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Abstract

Dietary fiber (DF) encompasses a variety of plant-derived carbohydrates resistant to
human digestive enzymes, significantly influencing gastrointestinal health. This study
examines the role of DF in managing Irritable Bowel Syndrome (IBS) and Diverticular
Disease (DD), utilizing comprehensive analysis from PubMed, Google Scholar, and Embase.
IBS, affecting 10-20% globally, involves complex brain-gut interactions, motility issues, and
microbiota changes. Soluble fiber like psyllium reduces IBS symptoms by improving stool
consistency and regulating bowel movements. However, the role of DF in DD is more
nuanced. While the reports on the impact on diverticulosis prevalence are contradictory,
numerous moderate-quality studies confirmed the protective effect against recurrent
diverticulitis and hospitalization. The effect of different fiber types on this matter was not
widely explored which might explain the discordances between the studies. Further research
is essential to fully understand the diverse effects of different types of DF on gastrointestinal
(GI) health. This way, exhaustive guidelines specific to each fiber type and disease phenotype
could be developed, allowing to tailor the dietary recommendations to each patient,

optimizing the management of symptoms of IBS and DD, and improving the quality of life.
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Introduction

Dietary fiber (DF) constitutes a group of various plant-derived carbohydrates that are
resistant to human digestive enzymes. The definition of DF has evolved significantly over the
past century. Initially, DF was recognized primarily for its role in promoting gastrointestinal
(GI) health through its mechanical effects on bowel movements. British physician Eban
Hipsley formally introduced the term "dietary fiber" in 1953 to describe the indigestible
components of plant cell walls [1, 2].

In the 1970s, Trowell and colleagues expanded this definition to include the non-
starch polysaccharides (NSPs) that make up plant cell walls, such as cellulose, hemicellulose,
and lignin, emphasizing their resistance to digestion by human enzymes [3, 4]. Modern
definitions of DF are more comprehensive, considering both the chemical composition and
physiological effects of these fibers. The Codex Alimentarius Commission has provided a
definition that includes all digestion-resistant carbohydrates with a degree of polymerization
(DP) of three or higher. This definition helps fill the "fiber gap" by including short-chain
carbohydrates previously excluded due to their solubility characteristics [5].

DF is now understood to play significant roles in human health, including the
modulation of gut microbiota, enhancement of stool consistency, and regulation of metabolic
functions [3, 4]. Therefore, its role in clinical outcomes in the most common GI diseases is

worth exploring.

Aim of the Study

The aim of this study is to critically evaluate the role of DF in managing Irritable
Bowel Syndrome (IBS) and Diverticular Disease (DD). By examining existing research, the
study seeks to clarify the efficacy of different types of DF in improving symptoms and

preventing complications associated with these GI disorders.



Methods

Comprehensive research and analysis of literature available on PubMed, Google
Scholar, Scopus, and Embase were performed. These databases were searched using the
following keywords: "dietary fiber," "Irritable Bowel Syndrome," "IBS," "Diverticular
Disease," "diverticulosis," "diverticulitis," "soluble fiber," "insoluble fiber," and
"gastrointestinal health." Peer-reviewed studies, including randomized controlled trials,
systematic reviews, and observational studies, were included to ensure a high-quality
evaluation. Statistical measures such as relative risk (RR) and confidence intervals (CI) were

employed to assess the efficacy of fiber interventions.

Types and Classification of Dietary Fiber

Dietary fibers are broadly categorized based on their solubility in water, chemical
structure, and functional properties, including prebiotic effects. Understanding these

classifications helps explain their various roles and benefits in nutrition and health.

Solubility-Based Classification
Soluble Dietary Fiber dissolves in water to form viscous gels. Examples of soluble
fibers include pectins found in fruits, inulin, beta-glucans in oats and barley, guar gum,

mucilages, and some hemicelluloses.

Insoluble Dietary Fiber does not dissolve in water and primarily consists of cellulose,
lignin, and certain hemicelluloses. Common sources of insoluble fiber include whole grains,

vegetables, and the bran layer of cereals [6].



Types of Dietary Fiber
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Figure 1. Types of dietary fiber (DF) classified by their solubility

Chemical Structure-Based Classification

Polysaccharides are the most prevalent form of DF, comprising long chains of
monosaccharide units. This category includes molecules such as cellulose, hemicellulose, and
inulin [7]. Cellulose, a linear polymer of glucose units, is a primary component of plant cell
walls and an essential insoluble fiber. Hemicellulose, a heterogeneous group of
polysaccharides, varies in its composition and can be either soluble or insoluble depending on
its structure [8]. Inulin, a type of fructan and another polysaccharide that serves as a soluble
fiber is one of the key examples of prebiotic fiber, with an important effect on the regulation

of intestinal microbiota via stimulating the growth of beneficial bacteria. [9,10].

Oligosaccharides consist of shorter chains of monosaccharides, typically ranging from
3 to 10 units [11]. Despite their smaller size, oligosaccharides are classified as DF due to their

beneficial physiological effects, particularly their high fermentability [6,12].

Resistant Starch (RS) is a form of starch that resists digestion in the small intestine
undergoes fermentation in the large intestine and produces short-chain fatty acids. RS is
divided into four types based on its source and structural properties: RS1 (physically
inaccessible starch), RS2 (ungelatinized starch granules), RS3 (retrograded starch), and RS4
(chemically modified starch) [9]. RS is categorized as a functional dietary fiber, recently
added to this classification by the Food and Nutrition Board of the Institute of Medicine of the
National Academics [13,14].



Irritable Bowel Syndrome

IBS is a common functional GI disorder characterized by chronic abdominal pain,
bloating, and altered bowel habits, including constipation, diarrhea, or both [15]. Globally, the
prevalence of IBS varies between 10-20%, making it a significant health concern [16,17]. The
exact pathophysiology of IBS remains unclear but is believed to involve a complex interplay
between the brain-gut axis, gastrointestinal motility disturbances, intestinal permeability,
visceral hypersensitivity, and alterations in the gut microbiota [18,19]. Psychological factors
such as stress and anxiety can exacerbate symptoms, contributing to the chronic nature of the

disorder [20].

Role of Different Fiber Types in Managing IBS Symptoms

DF plays a crucial role in managing IBS symptoms, although its impact varies
depending on the type of fiber consumed. Beneath, the impact of the different types of DF is

discussed and compared.

Soluble Fiber

Soluble fibers like psyllium, also referred to as ispaghula, oats, and pectins dissolve in
water to form viscous gels, which can slow digestion and improve stool consistency, which
has been shown to be particularly beneficial in reducing IBS symptoms. This type of fiber can
make stools softer and easier to pass in cases of constipation, while also adding bulk and
firmness in cases of diarrhea, thus normalizing intestinal motility, reducing bloating, and
making stools more consistent and well-formed [21,22]. Soluble fibers are effective in both
IBS with constipation (IBS-C) and IBS with diarrhea (IBS-D) by normalizing bowel
movements and reducing discomfort [23]. A randomized placebo controlled trial
demonstrated that psyllium significantly improved symptoms in patients with IBS, with 57%
of patients reporting adequate symptom relief compared to 35% in the placebo group (P <
0.05) [24]. Another clinical trial showed that 82% of patients receiving ispaghula and 53% of
the placebo group evaluated the treatment as satisfactory (P < 0.02) [25]. Furthermore, a
systematic review and meta-analysis by Moayyedi et al. (2014) highlighted that soluble fiber,
particularly psyllium, significantly reduced IBS symptoms compared to placebo (RR = 0.83;
95 %CI 0.73 — 0.94 with an NNT =7; 95 % CI 4 — 25) [26].



Insoluble Fiber

In contrast, insoluble fiber, such as wheat bran, is generally not recommended for IBS
management. Insoluble fibers can increase stool bulk and speed up transit time, which may
exacerbate symptoms, particularly in patients with IBS-D. A study found that while insoluble
fiber increased stool frequency, it did not significantly improve other IBS symptoms and
could deteriorate bloating and abdominal pain [27]. According to a clinical trial by Bijkerk et
al. (2009), psyllium improved global symptoms of IBS more effectively than bran or placebo,
suggesting that soluble fiber, rather than insoluble fiber, should be the first line of dietary
intervention for IBS patients [24].

Prebiotic Fiber

Prebiotic fiber, such as inulin and fructo-oligosaccharides, promotes the growth of
beneficial gut bacteria, potentially improving gut health and reducing IBS symptoms.
However, the fermentation of these fibers can produce gas and exacerbate bloating in some
patients. A systematic review concluded that while prebiotics can benefit gut health, their use

in IBS should be personalized due to variable tolerance among patients [28]
Diverticular Disease

DD includes a spectrum of conditions related to the formation of diverticula, small
bulging pouches in the lining of the digestive tract, predominantly in the colon. This disease
includes asymptomatic diverticulosis and diverticulitis, an inflammatory condition of the
diverticula. This condition is one of the most common diagnoses of GI disorders in the United
States [29]. DD is widely considered a disease of the elderly [30]. The prevalence of DD
increases with age, affecting approximately 10% of people aged less than 40 years and
increasing up to more than 70% in people aged more than 80 years in Western countries [31].
The pathophysiology of DD is not understood completely. Many factors have been considered
to contribute to its pathogenesis including increased intraluminal pressure, often associated
with a low-fiber diet, obesity, and physical inactivity as well as genetic predisposition, which
leads to mucosal herniation through weak points in the colonic wall [32,33]. Risk factors
include aging, arterial hypertension, alcohol use, low dietary fiber intake, obesity, and

increased red meat intake [34,35,36].



Role of Different Fiber Types in Managing Diverticular Disease

Historically, a high-fiber diet, particularly rich in insoluble fiber, was believed to
lower the risk of DD by increasing stool bulk and decreasing intraluminal pressure [37,38].
Recent studies indicate that these benefits might be overestimated [39]. Many studies support
this view, indicating that high fiber intake is associated with a lower risk of symptomatic DD
[40]. For example, Crowe et al, 2011 found in their prospective cohort study that participants
with the highest DF intake (>25.5 g/day for women and >26.1 g/day for men) had a 38%
lower risk (RR: 0.62, 95% CI: 0.47-0.82, P<0.001) compared to those with the lowest intake
(<14 g/day for both women and men) [41]. However, the reliability of the benefit of fiber
intake is still discussed. The systematic review performed by Unlii et al. in 2011 concluded
that fiber intake is protective against recurrent diverticulitis, however, the evidence is of
moderate quality, and higher-quality studies are required. The review also emphasized the
significance of the placebo effect [42]. Nevertheless, a recent review reported a persistent lack
of high-quality data, while still confirming the protective effect of DF against diverticulitis
[43]. However, a trial by Peery et al. found that high fiber intake did not reduce the
prevalence of diverticulosis; in fact, those with the highest fiber intake had a greater
prevalence of diverticulosis compared to those with the lowest intake (PR = 1.30; 95% CI
1.13-1.50) [44].

Insoluble Fiber

Insoluble fiber, such as wheat bran, has traditionally been recommended to increase
stool bulk. However, some studies have found limited benefits. For example, a controlled
clinical trial by Ornstein and Littlewood showed a significant increase in stool frequency and
improved consistency for all fiber types including bran (insoluble fiber). However, there were

no significant differences between the active treatment and placebo [45].

Soluble Fiber

Soluble fiber, such as psyllium is recommended for preventing future flare-ups once
the acute period resolves [46]. In the previously mentioned study by Ornstein and Littlewood,
Ispaghula husk has been shown to improve symptoms in patients with DD to a greater degree
than insoluble fiber [45], although its pharmacological mechanism remains unclear. Thorburn
et al. discovered using radiotelemetry that ispaghula husk reduces the transit time from mouth

to rectum [47].



Prebiotic Fiber

Prebiotic fibers, such as inulin and fructo-oligosaccharides, have shown promise in
managing diverticular disease by selectively stimulating the growth of beneficial gut bacteria,
such as Bifidobacterium, which play an important role in maintaining intestinal integrity and
reducing inflammation. By enhancing the gut microbiota composition, prebiotic fibers can
help improve symptoms associated with diverticulitis and prevent the recurrence of

diverticulosis [48].

Sources of Fiber

The effectiveness of fiber in managing DD symptoms also depends on the type and
source of fiber. The prospective study of UK women by Crowe et al. showed a statistically
significant reduced risk of DD with increasing intake of DF, with notable diversity by the
main sources of fiber. Significant reductions in risk were only associated with intakes of fruit
and cereal fiber, with relative risks, adjusted for each of the other sources of DF: for cereal, it

reached 0.84 (0.81 to 0.88) per 5 g/day, for fruit 0.81 (0.77 to 0.86) per 5 g/day [49].

There is ongoing debate about whether nuts and seeds should be excluded from the
diet to prevent symptoms or complications of DD. Traditionally, clinicians have advised
against consuming nuts, seeds, corn, hulls, and popcorn [50]. However, there is no scientific
evidence to support this advice. In fact, recent studies indicate that these dietary restrictions
may not be necessary. The Health Professionals Follow-up Study is a cohort of US men by
Strate et al. found no link between corn consumption and diverticulitis, nor between the intake
of nuts, corn, or popcorn and diverticular hemorrhage or uncomplicated diverticulitis.
Interestingly, an inverse relationship was observed, indicating that consuming nuts ([HR 0.80;
95% CI, 0.63-1.01) and popcorn (HR 0.72; 95% CI, 0.56-0.92) may actually reduce the risk

of developing diverticulitis, suggesting a protective effect [S1].



Table 1. Summary of beneficial and harmful effects of different DF types on IBS and DD

Insoluble Fiber

Soluble Fiber

Prebiotic Fiber

Increases stool bulk and

Reduces symptoms by

Promotes growth of beneficial

—/+ frequency but may worsen improving stool consistency gut bacteria, potentially
bloating and abdominal pain. and regulating improving gut health and
IBS bowel movements in IBS-C symptoms.
Can exacerbate symptoms, and IBS-D.
— particularly in IBS-D; usually Fermentation may cause gas
not recommended. and bloating in some patients.
Historically recommended to Helps prevent flare-ups post Enhances gut microbiota
—/+ increase stool bulk, but the acute phase. composition; can improves
benefits are moderate. symptoms and prevents
DD recurrence of diverticulosis.

Some studies show limited
improvement in symptoms.

Reduces transit time through
GI tract.

IBS = Irritable Bowel Syndrome; DD = Diverticular Disease; GI = Gastrointestinal, DF = Dietary Fiber

Conclusion

The role of DF in GI health is both significant and complex, particularly concerning
IBS and DD. Soluble fiber like psyllium has shown consistent benefits regarding IBS
symptoms, by improving stool consistency and regulating bowel movements. This makes
soluble fiber a key component in dietary strategies for IBS, helping to improve both

constipation and diarrhea.

In contrast, the role of fiber in DD is more nuanced. While previously considered
beneficial in diverticulosis, the effects vary in terms of the different aspects of the disease.
The available data indicates benefits regarding recurrent diverticulitis and the likelihood of
hospitalization. Multiple moderate-quality studies have confirmed its role in reducing the
recurrence of diverticulitis, although findings on its impact on diverticulosis prevalence are
inconsistent. The differences in these findings may be due to the limited exploration of the
effects of different types of DF, which could account for the discordances observed across
various studies.

Detailed and high-quality research on specific DF types and their effects on individual

clinical outcomes is essential. This will facilitate the development of comprehensive, up-to-
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date guidelines that take into consideration the unique characteristics of DF components and
DD and IBS phenotypes. Consequently, revised dietary recommendations would enable
healthcare providers to offer personalized dietary recommendations, ultimately optimizing

symptom management and improving the quality of life for patients.
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