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Abstract

Dietary fiber (DF) is an
essential, albeit under-consumed,
component in the North
American diet. DF is thought
to have anti-inflammatory
disease-modifying effects via
DF-related gut microbiota
degradation products called
short chain fatty acids. Thus far
studies have shown the greatest
associations between DF intake
and risk reduction in obesity,
improved weight loss outcomes,
and risk reduction of cardio-
vascular disease (CVD). There
is weak evidence associating
DF intake and inflammatory
bowel disease (IBD) risk, IBD
remission, reduced risk of
Crohn’s disease (CD flares, and
no evidence showing any benefit
towards ulcerative colitis (UC)
specifically. Evidence on DF
intake and the risk reduction of
colorectal cancer (CRC) has been
equivocal. Studies were limited
by a lack of randomization or
in controlling fiber types and
sources. Based on the current
beneficial associations of DF on
obesity management and CVD,
counseling patients to increase
DF intake may be a cost-effective
measure to decrease the burden
of chronic disease.

Introduction

Dietary fiber (DF) is an
essential part of a healthy
human diet. It is associated with
diversification of gut microbiota
and is thought to play a role in
various pathological conditions.’
The average American DF intake
ranges between 11.8g-19.8g,
while the daily intake
recommendation is 25-35grams.
The gut microbiome plays an
important role in degrading
dietary fiber into short-chain
fatty acids (SCFAs) which have
several anti-inflammatory effects
associated with modifying
various chronic diseases. Many
studies have shown an association
between increased DF intake and
reduced risk of cardiovascular
disease and obesity. There is also
some weak evidence indicating
that DF intake is associated with
reduced risk of development of
inflammatory bowel disease and
the risk of Crohn’s disease flares.
This review aims to discuss the
current understanding of DF and
the role it may play in obesity,
cardio-vascular disease (CVD),
colorectal cancer (CRC), and
inflammatory bowel disease

(IBD). -

Classification
There are numerous
definitions of DF based on
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factors such as the size of the
carbohydrate polymer, solubility,
and the location of fermentation

17 Dietary Fiber —l

in the gut. According to the Codex

Alimentarius Commission, which

Soluble Fiber
* Fermentable
¢ Hydrolytic

Insoluble Fiber
* Poorly or non-Fermentable
* Poorly or non-Hydrolytic

is a collection of internationally
adopted food standards, DF

includes carbohydrate polymers

.

Non-Viscous

L

with ten or more monomeric
units that are neither digested

nor absorbed by the endogenous
enzymes of the small intestine of

the human gastrointestinal system.?
The definition of the United States
Food and Drug Administration
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to nine units.?> DF can also be

classified based on factors such as
their primary food source, chemical

structure, water solubility, viscosity,
and fermentability. Commonly,
based on its water solubility, DF

is classified as insoluble fiber (IF)
or soluble fiber (SF; Figure 1).4
The solubility of fiber influences

. . . . further based
its physiological role as described

further below.
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Figure 1. Classifications of DF types and their sources. Fibers can be classified

on the ability to change the viscosity of chyme: the partially

digested food materials and digestive secretions during digestion. Note that
“resistant” refers to products that can resist breakdown during digestion.

Main Food Sources
of Dietary Fiber

Edible fiber includes fiber naturally found in
food, as well as those synthetically or enzymatically
produced. Most edible DF is found in natural
sources. Both SF and IF can be found in legumes,
vegetables, nuts/seeds, fruits, and synthetically
in cereals (Figure 1).° Insoluble fiber can bypass
digestion in the small intestine and are fermented by
specialized microorganisms. They are usually found
in cereals, legumes, ripe fruits, and green bananas
(Figure 1).°

Current Fiber Recommendations
and Intake

The FDA recommends 28g of dietary fiber per
day for a 2000 kcal/day diet.® The American Dietetic
Association recommends 14g/1,000 kcal or 25g
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for adult women and 38g for adult men.” These
recommendations are based on studies showing
associations with the protective effects of DF against
cardiovascular disease.” Recommendations vary in
children and the elderly based on age. Infants below
the age of six months who are exclusively breastfed
do not require additional DF intake. Adequate data
is not available for infants from the age of 7-12
months. After the age of two years, adequate DF
intake is equal to or greater than their age, plus 5g/
day. In the elderly, lower values of 14g/1000 kcal are
recommended.’

The average daily DF intake in the US is lower
than recommended. According to the National
Health and Nutrition Examination Survey’s most
recent 2017-2018 report on DF intake by Americans,
the fiber intake in males ranges from 12.4-19.8¢g
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Figure 2. DF fermentation byproducts, protons (H*),

carbon dioxide (CO,), methane, and lactate, aid in the
diversification of gut microbiota resulting in increased

fecal bulking. SCFAs act on myofibroblasts to produce
prostaglandins that produce mucus membranes and provide
epithelial barrier protection. Inhibition of toll-like receptor

4 (TLR4) downregulates nuclear factor kappa-light-chain-
enhancer of activated B cells (NFkB) to attenuate the
production of proinlammatory cytokines such as interleukin-
1(IL-1), IL-6, and tumor necrosis factor-alpha (TNF-a). Inhibition
of the activation of neutrophils and eosinophils prevents
further cytokine activation and proliferation of B and T cells.

Proliferation of B and
T-lymphocytes

the fiber type, location within the small and
large intestines, and specific gut microbiota.
DE while thought to be resistant to absorption,
does indeed undergo some chemical and
structural changes in the gastrointestinal
system, such as hydrolysis. Solubility has been
shown to have an association with hydrolysis,
with increasing resistance to hydrolysis seen
with decreasing water solubility." IF is resistant
to hydrolysis in the small intestine due to its
hydrophobic and crystalline structure formed
by hydrogen bonds. This results in a bulking
effect, as it can bypass the small intestine with
minimal breakdown.! DF that is resistant to
breakdown in the small intestine undergoes
fermentation by the gut microbiome of the
large intestine. The by-products produced
through fermentation provide energy that is
required by gut microbes to survive and grow.’
This plays a vital role in the diversification of
the gut microbiota and further aids in fecal
bulking.! Some studies indicate that the effect
of DF on the diversification of gut microbiota
may play a role in disease development and
progression.'®!!

DF undergoes anaerobic fermentation
by the gut microbiome to be degraded into
products known as short-chain fatty acids
(SCFAs) including butyrate, propionic acid,
and acetic acid. SCFAs have several effects
including anti-inflammatory actions through
the inhibition of cytokines, activation of
denderitic cells that are involved in anti-viral
mechanisms, epithelial barrier protection,
boosting IgA secretions, and mucus

on average and lower in females from 11.8-16g.*
This reported intake is several grams lower than

the recommended daily intake. In comparison, the
European Food Safety Authorization reports an
average daily DF intake of 16-29g for an adult.” This
is a notable increase in the average consumption of

fiber relative to the US.

Normal Digestive Physiology and
Pathology
The digestive physiology of DF is dependent on

production.'® ! The microbes of the gut play a
crucial role in the metabolism of DF, which in turn
likely contribute to their associated protective role in
chronic inflammatory conditions (Figure 2).'% " We
further describe the role of dietary fiber in chronic
disease below.

Obesity

Obesity has become a pandemic worldwide due
to the increasing availability of calorie-dense food
and simple carbohydrates. There is a growing body
of research showing the association between DF and
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obesity. Existing literature suggests a protective effect
of high DF intake on ideal body weight through
the generation of SCFAs."> Some hypothesized
mechanisms to explain the obesity modulating effects
of SCFA include that they provide extra sources of
energy, suppress insulin-mediated fat accumulation
via G-protein coupled receptor-43 expressed in the
intestinal epithelium, immune cells, and adipocytes,
regulate fasting-induced adipose factor, and regulate
leptin secretion via free fatty acid receptor 3.'> 1415

In a 12-week, single-center, double-blind,
placebo-controlled trial, 53 adults who had
overweight or obesity were randomly assigned to a
pea fiber (PF) or a control diet.'® Pea fiber intake
significantly altered the types of fecal SCFAs and bile
acid (BA) levels. The PF group was found to have
higher acetate levels and reduced isovalerate, cholate,
deoxycholate, and total BA content. Although
the exact mechanism of action and role of these
metabolite changes are unclear, these SCFAs and BAs
may be involved in obesity by acting on signaling
pathways, gut epithelium barrier function, and
inhibition of proinflammatory cytokine production.'
The correlation of PF consumption, and DF
in general, with alterations in the gut microbe
metabolites may be a possible mechanism involved in
the obesity modulating effects of DE

Several studies have examined the role of DF on
weight management outcomes. A prospective study
with a sample size of 120,877 non-obese individuals
observed an inverse correlation between long-term
weight gain and intake of DE' In another study,
children between the ages of 7—12 years old with
overweight or obesity were randomly assigned to
receive either oligofructose-enriched inulin or a
maltodextrin placebo once daily for 16 weeks.
Oligofructose enriched inulin is a mixture of non-
digestible carbohydrates, containing oligosaccharide
and inulin, both of which are fermentable plant
fructan DE Reduced fat mass was observed in the
inulin group, suggesting that increased intake of
DF may have beneficial effects on obesity.'* More
recently, the RESOLVE study initiated a two-
phase experimental protocol to examine the role
of lifestyle modifications on weight loss outcomes.
Phase one consisted of a three-week intervention
in diet, exercise, and education under a controlled
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environment with close supervision. This was
followed by a second phase wherein participants
maintained these lifestyle changes under distant
supervision for 12 months. It was found that

fiber intake was the only nutritional variable that
systematically predicted a significant reduction in
health indicators like weight, central fat, and body
mass index (BMI)."°

A limitation of the RESOLVE study was the
second phase of distant supervision, which was not
in a controlled setting. The above studies were also
limited by varying DF sources and types, limiting
generalizability. For example, some studies have
examined individual fiber types, such as inulin, '
others with a pea fiber source,'® and the RESOLVE
study examined generalized DF content. " With the
plethora of the types and sources of DEF, it is unclear
whether certain DF types or sources have the same
obesity modulating effects.

From the above limited studies, DF intake has
been associated with reduced obesity and improved
weight loss outcomes. Gut microbe-related DF
degradation products, such as SCFAs and BAs are
thought to be the physiological drivers in these
obesity modulating effects. Further studies that
include randomization are required to further
elucidate whether individual fiber types or sources
play an obesity modulating role.

Cardio-Vascular Disease

Coronary artery disease (CAD) is the leading
cause of mortality worldwide. Its etiology is
a culmination of factors involving lifestyle,
environment, and genetics. Diet has been widely
regarded as a modifiable risk factor for the prevention
of CVD. A high fiber intake may modify risk
factors that can contribute to atherosclerotic disease
including dyslipidemia, obesity, hypertension, and
diabetes.?”?! Current evidence suggests an inverse
relationship between CVD and intake of DE The
Pooling Project of Cohort Studies on Diet and
Coronary Disease pooled data across 10 prospective
cohort studies. This study found a significant inverse
relationship between DF intake and the risk of
CAD.* There was a dose-response relationship for
every 10g/day increase in DF intake, with a 14%
reduction in risk of all coronary events, and a 27%



reduction in the risk of coronary mortality.*” This
association was independent of age, sex, CVD risk
factors such as BMI and hypertension, lifestyle
factors such as smoking and physical activity, and
other dietary factors such as energy and fat intake.*
Another meta-analysis analyzed the effects of 10g/
day increment increases of DF and found a pooled
relative risk of 0.91 for CVD.* A meta-analysis of
19 studies indicated that an increased intake of total
fiber, IF, and fiber from cereals, vegetables, and fruits
lowered the risk of CVD and coronary heart disease
(CHD).* There was a reduction of risk with each
increase of 7g/day in total fiber intake, with relative
risks of 0.91 for both CVD and CHD.*

There are several limitations to the studies
associating DF to CVD risk. Given that intake of
DF was not randomized, causality is difficult to
establish. The definition of DF and the definition
and measurement of specific fiber sources such as
cereal fiber, vegetable fiber, and whole grains were
not standardized. For example, Pereira et al. found
significant associations between cereal and fruit DF
intake in reducing CVD risk, however non-significant
findings were associated with vegetable fiber intake.*
Further studies controlling for fiber type and source
may be warranted. Many of the studies also failed to
control other dietary variables including vitamins,
minerals, and beta-carotene. Considering there is
some evidence for the contribution of these nutrients
in decreasing CVD risk, failing to control for
them can potentially impact findings.” Finally, the
influence of socioeconomic factors remains unclear
as most studies were in a predominantly Caucasian
population in the US and Europe. Given that the
food trends and sources of fiber intake are different in
different ethnicities and races, the relationship needs
to be adjusted for these factors as well.?

From the above studies, DF intake has been
associated with a reduction in the risk of CVD.
Currently, the consensus on the amount and type of
fiber has yet to be reached, but as described above, an
increase in 7-10g/day was associated with a reduction
in CVD risk. These studies are limited by a lack of
randomization, control for DF types and sources,
control of various socioeconomic factors, and control
for other dietary nutrients that impact CVD. Further
studies are required to better elucidate the long-term
effects of DF on CVD risk.

SCIENCE OF MEDICINE

Colorectal Cancer

Colorectal cancer (CRC) is one of the leading
causes of cancer deaths in the world. The recent
intense screening measures have reduced the
incidence, but CRC remains the third leading cause
of cancer in men and women.?® Understanding the
preventative factors of CRC may help to reduce its
disease burden. Some components of DF such as
wheat bran and phytic acid (inositol hexaphosphate)
were found to have chemo-preventive properties
against colon carcinogenesis.”’

The evidence on the protective effects of DF
intake on CRC has been inconsistent due to evidence
being mostly observational. Case-control studies were
generally affirmative but most observational cohort
studies challenged an association of DF to CRC.*

* In a large prospective study, the NIH-AARP Diet
and Health Study, analysis of half a million adults
for five years found no association between total DF
intake and CRC. However, an inverse association
was observed between the intake of fiber from grains
and CRC.?® Another study conducted with a 15-year
follow-up period showed a significant decrease in the
incidence of CRC with the intake of whole wheat.?
A similar association was not seen when looking

at the incidence of CRC with overall increased DF
intake.’® Current studies investigating the role of DF
in the development of CRC have been equivocal, and
further studies are required to elucidate whether DF
has long-term effects in decreasing the risk for CRC.

Inlammatory Bowel Disease

The incidence of IBD has been increasing over
recent decades.’ IBD is comprised of CD and
ulcerative colitis (UC). Currently, the mainstay
treatments for patients with IBD have been biologics
to arrest progression and maintain remission.
Modifiable factors such as DF intake have been
investigated to prevent the development and
progression of IBD. The potential role of DF lies in
the production of SCFAs. SCFAs such as butyrate
has been shown to regulate cytokines involved in
intestinal inflammation such as IL-10, IFNy, and
IL-1B.°>* In a study comparing women in the
highest quantile of fiber intake and women in the
lowest quantile of fiber intake, a 40% decrease in
risk of CD development was found.* The benefit
was highest with fiber derived from fruits. However,
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* Investigate the types of fibers in patient’s current diet

diseases and decreased gut health

Americans website
*  Provide examples of recommended portion sizes

Table 1. Practical Approach to Counselling on Dietary Fiber Intake

e Discuss short- and long-term effects of low fiber diets including increased risk of chronic

*  Provide resources such as print copies of fiber examples and link fo Dietary Guidelines for

*  Work with the patient to make progressive steps to increasing fiber intake such as initially
replacing snacks with high fiber options such as fruits, vegetables, nuts, and seeds.

information
about food
sources that
are rich in DF
along with
recommended
portion

sizes, and the
information

a significant association was not seen in the risk of
UC development. Similarly, another study found DF
to be protective against CD.** Data from a systemic
review showed that adults with IBD consume
significantly less DF compared to healthy adults, and
the presence of an inverse association between DF
intake and the risk of CD.?!

Beyond the risk of developing IBD, studies
have also shown a decreased risk of CD flares with
fiber intake.” A small study found a lower rate of
treatment failure for the psyllium plus mesalamine
group versus only mesalamine (28% versus 35%).%¢
This association was not seen with UC.

While these studies show some beneficial
association between high fiber intake and IBD,
the impact on causality is yet to be understood.
Significant associations between DF were only shown
with CD, whereas no associations with UC were
found. The effects on IBD remission have been varied
and require further investigation.

Clinical Strategies to Improve
Dietary Fiber Intake

The intake of DF is limited in the average
Western diet. In a clinical setting, a comprehensive
approach toward disease management includes
counseling patients on dietary modification, an
important part of preventative medicine (Table 1).
Advising patients to increase overall DF intake is an
easy, cost-effective, and low-harm measure, and may
aid in the holistic management of obesity, CVD, and
other chronic diseases. Counselling should include
investigating the dietary components of a patient’s
average meal. Resources regarding fiber-rich food via
print materials, links to websites, along with resources
on the beneficial effects of DF can be provided to
patients. Dietary Guidelines for Americans have
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is detailed

yet simple to
understand.’” Simple behavioral measures such as
replacing processed food snacks with small servings
of fruits, eating vegetables or salads, and reading food
labels may be beneficial.

Conclusion

Current studies have shown the greatest
associations between DF intake and risk reduction
in obesity and CVD. There is some weak evidence
through observational studies indicating that
DF intake is associated with a reduced risk of
development of IBD and the risk of CD flares.
Associations with CRC were equivocal. See Table 2
for a summary of the studies noted in this review.
Based on the current findings associating DF
intake with reduced risk for obesity and CAD,
counselling patients and providing patients with
educational resources to increase DF intake may
provide long-term benefits. Studies were limited by
a lack of randomization or in controlling fiber types
and sources. Further investigation is needed into
understanding the role of DF in the development of
chronic diseases and their implication for treatment.
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