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Abstract
IBD is an umbrella term to describe chronic inflammatory disorders that affect the GI

tract. The primary disorders are Crohn’s Disease (CD) and ulcerative colitis (UC). Broadly,
differences between the two diseases depend on what part of the gut is inflamed; CD affects
any segment of the GI tract, usually in the ileum, whereas ulcerative colitis inflammation is
concentrated in the colon and rectum. Symptoms of both diseases include abdominal pain with
diarrhea and systemic manifestations such as fatigue and fever. Although genetic predisposition
is associated, environmental factors include diet and pollution. This article will discuss the
symptoms, treatments, genetics, and environmental stressors related to IBD and what current
therapeutic options are available to treat the diseases.

Introduction
Approximately 1.6 million Americans have Inflammatory Bowel Disease (IBD), accounting

for 0.5% of the U.S. population. It affects all ages with approximately 80,000 children a year
getting diagnosed alone (1). The disease can be broken down into two major types — Crohn’s
disease and ulcerative colitis — largely dependent on where in the intestine the inflammation is
concentrated. Crohn’s disease is an inflammatory condition that affects all parts of the intestine,
but primarily the ileal portion of the small intestine; ulcerative colitis primarily impacts the colon
(2). As a whole, both diseases are presumed to be caused by numerous factors including
dietary & environmental exposures, autoimmune reactions, and individuals with certain genetic
backgrounds. As a society, attention to these diseases is imperative because of their role in
causing secondary complications such as colorectal cancer. Many doctors believe that
remission can help with this issue, but flares can occur with no probable cause (3). This article
will focus on the symptoms of IBD, how current research is focused on trying to understand
what environmental stressors are present and their varying effects on the gut, the impact of
microbes (such as E. coli bacteria) on overall gut health, and how diet can contribute or alleviate
symptoms.

Introduction to IBD
What is our gastrointestinal system?

The gastrointestinal tract (GI) is a complex set of organs composed of the mouth,
pharynx (throat), esophagus, stomach, small intestine, large intestine, rectum, and anus. These
organs make up the pathway that food and liquids take as they are swallowed, digested,
absorbed as nutrients, and finally exit the body (4). The vast majority of the GI tract is broken
down into two major components: the small intestine (which is further segmented into three
regions: duodenum, jejunum, and ileum) and the colon (consisting of the proximal and distal
colon) (5).

On the most fundamental layer, the gut acts as a barrier between the outside (lumen) and
the inside of our body. In certain parts of the intestine, the lumen is home to trillions of microbes
(bacteria and fungi) that normally live in symbiosis with the gut, producing important nutrients for
our benefit. To keep these microbes at equilibrium, the GI is also home to the majority of our
immune system. These specialized immune cells help maintain a barrier between the microbes
and the intestinal wall. They can sense what microbes are present and lead to the production of
substances that maintain separation such as mucus, antimicrobial peptides, and/or antibodies
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(NIH). Both microbes and the immune system maintain homeostasis with each other, but
imbalances can lead to gut inflammation which can cause secondary metabolic diseases (6).

What is IBD and what are the major differences between the sub-diseases (Crohn’s and
ulcerative colitis)?

Inflammatory bowel disease (IBD) is an umbrella term that largely represents two primary
diseases: Crohn's disease and ulcerative colitis. They are both diagnosed by observing chronic
inflammation in the GI tract, and can largely be distinguished by what portion of the gut is
inflamed. Crohn’s disease can be observed at any portion of the GI tract, ranging from the
mouth to the anus. In the majority of cases, it affects a distal segment of the small intestine,
specifically, the ileum. Affected areas of Crohn’s disease appear in patches next to healthy
tissue (CDC). Ulcerative colitis, on the other hand, involves inflammation and sores (ulcers), and
occurs in the large bowel and the rectum. Affected areas of this condition are usually sustained,
beginning at the rectum and noticeable further up in the colon.

Both conditions can have severe consequences to the body if chronic inflammation is not
addressed, leading to secondary complications such as cancer or excessive fibrosis (7).

What are the symptoms of the diseases?
IBD severity can widely range from being manageable (for example through changes to

diet) to causing hospitalization and requiring lifelong medication. The symptoms a patient is met
with can evaluate the extent to which IBD occurs in a person. Common symptoms depend on
the severity and location of the inflammation, ranging from mild to severe (7). IBD symptoms
can include abdominal pain, diarrhea, constipation, bowel urgency, gas and bloating, loss of
appetite, unexplained weight loss, mucus or blood in the stool, and an upset stomach. In acute
cases, symptoms can extend to stunted growth, fatigue, fever, itchy red eyes, joint pain, nausea,
vomiting, skin rashes, and vision problems (8). These can occur in periods of active illness.
Inflammation can subside during periods of “remission” (7).
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What are the secondary complications of the disease?
There are numerous secondary complications to IBD (Figure 1). The National Institutes

of Health report Crohn’s disease diagnoses often turn into colorectal cancer with rates of 2.9%
at 10 years of age, 5.6% at 20 years of age, and 8.3% at 30 years of age (9). Other
complications can include fistulas, abscesses, fissures, strictures, bowel perforations, increased
risk of cancer, organ complications (kidney stones and the liver), and toxic megacolon. IBD can
cause a higher risk of infections and mouth sores (7).

Apart from complications in the bowel, IBD can induce other systemic damage such as
anemia, malnutrition, and osteoporosis (7). Recent research into this field explores that while
Crohn’s disease causes numerous forms of physical damage, it can lead to stress and mental
health disorders.

Stress has the ability to change gut microbiota as well as the way the nerves experience
senses, resulting in IBD-like symptoms (10). Those with Crohn’s and ulcerative colitis are more
likely to experience a decrease in mental health, which stems from experiences in anxiety and
depression (11). As described by the Crohn’s & Colitis Foundation, these personality changes
occur in IBD patients when the disease is active (60% to 80% of patients), as well as during
remission (up to 30% of patients) (12).

What are the current treatments of IBD?
The primary goal in treating IBD is to reduce the inflammation found in the gut. Targeting

the immune system not only reduces symptoms, but also allows for longer periods of remission
and a lower risk of secondary complications. There are two primary approaches taken by
doctors: drug therapy (external medication) and surgery (removing portions of the intestine).

To determine which treatment is necessary, a diagnostic test for anemia or possible
infection is performed.. This can be done by a simple blood test or more commonly, a stool test
which can show hidden blood (occult), excessive/reduced mucus, and/or parasites present in
the stool. To confirm any findings, doctors will often perform invasive procedures such as
endoscopies and colonoscopies to determine the severity of the condition. These exams allow
gastroenterologists to view the entire colon by using a camera at the end. Less invasive exams
can involve swallowing a capsule with a camera in it that sends images to the healthcare
professional on the outside.

There are four main types of treatments used to manage IBD: anti-inflammatory drugs,
steroids and other immune system suppressors such as biologics, and antibiotics. As a general
rule, the medication prescribed depends on which area of the intestine is affected and the
severity of the symptoms.

Anti-inflammatory drugs are usually the first option to treat mild-to-moderate ulcerative
colitis. These include aminosalicylates such as mesalamine, balsalazide, and olsalazine. To
speed up remission, short-term courses of corticosteroids may be used. These drugs are both
anti-inflammatory and immunosuppressive.

Immunosuppressants work by lowering the immune response that triggers the chemicals
which cause inflammation and injures the digestive tract lining. These include azathioprine and
mercaptopurine, thiopurine, and methotrexate. Swallowable medications, known as “small
molecules”, have been recently developed, such as tofacitinib, upadacitinib, and ozanimod.

Biologics are a newer category of therapies that target the proteins that cause
inflammation. These treatments can be utilized through the vein as infusions or subcutaneous
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injections usually in the thigh. Commonly used biologics include infliximab, adalimumab, and
golimumab, among others.

Antibiotics may be prescribed with other medications or with an active infection, including
perianal Crohn's disease. Regularly used antibiotics include ciprofloxacin (Cipro) and
metronidazole (Flagyl). Pain relievers, anti-diarrheal medications, enteral and parenteral
nutrition, as well as vitamins and supplements can also help treat IBD.

When treating ulcerative colitis with surgery, doctors remove the entire colon and rectum.
Surgeons then create an internal pouch connected to the anus, which allows bowel movements
in place of a bag. Sometimes when internal pouches cannot be used, a permanent opening in
your abdomen is created, known as a ileal stoma, where stool passes into an attached bag to
be collected (13).

How does stress contribute to IBD?
Stress, as the WHO defines it, is “a state of worry or mental tension caused by a difficult

situation (14).” High stress levels can also indicate higher levels of cortisol in the body (15).
Depression can cause a person to progress into periods of feelings of self-harm and

other negative sentiments (16). Those with depression have a negative link with their appetite,
either eating too little or over-eating (17). However, these self-imposed eating disorders can
cause less nutrients to be absorbed into the body, or increase the consumption of junk foods.
These specific foods can further catalyze inflammation in the gut, accelerating IBD (18).

In a study conducted by the American Journal of Gastroenterology, researchers
concluded that increased cortisol levels are present in those with Crohn’s disease and patients
in surgery, which can be related to severe gut inflammation (Figure 2) (19). These increased
levels correlate with a higher release of glucocorticoids which happens during severe and acute
diseases (20).
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Low stress levels have correlated with overall happier lifestyles (21). In a study by the
NIH, they found out that repeated psychological stress speeds up severity of IBD by changing
the neuroendocrine-immune network and microbiome homeostasis. IBD also causes anxiety
and depression-like symptoms by over-activating brain immune regulation (22).

While there may not be a clear correlation between type A/B personalities and IBD, there
have been studies relating other types of personalities with IBD. The NIH conducted another
study in which they concluded there is a relation between psychosomatic elements on the onset
of IBD, which contributes to the development and quality of life of patients with IBD. It showed
that there were high rates of neuroticism, external thinking, and impulsive traits (23). However, a
cause and effect relationship was not able to be established.

Is there a correlation between specific ages and IBD?
In a person’s life, there are normally 5 distinct stages of development that they go

through. These include children, adolescents, young adults, middle aged adults, and seniors.
These different stages are associated with different goals and characteristics which create
distinct levels of stress.

Children have lower levels of stress as they attempt to blend in with the people around
them. Children in today’s society have often been eating unhealthy foods which can be
associated with the western diet. Nutritional factors such as a diet with increased glucose and
trans fats have been correlated with IBD (24). The NIH states that this diet is associated with
increased levels of proinflammatory cytokines, changed intestinal accessibility, and an altered
intestinal microbiome makeup that creates inflammation in the gut (25).

As they take on more responsibilities and move through major life milestones, teenagers
develop a moderate to high level of stress that can impact their gut health. For those with
IBD-related diseases, the symptoms may worsen simply because following their medication
schedules may be difficult for them. The NIH notes 48% of teenage patients took one IBD
medication, 36% took two, and only 11% took three medications because teens simply do not
want to take their medication (26). It presents differently in teenagers because IBD can lead to
growth failure and delayed puberty (27). Their BMI is also affected.

Young adults also have the highest rates of developing IBD related mental health
conditions, almost 15.2% developing conditions by age 18 (28). The disease is most active in
this age group due to the high levels of stress they encounter. It can also be due to the
unhealthy diet they follow from not having adequate food security, specifically due to income
(29).

Middle aged adults and seniors have very similar likelihoods of being diagnosed with IBD.
The TIME magazine states that more than a quarter of people with IBD are “elderly” , a
percentage that is expected to increase to 30% by 2030. Doctors are beginning to notice a third
spike in this age group (30). Surgery can be a less helpful approach for elderly patients at higher
risk for complications (31). They often have to get parts of their bowels resected and receive
ostomy pouches (32). There is also a higher percentage of patients with ulcerative colitis than
Crohn’s disease (33).

As individuals become older, chances of IBD increase as cells begin to break down and
get weaker. They become more frail which can contribute to IBD (34). Additionally, there has
been a noticeable overlap between the biology between IBD and aging. This can cause different
outcomes in IBD as well.
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Prevalence of Commensals and Pathogens in IBD
Microbes live on various surfaces of the body and are most concentrated in our intestinal

tract (Figure 3) (35). In healthy contexts, the microbes are in a commensalistic relationship with
the body and provide useful, beneficial functions for us (36). For example, in the intestine, they
can fight against pathogens by stopping their growth and boost the host immune system (37).
Additionally, these “commensals” are capable of providing the body with specific vitamins and

other nutrients that cannot be produced
by human cells (38). Three major phyla
are seen in the gut: Firmicutes,
Actinobacteria, and Bacteroides (39).

Firmicutes are a phyla of bacteria
responsible for fermenting dietary fiber
and interacting with the intestinal mucosa
(40). A high level of firmicutes causes an
unequal distribution of microbes within the
gut. This can be directly proportional to
inflammation; as the number of firmicutes
increases to dangerous levels, it can
worsen inflammation within the intestines
(41). Moderation of such bacteria helps
keep the gut healthy.

Actinobacteria are gram positive,
anaerobic bacteria. There are three main
families of actinobacteria, but one most
present in the human gut is Bifidobacteria
(42). Actinobacteria make secondary

metabolites which can prove to be useful to humans and numerous animals. These secondary
metabolites have antibiotic, antifungal, and anticancer qualities (43). In the gut, actinobacteria
are part of the gut microbiome made up of microbiota and keep the body safe from outside
invasions from inflammatory chemicals. The actinobacteria help maintain gut homeostasis and
help against intestine imbalances (44).

Bacteroides are anaerobic, gram-negative bacteria that make up almost 25% of the
intestinal gut microbiome with many beneficial functions for human health. They can
cross-communicate with intestinal cells, affecting the intestinal immune system, interact with the
host, or produce molecules that can change the intestinal immune response SCFAs by
fermenting numerous simple and complex sugars. They help digest food and keep a healthy
microbiome, essential in dietary fiber metabolism and the interaction within the gut microbiota
(45). They play two roles in gut inflammation and inflammatory bowel disease (IBD). While they
generally help control immune responses and protect against inflammation, an inequality in
Bacteroides can cause immune activation and worsen conditions like Crohn's disease and
ulcerative colitis (37). Thus, Bacteroides are necessary for gut health, but can cause
inflammation in imbalanced states. They suppress inflammation of IBD, and enterotoxigenic
strains develop chances of colorectal cancer (46).

The microbiome influences different functions in the body including metabolic processes,
regulation of immune system activity, or even defense against pathogenic microflora (37). The
microbiome includes bacteria, archaea, fungi, and viruses; its balance is required to maintain
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homeostasis (47). This microbial imbalance, or dysbiosis, has been linked to the pathogenesis
of inflammatory bowel diseases, making up a group of chronic inflammatory gut conditions that
include Crohn's disease and ulcerative colitis (48).

Role of the Gut Microbiome in IBD
When compared to healthy people, there are changes in the gut microbiota of patients

with IBD. These include less variety of microbes and an inequality in the levels between
beneficial and pathogenic bacteria, a condition known as dysbiosis (49). One important study
showed that compared to controls, IBD patients usually have lower numbers of the beneficial
bacteria Faecalibacterium prausnitzii, which are known for their anti-inflammatory properties
(50). There is an increased load of potentially harmful bacteria, including Proteobacteria and
Enterobacteriaceae, linked with inflammation and epithelial barrier disruption (51).

Dysbiosis can cause hyper-activation of the immune system (52). In a healthy state, good
bacteria keep gut homeostasis by producing SCFAs, which provide food for colon cells and
mimic immune functions (53). Lowering their counts reduces SCFA production, which harms the
gut's ability to regulate inflammation (54). Additionally, the overgrowth of pathogenic bacteria
could produce harmful metabolites such as LPS, which would activate the pro-inflammatory
pathways through the stimulation of the TLRs of the immune system (55).

Imbalance can lead to gut permeability or "leaky gut," which can allow pathogenic
bacteria and toxins to enter the intestinal lining and the bloodstream (56). This triggers a chronic
immune response, causing sustained inflammation and tissue damage, a characteristic of IBD
(57).

The changed microbiome in IBD patients affects several mechanisms which can cause
inflammation (58). The dysbiotic microbiome communicates with the mucosal immune system
and changes the microbiome (59). The communication can enable dendritic cells and
macrophages to create pro-inflammatory cytokines, such as TNF-alpha and IL-6, which push
the inflammatory response (60). The cytokines disrupt the intestinal barrier and progress the
cycle of inflammation (61).

The production of virulence factors by the pathogenic gut bacteria can directly modulate
the function of epithelial cells by damaging the epithelial barrier or through molecular mimicry of
epithelial signaling pathways (62). Therefore, it augments the expression of the tissue
inflammatory mediators, leading to further intensification of the inflammatory cascade in IBD
(63).

Understanding of the relationship between the gut microbiota and IBD has opened
avenues for treatment. Strategies aimed at restoring microbial balance are being researched.
Some of these strategies include the use of probiotic treatment, prebiotics, and dietary
modifications like an already modified food for medical purposes. A number of the many
probiotics can be harnessed to repopulate beneficial bacteria to decrease inflammation, not only
due to their use in the future but also because the present paper suggests. Consequently, the
use of tailored probiotic treatment might also result in immune response modulation and gut
barrier reinforcement (64).

High-fiber and fermented foods may modify the growth of beneficial bacteria and their
metabolic effects to enhance SCFA production, thus modulating a normally functioning balance
among immune responses and gut barrier function (65).

7



Several studies do support this type of treatment as an option to combine with other IBD
therapies. Fecal microbiota transplantation is the process through which a fecal material from a
healthy donor is transferred to a patient with IBD for the purpose of restoration of microbial
balance (66). Early intervention has shown a potential effect of radical improvement in gut
microbiota composition and inflammation reduction, even though more investigations are
necessary not only to unravel its long-term effects but also to clearly explain its optimal
application.

The interplay of the gut microbiome with the immune system is core in IBD pathogenesis
(67). This dysbiosis iterates immune deregulation, increasing inflammation and decreasing the
gut barrier's function (68). The fact that such targeted treatments for restoration of the microbial
balance in IBD are already here points out to the enormous potential of microbiome-based
therapy in improving patient outcomes.

Impact of the Genetic Makeup on IBD Presentation
Genetics plays a critical role in the development of IBD. Some major genes implicated in

the development of the disease include the interleukin-23 receptor (IL-23R), the
nucleotide-binding oligomerization domain-containing protein 2 (NOD2), and the human
leukocyte antigen complex (69). Interestingly, all of these genes play a significant role in the
body’s immune response and often give rise to proinflammatory pathways.

IL-23 is a cytokine involved in the modulation of mucosal immune response (70). It
belongs to the IL-12 family of cytokines and induces or maintains Th17 cells, which
subsequently produce additional cytokines such as IL-17 and IL-22 (71). While IL-17 and IL-22
provide host defense against infection by specific pathogens, their dysregulation can lead to
autoimmune responses (72). IL-23R, the receptor for IL-23, is expressed on the surface of T
cells, NK cells, and dendritic cells. Gene mutations and SNPs in the receptor have been shown
to increase the activity of the receptor, giving an increased signal via the IL-23 pathway and
consequently promoting chronic inflammation (73).

NOD2 serves as a pattern recognition receptor for muramyl dipeptide, which is the
product of peptidoglycan of the bacterial cell wall, and initiates NF-κB activation, thereby
initiating a host immune response (74). More importantly, it is involved at the core of recognizing
intracellular pathogenic organisms and thus in keeping, at bay, immune responses against
commensal microbiota in the intestines (75). Genetic variants of the NOD2 gene are strongly
associated with Crohn's disease (76). The frameshift mutations, such as the 1007fs, and the
missense mutations like R702W and G908R, result in defective NOD2 protein that affects
cellular autophagy and the generation of antimicrobial peptides (77). This defect provokes
excessive responses by immune cells against normally innocuous gut microbiota, leading to
chronic inflammation (78).

HLAs, or Human Leukocyte Antigens, are proteins located on the surface of almost all
cells of the human body (79). They perform a vital role in immunity by allowing the immune
system to distinguish “self” protein from foreign proteins (like viruses and bacteria) (80).
Mutations or variants of HLA genes consequently affect immune function and are involved in
many autoimmune diseases (81). These mutations can alter the presentation of antigens,
consequently leading immune cells to wrongly attack one's own body tissues (82). In terms of
IBD, a class of HLA genes – HLA Class II – plays a major role in the development of the disease
(83). Knowing these mutations and their consequences helps in the diagnosis of treatment
against autoimmune diseases.
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Much of the genetic basis of IBD is known and therapies targeted to direct personalized
strategies are increasingly being developed. Second variants at IL-23R, NOD2, and HLA
modified the host immune response and, through that, did influence the pathogenesis of IBD
(69). Results provided a molecular basis for mechanisms driving IBD and opened ground for
further research and therapeutic innovation.

Demographics of patients with IBD
In the case of IBD, there are prevalence rate differences among various ethnic groups

around the world. It has been noted in several studies that the highest cases of IBD are found in
Caucasians (84). The prevalence rate is approximately 0.3% to 0.5% in North America and
Europe (85). Hispanics have the second highest prevalence, which has been calculated at 0.1%
to 0.3% (86). Those with a family history of IBD are at much greater risk compared to others
(87). First-degree relatives of IBD patients are at an increased risk, by 10 to 15-fold, of
developing IBD compared to the general population (88). This familial risk is greater in
Caucasians for whom individual genetics studies have identified many risk alleles, including
those in the IL-23R and NOD2 genes, that explain some of the elevated risk for the disease
(89).

There are also geographic and socioeconomic factors that influence diagnosis of IBD. It
is more prevalent in urbanized and developed regions; the prevalence of IBD in North America
is 0.25%-0.35%, while in Europe, it ranges between 0.3% and 0.5% (85). Because of the factors
such as pollution, antibiotic use, and diet that lead to inflammation, citizens of urban areas in
Western countries have a higher risk (90). The Hygiene Hypothesis, which suggests that lower
exposure to microbes in childhood contributes to an increased risk for autoimmune disorders
like IBD, is also associated with the higher hygiene standards of urban living (91).

More recent studies indicate an increasing incidence of IBD in previously low-risk areas,
such as the eastern part of the world (92). In countries across Asia and Africa, there is a rising
trend of IBD cases correlating with possible pollution and dietary changes (93). For instance, the
prevalence of IBD in China and India have been increasing at about 10 to 15 percent yearly,
showing the impact of urbanization and dietary influences from the west (94). Strikingly, one
clear pattern shows, among other reasons, the big role that environmental and lifestyle changes
play in the global spread of IBD (95). The rising prevalence in non-Western countries points out
a clear need for public health strategies to regard IBD as a global health concern (96).

The Pollution, Hygiene, and IBD Link
Exposure to exogenous pollutants like sulfur dioxide and nitrogen dioxide has been linked

to the course of IBD (97). Sulfate and nitrate particles contribute to acid rain, which, when falling
on the plants we eat, may then damage the gastrointestinal system (98). Apart from the effects
on crop yields, acid rain could also affect the quality of the diet (99). It introduces harmful
substances into the diet that might upset the gut microbiota and hence be proinflammatory for
the gut (100). Additionally, exposure to residential SO₂ and NO₂ can lead to an increased
incidence of IBD, since these gasses are capable of creating oxidative stress and inflammation
in the gut lining, an event which could trigger or worsen IBD symptoms (101).

The relationship between smoking, nicotine, and IBD is complex. Smoking, on the one
hand, has been very well documented as a risk factor for the development of CD, while on the
other hand, it seems to have a protective effect against UC (102). Smoking itself causes
inflammation and oxidative stress, which aggravate symptoms in IBD patients and finally lead to
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the development of disease (103). However, nicotine, a compound formed in tobacco
composition, was shown to alleviate symptoms in some UC patients (104). Studies show that
nicotine probably induces the receptors on some types of immune cells, thereby reducing the
production of pro-inflammatory cytokines. Thus, inflammation in the colon is reduced in subjects
with the condition (105). Even in the light of these findings, nicotine cannot be seen as a
potential therapy for IBD in view of the overall toxic effects of nicotine and its addiction potential
(106). Chronic exposure to nicotine may induce cardiovascular disease, dependence, and
multiple systemic toxicities, which makes nicotine an unlikely therapeutic option for IBD (107).
Therefore, while nicotine has transient beneficial effects on symptoms in UC, it is far outweighed
by its negative effects, thus raising the need for safer treatment options.

The hygiene practices and use of antibiotics have a strong impact on the gut microbiome
(108). Poor personal hygiene can contribute to frequent infections of pneumonia, urinary tract
infections, and 'strep throat', each of which is normally treated with antibiotics (109). While such
antibiotics might be effective against infections, they have an antagonistic effect on the gut
microbiota by killing the beneficial bacteria (110). Such a disruption could make the gut more
compromised and therefore open to the development of inflammatory conditions like IBD (48).
Another theory is the hygiene hypothesis: the lingering creation of overly sterile environments, to
which exposure in childhood can mean increased susceptibility to autoimmune diseases like
IBD (91). The reduced exposure to microorganisms during early life might avert the
development of a healthier immune system and lead to hazardous immune responses (111).
What this theory does stress is the need for balanced exposure to microbes for the healthy
development of the immune system, and it does caution against excessive cleanliness.

In terms of the interplay between genetic and environmental risk factors, environmental
factors—such as pollution, lifestyle habits like smoking, and hygiene practices—play a very big
role in the prevalence and development of IBD. While SO₂ and NO₂ pollutants affect
gastrointestinal health directly through diet and by inducing oxidative stress (112), the complex
role of smoking and nicotine in general has risks and benefits, mainly for UC (104). However,
the health risks from nicotine make it unsuitable for treatment (113). The Hygiene Hypothesis
and antibiotic use further underline this required balance in the gut microbiome to keep up good
health (114)—this very balance that is important for preventing inflammatory conditions like IBD.

Diet and its link to IBD

Diet is a major determinant of risk and management of IBD (115). High intake of fruits,
vegetables, and fiber-based diets reduces the risk of IBD through simple food elements and
pro-health gut-related bioactive compounds provided by them (116). High intake of saturated
fats, red meat, animal fats, and processed foods, on the other hand, can predispose an
individual to IBD due to their high levels of linoleic acid and other fats that might have
proinflammatory effects in case the body does not absorb them well (117). Refined foods have
low satiety potential, and thus one can end up overeating. When they overeat, people can end
up eating unhealthy foods or too much of one specific kind of harmful food leading to
inflammation (118).

Fiber forms an integral part of gut health (119). Soluble fiber absorbs water in the
intestines, making stool softer, while insoluble fiber gives bulk to the stool for its passage (120).
While insoluble fiber may cause irritation of the intestines, inadequate fiber causes bowel
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obstruction (121). Gut bacteria ferment fiber into SCFA, such as butyrate, which as mentioned
above, can promote anti-inflammatory responses (122).

L-Carnitine is an amino acid rich in red meat. When ingested, the gut microbiota is
capable of metabolizing L-carnitine into the metabolite TMAO, a molecule implicated in
heightening cardiovascular disease risk (123). Studies have revealed that in IBD, choline levels
are usually higher, but carnitine levels were similar. Additionally, decreased TMAO levels are
seen in IBD compared to those without the disease, suggesting a new factor to diagnose
patients effectively (124).

High sugar intake, typical of Western diets, instigates drastic changes in the gut
microbiome (125). Based on a study conducted in mice, high-sugar diets thinned protective
mucus in the intestines by reducing beneficial bacteria and increasing bad bacteria. These
changes can lead to colitis and metabolic disorders by promoting inflammation and lowering the
gut's ability to act against disease-causing pathogens (126). Additionally, glucose can induce
loss of the beneficial Th17 immune cells (127).

Conclusion
IBD, both Crohn's and ulcerative colitis, is an important area of study because the

prevalence of the diseases keeps increasing in people with significant deterioration in the quality
of life. The estimation of approximately 1.6 million affected Americans and about 80,000
diagnosed children calls for a dire need to know means and ways of managing IBD (1). The
condition has a complex etiology that incorporates dietary, environmental, autoimmune, and
genetic aspects; hence, it requires continued research and public awareness.

The rising prevalence of IBD also points to a pressing need for research into
environmental stressors and microbial influences on gut health. Indeed, current research is
unraveling the contribution these elements make during the process of disease development
and symptom severity. In addition, understanding the role that diet may play in either
aggravating or relieving symptoms can help in devising more effective management strategies.
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