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Abstract

Introduction: IBS-D is a common gastrointestinal illness that causes lower abdominal
discomfort, bloating, changed bowel patterns and poor quality of life. Despite no physical or
biochemical problems, IBS-D is debilitating.

Objectives: This review examined the effects of low-FODMAP, gluten-free, lactose-free and
fructose-free diets on IBS-D symptoms. We also examined how these diets affected gut
microbiota composition and their mechanisms of action.

Methods: A comprehensive literature review was conducted, utilizing databases such as
PubMed and Google Scholar. MeSH terms and keywords related to IBS-D, dietary
management, gut microbiota and specific dietary approaches were employed in the search.
The inclusion criteria were studies published between January 1, 2008 and September 1, 2023,
to ensure the inclusion of recent and relevant research. Selected studies were critically
reviewed for their findings on the effects of dietary interventions on IBS-D symptoms and the
gut microbiota.

Results: Several dietary strategies, including the gluten-free diet, fructose-free diet, lactose-
free diet and low-FODMAP diet have demonstrated promise in alleviating IBS-D symptoms,
particularly diarrhea, bloating and abdominal pain. These diets have shown varying degrees
of success, with some individuals experiencing significant symptom improvement.
Furthermore, alterations in gut microbiota composition have been observed in response to
dietary modifications, although the exact mechanisms remain to be fully elucidated.
Conclusion: This review suggests dietary changes may improve IBS-D symptoms and the gut
microbiome. However, the intricacy of dietary impacts on IBS-D requires further investigation
to determine their effectiveness and gut microbiota impact. Individualized diets may help IBS-
D patients relieve symptoms and improve gut health. Dietary suggestions for IBS-D treatment
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Irritable bowel syndrome is characterized by abdominal pain during or after bowel motions [1,2]. It is more frequent in women
under 50, although anyone may have it [2,3]. Irritable Bowel Syndrome (IBS) causes bowel habit changes, gas, stomach pain,
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incomplete evacuation and urgency [2,3]. However, no physical or metabolic disorders cause the problem. The effect of IBS on
patients’ QoL may cause work and daily life issues [2,4,5]. A diagnosis is based on symptoms after radiologic or endoscopic
diagnostics rule out other CI illnesses [2,3]. There is continuous dispute regarding the relative involvement of numerous
variables in irritable bowel syndrome [2,3]. These include gastrointestinal motility changes, visceral hypersensitivity, SIBO,
environmental factors-particularly diet-and intestinal flora changes.

Recent studies examined the hypomorphic Sucrase-Isomaltase (SI) gene variant as a possible cause of Irritable Bowel Syndrome
(IBS) and irritable bowel syndrome with diarrhoea (IBS-D) [6,7]. SI insufficiency is a condition in which the brush border of the
small intestine is unable to generate adequate sucrase-isomaltase. The fermentation of undigested disaccharides produced from
starch and sucrose in the colon is the root cause of these symptoms [6,7]. This fermentation causes stomach discomfort, bloating
and osmotic diarrhoea. This deficiency, according to Kim, et al., should be considered in the differential diagnosis of patients
with IBS-like symptoms [7]. Furthermore, ISD might be primary (genetic) or secondary (duodenal villus atrophy or
inflammation) [7].

IBS Roma IV Criteria (Bristol Stool Scale)
Constipation Prominent IBS (IBS-C) < 25% loose stools and > 25% hard stools.
Diarrhea Predominant IBS (IBS-D) < 25% hard stools and > 25% loose stools.
Approximately 40% of patients seem to fall under this group.
Mixed Bowel Habits IBS (IBS-M) > 25% loose stools and > 25% hard stools
Unclassified IBS (IBS-U) < 25% loose stools and < 25% hard stools

Table 1: IBS Classification based on Roma IV criteria (Bristol Stool Scale) [8-10].

This review examined the effects of low-FODMAP, gluten-free, lactose-free and fructose-free diets on IBS-D symptoms. We also
examined how these diets affected gut microbiota composition and their mechanisms of action.

Method

In order to better understand the connection between nutrition and irritable bowel syndrome with Diarrhea (IBS-D), we
performed a comprehensive literature review. By using MeSH terms like "IBS classification," "IBS-D diet management,” "Gut
microbiota IBS-D," "Low-FODMAP diet IBS-D," and "Dietary triggers IBS-D," we searched credible resources like PubMed. In
order to include only the most up-to-date and relevant studies, this extensive search was restricted to those published between
January 1, 2008 and September 1, 2023. After reading the selected research, our team assembled to discuss our findings and form
outcomes concerning diet and IBS-D. Our goal was to learn more about how diet affects IBS-D symptoms, what foods may be
triggers and how certain diets, like the low-FODMAP diet, might help people with IBS-D feel better.

Psychological Mechanism for IBS-D (Serotonin Based)

The neurotransmitter serotonin, well recognized for its part in regulating mood, also has a major influence on gastrointestinal
health and disorders, including Irritable Bowel Syndrome with Diarrhoea (IBS-D). The gastrointestinal system's serotonin
synthesis and release affect many aspects of gut function, such as motility, secretion and feeling. Enterochromaffin (EC) cells,
which are entero-endocrine cells of the gastrointestinal tract, create 90% of the serotonin (5-hydroxytryptamine, or 5HT) in the
human body [11]. Enterochromaffin cells in the gastrointestinal system secrete serotonin, which stimulates muscle contractions
in the intestines. It may stimulate afferent nerve terminals and is a crucial mediator in gastric secretion and motility. The amount
of EC cells may be different in patients with IBS; however, the data is assorted. Certain studies [12,13] have connected an increase
in EC cells in the colonic and rectal mucosa to Post-Infectious Irritable Bowel Syndrome (PI IBS). Researchers Cremon, et al.,
found an increased concentration of 5SHT-positive cells in the colon biopsies of people with IBS compared to controls [14]. In IBS
patients, serotonin release was 10 times higher than in healthy volunteers, which was significantly correlated with mast cell
counts and the severity of stomach pain. These results suggest that increased serotonin levels may contribute to the beginning
of pain in irritable bowel syndrome by activating the mucosal immune system [15]. However, other researchers have shown no
change in the number of EC cells in the small intestine and the colon between IBS patients and controls [17]. The biological
activity of the 5HT Transporter (SERT) is lower in people with IBS, according to recent research [18]. This suggests that those
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who suffer from IBS may have altered 5HT mucosal signaling (Fig. 1).
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Figure 1: A schematic representation of serotonin that can induce the IBS-D type symptoms like rapid bowel movement or
cramps, lower abdomen pain, etc.

Pathogenic Mechanism for IBS-D

A bacterial infection may cause symptoms of Irritable Bowel Syndrome (IBS), especially if the illness harms or permanently
changes the gut. Post-Infectious Irritable Bowel Syndrome (PI-IBS) occurs, for instance, after a bacterial gastrointestinal illness
like gastroenteritis. Persistent symptoms similar to those of IBS-D may result from the infection changing gut motility, increasing
intestinal permeability and affecting the gut-brain axis [19]. Visceral pain is caused by toxins that depolarize nociceptive neurons
and break down the integrity of the epithelium [20]. This makes the mucosa more permeable. Certain pathogenic bacteria create
N-formylated peptides [21]. These peptides have a role in the perception of visceral pain by activating formyl peptide receptors
and triggering the release of inflammatory mediators, both of which contribute to the experience of pain. Nociceptor neurons
are directly activated by N-formylated peptides and the pore-forming toxin hemolysin produced by Staphylococcus aureus [22].

A growing body of research suggests that these microbial metabolites contribute to dysbiosis, which in turn affects low-grade
inflammation-mediated nociception in IBS [23].

Changes in the Gut Microbiota
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Host-microbial interactions in the gut may play a role in the development of irritable bowel syndrome. About 1014 cells make
up the human microbiota, with the vast majority residing in the colon [24]. The observation that formerly healthy people may
develop IBS after contracting gastroenteritis provides credence to the PI IBS theory [25]. It is unclear how the gut microbiome
contributes to irritable bowel syndrome. Effects on intestinal functions such as motility, secretion, barrier function and the brain-
gut axis are possible [44]. The stool microbiota of patients with irritable bowel syndrome is distinct from that of healthy
individuals [26,27]. Jeffery, et al., found that in people with IBS, a longer colon transit time and feeling sad were both linked to a
rise in taxa related to Firmicutes and a drop in taxa related to Bacteroidetes [28]. The precise association between Irritable Bowel
Syndrome (IBS) and Small Intestinal Bacterial Overgrowth (SIBO) is still up for dispute [29,30]. Whether or not SIBO testing is
essential for all people with IBS is still up for debate. Additional evidence linking gut flora to the pathogenesis of IBS comes from
the successful treatment of IBS patients with rifaximin or probiotics [31-33].

Nutritional Strategies for IBS with Diarrhea

Approximately eighty-four percent (84%) of people with IBS attribute their symptoms to the foods they consume particularly
fermentable carbohydrates and lipids [34-36]. Patients who try to identify the foods they think are triggering their symptoms
and exclude them entirely from their diet risk falling nutritionally short and becoming physically exhausted [37,38]. Eating some
meals may result in fermentation, altering intraluminal pH and the microbiota, in addition to osmotic, chemical, mechanical and
neuroendocrine effects [39]. Because of this, patients often benefit from receiving nutritional instruction on how to make healthy
food choices alongside conventional medical care [40]. Researchers have looked for an appropriate diet to manage IBS; however,
there is limited evidence for IBS-D.

Conventional Dietary Guidelines

Patients with IBS should initially try making behavioral and dietary changes. Dietary changes are based on recommendations
from the British Dietetic Association and the National Institute for Health and Care Excellence [41,42]. These recommendations
stress the need for eating at regular intervals, consuming adequate amounts of fiber and fluids, limiting one's consumption of
fatty and spicy foods and restricting one's use of alcohol and caffeine (Table 2) [43].

Eat regularly and in reasonable amounts

Avoid skipping meals

Drink about 2 liters of liquids every day, preferably water

Reduce caffeine consumption to under three cups daily

Cut down on sodas and alcoholic beverages

N|O | |W N |-

Reduce your fiber intake since it may be related to your symptoms showing up. They need to cut down on insoluble
fiber (cereals with bran or cereals made with bran, whole wheat flour and its derivatives). Instead, you should consume
soluble fibers like oat or Psyllium (Ispaghula)

Reduce "resistant starch” found in processed and packaged foods by eating less

8 Limit fresh fruit to three 80-gram portions per day

9 Sugar-free drinks, gum and other products contain sorbitol, which diabetics should avoid

Table 2: Patients with IBS should initially try making behavioral and dietary changes.

Adopting Low-FODMAP Diet

A low-FODMAP (Fermentable Oligosaccharides, Disaccharides, Monosaccharides and Polyols) diet has been designed to reduce
the consumption of these short-chain carbohydrates since they are fermented and not absorbed in the colon. Foods high in
Fermentable Oligosaccharides and Monosaccharides (FODMAPs) include dairy products, wheat, as well as vegetables, legumes,
artificial sweeteners, fruits and processed meals. Irritable Bowel Syndrome (IBS) sufferers and those with IBS-D in particular,
may find relief by following this diet, which has been an area of extensive research.

In the first trial of its sort in the United States, researchers Eswaran, et al., tracked participants for four weeks and randomly

assigned them to either the low-FODMAP diet or the modified NICE (mNICE) diet [44]. Using questionnaires, the researchers
were able to measure the symptoms reported by people in both diet groups, allowing for a direct comparison. Patients with IBS-
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D were randomly assigned to follow either the mNICE diet or the low-FODMAP diet based on the Rome III criteria. Despite the
fact that following a low-FODMAP diet drastically lowers FODMAP consumption, the first piece of advice was to eat smaller,
more frequent meals free of possible trigger items and to cut down on or completely cut out alcohol and caffeine. The low-
FODMAP diet was much more effective than the mNICE diet in alleviating symptoms, which only occurred in 40-50% of patients.
These people had significant reductions in their stomach discomfort and diarrhea. There were additional assessments of mental
health indicators such as anxiety, sleep quality, quality of life, work output, activity impairment, depression and exhaustion [45].
We observed that the low-FODMAP diet significantly improved overall performance. People with IBS-D who have one or two
copies of a gene variant that codes for sucrase-isomaltase are less likely to benefit from the low-FODMAP diet [46].

The health benefits related to a low-FODMAP diet were compared to those of following regular dietary guidelines in a
randomized, controlled experiment by Zahedi, et al., that lasted for 6 weeks. When compared to the other diet, the low-FODMAP
diet significantly improved symptom relief and bowel regularity [47,48]. From the beginning through the completion of the
experiment, there was no statistically significant difference in quality of life between the two diets. One hundred and one people
with IBS-D were randomly assigned to either a low-FODMAP diet with no more than 0.5 g of FODMAP per serving or a diet
based on traditional dietary guidelines and both were asked to adhere to their assigned diets for four weeks. Both diets had the
same total calorie count. The patient started receiving further nutritional counseling in the form of a modified low-FODMAP
diet after weeks 4 through 16 of this first treatment. Ninety-nine patients advanced to phase II (lasting 14 weeks) because they
maintained a 50% compliance rate or greater throughout phase I (lasting 4 weeks). Patients who followed a low-FODMAP diet,
either strictly or with some adjustments, had fewer symptoms and required less medication, according to the study. In addition,
adherence was high and ultimately, 64.1% of patients were able to restore FODMAPs to their diets without any adverse effects.
A possible cause is that they were very driven to raise their standard of living.

Gluten-Free Diet (GFD)

People who have been treated for IBS may still find relief from their symptoms by adhering to a gluten-free diet, despite the fact
that the prevalence of celiac disease is considered to be higher in IBS-D than in other types of IBS [49]. Celiac illness and gluten
sensitivity share certain symptoms with irritable bowel syndrome, including diarrhea [50]. Recent studies have indicated that
individuals with irritable bowel syndrome (IBS) have a worsening of symptoms after ingesting gluten or wheat, suggesting that
avoiding these foods may help alleviate IBS symptoms [51]. Irritable bowel syndrome (IBS) has been linked to both gluten
sensitivity and the use of certain foods. However, Guidelines 2020 recommend that those with IBS-D undergo serological testing
for celiac disease prior to receiving dietary recommendations [52]. Gluten and other wheat components may or may not have a
role in symptom development, although this is not yet known. Wheat Sensitivity (WS) has replaced the formerly popular HLA-
DQ2/8 genotype as the preferred nomenclature for this condition. According to research by Barmeyer, et al., 34% (14 HLA-DQ?2/8
positive and 21 HLA-DQ2/8 negative) of 35 non-celiac people with wheat sensitivity said they felt better after going on a wheat-
free GFD [53].

Lactose-Free Diet (LFD)

The lactase enzyme is required for the breakdown of the disaccharide lactose into the simpler monosaccharide’s galactose and
glucose. Enzyme production occurs near the small intestine's apical brush edge. Age is associated with a decline in lactase activity
[54]. Without proper digestion in the small intestine, lactose ends up in the colon. Lactose-Intolerant (LI) patients have problems
digesting lactose because the microbiota in their intestines convert it into Short-Chain Fatty Acids (SCFAs) and other gases [55].
Irritable BOWEL SYNDROME (IBS) sufferers often avoid lactose-containing foods, such as dairy products, since eating them
may dramatically exacerbate their symptoms [56]. People with IBS-D who believe their own reports of milk intolerance
consistently predict LI typically choose lactose-free choices because of this misconception [57]. People with Irritable Bowel
Syndrome Type D seem to be more likely to be lactose intolerant than the general population, despite the fact that lactose
intolerance is not necessarily related to malabsorption [58-60]. IBS-D patients with lactose intolerance are different from IBS-D
patients with simple lactose malabsorption or healthy controls because they have a rise in rectal sensitivity after taking lactose,
a rise in serum TNF alpha and an increase in mast cells in the intestinal mucosa [61].

Fructose-Free Diet (FFD)
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It is common practice to recommend a fructose-free diet for those who have fructose malabsorption or who have positive results
on a fructose breath test [62,63]. Twenty-six of eighty participants in a breath analysis study of Irritable Bowel Syndrome (IBS)
were fructose intolerant and all of these fructose-intolerant participants also had IBS symptoms such as diarrhea or loose stools.
Only 14 of 26 fructose-intolerant persons reported improvement in symptoms (such as diarrhea, stomach pain, bloating,
indigestion, fullness and burping) after restricting fructose consumption for nearly a year [64].

Plant-Based and Vegetarian Diet

The staples of a vegetarian's diet are plant-based and include things like legumes, grains, crops, roots, fruit, oilseeds, vegetables,
mushrooms and nuts. There are several health advantages to a vegetarian diet [65]. A vegan diet is distinct from a vegetarian
one in that it excludes all forms of animal-based food, although it shares many of the latter's principles, such as a focus on eating
a wide variety of fruits and vegetables and a reduction in both salt and saturated fat [66]. Bifidobacterium and Lactobacillus
thrive in the gut microbiome of vegetarians, but pathogenic Bacteroides fragilis and Clostridium perfringens are absent. The
ratio of these elements is what determines how much SCFA production increases [67]. There are several distinctions between the
conventional microbiome profile and the vegan one [68]. For instance, the vegan microbiota has fewer pathobionts and more
defensive species. According to research by Matijai, et al., vegetarians and vegans had a higher ratio of the Bacteroides-Prevotella
group and a lower ratio of the Clostridium cluster XIV alpha [69]. The population of people with IBS-D has to be investigated
further.

Limitation

The absence of high-quality data supporting the dietary treatments addressed is a major weakness of this study. Many studies
may have methodological flaws or small sample numbers, which might impair the reliability of the results; nonetheless, there is
some encouraging evidence on the benefits of low-FODMAP, gluten-free, lactose-free and fructose-free diets on IBS-D symptoms.
Irritable Bowel Syndrome with Diarrhea (IBS-D) is a complex disorder with a wide range of potential causes and precipitating
factors. Distinct forms of IBS-D may have distinct dietary intervention responses; however, this review does not always
distinguish between them. The results may not be generalizable to all patient populations because of the absence of stratification.

Managing symptoms of Irritable Bowel Syndrome (IBS-D) may be challenging and many research on dietary treatments have
very short durations, which may not reflect the long-term benefits or durability of these diets. More extensive research is required
to evaluate the long-term impact on both symptom persistence and safety. Although the research implies that diets tailored to
individual IBS-D patients may be helpful, it does not give clear suggestions on how to do so. The results aren't very useful since
there aren't any specific dietary suggestions for each individual. It is unclear how exactly these diets affect IBS-D symptoms and
the make-up of the gut flora. The review does not give thorough insights into the particular routes involved, while
acknowledging the intricacy of these interactions. This evaluation covers articles published up through September 2023. Since
new information on IBS-D emerges all the time, the results of studies conducted after the time period in question may be different
[70-76].

Conclusion

In conclusion, the relationship between the foods we eat and the symptoms of IBS is complicated. There is also little scientific
evidence to support the use of any particular dietary approach for IBS; rather, clinical practice offers the bulk of the advice. The
possibility that dietary changes might aid with gastrointestinal problems is fascinating. But at the moment, there is no evidence
supporting a diet that may reliably promote eubiosys and reduce IBS-D symptoms among patients with a high rate of
compliance. This dietary regimen alleviates symptoms (particularly gas, stomach discomfort and diarrhea but it also decreases
the relative abundance of numerous butyrate makers and in turn, health-associated bacteria (i.e., Bifidobacteria). Avoiding gluten
has several benefits, one of which is a reduction in irritable bowel syndrome (Type D) symptoms. Therefore, it is quite challenging
to choose a diet that may ameliorate IBS-D symptoms and restore eubiosis; further research is required to achieve this objective.
Few clinical studies examined the correlation between diet, microbiota and Irritable Bowel Syndrome (IBS) symptoms and the
overwhelming majority of those studies did not account for the varied forms of IBS. Finding the right diet to improve symptoms
and microbiota composition may depend on knowing the form of IBS a person has. Given the current lack of information, further
studies are required to assess whether or not these individuals might benefit from changing their diet to modify the makeup of
their gut microbiota and in turn, improve their symptoms.
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