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Abstract: Inflammatory Bowel Disease (IBD), encompassing Crohn’s disease and ulcerative colitis, is
a chronic condition characterized by immune dysregulation, gut microbiota alterations, and
persistent intestinal inflammation. While pharmacological treatments remain the cornerstone of
management, growing evidence suggests that diet plays a crucial role in disease modulation. Specific
dietary components have been implicated in either exacerbating or alleviating symptoms, potentially
influencing disease progression. Understanding the complex interactions between food, gut
microbiota, and immune responses is essential for optimizing dietary recommendations in IBD.
Recent clinical and mechanistic studies have explored the impact of various dietary patterns,
macronutrients, and bioactive compounds on inflammation and gut homeostasis. However,
conflicting findings and individual variability highlight the challenges in establishing universal
dietary guidelines. Emerging evidence also supports the role of personalized nutrition and
elimination diets in improving patient outcomes. Despite progress, gaps remain in translating dietary
interventions into clinical practice, necessitating further high-quality research. This review
synthesizes current knowledge on the interplay between diet and IBD pathophysiology, focusing on
the latest clinical data and mechanistic insights. By bridging research findings with clinical
applications, this work aims to provide a comprehensive understanding of the potential role of
nutrition in managing IBD.

Keywords: inflammatory bowel disease nutrition; Crohn’s disease; ulcerative colitis; gut
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Introduction

Inflammatory Bowel Disease (IBD) is a chronic, immune-mediated disorder of the
gastrointestinal (GI) tract, encompassing two major conditions: Crohn’s disease (CD) and ulcerative
colitis (UC). Both conditions are characterized by periods of exacerbation and remission, significantly
impacting patients' quality of life [1]. Despite similarities, CD and UC have distinct
pathophysiological features and clinical presentations. CD can affect any part of the digestive tract
from the mouth to the anus but most commonly involves the terminal ileum and colon. It is
distinguished by transmural inflammation, which can lead to complications such as strictures,
fistulas, and abscess formation [2]. In contrast, UC is confined to the colon and rectum, with
inflammation limited to the mucosal layer. The disease typically progresses in a continuous manner
from the rectum proximally, often presenting with symptoms such as bloody diarrhea and abdominal
discomfort [2]. The exact etiology of IBD remains unclear, though it is widely recognized as a
multifactorial disease resulting from a complex interplay between genetic predisposition,
environmental triggers, gut microbiota alterations, and immune dysregulation [3,4].

Advances in research have highlighted the critical role of diet in modulating gut inflammation,
either exacerbating or alleviating symptoms, making dietary management an essential component of
IBD treatment strategies [5]. While IBD is primarily an immune-mediated disorder, emerging
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evidence suggests that dietary components significantly influence gut inflammation, the intestinal
microbiota, and disease progression [6]. Patients with IBD often perceive diet as a major factor in
their disease and frequently seek dietary modifications to alleviate symptoms [7]. Research indicates
that certain dietary patterns, such as the Western diet, which is high in saturated fats, processed
foods, and refined sugars, are associated with increased IBD risk and disease flares [8]. Conversely,
diets rich in fiber, omega-3 fatty acids, and polyphenols may have protective effects by promoting a
healthy gut microbiome and reducing inflammation [9]. Exclusive enteral nutrition (EEN) has also
been shown to induce remission in pediatric CD, highlighting the potential of targeted dietary
interventions [10]. Despite the increasing recognition of diet as a modifiable factor in IBD
management, standardized dietary guidelines remain limited. A multidisciplinary approach,
involving dietitians and gastroenterologists, is essential to develop personalized nutrition plans that
address individual dietary triggers, nutritional deficiencies, and patient preferences [11].

This review aims to explore the role of diet in IBD by examining its impact on gut microbiota,
mucosal integrity, and immune responses. It will synthesize clinical evidence on dietary
interventions, highlighting foods that may exacerbate or alleviate symptoms. Additionally, the
review will evaluate the efficacy of specific diets, such as the Mediterranean diet and EEN, in disease
management. By identifying gaps in current research and emphasizing the need for personalized
nutrition strategies, this review seeks to bridge the gap between scientific findings and clinical
applications, ultimately improving dietary recommendations for IBD patients.

Pathophysiology of IBD and Dietary Interactions

Role of gut microbiota and dysbiosis

The gut microbiota plays a fundamental role in maintaining intestinal homeostasis and immune
regulation (Table 1) [12]. In IBD, dysbiosis—an imbalance in the composition and function of gut
microorganisms—has been identified as a key factor contributing to chronic intestinal inflammation
[13]. Dysbiosis in IBD is characterized by a reduction in microbial diversity and an imbalance between
protective and pathogenic bacteria. Studies have consistently reported a decrease in beneficial
bacteria such as Firmicutes and Bacteroidetes and an expansion of pro-inflammatory taxa, particularly
Proteobacteria and Enterobacteriaceae [14]. This microbial shift leads to increased production of
inflammatory mediators and impairs the gut barrier, allowing microbial antigens to trigger aberrant
immune responses [15]. A dysfunctional gut microbiome also affects the production of key microbial
metabolites, such as short-chain fatty acids (SCFAs), which play an anti-inflammatory role in gut
health. In IBD, there is a notable reduction in SCFA-producing bacteria, leading to compromised
intestinal barrier integrity and heightened immune activation [16]. Moreover, alterations in bacterial
metabolites disrupt regulatory T-cell functions, further exacerbating inflammation [17]. Given the
strong association between dysbiosis and IBD, therapeutic strategies targeting the gut microbiota
have gained attention. Approaches such as probiotics, prebiotics, fecal microbiota transplantation
(FMT), and dietary modifications have shown promise in restoring microbial balance and improving
disease outcomes [18].

Table 1. Gut microbiota in IBD and associated immune mechanisms.

Bacterial Immune Mediators and
Microbiota Group Effects on IBD
Genera/Species Mechanisms

Pathogenic (Pro-Inflammatory) Microbiota (Dysbiosis-Associated)

Escherichia coli Promotes gut
Upregulation of TNF-a, IL-

Proteobacteria (Adherent-Invasive inflammation, adheres
6, IL-1p3, IFN-y; activates

E. coli - AIEC) to  epithelial cells,
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NF-kB and induces reactive | increases intestinal
oxygen species (ROS) permeability
Induces IL-1B3, IL-8, and
TNF-a secretion; disrupts | Worsens gut Dbarrier
Fusobacterium
Fusobacterium tight junction proteins; | dysfunction, promotes
nucleatum
enhances neutrophil | inflammation
recruitment
Activates pattern
Aggravates  mucosal
recognition receptors
immune activation,
Enterobacteriaceae Salmonella, Klebsiella (PRRs) like TLR4; increases
promotes chronic
macrophage-driven
inflammation
inflammation
Produces pro-
inflammatory Exacerbates colonic
Ruminococcus gnavus Ruminococcus gnavus | polysaccharides, activates | inflammation, increases
dendritic  cells  (DCs) | susceptibility to flares

Protective (Anti-Inflammatory)

Microbiota (Eubiosis-Associated)

Produces butyrate, = Strengthens gut barrier,
Faecalibacterium suppresses NF-kB, | decreases
Firmicutes
prausnitzii increases IL-10 secretion, | inflammation, supports
reduces IL-6 and TNF-a remission
Stimulates regulatory T
cells (Tregs), enhances | Supports immune
Bifidobacterium
Bifidobacterium SCFA production, inhibits | tolerance, improves gut
longum, B. bifidum
pro-inflammatory homeostasis
cytokines
Modulates dendritic cells
Lactobacillus (DCs) and macrophages to | Reduces inflammation,
Lactobacillus
plantarum, L. reuteri | suppress Th1/Th17 | strengthens gut barrier
responses, increases IL-10
Enhances mucus | Protects intestinal
Akkermansia production,  strengthens | epithelial integrity,
Akkermansia
muciniphila gut barrier, reduces IL-6 | improves gut
and TNF-a homeostasis

Intestinal barrier dysfunction and immune activation

The intestinal barrier plays a crucial role in maintaining gut homeostasis by regulating the

selective absorption of nutrients while preventing the entry of harmful pathogens and antigens. In

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202505.2480.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2025 d0i:10.20944/preprints202505.2480.v1

4 of 30

IBD, this barrier becomes compromised, leading to increased intestinal permeability, which facilitates
the translocation of microbial products and triggers immune activation [19]. Intestinal barrier
dysfunction in IBD is characterized by alterations in tight junction proteins, increased apoptosis of
epithelial cells, and heightened immune responses. Tumor necrosis factor-alpha (TNF-a) and
interleukin (IL)-13 have been identified as key cytokines responsible for disrupting epithelial
integrity, contributing to increased permeability and inflammation (Figure 1). Studies in
experimental colitis models have demonstrated that targeted epithelial dysfunction alone can induce
mucosal immune activation, indicating that barrier disruption is a primary contributor to disease
pathogenesis rather than a secondary consequence of inflammation [20]. The interaction between a
weakened intestinal barrier and the immune system creates a self-perpetuating cycle of
inflammation. The increased permeability allows luminal antigens to enter the mucosa, activating
innate immune responses, including macrophages and dendritic cells, which in turn promote the
production of pro-inflammatory cytokines such as interferon-gamma (IFN-y) and TNF-a [21]. This
immune activation exacerbates epithelial damage, leading to a chronic inflammatory state that drives
disease progression. Therapeutic strategies aimed at restoring intestinal barrier integrity are gaining
attention as potential treatments for IBD. Experimental studies have shown that activation of the
pregnane X receptor (PXR) can attenuate barrier dysfunction by reducing cytokine-induced myosin
light-chain kinase (MLCK) expression, thereby stabilizing tight junction proteins [22]. Additionally,
interventions such as probiotics, dietary modifications, and prebiotic supplementation have shown
promise in modulating gut barrier function and reducing inflammation.
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Figure 1. Immune dysregulation and increased intestinal permeability in inflammatory bowel disease. On
the left, the normal intestinal environment maintains homeostasis through a balanced interaction between
immune cells, regulatory T cells, and anti-inflammatory cytokines (TGF-f3, IL-10). The intestinal epithelial barrier
remains intact, preventing bacterial invasion and inflammation. On the right, in IBD, there is a loss of the
protective mucus layer, leading to increased epithelial permeability and bacterial entry. This triggers an immune
dysregulation, where elevated pro-inflammatory cytokines (TNF-a, IL-12, IL-23) drive an overactive immune

response. The recruitment of immune cells, including activated macrophages and neutrophils, sustains a chronic
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inflammatory cycle. This results in an expanded lamina propria, excessive chemokine and cytokine production,
and ongoing intestinal damage. This dysregulated immune response underlies the chronic inflammation

characteristic of IBD, contributing to disease progression and symptom:s.

Impact of diet on inflammatory pathways

Diet plays a significant role in modulating inflammation in IBD by influencing immune
responses, gut microbiota composition, and epithelial barrier integrity. The Western diet,
characterized by high fat, refined sugar, and low fiber, has been linked to increased intestinal
inflammation and disease progression. In contrast, fiber-rich and anti-inflammatory diets have
demonstrated protective effects by reducing pro-inflammatory cytokine production and maintaining
gut homeostasis [23]. High-fat diets, particularly those rich in saturated and trans fats, can promote
gut inflammation by altering the microbiome and increasing intestinal permeability. Studies have
shown that excessive dietary fat stimulates the release of pro-inflammatory cytokines such as TNF-a
and IL-6, which exacerbate mucosal inflammation [24]. Additionally, a high-fat diet promotes
dysbiosis by increasing the abundance of Proteobacteria, a bacterial phylum associated with
inflammation, while reducing beneficial Firmicutes species that produce anti-inflammatory
metabolites like SCFAs [25]. Similarly, diets high in refined sugar have been associated with increased
intestinal permeability and endotoxemia, leading to heightened immune activation. Simple
carbohydrates can fuel pathogenic gut bacteria and reduce microbial diversity, contributing to a pro-
inflammatory gut environment [26]. Moreover, high-sugar intake has been linked to reduced mucin
production in the gut lining, which weakens the protective mucus barrier and makes the intestine
more susceptible to bacterial invasion and inflammation [27].

In contrast, fiber-rich diets have been shown to have protective effects against IBD by promoting
gut barrier integrity and fostering the growth of beneficial bacteria that produce SCFAs, such as
Faecalibacterium prausnitzii [28]. SCFAs, including butyrate and propionate, have anti-inflammatory
properties, reducing cytokine production and strengthening tight junctions in the intestinal
epithelium. Diets emphasizing whole foods, such as the Mediterranean diet and anti-inflammatory
diets like the Inflammatory Bowel Disease Anti-Inflammatory Diet (IBD-AID), have demonstrated
effectiveness in reducing inflammatory markers and improving clinical symptoms [28,29].
Furthermore, polyphenol-rich foods such as berries, green tea, and turmeric have shown potential in
modulating immune responses and reducing oxidative stress in IBD patients. These bioactive
compounds inhibit nuclear factor-kappa B (NF-kB) signaling, a key pathway in inflammatory
responses, thereby reducing the secretion of pro-inflammatory cytokines [30]. Omega-3 fatty acids,
found in fatty fish and flaxseeds, also exhibit anti-inflammatory effects by modulating eicosanoid
pathways and reducing the production of pro-inflammatory prostaglandins and leukotrienes [31].

Foods to Avoid in IBD: Mechanistic and Clinical Evidence

Ultra-processed foods & additives

The consumption of ultra-processed foods (UPFs) has been strongly linked to the rising
incidence of IBD. UPFs are defined as industrially manufactured foods that contain additives such as
emulsifiers, artificial sweeteners, preservatives, and colorants, which enhance texture, flavor, and
shelf life. While these additives are considered safe for the general population, accumulating
evidence suggests that they may contribute to intestinal inflammation and IBD pathogenesis [32].
Several mechanisms have been proposed to explain the role of UPFs in IBD. One key factor is the
disruption of gut microbiota. Studies have shown that food additives such as emulsifiers (e.g.,
carboxymethylcellulose and polysorbate-80) alter gut microbiota composition, reducing beneficial
bacteria such as Faecalibacterium prausnitzii and promoting the growth of pro-inflammatory species
like Proteobacteria [33]. This dysbiosis weakens the gut barrier, leading to increased intestinal
permeability, a hallmark feature of IBD pathogenesis. Additionally, artificial sweeteners such as
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aspartame and sucralose have been found to impair gut immune responses and promote oxidative
stress. Emulsifiers and preservatives, commonly found in UPFs, enhance bacterial translocation
across the intestinal epithelium, triggering immune activation and chronic inflammation [34].
Epidemiological studies have consistently demonstrated a strong association between high UPF
consumption and an increased risk of IBD. A large-scale prospective cohort study across 21 countries
found that individuals who consumed five or more servings of UPFs per day had an 82% higher risk
of developing IBD compared to those consuming fewer than one serving per day [35]. Another cross-
sectional study reported that patients with active IBD had significantly higher UPF consumption
compared to those in remission [36]. A systematic review and meta-analysis involving over 4 million
participants revealed that high UPF intake was particularly associated with an increased risk of CD,
rather than UC [37]. This suggests that dietary factors may have a stronger influence on CD
pathogenesis, potentially due to differences in immune responses and microbiota composition.

High-fat diets

Dietary fat composition significantly influences gut inflammation, and a high-fat diet (HFD) has
been implicated in the pathogenesis and exacerbation of IBD. Several studies have demonstrated that
diets rich in saturated and trans fats promote intestinal dysbiosis, increase intestinal permeability,
and enhance inflammatory responses, contributing to disease progression [38]. A HFD disrupts gut
microbiota composition by favoring the growth of pro-inflammatory bacteria while reducing
beneficial species. Notably, studies have identified an overgrowth of Bilophila wadsworthia, a sulfide-
producing bacterium that exacerbates gut inflammation, in response to high saturated fat intake [39].
Additionally, HFD-induced dysbiosis has been linked to increased intestinal permeability, allowing
luminal antigens to penetrate the gut epithelium and activate immune responses [40]. HFDs also
trigger oxidative stress and pro-inflammatory cytokine production in the gut. For instance, studies
have shown that HFD feeding leads to excessive reactive oxygen species (ROS) production, which
damages intestinal epithelial cells and enhances local inflammation [41]. Moreover, an HFD activates
MLCK, which regulates tight junction proteins, thereby increasing intestinal permeability and
immune system activation [42].

Several epidemiological and experimental studies have provided compelling evidence linking
HFDs to IBD progression. A study in genetically susceptible Mdrla(-/-) mice demonstrated that HFD-
induced obesity exacerbates colitis, highlighting the interaction between diet, genetic predisposition,
and inflammatory responses [40]. Additionally, an experimental study found that short-term HFD
feeding prior to colitis induction resulted in severe inflammation, increased gut permeability, and
higher levels of pro-inflammatory cytokines [43]. These findings suggest that even brief exposure to
HED can prime the gut for inflammation, predisposing individuals to IBD flares.

Red and processed meats

Red and processed meats have been increasingly implicated in the pathogenesis and progression
of IBD. These foods contain high levels of saturated fats, heme iron, and food additives, which can
promote gut inflammation and dysbiosis. Several epidemiological and experimental studies suggest
that frequent consumption of red and processed meats is associated with an increased risk of IBD
onset and worsened disease outcomes [44]. The inflammatory potential of red and processed meats
is attributed to multiple factors. One of the primary concerns is the high heme iron content in red
meat, which promotes oxidative stress and the formation of cytotoxic compounds such as N-nitroso
compounds (NOCs). These compounds have been shown to impair the intestinal barrier and
contribute to inflammation in experimental colitis models [45]. Additionally, processed meats often
contain preservatives, emulsifiers, and artificial additives, which can disrupt gut microbiota and
increase intestinal permeability [35]. Moreover, high-fat content in red meat contributes to pro-
inflammatory cytokine production, particularly TNF-a and IL-6, which play central roles in IBD
pathogenesis. A study in mice demonstrated that high red meat intake led to intestinal dysbiosis, an
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increase in pathogenic bacteria such as Bacteroides and Alistipes, and a decline in beneficial bacteria
like Faecalibacterium [45]. These changes were accompanied by increased colonic inflammation and
disrupted tight junction proteins, further contributing to disease severity.

Epidemiological studies have provided robust evidence linking red and processed meat intake
to IBD. A large prospective cohort study from the European Prospective Investigation into Cancer
and Nutrition (EPIC) found that high red meat consumption was associated with an increased risk
of UC, butnot CD [44]. Another cohort study analyzing over 5,763 IBD patients reported that frequent
consumption of processed meat (>4 times per week) was linked to a significantly higher risk of
mortality in CD patients, suggesting that these foods may worsen disease progression [46]. However,
some conflicting findings exist. The Food and Crohn’s Disease Exacerbation Study (FACES), a
randomized controlled trial, found no significant association between reduced red meat intake and
CD relapse rates [47]. This suggests that while red and processed meats may influence disease risk
and progression, other dietary and genetic factors likely play a role in IBD pathophysiology.

Dairy in lactose-intolerant patients

Dairy consumption in IBD is a subject of debate, particularly in lactose-intolerant individuals.
While dairy products are rich in calcium, vitamin D, and other essential nutrients, lactose intolerance
can exacerbate gastrointestinal symptoms in some IBD patients. Lactose intolerance is more prevalent
in patients with CD affecting the small intestine than in those with UC, as small bowel inflammation
can lead to secondary lactase deficiency [48]. Lactose intolerance results from a deficiency in lactase,
the enzyme responsible for breaking down lactose into glucose and galactose. In lactose-intolerant
individuals, undigested lactose reaches the colon, where it is fermented by gut bacteria, producing
gas and SCFAs. This process can lead to bloating, diarrhea, and abdominal pain, which overlap with
IBD symptoms, making it challenging to differentiate between disease activity and food intolerance
[49]. However, research indicates that lactose intolerance is not inherently more common in IBD
patients than in the general population [50]. Beyond lactose, milk proteins, such as casein and whey,
have been investigated for their potential role in gut inflammation. Some studies suggest that casein
may increase intestinal permeability and promote inflammation in genetically susceptible
individuals, though definitive evidence linking dairy proteins to IBD flares remains inconclusive [51].

The relationship between dairy consumption and IBD is complex. A large multinational study
found that lactose intolerance and dairy sensitivity were more prevalent in IBD patients compared to
non-IBD controls, but many patients avoided dairy unnecessarily due to misconceptions about its
effects on their disease [52]. Similarly, a meta-analysis revealed that while lactose malabsorption was
more common in CD patients with small bowel involvement, dairy foods may actually have
protective effects against IBD development [53]. Another study on Arab adults found an inverse
association between dairy consumption and IBD, suggesting that frequent dairy intake may reduce
the risk of both CD and UC [54]. These findings challenge the notion that all IBD patients should
avoid dairy and highlight the need for individualized dietary recommendations.

Gluten in sensitive individuals

Gluten, a protein found in wheat, barley, and rye, has been increasingly studied in relation to
IBD. While celiac disease (CeD) is a well-defined autoimmune disorder triggered by gluten, non-
celiac gluten sensitivity (NCGS) is a less understood condition in which individuals experience
gastrointestinal and extraintestinal symptoms following gluten ingestion without the characteristic
markers of CeD. Several studies suggest that a subset of IBD patients may have heightened sensitivity
to gluten, leading to symptom exacerbation and potential immune activation [55]. The impact of
gluten on IBD pathogenesis remains controversial, but several mechanisms have been proposed.
Gluten ingestion has been shown to increase intestinal permeability, leading to heightened immune
responses. In a mouse model of CD, gluten exposure was found to reduce regulatory T cells and cause
ileitis, suggesting a direct pro-inflammatory effect [56]. Additionally, gluten can alter gut microbiota
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composition, which may contribute to dysbiosis and heightened immune activation in genetically
susceptible individuals. Another potential mechanism involves wheat proteins beyond gluten, such
as amylase-trypsin inhibitors (ATIs), which have been implicated in activating toll-like receptor 4
(TLR4)-mediated inflammation. This pathway has been suggested as a possible contributor to
increased intestinal inflammation in CD [57].

Several studies have explored the prevalence of gluten sensitivity in IBD patients and the effects
of a gluten-free diet (GFD). A study assessing 102 IBD patients found that approximately 27% of CD
and UC patients reported gluten sensitivity, with symptoms including fatigue, bloating, and
diarrhea. Furthermore, gluten sensitivity was associated with recent disease flares and stricturing
disease in Crohn’s patients [58]. A large cohort study from the Crohn’s & Colitis Foundation of
America (CCFA) Partners found that 19% of IBD patients had tried a GFD, with 65.6% reporting
improved gastrointestinal symptoms and 38.3% experiencing fewer IBD flares. However, no
definitive evidence supports a GFD as a primary treatment strategy for IBD, and benefits may be
limited to those with concurrent NCGS [59]. Conversely, a prospective cohort study analyzing dietary
gluten intake and IBD risk in over 200,000 participants found no significant association between
gluten consumption and IBD onset [60]. This suggests that while some IBD patients may benefit from
a GFD, gluten elimination may not be necessary for all individuals. Prohibited dietary components
for IBD patients and their underlying immunomechanisms are listed in Table 2.

Table 2. Prohibited dietary components for IBD patients.

Prohibited
Food/Dietary Immunomechanisms Involved Effects on IBD
Component
Ultra-processed Increase in gut permeability, activation of NF- | Exacerbates gut inflammation,

foods & food | kB and pro-inflammatory cytokines (IL-6, | increases intestinal permeability,
additives TNF-a), gut dysbiosis promotes dysbiosis

High-fat diets | Increase in pro-inflammatory lipid mediators, | Promotes ~ gut  inflammation,
(especially saturated | upregulation of toll-like receptors (TLRs), | increases oxidative stress,

and trans fats)

Red and processed
meats
Dairy (in lactose-
intolerant
individuals)
Gluten (in gluten-

sensitive

individuals)

High-sugar diets

reduction in SCFA-producing bacteria

Increased oxidative stress, formation of
nitrosamines, upregulation of IL-18, IL-18,

and TNF-«

Induction of gut inflammation via mast cell

activation and histamine release

Activation of zonulin pathway, increased
intestinal permeability, immune activation via
1L-15, IL-21

Increased intestinal permeability, dysbiosis
(overgrowth of Proteobacteria), promotion of

inflammatory cytokines (TNF-a, IL-1p3)

exacerbates gut permeability
Enhances inflammatory pathways,
microbiota

worsens gut

composition, increases risk of
disease flare-ups

Triggers diarrhea, bloating, and
gut inflammation in lactose-
intolerant IBD patients
Exacerbates symptoms in gluten-
sensitive IBD patients, contributes
to increased gut permeability
Worsens gut inflammation,
contributes to oxidative stress and

microbiome imbalance
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Emulsifiers (e.g., | Disrupts gut barrier, promotes bacterial

Increases intestinal permeability,
carrageenan, translocation, increases inflammatory

worsens gut inflammation
polysorbate-80) markers (IL-6, TNF-a)

Spicy food & | TRPV1 receptor activation, increased gut | Can trigger pain and diarrhea in
capsaicin motility, release of substance P and histamine | some IBD patients, but effects vary

Disrupts intestinal barrier function, increases | Exacerbates gut inflammation,
Alcohol bacterial  translocation, promotes pro- | worsens dysbiosis, increases risk of

inflammatory cytokines (TNF-a, IL-8) flare-ups

Foods Beneficial for IBD: Mechanistic and Clinical Evidence

Fiber & prebiotics

Dietary fiber and prebiotics play a significant role in gut health, particularly in IBD. While fiber
has historically been avoided by IBD patients due to concerns about symptom exacerbation,
emerging evidence suggests that specific types of fiber and prebiotics can have anti-inflammatory
effects by modulating gut microbiota and enhancing intestinal barrier function [61]. Dietary fiber
exerts its beneficial effects primarily through fermentation by gut microbiota, producing SCFAs such
as butyrate, acetate, and propionate. These metabolites promote mucosal healing, maintain intestinal
barrier integrity, and regulate immune responses [62]. Butyrate, in particular, has been shown to
inhibit nuclear factor-kappa B (NF-kB) signaling, a major inflammatory pathway in IBD, while also
promoting the production of regulatory T cells that suppress excessive immune activation [63].
Prebiotics, a subset of dietary fiber found in foods such as bananas, onions, garlic, asparagus, and
whole grains, selectively stimulate the growth of beneficial bacteria like Bifidobacterium and
Lactobacillus, which play a role in reducing gut inflammation [64]. Additionally, resistant starch, a
fermentable fiber present in foods like legumes and cooked-and-cooled potatoes, has been shown to
increase SCFA production and support colonic health [65].

Despite the known benefits of fiber, IBD patients tend to consume inadequate amounts, often
due to misconceptions about fiber exacerbating symptoms. A multicenter cross-sectional study found
that only 38% of IBD patients met the recommended fiber intake, with prebiotic fiber consumption
being particularly low [65]. Another study highlighted that fiber intake in pediatric IBD patients was
significantly lower than in non-IBD controls, underscoring the need for dietary interventions to
improve fiber consumption [64]. Experimental models further support the benefits of fiber in IBD. A
study using a murine colitis model demonstrated that a high-fiber diet provided protection against
acute and chronic colitis when administered as a preventive strategy. However, fiber
supplementation after disease onset was less effective, suggesting that fiber may be more beneficial
for maintaining remission rather than treating active disease [66].

Probiotics & fermented foods

Probiotics and fermented foods have gained increasing attention as potential dietary
interventions for managing IBD. Since IBD is characterized by gut dysbiosis and chronic intestinal
inflammation, probiotics—live microorganisms that confer health benefits—may help restore
microbial balance and modulate immune responses [67]. Fermented foods, such as yogurt, kefir,
sauerkraut, and kimchi, naturally contain probiotics and bioactive compounds that may support gut
health. Probiotics exert their beneficial effects in IBD through multiple mechanisms. They enhance
gut barrier integrity by stimulating mucus production and strengthening tight junction proteins,
which reduces intestinal permeability and prevents bacterial translocation [68]. Probiotics also
produce SCFAs, particularly butyrate, which has anti-inflammatory properties and supports the
health of colonic epithelial cells [69]. Additionally, probiotics modulate the immune system by
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shifting the balance toward anti-inflammatory responses. Certain strains, such as Lactobacillus
plantarum and Bifidobacterium, can reduce levels of pro-inflammatory cytokines like TNF-a and IL-6
while promoting the production of IL-10, an anti-inflammatory cytokine [70]. Meanwhile, fermented
foods naturally contain probiotics, organic acids, and bioactive peptides that may help modulate gut
microbiota and inflammation. Studies suggest that fermented milk products, such as kefir and
yogurt, may improve symptoms in IBD patients by increasing the abundance of beneficial bacteria
like Faecalibacterium and Lactobacillus (or Lactiplantibacillus), which produce SCFAs [69]. Additionally,
certain fermented plant-based foods, such as kimchi and sauerkraut, contain polyphenols and
bioactive peptides that exhibit anti-inflammatory effects [67,71].

Clinical trials suggest that probiotics can be effective in UC, particularly in maintaining
remission. A systematic review of randomized human clinical trials found that probiotic formulations
containing lactic acid bacteria and Bifidobacterium improved symptoms and prolonged remission in
UC patients, though their effects in CD were less clear [72]. Another study found that probiotic
supplementation significantly reduced gut inflammation and improved intestinal microbiota
composition in patients with IBD-associated pouchitis [73]. However, while probiotics show promise,
their efficacy depends on the specific bacterial strains used. The multi-strain probiotic formulation
VSL#3 has demonstrated efficacy in inducing and maintaining remission in UC, but its benefits in CD
remain inconclusive [74]. Some studies indicate that probiotic therapy alone may not be sufficient for
treating active disease but can be beneficial when used as an adjunct to standard therapies [75].

Omega-3 fatty acids

Omega-3 polyunsaturated fatty acids (PUFAs), found in fatty fish (e.g., salmon, mackerel,
sardines) and plant-based sources such as flaxseeds and walnuts, have been widely studied for their
anti-inflammatory properties. These fatty acids include eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), which serve as precursors to specialized lipid mediators that modulate
immune responses and promote gut homeostasis [76]. Omega-3 fatty acids reduce inflammation by
competing with omega-6 fatty acids, particularly arachidonic acid (AA), for incorporation into cell
membranes. This competition leads to a shift from the production of pro-inflammatory eicosanoids,
such as prostaglandins and leukotrienes, to anti-inflammatory lipid mediators known as resolvins,
protectins, and maresins [77]. These mediators actively resolve inflammation, reducing the
recruitment of immune cells and promoting tissue healing. Additionally, omega-3 fatty acids have
been shown to lower oxidative stress and reduce intestinal permeability, key factors contributing to
IBD pathogenesis. A Mendelian randomization study demonstrated a causal relationship between
higher omega-3 levels and a decreased risk of IBD, with a particularly strong protective effect against
CD. This study suggested that maintaining a balanced omega-6 to omega-3 ratio is essential for
modulating intestinal inflammation [78].

The clinical impact of omega-3 fatty acid supplementation in IBD remains a subject of debate. A
systematic review of randomized controlled trials found that omega-3 supplementation was
associated with a reduction in pro-inflammatory cytokines and improved quality of life in Crohn’s
disease patients [76]. Similarly, a meta-analysis suggested that omega-3 intake might help reduce the
risk of IBD relapse and inflammation markers such as C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) [79]. However, some studies have reported conflicting results. A large
review analyzing omega-3 supplementation in IBD concluded that while these fatty acids have clear
anti-inflammatory effects, their clinical benefits in inducing remission or preventing relapse remain
inconsistent due to variations in dosage, formulation, and patient characteristics [80]. Recent research
has also explored the role of dietary sources of omega-3s, such as fish and flaxseeds, rather than
supplements. Observational studies suggest that regular fish consumption is associated with a lower
risk of IBD development, likely due to the consistent intake of EPA and DHA from whole foods
[81,82].
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Curcumin & polyphenols

Curcumin and polyphenols, bioactive compounds found in turmeric, green tea, berries, and
other plant-based foods, have demonstrated significant anti-inflammatory and antioxidant effects in
IBD. These natural compounds target multiple inflammatory pathways, helping to modulate
immune responses and oxidative stress, which are central to IBD pathogenesis [83]. Curcumin, the
active component of turmeric (Curcuma longa), is known for its ability to inhibit key pro-inflammatory
pathways, including NF-«B, cyclooxygenase-2 (COX-2), and TNF-a [84]. By downregulating these
pathways, curcumin helps reduce intestinal inflammation and oxidative damage, which are
hallmarks of IBD. Additionally, curcumin promotes gut barrier integrity by enhancing tight junction
protein expression, reducing intestinal permeability [85]. Polyphenols found in green tea
(epigallocatechin gallate, EGCG) and berries (anthocyanins, quercetin) exhibit similar anti-
inflammatory properties by modulating cytokine expression and suppressing reactive oxygen
species (ROS) [86]. These compounds have been shown to shift immune responses from a pro-
inflammatory Th1/Th17 profile to a more regulatory Th2 profile, thereby mitigating disease severity.

Several clinical trials have assessed curcumin’s efficacy in IBD management. A meta-analysis of
randomized controlled trials found that curcumin supplementation significantly improved clinical
remission rates and reduced endoscopic inflammation in UC patients [87]. Another study
demonstrated that curcumin treatment effectively suppressed colonic inflammation in a mouse
model of IBD, supporting its potential as a therapeutic agent [88]. Green tea polyphenols have also
shown promising results. A clinical study found that EGCG supplementation improved intestinal
barrier function and reduced inflammatory markers in IBD patients [83]. Additionally, anthocyanins
from berries have demonstrated protective effects against colitis by modulating gut microbiota and
increasing levels of beneficial bacteria like Lactobacillus and Bifidobacterium [86]. Despite these
promising findings, challenges remain in translating curcumin and polyphenol research into clinical
practice. Curcumin’s poor bioavailability limits its effectiveness, though novel formulations such as
nanoparticles and liposomal curcumin aim to enhance its absorption [89].

Exclusive enteral nutrition (EEN) in Crohn’s disease

EEN is a well-established first-line therapy for inducing remission in pediatric CD and is gaining
recognition for its potential role in adult patients. EEN involves the complete replacement of regular
food with a nutritionally complete liquid formula for a set duration, usually 6-8 weeks, with the goal
of reducing intestinal inflammation and promoting mucosal healing [90]. The precise mechanisms by
which EEN induces remission in CD are not fully understood, but several key pathways have been
identified. EEN is believed to reduce inflammation by altering gut microbiota composition,
decreasing intestinal permeability, and suppressing pro-inflammatory cytokines. Studies have
shown that EEN promotes a shift in gut microbiota, reducing levels of Proteobacteria and increasing
beneficial Firmicutes, which contribute to gut homeostasis [91]. Additionally, EEN has been shown to
modulate the immune system by reducing the levels of circulating effector memory CD8+ T cells,
which play a role in the chronic inflammation characteristic of CD [92]. This immune modulation
helps dampen the inflammatory response within the gastrointestinal tract, leading to symptom
improvement and mucosal healing. Another potential mechanism involves the reduction of dietary
antigens that may trigger immune activation. By eliminating whole foods, EEN removes potential
dietary triggers of inflammation, leading to a decrease in gut permeability and improved barrier
function [93].

EEN is widely used in pediatric CD, with studies showing remission rates of up to 80% in
children following an 8-week course [90]. In addition to inducing remission, EEN also supports
nutritional status and growth, making it a preferred therapy over corticosteroids in pediatric
populations. In adults, the evidence for EEN is more mixed. While some studies suggest that EEN
can be effective in inducing remission, adherence remains a significant challenge due to the restrictive
nature of the diet [94]. A study exploring patient experiences with EEN in adults found that while
initial adherence was difficult, participants reported symptom improvement over time, with social

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.2480.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2025

d0i:10.20944/preprints202505.2480.v1

12 of 30

and health system support playing a crucial role in adherence [94]. Another study assessed the impact
of EEN on health-related quality of life in adults with active CD. Patients who underwent a 4-week
EEN treatment experienced significant improvements in bowel symptoms, systemic symptoms, and
emotional well-being, with 84.6% achieving clinical remission [95]. However, adherence to EEN was
a key limitation, with some patients struggling with the monotony of a liquid-only diet.

Despite its effectiveness, EEN is underutilized in adult patients due to issues related to
compliance and palatability. A review examining EEN use in adults found that non-adherence was a
major barrier, with many patients struggling to maintain the diet for extended periods [96]. Strategies
to improve adherence, such as partial enteral nutrition (PEN) or combining EEN with dietary
guidance, are being explored to make the therapy more acceptable [97]. Additionally, research is
needed to optimize EEN formulations to enhance compliance and effectiveness. The development of
palatable and nutritionally balanced formulas, as well as better patient education and support
systems, could increase the feasibility of EEN in adults [93]. Recommended dietary components for
IBD patients and their underlying immunomechanisms are listed in Table 3.

Table 3. Recommended dietary components for IBD patients.

Recommended
Food/Dietary Protective Inmunomechanisms Benefits in IBD
Component
Increases short-chain fatty acid (SCFA)
Fiber & Prebiotics = production (butyrate, acetate), enhances gut | Supports gut microbiota diversity,
(Fruits, Vegetables, | barrier integrity, reduces pro-inflammatory | reduces inflammation, improves
Whole Grains) cytokines (TNF-a, IL-6), promotes regulatory | bowel regularity
T cells
Probiotics & | Restores gut microbiota balance
Strengthens intestinal  barrier,
Fermented Foods | (Bifidobacterium, Lactobacillus), enhances
modulates immune responses,
(Yogurt, Kefir, | mucus production, inhibits NF-«B
may help maintain remission
Kimchi, Sauerkraut) | inflammatory signaling
Reduces  pro-inflammatory  eicosanoids,

Omega-3 Fatty Acids

(Fatty Fish, Flaxseeds,
Walnuts)

Curcumin &
Polyphenols
(Turmeric, Green

Tea, Berries)
Exclusive Enteral
Nutrition (EEN)
(Liquid Nutritional

Therapy)

increases production of anti-inflammatory

lipid mediators (resolvins, protectins),

decreases IL-6, TNF-a

Inhibits NF-kB, COX-2, TNF-a, enhances

antioxidant defenses, strengthens tight

junction proteins

Alters gut microbiota composition, decreases
immune cell activation (CD8+ T cells), reduces

TNF-a and IL-1$3

Lowers gut inflammation,

improves  mucosal  healing,

reduces relapse risk

Reduces oxidative stress, prevents
disease flares, supports gut barrier

function

Induces remission in Crohn’s

disease, reduces gut inflammation
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Provides calcium and vitamin D without

Lactose-Free Dairy & Supports bone health, prevents
triggering inflammation, avoids lactase

Hard Cheeses osteoporosis in IBD patients
deficiency-induced immune activation

Mediterranean Diet

Increases anti-inflammatory polyphenols and | Reduces intestinal inflammation,
(Olive Oil, Nuts,

omega-3 fatty acids, promotes SCFA | promotes long-term gut health,
Lean Proteins, Whole

production, lowers IL-6 and CRP levels improves remission rates
Grains)
Zinc-Rich Foods | Regulates immune cell function, reduces | Promotes gut healing, reduces
(Pumpkin Seeds, | intestinal permeability, inhibits IL-13 and | disease severity, improves
Meat, Shellfish) TNF-« immune resilience

Commonly Asked Questions

Spicy food and capsaicin in IBD

Spicy foods, particularly those containing capsaicin, have been a topic of debate in the context
of IBD. Capsaicin, the active compound in chili peppers, interacts with transient receptor potential
vanilloid 1 (TRPV1) receptors in the gut, which are involved in pain sensation, inflammation, and gut
motility [98]. While some evidence suggests that capsaicin may have anti-inflammatory properties,
other studies indicate that it may exacerbate symptoms in IBD patients. Capsaicin interacts with
TRPV1 receptors located in the gut lining, which can modulate inflammation and gut permeability.
Experimental studies suggest that capsaicin may have dual effects—it can reduce inflammation
through activation of peroxisome proliferator-activated receptor gamma (PPAR-vy), but it can also
stimulate immune cells and increase gut permeability, potentially worsening inflammation [99]. A
study on mice with dextran sulfate sodium (DSS)-induced colitis found that oral capsaicin
administration worsened colonic inflammation, leading to increased neutrophil infiltration and
upregulation of inflammatory cytokines such as TNF-a and IL-6. The inflammatory effects were
mediated by TRPV1 activation, as blocking this receptor significantly reduced gut inflammation
[100]. These findings suggest that, in individuals with active IBD, capsaicin could contribute to
symptom exacerbation by enhancing immune activation and gut permeability.

Epidemiological studies have reported that a significant number of IBD patients identify spicy
foods as a trigger for symptom relapse. A survey conducted among 306 IBD patients found that 54.3%
of UC patients and 53.4% of CD patients reported experiencing symptom worsening or disease
relapse after consuming spicy food [100]. However, some experimental models suggest potential
benefits of capsaicin. Studies indicate that, in controlled doses, capsaicin may help regulate gut
microbiota composition and exert anti-inflammatory effects [101]. Capsaicin has also been shown to
reduce oxidative stress and modulate macrophage activity in preclinical studies [102]. However,
these findings have not yet translated into consistent clinical benefits for IBD patients.

Portion size and meal composition in IBD

Portion size and meal composition are critical factors in managing IBD, as improper dietary
habits can contribute to disease flares, malnutrition, and gut dysbiosis. Given that IBD patients often
experience altered nutrient absorption, increased metabolic demands, and inflammation-related
weight fluctuations, a structured dietary approach is essential for symptom control and overall well-
being [103]. A well-balanced diet for IBD patients should include a combination of macronutrients—
carbohydrates, proteins, and fats—in proportions that prevent malnutrition while minimizing
gastrointestinal distress. A proposed food pyramid (Figure 2) for IBD patients recommends daily
intake of complex carbohydrates (3 portions), tolerated fruits and vegetables (5 portions), yogurt
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(125ml), and extra virgin olive oil, as well as weekly intake of fish (4 portions), white meat (3
portions), eggs (3 portions), pureed legumes (2 portions), and limited red/processed meats (once a
week) [104]. Dividing meals into smaller, frequent portions (4-6 meals per day) instead of three large
meals is often recommended to improve digestion and nutrient absorption while reducing gut
irritation. Large meals may overwhelm the gastrointestinal system, leading to bloating, diarrhea, or
pain, whereas smaller meals help regulate bowel movements and prevent excess inflammation [7].
Portion size may need to be adjusted based on disease activity: During active flare-ups, small, easily
digestible meals with low fiber (if fiber intolerance is present), moderate protein, and minimal fat are
recommended. Liquid nutrition, such as EEN, may be beneficial for severe cases [105]. During
remission, a more diverse diet with fiber-rich foods (fruits, vegetables, whole grains) can be
introduced gradually, alongside probiotic-rich foods like yogurt and fermented vegetables to support
gut microbiota [106]. Importantly, many IBD patients suffer from malnutrition despite consuming
adequate calories, as inflammation and intestinal damage impair nutrient absorption. Studies have
shown that 41.4% of IBD patients have altered body composition, particularly low fat-free mass,
despite appearing well-nourished [107]. This underscores the need for individualized meal planning,
focusing on portion control to meet micronutrient requirements, particularly for iron, vitamin D,
calcium, and omega-3 fatty acids.

Foods and drinks high in fat, sugar and salt
Red or processed meat

Not every day (+ once a week) %

Fats, spreads and oils -
In very small amounts

3-4 portions a week @

Milk, yogurt and cheese ’ . : f‘j

+125 ml a day RS

Wholemeal cereals and breads,
potatoes, pasta and rice ' , 4
3 portions a day &

Vegetables, salad and fruit 7 , f i n
5 portions a day E . ‘ )} : 7

Figure 2. The IBD food pyramid. The IBD food pyramid provides guidance on a balanced diet tailored for
individuals managing inflammatory bowel disease. The foundation of this pyramid consists of vegetables,
salad, and fruits, recommending at least five portions per day to ensure a high intake of essential vitamins,
minerals, and fiber. These foods support overall gut health while reducing inflammation. This pyramid serves
as a general guideline, and dietary needs may vary depending on individual tolerance and specific IBD
conditions. It is always recommended to consult a healthcare provider or a registered dietitian for personalized

advice.
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Asian diet, MSG, and flavor enhancers in IBD

The role of diet in IBD has been extensively studied, with dietary patterns differing between
Western and Asian populations. The increasing incidence of IBD in Asia has been linked to a shift
toward a more Westernized diet, which includes higher consumption of processed foods, food
additives, and monosodium glutamate (MSG) [108]. Traditionally, Asian diets have been considered
protective against IBD due to their emphasis on fiber-rich foods, fermented products, and anti-
inflammatory compounds. However, with increasing urbanization and dietary Westernization, there
has been a notable rise in IBD cases in Asian countries [109]. Research suggests that the adoption of
higher-fat, lower-fiber diets may contribute to gut dysbiosis and increased intestinal inflammation,
similar to patterns observed in Western populations [110]. A study on British South Asians with IBD
found that patients frequently modified their traditional diets, avoiding certain foods such as spicy
dishes, dairy, and legumes, in an attempt to manage symptoms. Notably, many of these patients had
adopted food avoidance behaviors more commonly seen in Western IBD populations, indicating a
complex interplay between dietary habits and cultural influences [111].

MSG is a widely used flavor enhancer, particularly in Asian cuisines. While MSG is generally
considered safe for human consumption, its potential impact on gut health and IBD remains debated.
Some animal studies suggest that high doses of MSG could contribute to increased gut permeability
and oxidative stress, which may exacerbate inflammation in IBD [112]. Additionally, the combination
of MSG with high-fat diets has been shown to produce contrasting effects on different regions of the
intestine. While MSG may have protective effects in some areas, it has been associated with increased
pro-inflammatory markers in others. This suggests that the interaction between dietary components
may influence gut inflammation differently depending on the individual’s overall diet and IBD status
[112]. Given the variability in individual responses to MSG and flavor enhancers, IBD patients should
consider tracking their symptoms after consuming foods containing MSG. While current evidence
does not definitively link MSG to IBD flares, patients who suspect sensitivity may benefit from
reducing processed foods that contain MSG and other additives. Furthermore, the Asian Working
Group on Diet and IBD recommends a balanced dietary approach that includes traditional elements
of the Asian diet, such as fiber-rich vegetables, fermented foods, and omega-3 fatty acids, while
minimizing processed foods and artificial flavor enhancers [108].

Vitamins and minerals in IBD

Patients with IBD are at a heightened risk of vitamin and mineral deficiencies due to chronic
inflammation, malabsorption, altered dietary intake, and the effects of medications such as
corticosteroids and immunosuppressants [113]. Deficiencies in essential micronutrients can
exacerbate IBD symptoms, impair immune function, and increase the risk of complications such as
osteoporosis and anemia. Vitamin D plays a crucial role in modulating immune responses and
maintaining gut barrier integrity. Studies indicate that vitamin D deficiency is highly prevalent in
IBD patients, with 38.1% of CD and 31.6% of UC patients exhibiting low levels [114]. Vitamin D
supplementation has been shown to help regulate inflammatory cytokines and may reduce disease
activity [115]. Next, chronic intestinal bleeding, reduced dietary intake, and impaired absorption
contribute to iron deficiency anemia (IDA) in IBD. It is estimated that up to 50% of IBD patients suffer
from anemia, with iron deficiency being the leading cause [116]. Iron supplementation, either oral or
intravenous, is often required, though oral supplementation may be poorly tolerated due to
gastrointestinal side effects. Vitamin B12 deficiency is more common in CD patients, particularly
those with ileal involvement or resection, as the terminal ileum is the primary site of B12 absorption
[117]. Folate deficiency may occur due to malabsorption or long-term use of sulfasalazine and
methotrexate. Zinc plays a crucial role in immune function and wound healing. Up to 40% of IBD
patients have zinc deficiency, which has been linked to increased disease severity and delayed
mucosal healing [117]. Additionally, long-term corticosteroid use and chronic inflammation increase
the risk of osteoporosis in IBD patients. Vitamin D and calcium supplementation are recommended
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to prevent bone loss, while vitamin K deficiency has been linked to increased inflammatory activity
in CD [118].

While supplementation is necessary to correct deficiencies, indiscriminate use of multivitamins
may not always be beneficial. A randomized controlled trial found that over-the-counter
multivitamin and mineral supplements did not significantly reduce infection risk in IBD patients on
immunosuppressive therapy [119]. However, targeted supplementation for specific deficiencies, such
as vitamin D, iron, and zinc, has shown clear clinical benefits in disease management. A study on
pediatric IBD patients found that supplement adherence was relatively poor (32-44%), and those
with a better understanding of supplementation's purpose were more likely to follow
recommendations [120]. This highlights the need for patient education regarding the importance of
vitamins and minerals in IBD management.

Types of dairy safe in IBD

Dairy consumption in inflammatory bowel disease (IBD) is a controversial topic, as some
patients report dairy-related symptoms, while others tolerate certain types of dairy without issues.
The primary concerns include lactose intolerance, dairy protein sensitivity, and potential
inflammatory effects. However, research suggests that complete “blanket” dairy elimination may not
be necessary for all IBD patients [48]. For IBD patients with lactose intolerance, lactose-free milk and
fermented dairy products like yogurt and kefir may be safer options. Fermented dairy contains
probiotics that help support gut health by modulating microbiota composition and reducing
intestinal inflammation [69]. A systematic review found no strong evidence that dairy significantly
worsens IBD symptoms, and fermented dairy was associated with improved gut microbiota diversity
[121]. For patients who are sensitive to dairy proteins, plant-based milk alternatives such as almond
milk, oat milk, and coconut milk can be good options. However, some of these alternatives contain
additives such as emulsifiers and carrageenan, which may disrupt gut microbiota and contribute to
inflammation [52]. Choosing minimally processed plant-based milks without artificial additives is
recommended. Hard cheeses such as cheddar, Parmesan, and Swiss contain very little lactose and
are generally well tolerated by those with lactose intolerance. Butter also contains negligible amounts
of lactose and is unlikely to cause symptoms in most IBD patients [122]. Many IBD patients restrict
dairy, which may lead to calcium and vitamin D deficiencies, increasing the risk of osteoporosis. A
study found that patients who consumed dairy regularly had better bone mineral density compared
to those who avoided it [123]. Unless dairy causes significant symptoms, moderate consumption may
be beneficial for bone health.

Special Considerations and Emerging Research

Personalized nutrition approaches

Personalized nutrition is an emerging concept in IBD management, recognizing that dietary
responses vary widely among patients due to differences in genetics, microbiota composition, disease
phenotype, and immune responses. Unlike standardized dietary recommendations, personalized
nutrition tailors dietary interventions to individual patients, optimizing nutritional intake while
reducing inflammation and symptom severity [124]. The effectiveness of dietary interventions in IBD
depends on several patient-specific factors: The gut microbiome plays a crucial role in how
individuals metabolize nutrients. Studies suggest that patients with dysbiosis (imbalanced gut
bacteria) may respond differently to dietary fibers and probiotics compared to those with a more
balanced microbiome [125]; Genetic variations, such as mutations in NOD2 or ATG16L1, influence
immune responses and intestinal barrier function, which may alter how patients react to specific
dietary components [126,127]; Some IBD patients experience heightened immune activation in
response to dietary triggers like high-fat or high-sugar foods, while others may not exhibit the same
inflammatory responses [128].

Personalized nutrition has shown promise in improving clinical outcomes in IBD patients. A
review of dietary interventions found that specific diets, such as the Mediterranean diet, specific
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carbohydrate diet (SCD), and low fermentable oligosaccharides, disaccharides, monosaccharides,
and polyols (FODMAP) diet, had varying levels of success depending on the patient’s microbiome
and disease activity [124]. A study on the impact of a personalized dietary approach found that
patients who followed microbiome-guided dietary recommendations experienced reduced intestinal
inflammation and fewer relapses compared to those who followed general dietary guidelines [125].
Another clinical trial investigating the role of precision nutrition in IBD highlighted the need for
machine-learning algorithms and biomarkers to optimize dietary interventions based on patient-
specific needs. The study concluded that future dietary guidelines should incorporate genetic,
microbiome, and metabolic profiling to develop effective dietary strategies [124]. Emerging
technologies, such as microbiome sequencing and metabolomics, are expected to revolutionize
personalized nutrition for IBD. These advancements will enable healthcare providers to recommend
specific foods, probiotics, and supplements tailored to each patient's biological profile, improving
disease management and overall quality of life [125].

Role of elimination diets

Elimination diets are increasingly used in the management of IBD to identify and remove dietary
triggers that may contribute to intestinal inflammation. These diets typically involve the exclusion of
specific food groups, followed by a gradual reintroduction process to determine individual tolerance.
Two of the most studied elimination diets in IBD are the SCD and the Mediterranean Diet (MD) [129].
The SCD was originally developed to manage celiac disease and has since been explored as a
potential dietary therapy for CD and UC. This diet eliminates complex carbohydrates such as
disaccharides and polysaccharides while allowing monosaccharides, lean proteins, and unprocessed
foods [130]. SCD reduces gut dysbiosis by limiting fermentable carbohydrates that feed pro-
inflammatory bacteria, promotes gut microbiota diversity by increasing beneficial bacteria like
Lactobacillus and Bifidobacterium, and decreases intestinal permeability and inflammation by
minimizing processed foods and additives. Case studies and retrospective analyses suggest that the
SCD may improve symptoms and help maintain remission in pediatric IBD patients [131]. However,
large randomized controlled trials (RCTs) are lacking, and adherence to the diet can be challenging
due to its restrictive nature.

The MD is characterized by high consumption of fruits, vegetables, whole grains, nuts, fish, and
olive oil, with moderate dairy intake and limited red meat consumption. Unlike SCD, MD is less
restrictive and promotes a balanced, nutrient-dense diet. It increases intake of anti-inflammatory
polyphenols and omega-3 fatty acids, which modulate immune responses, enriches gut microbiota
with beneficial bacteria, improving gut barrier integrity, as well as reduces oxidative stress and
systemic inflammation by promoting high fiber intake [132]. A study on MD adherence in IBD
patients found that those who followed MD had lower levels of inflammation and better disease
outcomes [133]. However, adherence to MD was low among patients, highlighting the need for
dietary education programs. Another study in pediatric IBD patients found that MD adherence was
associated with lower fecal calprotectin levels, a marker of intestinal inflammation [134]. While both
SCD and MD have shown promise in IBD management, they differ significantly in their approach.
The SCD is more restrictive and difficult to maintain but may be effective for symptom relief,
particularly in pediatric IBD [135]. The MD, on the other hand, is more sustainable and beneficial for
long-term gut health. Future research should focus on large-scale, long-term RCTs comparing
different elimination diets to establish clear dietary guidelines for IBD management. Personalized
nutrition strategies incorporating elements from both diets may provide optimal benefits.

Ketogenic diet and IBD

The ketogenic diet (KD), a high-fat, low-carbohydrate dietary regimen, has gained attention for
its potential therapeutic effects in various chronic diseases. While KD has been extensively studied
for neurological conditions such as epilepsy, its role in IBD remains a subject of debate. Recent studies
suggest that KD can modulate gut microbiota, inflammation, and intestinal permeability, with mixed
results depending on disease context [136]. KD influences gut health through multiple pathways,
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including microbiome alterations, immune modulation, and changes in energy metabolism. KD has
been shown to alter gut microbiota, increasing beneficial bacteria like Akkermansia while reducing
pro-inflammatory Escherichia/Shigella species. This shift may help regulate immune responses and
maintain intestinal barrier integrity [137]. In a mouse model, KD was found to reduce group 3 innate
lymphoid cells (ILC3s) and related inflammatory cytokines, such as IL-17 and IL-22, thereby
alleviating colitis symptoms [137]. However, other studies indicate that KD can increase intestinal
permeability, leading to worsened colonic inflammation [136]. A very-low-calorie ketogenic diet
(VLCKD) has been investigated for its role in SCFA production, which plays a key role in gut health.
SCFAs like butyrate support colonic epithelial function and reduce inflammation, though the impact
of KD on SCFA levels in IBD remains unclear [138].

The clinical effects of KD in IBD remain controversial, with conflicting findings from human case
reports and animal studies. A study using a dextran sulfate sodium (DSS)-induced colitis mouse
model found that KD worsened colitis symptoms, increased pro-inflammatory cytokines (TNF-«, IL-
6, IL-17), and disrupted gut barrier function [136]. A case series of 10 IBD patients following a
carnivore-ketogenic diet (high in animal fats and proteins) reported significant symptom
improvement and medication cessation. However, this study was observational and lacked control
groups [139]. Another mouse study found that KD, particularly when rich in polyunsaturated fats,
reduced histological signs of colitis, weight loss, and pro-inflammatory cytokine expression [140].
While some evidence suggests that KD could have immunomodulatory effects in IBD, significant
concerns remain about its impact on gut barrier function and microbiome stability. First, KD’s high-
fat content may negatively influence gut microbiota and promote bile acid metabolism that can
increase gut permeability and inflammation [136]. Second, most current data come from small
observational studies or animal models. Large-scale, randomized controlled trials are necessary to
determine whether KD can be safely implemented in IBD management [139].

Intermittent fasting and IBD

Intermittent fasting (IF), which involves alternating periods of eating and fasting, has been
increasingly studied for its potential role in IBD. IF has been proposed to modulate gut inflammation,
promote intestinal repair, and alter gut microbiota composition, making it a promising dietary
intervention [141]. The beneficial effects of IF in IBD appear to be mediated through several
pathways: IF has been associated with decreased levels of pro-inflammatory cytokines such as IL-6
and TNF-a, which are implicated in IBD pathogenesis [142]. IF also promotes beneficial bacterial
diversity and reduces pathogenic bacteria that contribute to gut inflammation. Studies in mice have
shown that IF alters gut microbiota composition, leading to an increase in SCFA-producing bacteria,
which helps maintain intestinal barrier integrity [143]. Furthermore, IF has been shown to upregulate
intestinal stem cell markers and promote mucosal healing, potentially improving outcomes in IBD
patients [144].

Human studies on IF in IBD remain limited, but emerging evidence suggests potential benefits:
A study assessing IF in IBD patients found that those who engaged in periodic fasting experienced
reductions in inflammation markers such as CRP and fecal calprotectin, although the study lacked a
control group [142]. Mouse models of colitis have demonstrated that fasting-mimicking diets (FMD)
reduce inflammation, improve intestinal repair, and decrease immune cell infiltration in the gut [144].
Next, a survey conducted at an IBD nutrition clinic found that 30.8% of patients practiced some form
of fasting, with a higher prevalence in those with active disease. However, the effects of fasting on
symptom control and disease progression were not clearly established [145]. While preliminary
findings suggest that IF may be beneficial in IBD, several challenges remain: First, most existing
evidence comes from small observational studies or animal models. Well-designed randomized
controlled trials are needed to establish the safety and efficacy of IF in IBD patients [141]. Second, IF
may not be suitable for all IBD patients, particularly those who are underweight or at risk of
malnutrition, as fasting could exacerbate nutrient deficiencies. Third, given the variability in IBD
presentation, a personalized approach to IF, considering disease activity, nutritional status, and
microbiome composition, may be necessary.
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Ramadan fasting and IBD

Ramadan fasting is a unique form of intermittent fasting observed by millions of Muslims
worldwide, involving daily abstinence from food and drink from sunrise to sunset. Given the
increasing interest in the effects of fasting on chronic diseases, research has begun exploring how
Ramadan fasting influences IBD. While some studies suggest potential anti-inflammatory effects,
others highlight concerns regarding disease exacerbation, particularly in high-risk patients [146].
Studies suggest that Ramadan fasting can improve gut microbiome diversity and alter microbial
composition in a way that may reduce gut inflammation [147]. Fasting during Ramadan has also been
linked to lower levels of pro-inflammatory cytokines such as TNF-a and IL-6, which are key
mediators in IBD pathogenesis [148]. A study found that Ramadan fasting improved anxiety and
quality of life in UC patients, suggesting a potential psychosomatic benefit [146].

A cohort study assessing 60 IBD patients during Ramadan found no significant correlation
between fasting and disease severity. However, younger UC patients fasted for a greater number of
days compared to older individuals, indicating that disease tolerance may vary by age [146]. Another
review suggested that while Ramadan fasting generally does not pose a serious risk for IBD patients,
older men with UC may be more prone to disease exacerbation [147]. A systematic review found that
Ramadan fasting did not significantly impact the quality of life in IBD patients, but it emphasized the
need for individualized pre-Ramadan medical consultations [149]. Nonetheless, prolonged fasting
hours can increase the risk of dehydration, which may be problematic for IBD patients, particularly
those with diarrhea-dominant disease. Moreover, some IBD medications require consistent dosing
schedules, which can be challenging to maintain during Ramadan fasting. Physicians should provide
clear guidance on modifying medication timing. At last, patients should undergo pre-Ramadan
counseling to assess whether fasting is safe for their disease state and nutritional status [147]. Overall,
Ramadan fasting appears to be generally safe for IBD patients who are in remission, with potential
benefits including reduced systemic inflammation and improved psychological well-being.
However, older patients and those with active disease should consult healthcare providers before
fasting.

Future directions in dietary intervention trials

As dietary interventions gain recognition as a potential adjunct therapy for IBD, future clinical
trials must address several challenges, including heterogeneity in study design, lack of standardized
outcome measures, and individual patient variability. Improving trial methodologies will help
establish evidence-based dietary recommendations for IBD management [150]. Several key areas for
future research are: (1) one of the major challenges in dietary research for IBD is the lack of
standardized protocols. Many studies use different dietary interventions, outcome measures, and
control groups, making it difficult to compare results. Future trials should follow rigorous clinical
guidelines similar to pharmacological trials, including placebo-controlled designs, objective
inflammatory markers, and dietary adherence monitoring [150]. (2) Personalized dietary
interventions based on biomarkers such as fecal calprotectin, gut microbiota composition, and genetic
profiles are emerging as promising strategies. Studies suggest that individuals with different
microbiome profiles may respond differently to specific dietary interventions, highlighting the need
for precision nutrition [151]. (3) Adherence to restrictive diets, such as the SCD and low FODMAP
diets, remains a challenge for many IBD patients. Future trials should evaluate the long-term
feasibility, sustainability, and nutritional adequacy of different dietary interventions to determine
their practicality in real-world settings [152]. (4) Many existing dietary trials focus on individual
interventions, but comparative studies assessing multiple dietary approaches are needed. Trials
should directly compare popular diets such as the Mediterranean diet, ketogenic diet, and anti-
inflammatory diet to determine the most effective dietary strategies for different IBD phenotypes
[153]. (5) Digital tools such as mobile apps, artificial intelligence-based dietary recommendations, and
remote monitoring can improve patient adherence and data collection in dietary trials. Future
research should explore how technology can enhance dietary tracking, improve compliance, and
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facilitate personalized meal planning for IBD patients [154]. (6) The gut microbiome plays a crucial
role in mediating dietary effects in IBD. Future studies should investigate how different diets
influence microbial diversity, metabolite production (e.g., SCFAs), and intestinal inflammation. This
will help refine dietary recommendations based on microbiome responses [155].

Conclusions

Diet plays a significant role in the management of IBD, influencing gut microbiota composition,
intestinal barrier function, and immune responses. While certain foods, such as ultra-processed
products and high-fat diets, may contribute to disease exacerbation, others, including fiber-rich, anti-
inflammatory, and probiotic-containing foods, show potential benefits. Emerging clinical evidence
supports the use of personalized nutrition strategies tailored to individual patient responses.
However, despite growing research, standardized dietary guidelines for IBD remain limited. Further
well-designed clinical trials are essential to establish evidence-based recommendations and integrate
dietary interventions into routine care. A multidisciplinary approach involving gastroenterologists,
dietitians, and researchers is crucial for optimizing nutritional strategies and improving patient
outcomes.
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