploring the effects of a
ketogenic diet on IBD in mice and its potential mechanisms; mouse models were given a
KD or a control diet (CD) for a month and IBD was induced by diluting drinking water
with 2% DSS during the last week of the diet. The study found that a KD actually worsened
colitis by increasing intestinal permeability, decreasing expressions of intestinal epithelial
barrier genes, increasing body weight loss, increasing DAI scores and histological scores,
and decreasing colon length (a proxy measure of intestinal inflammation) [68]. The study’s
mouse models indicated that KD increased intestinal injury through the following mecha-
nisms; modification of intestinal microbes, metabolomic alterations of gut flora, destruction
of the intestinal barrier, and exacerbation of inflammation in the blood and colon [67]. Fur-
thermore, in other recent studies, keto diets were shown to “aggravate DSS-induced colitis
with increased pathogenic bacteria such as Proteobacteria, Enterobacteriaceae, Helicobacter
and Escherichia–Shigella and decreased potentially beneficial Erysipelotrichaceae” [68].

While ketogenic diets have worked as adjunct therapies to chemotherapy to reduce in-
flammatory cells, ketogenic diets have mostly “unfavorable” effects on the gut microbiome
that require future research and caution [69]. Nonetheless, the true role that the KD has on
IBD patients remains unknown and the long-term effects of the KD require further studies.

4.5. Plant-Based Diet

As developing countries move towards the Western diet of animal proteins, trans-fats,
and processed sugars, increased cases of IBD are occurring, underscoring the link between
a Western diet and IBD rates. In contrast, dietary fibers in heavily plant-based diets have
been linked to a decreased risk of CD [70]. Data from a prospective cohort of 125,000 adults
followed for over 30 years were used to correlate intake of a Western diet (prepared meals,
processed beverages, red meat, and very few vegetables and fruits) to a higher risk of CD.
This excessive intake of red/processed meat, processed sugars, and saturated fat is strongly
linked to dysbiosis in the epithelial barrier function and the gut microbiome [71].

Plant-based foods have been shown to mitigate the effects of the Western diet by
promoting the abundance of beneficial bacteria [70]. Plant-based diets (PBD) seem to aid in
the restoration of the gut during an IBD flare and maintain gut symbiosis during a quiescent
phase. While some experts had advised avoidance of dietary fiber during an IBD flare,
other studies, specifically the 2019 Chiba et al. study [71], claimed this was not necessary;
Crohn’s patients in an active flare phase, even in those with the stricturing CD, were given
a plant-based diet (PBD) with high amounts of dietary fiber without problems [71].

PBDs are known to normalize bowel movements in constipated patients and in patients
with diarrhea or loose stools (Figure 4) [71]. In the 2019 Chiba study of 46 past Crohn’s
cases, infliximab combined with PBD induced a remission rate of 96%, an exciting finding
considering that 30% of those suffering from IBD do not respond to infliximab. In patients
who had their first episode of an UC flare, when treated with PBD as their therapy, there
was only a 14% relapse rate after a year [72]. The researchers stated that treating mild cases
of UC with PBD first, not medication, can induce remission in about one-third of patients
with mild UC [71]. In the 2020 Chiba follow-up study, infliximab and a PBD as the first-line
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therapy induced remission in 13 of 17 severe UC patients, a remission rate of 76% [72].
Researchers noted that infliximab and PBD as first-line therapy provided better short-term
and medium-term outcomes for patients with severe UC than outcomes reported in the
past literature [72].

Many epidemiological studies have demonstrated an association between the Western
diet, low fiber intake, and the development of colorectal cancer in the general population.
Patients with IBD are at a higher risk of developing colorectal cancer compared to patients
without IBD, thus, those with UC and CD eating a Western diet are at an even higher
risk [48].

The gut microbiomes of individuals with colorectal cancer have a decreased amount
of helpful anti-inflammatory microbes such as Clostridia spp., and an increase in inflamma-
tory Fusobacterium, Porphyromonas, Peptostreptococcus, Prevotella, and mucosal E. coli [48].
Bolte et al. demonstrated that processed, animal-derived foods are associated with a
higher abundance of the inflammatory species, Ruminococcus, as well as an elevated stool
calprotectin value, a gut-specific inflammatory marker implicated in CD and UC [48].

4.6. Anti-Inflammatory Diet

Anti-inflammatory diets follow a similar framework to the specific carbohydrate diet,
but rather than a focus on eliminating all gluten, AIDs have five main components which
are intended to collectively mitigate the epithelial barrier dysfunction, microbial dysbiosis,
and dysregulated immune responses often observed in IBD [73]. Regarding the specific
foods, following AID includes limiting refined or processed complex carbohydrates which
can disrupt the intraluminal gut flora by encouraging proliferation of pathogenic bacteria,
increasing of pre- and probiotics, and modifying consumption of fatty acids to favor foods
high in n-3-polyunsaturated fatty acids and avoid foods rich in n-6-polyunsaturated fatty
acids [73–75]. Other key components of the AID are thorough review of individual diet
patterns to identify nutritional gaps or food intolerances, and a stepwise adjustment in
food texture by blending, grinding, or cooking to promote mucosal healing based on each
patient’s symptoms [73,76]. The texture component is particularly unique to AID because
it involves modification of not only the foods consumed but also how they are consumed.
This allows for an increased intake of prebiotics without requiring patients to consume
intact fiber, which can be incompatible with stricturing phenotypes. Conceptually, this type
of diet is designed to support medical treatment of IBD (Figure 3) by limiting exposure
to foods, additives, or components with the potential to contribute to proliferation of
pathogenic microbes or otherwise promote inflammatory processes in the intestinal lumen
and thereby mediate the mucosal immune response [73–78].

Subsequent studies have explored the use of AID in conjunction with medical treat-
ment [73,77–79]. A small case study of 11 IBD patients (8 CD, 3 UC) who followed an
anti-inflammatory diet (IBD-AID) for at least 4 weeks demonstrated the potential of this
type of diet to influence clinical outcomes by reducing symptoms, disease severity, and
the pharmaceutical burden [73]. IBD-AID was the first study to integrate adjustments to
the food and textures of diet [73]. Patients following IBD-AID reported decreased bowel
frequency and discontinuing at least one IBD medication [73]. However, these conclusions
are limited by the size of the cohort and self-reported assessment dietary compliance. The
highly individualized nature of this protocol limits the generalizability of the findings.
Overall, this study has promising findings for a dietary intervention that emphasizes the
intake of foods to optimize nutritional absorption and reduction in possibly inflammatory
foods. The clinical findings suggest an improvement in dysbiosis, but since no samples
were collected for comparison, any possible conclusions are based on prior studies which
have drawn correlations between symptom improvement and improvement in dysbiosis
and mucosal healing in various IBD patient populations [76].

A more recent study by the same group took a closer look at the mechanisms behind
how anti-inflammatory diets can influence the microbiome and immune system of IBD
patients to identify pathways to personalized nutritional recommendations approaches to
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treat dysbiosis in IBD patients using predictive analysis [77]. This study assessed possible
changes in stool microbiome, metabolites, and serum cytokines of 19 patients (12 CD,
7 UC) before, during, and after following an anti-inflammatory diet for several weeks [77].
Comparison of stool microbiome and serum cytokine profiling pre- and post-intervention
shotgun microbiome analyses from stool samples collected throughout the study period
showed changes in microbiome, metabolomics, cytokines, and specific bacterial species
abundance during the intervention window. Interestingly, increases in alpha and beta
diversity of gut microbes were only noted during the intervention itself. Of the bacteria
which increased abundance during the intervention, the 10 most abundant species belonged
to SCFA-producing Clostridia and Bacteroides classes, which are often lower in abundance
in IBD patients. Furthermore, the study was able to link consumption of certain prebiotic
foods or adverse foods with an increase in protective (GM-CSF) and pro-inflammatory
(IL-6, IL-8, and TNF-alpha) serum cytokines, respectively, which are major contributors to
IBD inflammation and pathogenesis. However, the choice of study design used participants
as their own control which cannot be overlooked as a limitation. Understanding how these
dietary changes interact with microbiome and the immune responses in IBD patients to
influence disease severity and progression would be interesting to explore in more depth
in a more robust clinical trial.

Other studies have investigated AID’s potential for prolonging remission and prevent-
ing subclinical colonic inflammation in adults with inactive UC, when compared to a diet
consistent with Canadian national dietary recommendations (CFG) [78]. The study was un-
fortunately not well-powered enough to detect any significant difference in rates of clinical
relapse between the two groups. After following the AID, patients saw a general decline
in fecal calprotectin and had a significantly greater subclinical response (fecal calprotectin
<150 µg/g at the endpoint) compared to patients following the CFG. Furthermore, the
adherence to the AID appeared to maintain the downtrend of fecal calprotectin as higher
fecal calprotectin levels were significantly correlated with eating fewer anti-inflammatory
foods (i.e., yogurt, poultry, and seafood) and consuming more pro-inflammatory foods
avoided in the AID (i.e., fruit juices, cured meat, and saturated fats). These findings strongly
support the role of AID in delaying the onset of subclinical colitis and decreased likelihood
of relapse. Patients following the AID also saw significant increases in the abundance
of Bifidobacteriaceae, Lachnospiraceae, and Ruminococcaceae which were also significantly
associated with lower fecal calprotectin levels. Significant changes in serum, urine, and
stool metabolomes were also observed, particularly decreases in fecal acetone and xanthine
levels as well as increases in serum pyruvic acid, and urinary p-hydroxybenzoic acid.
The mechanistic conclusions from these findings show that the AID may play a role in
prolonging remission and also demonstrated how the foods recommended by the AID may
directly affect microbiome and metabolomic changes that decrease likelihood of clinical
relapse amongst UC patients in remission.

Further evidence of direct microbiome manipulation in following an anti-inflammatory
diet was found when an anti-inflammatory diet was combined with multi-donor FMT [79].
Patients with mild to moderately active UC following this protocol went into deep, sustained
remission for a year following. After following the study-specific anti-inflammatory diet
recommendations (FMT-AID) for 8 weeks vs. standard medical therapy (SMT), FMT-AID was
superior to SMT in inducing clinical response (23/35 (65.7%) vs. 11/31 (35.5%), p = 0.01, OR 3.5
(95% CI 1.3 to 9.6)), remission (21/35 (60%) vs. 10/31 (32.3%), p = 0.02, OR 3.2 (95% CI 1.1 to
8.7)), and deep remission (12/33 (36.4%) vs. 2/23 (8.7%), p = 0.03, OR 6.0 (95% CI 1.2 to 30.2))
at 8 weeks. The anti-inflammatory diet was superior to SMT in maintaining deep remission
until 48 weeks (6/24 (25%) vs. 0/27, p = 0.007). Patients in the FMT-AID group consumed less
total fiber but the same amount of soluble fiber as the patients following standard medical
therapy only. The combination of two strategies of manipulating the microbiome seemed to be
especially powerful in inducing remission, but the findings suggested an anti-inflammatory
diet could be key to sustaining steroid-free deep remission.
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Overall, the data from studies currently investigating the efficacy of anti-inflammatory
diets in IBD suggest that this type of intervention may be promising at correcting symptoms
and clinical outcomes attributed to dysbiosis. However, rigorous investigation into the anti-
inflammatory diets as an intervention with robust clinical outcomes amongst patients with
active disease is still needed. Anti-inflammatory diets could be a major foray into a shift
in focus in IBD treatment from correcting dysregulated immune responses to correcting
dysbiosis that precedes it.

4.7. High Fiber Diet

The anti-inflammatory effect facilitated by the conversion of dietary fiber to short-
chain fatty acids (SCFA) by intestinal microbiota has been discussed at length by the recent
literature [80,81]. In fact, the inflammation-mediating effects of SCFAs alongside indole
compounds and dietary omega-3 polyunsaturated fatty acids has also been attributed
to interactions between the gut microbiota and macrophages [82]. Further research has
explored whether increasing consumption of dietary fiber in the diet could help mediate
inflammation in patients with IBD. IBD mouse models have demonstrated how high-fat
diets can exacerbate intestinal inflammation by interfering with the gut barrier function and
the resident microbiome [82]. Investigation into possible clinical outcomes and changes
in biomarkers in patients experiencing active IBD inflammation is an emerging area of
research that several studies have begun to explore.

In a study of 17 patients with UC either in remission or with very mild disease, a low
fat, high fiber diet was noted to be associated with improved inflammatory markers and
fewer signs of intestinal dysbiosis [83]. This was compared to similar, but less pronounced
improvements in these same areas after patients followed a “healthier” version of the
standard American diet for the same amount of time. Both diets included more fiber than
the baseline diet of all participants prior to enrollment in the study, and notably patients
reported improvements in patient quality of life (SIBDQ) from baseline following both
interventions. A more profound decrease in inflammatory markers was identified following
the low-fat, high fiber diet than the standard diet intervention. Furthermore, untargeted
and targeted metabolomic studies on fecal samples collected following the low-fat, high
fiber diet revealed significantly higher amounts of acetate than in samples collected at
baseline. Stool samples collected from patients after the standard diet were also notable for
higher acetate levels compared to baseline, but this increase was slightly less pronounced
than that observed following the low-fat, high fiber diet. Fecal samples collected following
the low-fat, high fiber diet were also notable for fewer signs of intestinal dysbiosis. In
addition, microbiota composition was associated significantly with the amount of acetate
and propionate found in the stool. When reflecting on the results of the study from a
clinical standpoint, it is possible that this type of diet could benefit patients in remission
from UC; however, because none of the patients entered the study during flare, and all
patients stayed in remission throughout the study, no definitive conclusions can be drawn
about the effect of the diet on inflammation during flare.

Previous reviews have discussed possible ways a high fiber diet might bolster intestinal
barrier function, and the resulting decreased permeability would mediate the number of
inflammatory triggers that can cause flare or systemic complications of IBD [45,84]. Whether
or not a high fiber diet can be a good mediator of inflammation among patients with active
disease, and what the impact is on disease activity and clinical laboratory findings would
be an interesting future research direction.

4.8. Exclusive Enteral Nutrition (EEN)

Exclusive enteral nutrition (EEN) involves receiving all calories and nutritional re-
quirements via liquid formulation while excluding all other food and drink except water.
Enteral nutrition consists of mainly of amino acids and peptides. It is believed that limiting
oral intake with EEN may reduce dietary antigens that may be triggers for CD [85]. The
clinical benefits of EEN in CD have been explored in several studies. A prior meta-analysis
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of patients with CD on anti-TNF maintenance therapy [86] demonstrated that EEN was
associated with greater odds of long-term remission. In a prospective study of 149 patients
with CD with malnutrition, preoperative enteral nutrition support was associated with a
trend but no conclusive evidence of a reduction in intra-abdominal septic complications [87].
On the contrary, a retrospective study of 300 patients with CD undergoing surgery demon-
strated that preoperative oral enteral nutrition was well-tolerated and associated with a
reduction in 30-day postoperative complications [88]. In another retrospective cohort study
of CD patients, preoperative EEN was associated with downstaging the need for surgery in
patients presenting with stricturing or penetrating complications, reduction in systemic
inflammation, operative times, and incidence of post-operative abscess or anastomotic
leak [89].

The Mediterranean diet (MD) is characterized by high consumption of vegetables,
fruits, nuts, legumes, unsaturated fats, and moderate consumption of fish and dairy; sat-
urated fat, meat, and sweets are consumed sparingly. Epidemiological studies suggest a
decreased risk of CD with MD. Clinical trials of the MD in IBD have resulted in decreased
symptoms, disease activity, and markers of inflammation. The specific carbohydrate diet
(SCD) allows fresh fruits and vegetables except for starchy vegetables, unprocessed meats,
honey, and certain cheeses are allowed, processed/smoked meats, processed sugars, and
dairy are not allowed. SCD has been shown to decrease disease activity in IBD. Comparing
MD vs. SCD (DINE-CD) showed similar rates for 6-weeek clinical remission and no differ-
ence between sCDAI, IBD-quality of life (QOL), CRP, and calprotectin. Anti-inflammatory
diets (AID) follow a similar framework to the SCD, but rather than a focus on eliminating
all gluten, AID includes limiting refined or processed complex carbohydrates, increasing of
pre- and probiotics, and modifying the consumption of fatty acids to favor foods high in
n-3-polyunsaturated fatty acids and avoidance of foods rich in n-6-polyunsaturated fatty
acid. Other key components of the AID are thorough review of individual diet patterns to
identify nutritional gaps or food intolerances, and a stepwise adjustment in food texture
by blending, grinding, or cooking to promote mucosal healing based on each patient’s
symptoms. AID has been associated with decreased bowel frequency and pharmaceutical
burden in IBD. In a trial combined with FMT, AID-FMT lead to increased rates of clinical
and endoscopic remission in UC.

KD has been shown to worsen colitis by increasing intestinal permeability, decreasing
expressions of intestinal epithelial barrier genes, and decreasing colon length. PBDs are
known to normalize bowel movements in constipated patients and in patients with diarrhea
or loose stools. PBDs seem to aid in the restoration of the gut during an IBD flare and
maintain gut symbiosis during a quiescent phase.

5. Emerging Dietary Interventions in IBD
5.1. Reduced Sulfur Diet in UC

In addition to the dietary interventions mentioned earlier in this review, several novel
dietary approaches are being investigated in patients with IBD. One approach involves
a reduced sulfur diet intervention in patients with UC (NCT04474561) [90]. This study
is based on the premise that dysbiosis caused by higher levels of hydrogen sulfide and
sulfate-reducing bacteria play a role in the pathogenesis of UC [91]. In this open label
clinical trial, the effects of a reduced sulfur diet (includes reducing foods, food additives and
beverages high in sulfate/sulfur, limiting sulfur-containing supplements, and consuming
omega-3 fatty acid supplements to control overgrowth of sulfur-reducing bacteria in the
colon) plus conventional management will be compared to conventional management for
the primary outcome of disease activity measured by Mayo scores.

5.2. Personalized Fiber Diet in UC

While a high fiber diet may have some anti-inflammatory effects in animal models and
small cohort studies of patients with IBD, the exact type and ideal amount of fiber to reduce
inflammation and induce remission in patients with IBD is unknown. Armstrong et al. [92]
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recently demonstrated that unfermented dietary β-fructan fibers can induce proinflamma-
tory cytokines in a subset of IBD intestinal biopsies cultured ex vivo, and immune cells. The
results suggest that some dietary fibers have detrimental effects in select patients with ac-
tive IBD who lack fermentative microbe activities. Based on these findings, the same group
is currently investigating a personalized B-fructan diet in IBD patients (NCT05615779) [93].
In this dietary intervention, patients with UC or healthy controls will be randomized to
consume foods high in pectin (placebo comparator), foods high in B-fructan, foods high in
pectin based on personal host (biopsy) and microbe (stool) response at baseline, and foods
high in B-fructan based on personal host (biopsy) and microbe (stool) response at baseline.
The primary outcome of this study will be diet tolerability. Secondary outcomes include
inflammatory response to diet (changes in markers of inflammation in blood and stool) and
microbiota changes in response to diet.

5.3. Fermented Food Diet in UC

The effects of fermented foods on gastrointestinal inflammation and gut microbiome
composition has been demonstrated in prior studies. Fermented plant extracts can atten-
uate dextran sodium sulfate-induced colitis in mice and production of proinflammatory
cytokines. In addition, fermented plant extract supplementation in non-IBD subjects in-
duced increases in Firmicutes phyla and in Clostridiales order, which play a central role in
inflammation suppression [94]. Likewise, in a randomized, prospective study of healthy
adult subjects, a high fermented-food diet steadily increased microbiota diversity and
decreased inflammatory markers [95]. The effects of a fermented food-supplemented diet
is being explored in an open label clinical trial in patients with UC (NCT04401605) [96].
In this trial, patients with active UC (elevated calprotectin and elevated symptom scores)
will be assigned to an intervention of increasing the number of daily servings of fermented
foods (e.g., Kimchi, Sauerkraut, Yoghurt, Kefir, etc.) over 10 weeks vs. control (regular diet).
The primary outcome will be change in the clinical disease activity inflammatory marker,
fecal calprotectin.

5.4. Caloric Restriction, Intermittent Fasting, Time Restricted Feeding Diets in IBD

Finally, novel directions in dietary interventions in IBD are extending beyond food
composition and exploring the effects of caloric restriction and timing of food consump-
tion. Intermittent fasting (IF) involves food consumption patterns in which individuals go
extended time periods (e.g., 16–48 h) with little or no energy intake combined with inter-
vening periods of normal food intake. Prior work has suggested that intermittent fasting
may counteract age-related degenerative disease processes and may improve functional
outcomes ranging from diabetes and cardiovascular disease to neurological disorders [97].
For example, a single fasting interval in humans can reduce basal concentrations of several
metabolic biomarkers associated with chronic disease including insulin and glucose [98]. A
prior mouse study of cycles of fasting and refeeding demonstrated that nutritional signals
were critical in maintaining gut immune homeostasis [99]. In this study, temporary fasting
drastically reduced the number of lymphocytes by 50% in Peyer’s patches with a large
portion of germinal center and IgA + B cells lost during fasting. Furthermore, fasting may
also abolish induction of antigen-specific IgA and oral tolerance [99].

Given the profound effects of intermittent fasting on the gastrointestinal immune
response, clinical trials exploring the effects of intermittent fasting or fasting mimicking
diets in IBD are underway. Two separate randomized, open-label clinical trials are cur-
rently investigating how an intermittent calorie-reduced diet (IRCD) that mimics fasting
impacts inflammation in patients with mild to moderate UC (NCT03615690) [100] and CD
(NCT04147585) [101]. In these clinical trials, three cycles of a 5-day reduced calorie diet will
be compared with a regular diet control arm for the primary outcome of clinical response
(decrease in partial Mayo score for UC, reduction in CDAI for CD). Secondary outcomes
will also assess the effects of these dietary interventions on inflammatory biomarkers (CRP,
ESR, calprotectin), endoscopic inflammation, quality of life indices, and immune cell and
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gut microbiome and metabolite composition. Likewise, another clinical trial will evaluate
the impact of time-restricted feeding in Crohn’s disease (TRF-CD) (NCT04271748) [102].
In this open label clinical trial, patients with CD with active inflammation (defined by
elevated CRP, calprotectin, or CD-SES) will be required to fast for 16 consecutive hours (e.g.,
7:00 p.m.–11:00 a.m.) daily for 4 weeks. Subjects will be allowed to consume their normal
diet during a chosen 8-h eating window. The primary outcomes for this study include
change in Patient Recorded Outcome 2 (PRO2) scores and inflammatory markers (CRP and
calprotectin). Secondary outcomes include change in gut microbiome composition and
peripheral blood immune markers measured by mass cytometry (CYTOF).

6. Conclusions and Future Directions

The large number of observational and interventional studies evaluating the link
between diet and IBD risk, pathogenesis, and role as a therapy in IBD underscores the
significant interest and clinical need of patients and clinicians. Epidemiological studies
have suggested that ultra-processed foods are associated with a higher incidence of IBD,
whereas certain food additives and emulsifiers may disrupt gut microbiota homeostasis
and lead to intestinal inflammation. Exclusion and elimination diets may be associated with
improved symptoms in patients with IBD, but no definitive evidence exists for attenuating
objective markers of inflammation or improving clinical outcomes. Specific dietary inter-
ventions such as the Mediterranean diet and the specific carbohydrate diet may decrease
disease activity and calprotectin but are limited by small sample sizes. Similarly, dietary
interventions such as high fiber, plant-based, ketogenic, and anti-inflammatory diets have
all been shown to reduce symptoms, improve inflammatory burden, and quality of life
metrics to varying degrees, but there exists significant heterogeneity in response to these
dietary interventions. Exclusive enteral nutrition may be beneficial in a subset of pediatric
CD patients and CD undergoing surgical interventions.

Currently, most dietary studies in IBD are limited by study design, risk of bias and
confounding, small sample size/underpowering, lack of controls and/or randomization,
and significant heterogeneity in definitions for response and outcomes. Furthermore,
most dietary trials have only assessed outcomes at short time-periods and the feasibility,
tolerability, and long-term adherence of these dietary interventions remain to be determined.
To date, there is no robust evidence that any dietary intervention alone may replace standard
therapies in patients with IBD. However, diet may play an adjunct role to induce or maintain
clinical remission with current standard IBD therapies. Novel approaches to dietary
interventions in IBD such as personalized fiber, intermittent fasting, and time-restricted
diets may provide clinical benefits and reveal innovative insights into IBD pathogenesis.
The results of these ongoing dietary clinical trials in IBD are eagerly awaited. While no
definitive recommendations regarding specific dietary interventions as therapy in IBD
can be made at this time based on quality of current evidence, clinicians together with a
dedicated nutritionist should discuss types of dietary interventions previously investigated,
possible benefits and risks, and quality of evidence with patients who may be interested in
incorporating dietary changes to their standard therapies.
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