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Abstract

Inflammatory bowel disease (IBD) refers to a persistent inflammatory condition of the gut arising
from interactions between the host's physiology and intestinal microbes in those with a genetic
predisposition. This category of autoimmune disorders involvesinflammation of the intestinal tract,
where the body's immune system targets components of its own digestive system. The development of
IBD is multifactorial. Its worldwide prevalence is rising, prompting more individuals to consider
dietary choices as both an explanatory factor and a therapeutic approach for their condition. Indeed,
many patients are convinced that diet is crucial in triggering and controlling their IBD symptoms.
Recent research has significantly advanced our understanding of IBD's underlying mechanisms,
resulting in major progress in both its treatment and diagnosis. This review systematically examines
the disease's pathogenesis and emphasizes current discoveries concerning host genetics, intestinal
flora, the influence of diet and environmental triggers. These areas may provide vital insights for

discovering new predictive or prognostic markers and creating innovative treatments.
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Introduction

Inflammatory bowel disease (IBD) is a long-term
inflammatory disorder of the digestive system,
clinically  encompassing  Crohn’s  disease,
ulcerative colitis and related diagnoses®. Crohn's
disease can involve any part of the gastrointestinal
tract from the mouth to the anus, while ulcerative
colitis is typically confined to the colon and
rectum>*“. Histologically, Crohn’s disease exhibits
transmural inflammation, whereas ulcerative colitis
is limited to the mucosal layer of the gut lining®.
IBD is a chronic condition often diagnosed in early
adulthood, affecting both sexes®. Crohn’s disease
has a slight female predominance, but ulcerative
colitis occurs equally in men and women.
Geographically, IBD is more common in
industrialized nations and regions with colder
climates’. The occurrence and prevalence of IBD
rose significantly during the latter half of the 20th
century. In the 21st century, it has become one of
the most common gastrointestinal disorders, with a
rising incidence in  newly industrialized

nations®®°, Crohn’s disease prevalence is notably
elevated in highly developed countries, with an
incidence of approximately 5 per 100,000
individuals and an estimated prevalence of, 30-50
per 100,000 in Western populations™. In Canada,
for instance, about 129,000 individuals are
affected'?. While diagnosis typically happens in
adulthood, pediatric cases are becoming more
frequent. Since 1990, incidence rates in Western
nations have stabilized or begun to decline,
whereas rates in newly industrializing countries
across Asia, Africa and South America continue to
climb'®. Although Crohn’s disease and ulcerative
colitis have overlapping features, differentiating
between them can be challenging; they are
distinguished by the specific sites and patterns of
inflammation within the gut'’. The exact etiology
of IBD is still unclear, but substantial advances
have recently been made in understanding its
development. Research indicates that its
pathogenesis is linked to genetic predisposition,
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gut  microbiome  composition, additional
environmental influences and immune system
dysregulation®34,

Signs and symptoms of IBD

The intestinal lining inflammation in IBD presents
with recurrent symptoms such as abdominal
cramping, diarrhoea, bloody feces and loss of
weight. This is driven by an infiltration of immune
cells like neutrophils and macrophages, which
release inflammatory signals, enzymes and reactive
molecules that cause tissue damage and
ulceration**>. Clinical manifestations often differ
based on the specific IBD form'. In ulcerative
colitis, continuous mucosal inflammation leads to
swelling, ulceration, hemorrhage and fluid-
electrolyte imbalance. The inflammation typically
begins in the rectum and spreads contiguously
upward through the colon’. Affected individuals
commonly report pain in the lower left abdomen
alongside diarrhoea, which can lead to weight
reduction and rectal bleeding’*®,

Conversely, Crohn's disease more frequently
causes discomfort in the lower right abdomen and
visible rectal bleeding is less common than in
ulcerative colitis. Afrequent complication is
intestinal obstruction from pronounced swelling
and bowel wall thickening. Additionally,
malabsorption issues in Crohn's disease often result
in nutritional deficits or malnutrition*™, Crohn’s
disease can also lead to strictures, persistent
inflammation, or fistula formation. Its hallmark
pathological characteristic is

transmural involvement, meaning it affects the
entire depth of the intestinal wall’.

World Gastroenterology Organization (WGO)
Diagnostic Criteria for IBD

i. Diarrhea, which can contain blood or mucus,
often occurs nocturnally and involuntary stool
leakage is frequently reported.

ii. Constipation may be a symptom in ulcerative
colitis cases where inflammation is restricted to the
rectal area.

iii. Other frequent symptoms include abdominal
cramping, a constant feeling of needing to pass
stool and intense, sudden urgency.

iv. Pain in the right lower abdomen is typical for
Crohn's disease, while left lower quadrant pain is
more common in ulcerative colitis.
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v. Feelings of nausea and episodes of vomiting are
observed more often in Crohn's disease than in
ulcerative colitis.

Physical Exam

*Elevated heart rate, restlessness, pyrexia and fluid
loss are frequently observed.

Skin pallor may be apparent, correlating with the
presence and degree of anemia.

*Toxic megacolon can manifest with intense pain,
fever, abdominal bloating, rigors and profound
fatigue. This critical surgical condition must
always be considered, as it is life-threatening if not
recognized.

*Individuals with Crohn's disease may present with
perianal fistulae, abscesses, or rectal prolapse.

*A digital rectal examination commonly reveals
hidden blood.

*In pediatric cases, the sole presenting sign may be
a failure to achieve expected growth milestones.

Etiology

The etiology of IBD is still not fully understood.
Multiple factors have been proposed, but no single
cause is consistently identified in every case’. IBD
is a multifactorial disorder triggered by a
combination of genetic predisposition and
environmental exposures, which then initiates an
abnormal immune reaction and intestinal
inflammation?. A well-established characteristic of
Crohn's disease is its strong association with
tobacco use. Conversely, smoking appears to
reduce the risk of developing ulcerative colitis’.
This is an example of a factor that differentially
influences disease subtypes, exacerbating Crohn’s
disease while offering protection against ulcerative
colitis'®?°. Smoking has been demonstrated to alter
both cellular and antibody-mediated immune
functions and to stimulate mucus production in the
colon®®?!, Research also indicates that smoking
disrupts autophagy, a cellular process believed to
be particularly relevant in Crohn’s disease
pathogenesis?. The influence of diet continues to
be asubject of debate’. A 2022 investigation
concluded that dietary patterns emphasizing higher
consumption of fruits and vegetables, lower intake
of processed meats and refined carbohydrates and
adequate hydration with water correlated with a
decreased likelihood of active IBD symptoms.
However, increasing fruit and vegetable intake
alone did not lower symptom risk specifically for
Crohn's disease?.
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Pathogenesis of IBD

1. Genetic Factors

Research utilizing genome-wide association studies
(GWAS), next-generation sequencing and related
methods has uncovered more than 240 distinct
genetic regions associated with disease risk.
Approximately 30 of these loci are common to
both Crohn’s diseaseand ulcerative colitis®*?>%,
Examination of these genes and loci reveals that
multiple biological pathwayscrucial for intestinal
balance are involved, including the integrity of the
epithelial barrier, innate immune defense at the
mucosa, regulation of immunity, cellular
movement, autophagy processes, adaptive immune
responses and metabolic pathways linked to
maintaining cellular stability?”#2*%_ Variations in
the CARD15 gene are linked to IBD, but due to its
polymorphic nature, predicting the specific
segment of the gastrointestinal tract that will be
affected is not possible. Genetic factors appear to
play a less dominant role in ulcerative colitis
compared to their influence in Crohn’s disease’.

2. Gut Microbial Factors

IBD is thought to develop from an aberrant
immune reaction by the host to the microbes
residing in the gut®*233, The intestinal microbiome
acts as the primary environmental factor
influencing IBD. From birth, the human digestive
system is inhabited by an immense diversity of
microorganisms, which outnumber the body's own
cells by roughly tenfold®3. Collectively, these
microbes possess a gene repertoire approximately
one hundred times larger than the human
genome®**34 Factors such as diet, probiotic and
prebiotic intake, antibiotic use, supplemental
enzymes, fecal microbiota transplants and other
external elements can alter the composition of this
gut flora? .A balanced gut microbiota is essential
for maintaining normal intestinal function, stability
and overall health and is implicated in various
disease states®33,

3. Environmental Factors

The significant influence of environmental factors
on IBD development is reinforced by recent
epidemiological research. The incidence of
Crohn’s disease has risen notably in industrialized
nations over the last half-century and its
identification has similarly grown in developing
regions as they industrialize®®%. Diet is a key
environmental element impacting IBD onset®,
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Evidence suggests that consuming fruits and
vegetables correlates with a lower risk of Crohn's
disease®. while diets high in fast food, fats and
sugars may worsen its development®®. High intake
of protein, especially from animal sources and
sugars may also be linked to an elevated risk of
IBD and symptom recurrence*®*’. Meat contains
sulfur amino acids, which gut bacteria ferment to
produce hydrogen sulfide. This compound may
contribute to ulcerative colitis by interfering with
butyrate metabolism in colon cells and weakening
the intestinal mucus barrier, thereby increasing
permeability to pathogens®?*®. Research indicates
that dietsrich in animal protein can promote pro-
inflammatory immune cell responses and worsen
colitis in animal models**. Dietary fats, particularly
polyunsaturated fatty acids (PUFASs), have also
been implicated in IBD pathogenesis®. Recently,
emulsifiers- food additives used to improve texture
and shelf life- have gained attention as potential
inflammatory agents that may contribute to IBD*.
They can alter the gut microbiome by reducing its
diversity and encouraging pro-inflammatory
bacteria. Common sources of emulsifiers include
ice cream, plant-based milks, dressings and
pasta’’ 8% A systematic review by Hou et al.
generally found that higher dietary fiber intake was
associated with reduced risk of both UC and CD,
though only one study reported a statistically
significant reduction for CD*. Fiber helps maintain
gut barrier integrity by supporting the inner mucus
layer, which contains antimicrobial compounds and
acts as a defense against pathogens™. Fiber
deprivation shifts the microbiome toward mucus-
degrading bacteria and thins the protective mucus
layer, bringing bacteria closer to the intestinal
epithelium®*%, Overall, components like meat, fats,
fiber and additives interact with the microbiome to
either strengthen or compromise intestinal barrier
function, influencing pathogen exposure. Many
IBD patients modify their diets to manage
symptoms, commonly avoiding spicy foods, dairy,
fatty foods and high-fiber vegetables- often cited as
“trigger” foods>***657%8 - Alcohol is also reported
to worsen symptoms but has been less consistently
studied®*®%, A survey of 2329 IBD patients found
that those with active disease were more likely to
avoid fruits, vegetables, tomatoes, beans and ice
cream compared to those in remission®.
Conversely, yogurt and rice were frequently
reported to alleviate symptoms. Importantly, while
certain foods may worsen gastrointestinal
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symptoms, studies have not proven they increase
underlying inflammation. Thus, individualized
dietary adjustments can improve comfort even if
they don’t directly reduce inflammation. Other
environmental factors linked to IBD include
psychological stress, prior appendectomy and
certain medications®. For instance, appendectomy
is a risk factor for Crohn’s disease but appears
protective against ulcerative colitis®. Although
epidemiological studies have identified these
associations, understanding the precise
mechanisms by which environmental factors
influence IBD progression remains a challenge®.

4.Immunological Abnormalities

The immune system's reaction to gut bacteria is
precisely controlled, a process that dictates whether
immune tolerance or a protective inflammatory
reaction occurs. Disruption of this equilibrium can
lead to IBD®. The gut-associated immune system
plays acentral role in IBD's development. The
intestinal lining normally blocks microbes and
antigens from entering the bloodstream via tight
cellular connections’. In IBD, these connections
are impaired, either due to an intrinsic barrier
defect or as a consequence of intense
inflammation. Other defenses include mucus
secreted by goblet cells and antimicrobial peptides
like a-defensins released by Paneth cells.
Excessive inflammation causes ongoing damage to
the epithelial layer, increasing exposure to
intestinalbacteria and creating a cycle of worsening
inflammation’. The immune dysfunction in IBD
involves multiple components: epithelial injury
(including faulty mucus production and impaired
healing); inflammation amplified by the gut flora
and a heavy infiltration of immune cells- suchas T
cells, B cells, macrophages, dendritic cells and
neutrophils- into the mucosal tissue; and a
breakdown in the regulatory mechanisms needed to
resolve the inflammatory response®©#%2,

Diagnosis

Diagnosis typically involves evaluating fecal
markers of inflammation, then proceeding to
colonoscopy with tissue sampling from affected
areas®. Confirmation is usually achieved through
biopsy  during  colonoscopic  examination.
Measuring fecal calprotectinserves as a helpful
initial test, as it can indicate the likelihood of IBD
due to its high sensitivity, although it is not specific
to the disease®>®.
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Histopathology

Histological examination in ulcerative colitis
reveals inflammation confined to the mucosal and
submucosal layers, featuring crypt abscesses and
superficial ulcers. Tissue samples demonstrate
infiltration by neutrophils, architectural distortion
of the crypts and these characteristic abscesses.
Granulomas are not present. The inflammation is
continuous and almost always includes the rectum.
The formation of pseudo polyps is another typical
finding. In Crohn's disease, inflammation affects
the full thickness of the intestinal wall and may
include granulomas. The inflammatory pattern is
transmural and marked by a lymphocytic infiltrate’.
Histologically, Crohn's disease shows a widened
submucosa, transmural inflammation, fissuring
ulcers and granulomas. By contrast, ulcerative
colitis involves only the mucosa and submucosa,
with cryptitis and crypt abscesses as hallmarks® 8,

Complication

Ulcerative  colitis increases the risk for
complications outside the intestines, commonly
affecting the skin, eyes and joints. These most
frequently include inflammatory joint conditions
and primary sclerosing cholangitis. Crohn's disease
primarily targetsthe ileum and colon but can also
involve the esophagus, stomach, or duodenum.
Similar to UC, Crohn's is associated with systemic
manifestations such as arthritis, mouth ulcers,
uveitis, erythema nodosum and ankylosing
spondylitis™.  Research  indicatesa  higher
mortality risk for individuals with Crohn’s disease.
Analyses focusing on intestinal cancers reveal that
these patients also have increased comorbidities,
including  colorectal cancer, cardiovascular
disorders and respiratory illnesses’*8. In Crohn’s
disease, kidney disorders and gallstones occur
more frequently due to impaired absorption of bile
acids and fatty acids. Patients who have had ileal
resection while retaining their colon are also at
greater risk for developing calcium oxalate
kidneystones’.

Conclusion

IBD is a persistent and potentially severe disorder
marked by recurrent gut inflammation. Living with
this condition can be difficult, though many
affected individuals maintain a largely regular
lifestyle. The diagnosis often carries a
psychological weightdue to associated stigma,
frequently resulting in elevated anxiety, depressive
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symptoms and an overall decline in life quality.
Significant advancements over recent decades have
deepened our insight into IBD's mechanisms,
particularly in immunology and have opened new
avenues for therapeutic discovery. Nonetheless,
unanswered questions remain regarding its origin,
disease progression patterns and the specific
triggers of inflammation across different patient
subsets, necessitating further research.
Theinteractions between pro-inflammatory and
anti-inflammatory cells and signaling molecules,
combined with various genetic predispositions, gut
flora compositions and external factors (such as
diet, tobacco use and stress), are under ongoing
investigation. This work aims to build a complete
picture of the disease process. With this
growingunderstanding, we may be able to create
innovative, tailored therapies for those with IBD.
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