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Introduction

consequently, human health. The aim of the present narrative review was to provide a document
that serves as a frame of reference for a clear understanding of dietary fiber and its direct and
indirect effects on health.

The direct benefits of dietary fiber intake can be dependent on or independent of the gut
microbiota. The use of dietary fiber by the gut microbiota involves several factors, including the
fiber’s physiochemical characteristics. Dietary fiber type influences the gut microbiota because
not all bacterial species have the same capacity to produce the enzymes needed for its degra-
dation. A low-fiber diet can affect the balance of the SCFAs produced. Dietary fiber indirectly
benefits cardiometabolic health, digestive health, certain functional gastrointestinal disorders,
and different diseases.
© 2021 Asociacion Mexicana de Gastroenterologia. Published by Masson Doyma M?xico S.A.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Fibra dietaria y microbiota, revisién narrativa de un grupo de expertos de la
Asociacion Mexicana de Gastroenterologia

Resumen Una de las estrategias que mas impacto y mayor eficacia tiene para la modulacion
de la microbiota intestinal es el consumo de fibra dietaria, que puede ser digerida por la propia
microbiota generando numerosos metabolitos. Entre éstos, se encuentran los acidos grasos de
cadena corta (AGCC) con funciones tanto locales como sistémicas, que impactan en la composi-
cion y funcion de la microbiota intestinal y por lo tanto en la salud humana. El objetivo de esta
revision narrativa fue generar un documento que sirva como marco de referencia para conocer
acerca de la fibra dietaria y sus efectos directos e indirectos.

Los beneficios directos de la ingestion de fibra dietaria, pueden ser dependientes o indepen-
dientes de la microbiota intestinal. La utilizacion de la fibra dietaria por esta ultima, depende
de varios factores y de sus caracteristicas fisicoquimicas. La clase de fibra dietaria influye sobre
la composicion de la microbiota intestinal debido a que no todas las especies tienen la misma
capacidad de producir enzimas necesarias para su degradacion. El consumo de dietas con bajo
contenido de fibra dietaria puede afectar el balance de los AGCC producidos. Los beneficios
indirectos de la fibra dietaria impactan sobre la salud cardiometabdlica, la salud digestiva,
ciertos trastornos funcionales gastrointestinales y enfermedades diversas.
© 2021 Asociacion Mexicana de Gastroenterologia. Publicado por Masson Doyma M?xico S.A.
Este es un art?culo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

degrees in nutrition, gastroenterologists, and pediatric gas-
troenterologists and nutritionists) to previously review, and

The gut microbiota is currently recognized as playing a rel-
evant role in human health. Advances in its study have been
made on how its composition can be modulated, as well as
on the metabolic function of the different microbial species
that colonize the gastrointestinal tract, to improve human
health and potentially prevent or treat diseases in general.’
Some strategies can modulate the microbiota, such as the
use of probiotics, prebiotics, and even fecal transplanta-
tion. One of the simplest and most efficacious is the intake
of dietary fiber that is metabolizable by the gut microbiota
itself, producing metabolites that include short-chain fatty
acids (SCFAs), such as acetate, propionate, and butyrate,
with both local and systemic functions. Through its impact
on the composition and function of the gut microbiota,
dietary fiber influences human health in general.

In February 2020, the Asociacion Mexicana de Gas-
troenterologia convened a multidisciplinary group of 17
specialists (clinical nutritionists, chemists with master’s

then have an in-person discussion about the scientific evi-
dence on the role of dietary fiber in the digestive physiology
and health, in general, of children and adults. The aim of
the present narrative review was to produce a document
that serves as a frame of reference for a clear understand-
ing of dietary fiber and its direct and indirect effects on
health.

Dietary fiber

Over time, there have been different definitions of dietary
fiber, based on physiologic aspects or on methods for its
analysis by the Association of Official Agricultural Chemists
(AOAC). The Institute of Medicine, now known as the
National Academy of Medicine and is part of the National
Academies of the United States, proposed a definition of
dietary fiber to distinguish endogenous fiber in foods, or
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Table 1
examples.

Types of fiber, according to their functionality, and

Type of fiber Examples

Dietary fiber Lignin, cellulose, pectin, gums,
B-glucans, and modified starch
Pectin, gums, B-glucans, wheat
dextrin, Psyllium, and inulin
Pectin, guar gum, B-glucans,
wheat dextrin, inulin

Pectin, B-glucans, some gums
(e.g., guar), Psyllium
Resistant dextrin, Psyllium,
fructooligosaccharides,
polydextrose, isolated gums,
isolated resistant starch
Cellulose, lignin, some pectin,
and some hemicelluloses
Cellulose, lignin

Polydextrose, inulin

Soluble fiber

Fermentable fiber

Viscous fiber

Functional fiber

Insoluble fiber

Nonfermentable fiber
Nonviscous fiber

Source: Slavin, 2013.7

“‘dietary fiber’’, from the fiber that is extracted or synthe-
sized, called *‘functional fiber’’, the sum of which is total
fiber.? In 2009, the Codex Alimentarius Commission defined
dietary fiber as ‘‘carbohydrate polymers with 10 or more
monomeric units, which are not hydrolyzed by the endoge-
nous enzymes in the small intestine of humans’’,® and is
the definition that we use in the present technical position
paper. Depending on the regulations of each country, includ-
ing oligomers with 3 to 9 monomeric units in the definition
is suggested.*

Dietary fiber can be classified according to its nature
or origin, colligative properties, and fermentability.> With
respect to its nature or origin, it is classified as dietary
(intrinsic or intact, that is found in foods) or func-
tional (extracted or synthetic). Regarding its colligative
properties, the fiber’s chemical structure defines two char-
acteristics related to its mechanisms of action. The first is
solubility: fiber can be soluble (with different degrees of sol-
ubility) or insoluble in water. The second is its gel-forming
capacity: it can form a viscous or nonviscous solution,
with the viscous solutions classified as having low, medium,
or high viscosity. Regarding fermentability, fiber can be
nonfermentable, partially fermentable (semi-fermentable),
or completely fermentable. The physicochemical proper-
ties of the different types of fiber are not exclusive. The
main properties are the capacity to react with water, to
have a colligative property (solubility and gel formation
or increased consistency or viscosity), to ferment, and to
chelate. All those physicochemical properties sustain the
functions of fiber in the organism. Among the characteristics
of soluble fiber is the fact that it is more viscous and fer-
mentable than insoluble fiber, it undergoes few changes, and
it has a mechanical effect. However, different types of fiber
have different combinations of those properties, and conse-
quently, their effects on humans are different. Likewise, the
same food can contain varying quantities of different types
of fiber.

Tables 1 and 2 provide examples of fibers that can be
grouped according to their degree of solubility and fer-
mentability into:

a) Short-chain, highly fermentable, soluble fiber: it is made
up of oligosaccharides, such as fructooligosaccharides
(FOSs) and galactooligosaccharides (GOSs) that stimulate
bifidobacteria production. It has a weak laxative effect
and does not affect bowel transit time, although it pro-
duces much gas.

b) Long-chain, highly fermentable, soluble fiber: it stimu-
lates bacterial growth in general, has a weak laxative
effect, does not affect bowel transit time, and produces
a moderate quantity of gases.

c) Mediumly fermentable, partially soluble fiber: it has a
good laxative effect, accelerates bowel transit, stim-
ulates bacterial growth in general, and produces a
moderate quantity of gases.

d) Slowly fermentable insoluble fiber: it has a good laxa-
tive effect, stimulates bacterial growth, and produces a
moderate quantity of gases.

e) Nonfermentable insoluble fiber: it has a good laxative
effect, accelerates bowel transit, and only stimulates
the growth of specific bacteria that degrade it, such as
Xylanibacter and Prevotella.

Importantly, the fermentation of dietary fiber gradually
supplies energy, but the magnitude of the supply depends
on the kind of fiber and the type of microbiota of the
individual.®8

In addition to the types of fiber described above, other
substances function like dietary fiber. Those substances are
synthetic carbohydrates, such as polydextrose, methylcel-
lulose, carboxymethylcellulose, hydroxypropyl methylcellu-
lose, curdlan, scleroglucan, and analogues. Some synthetic
oligosaccharides, nonabsorbable polyols (sorbitol and man-
nitol), saponins, tannins, phytates, and substances of animal
origin, such as chondroitin and chitosan, also act like
fiber.”® Chitosan is a polysaccharide of natural origin
composed of a-1,4-linked glucosamine residues and is a com-
ponent of the exoskeleton of crustaceans and the cell walls
of fungi.

Some types of fiber can have a prebiotic effect because,
upon being fermented in the colon, they selectively pro-
mote the growth or activity of the microbiota, which
has functional and beneficial effects for the host. How-
ever, not all dietary fiber is prebiotic."" The primary
prebiotics utilized in clinical studies are FOSs, GOSs,
transgalactooligosaccharides (TOSs), xylooligosaccharides
(XO0Ss), isomaltooligosaccharides (IMOSs), lactulose, hemi-
cellulose (from sprouted barley), and inulin. Inulin is a
fructan, or fructosan, a polysaccharide mainly composed of
fructose units."?

Dietary fiber intake

Dietary fiber intake recommendations are age-dependent.
The daily requirement for children over one year of age is
calculated as age plus 5 or 10 g, or as 0.5 g/kg/day, for chil-
dren over 2 years of age."’ In adolescents and adults, the
calculation is 14 g for every 1000 kcal.' That quantity of
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Table 2 Types of fiber, properties, and sources.

Structure

Description and properties

Sources

Cellulose

Hemicelluloses

Pectin

Inulin
B-glucans

Resistant starch

Nondigestible oligosaccharides

Synthetic compounds

Gums and mucilage

Lignin

Others

Cell wall

Polysaccharide of up to 10,000 glucose units
per molecule

Insoluble and resistant to enzyme digestion in
the gastrointestinal tract

Cell wall

Polysaccharides with monomers other than
glucose, associated with cellulose

Partially soluble or insoluble

Cell wall and intracellular tissue of fruits and
vegetables

Polysaccharides with galacturonic acid and a
variety of monosaccharides

Soluble in hot water.

Vegetable cell plasma

Cell wall of grains

Branched glucose polymers that enable their
formation of viscous solutions

Starch and starch degradation products that
are nonabsorbable, or physically or chemically
modified

Oligosaccharides with 3-9 monomeric units
They can form by polysaccharide hydrolysis
They can be fermented

Derived from cellulose (methylcellulose,
hydroxypropyl methylcellulose)
Polydextrose, 50% colonic fermentation and
bulking and prebiotic properties
Fermentation is difficult

Gums: hydrocolloids derived from plant
exudates

Mucilage: present in the cells of the outer
layer of seeds (Psyllium)

It is not a polysaccharide but are bound to
hemicellulose

Phytic acid (associated with fiber), tannins,
phytosterols

25% of the fiber in grains and fruit
30% of the fiber in vegetables and
nuts

Much of the fiber in bran

30% of the fiber in vegetables, fruits,
legumes, and nuts
Cereals

Fruits (quince, Mexican hawthorn,
citrus fruits),

15-20% of the fiber in vegetables,
legumes, and nuts; sugarcane and
potato

Oats and barley

1: Legumes

2: Under-ripe bananas

3: Formed by cooling foods with
precooked starch (potatoes)
Cereals and nuts

Onions, garlic, artichokes, chicory

Polydextrose: as an ingredient it
confers bulk, replaces sugar, and
provides texture

Gum arabic, tragacanth, guar, and
carob

Alginates or seaweed extracts (agar,
carrageenans)

Mucilage: Psyllium.

Celery or the outer layer of cereal
grains

Cereal grains

Adapted from Gray.®

dietary fiber is not scientifically sustained, and therefore is
referred to as the ‘‘recommended daily intake’’. There is
great variability among the different institutions that make
the recommendation. In Mexico, there are no systematically
obtained complete tables of the fiber content in foods. The
present nutritional value tables that refer to fiber content
take data from other tables (generally not Mexican ones),
in which the type of chemical analysis for measuring fiber
is not registered. It is presumed that dietary fiber intake
is greater in rural diets than urban diets because of the
proportion of cereals, legumes, fruit, and vegetables they
contain. The 2012 National Survey on Health and Nutrition
(ENSANUT, the Spanish acronym) reflected deficient fiber
consumption beginning at early ages.”” The 2016 midway
ENSANUT showed that children 24 to 59 months of age with

food insecurity ingested even less fiber that their counter-
parts that did not suffer from food insecurity. The daily fiber
intake in adolescents was 23.7 g in males and 21.2 g in
females, and in older adults was even less: 20.2 g in men
and 17.9 g in women. ¢

The World Health Organization recommends several
strategies for increasing dietary fiber intake. Standing out
among them is the dietary orientation aimed at changing
the behavior of persons with scant fiber intake or that have
a health alteration that requires greater intake. Greater
consumption of natural sources of fiber (fruits, vegetables,
legumes, whole grains) is also suggested, as well as the use
of fiber supplements, when the recommended quantity is
not achieved through diet or if it could be beneficial for a
specific health problem."
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The direct impact of fiber

Properties of dietary fiber that influence the gut
microbiota

The use of dietary fiber by the gut microbiota depends on
its source, type of molecules, bonds, chain length, parti-
cle size, and association with other compounds.'®' It also
depends on the abovementioned physicochemical proper-
ties of solubility, viscosity, and fermentability." The size
of the particle determines its susceptibility to digestion,
binding, water retention, and bowel transit time.?° Water
retention can influence the capacity of bacteria to infiltrate
and digest fiber, as well as the speed of transport through
the intestine.?' Viscosity depends on the degree of hydra-
tion, particle size, and the pH.?? Highly fermentable fiber,
of which the B-glucans and pectins stand out, can also have
high solubility and viscosity. The majority of soluble fibers
are very viscous in the intestine. FOSs and pectins can be
metabolized by bacteria in the ileum and ascending colon,
unlike insoluble fiber, such as cellulose and hemicellulose,
that is exclusively metabolized in the distal colon.’

Experimentally, soluble fiber, compared with insoluble
fiber, has been shown to modify the colonization of intesti-
nal bacteria, impacting the richness of the gut microbiota.??
Insoluble fiber intake produces a greater relative abundance
of Bacteroidetes, Euryarchaeota and Ruminococcaceae, and
at the genus level, of Prevotella, Phascolarctobacterium,
Coprococcus, and Leeia. In contrast, soluble fiber intake
produces a greater relative abundance of the phylum Pro-
teobacteria and less abundance of Prevotellaceae, and with
respect to genera, a greater abundance of Blautia, Solobac-
terium, Syntrophococcus, Weissella, Olsenella, Atopobium,
and Succinivibrio.?* Thus, in a study with 7% pectin, a soluble
fiber, there was an increase in Anaeroplasma, Anaerostipes,
and Roseburia, whereas there was a decrease in Alistipes
and Bacteroides spp."’

Some of the components of fiber, such as the arabi-
noxylan oligosaccharides, can increase the abundance of
bifidobacteria in the ascending colon, lactobacilli in the
ascending colon and transverse colon, and Clostridium coc-
coides and Eubacterium rectale in the descending colon.'”
The viscosity of fiber increases the number of anaero-
bic bacteria and Clostridium spp., whereas the number
of aerobic bacteria and the genus Enterococcus negatively
correlate with viscosity.?? Inulin fermentation results in a
greater proportion of lactobacilli and bifidobacteria, a lower
proportion of Enterobacteriaceae, and greater butyrate
production.?*

The consumption of 12 g of inulin for 4 weeks in healthy
adults with mild constipation induced an increase in the
abundance of Bifidobacteriumand Anaerostipes spp. and
a decrease in the population of Bilophila.” Said effect
could be attributed to the capacity of the genus Bifidobac-
terium to efficiently degrade FOSs and to the fact that
Anaerostipes hadrusproduces butyrate.?® A similar effect
occurred in patients with active ulcerative colitis that
received 7.5 or 15 g of inulin enriched with oligofructose for
9 weeks, with an increase in the abundance of Bifidobac-
teriaceaeand Lachnospiraceae, and an increase in butyrate
production.?’

Resistant starch, which is a nondigestible fraction of
cornstarch, raw potatoes, or unripe bananas, is also consid-
ered a dietary fiber. Its consumption is associated with an
increase in the butyrate producers, Ruminococcus bromii,
Faecalibacterium prausnitzii, and E. rectale. R. bromii is a
key species for the fermentation of starches in the colon, as
has been demonstrated in other studies.?®%’

Fiber and short-chain fatty acid (SCFA) production

Anaerobic bacteria in the large intestine produce SCFAs,
through dietary fiber fermentation.3° The principal SCFAs are
acetate, propionate, and butyrate, at a ratio of 60:20:20.
Lactate is the salt of a very common organic acid in the
intestinal lumen that is also produced by bacteria, whereas
other types of bacteria metabolize acetate, propionate,
and butyrate. Thus, there are species that can be primary
degraders of dietary fiber, whose products are degraded
by other fermenting microorganisms that finally produce
acetate, propionate, and butyrate.3"?

Acetate is mainly produced via acetyl-CoA. Propionate
is synthetized via two pathways: the succinate pathway
and the acrylate pathway, from hexose and pentose or
lactate substrates and via the propanediol pathway that
utilizes deoxyhexoses, such as fucose and rhamnose, as
substrates.>’ The Bacteroidetes phylum produces propi-
onate, mainly through the succinate pathway. Butyrate
can also be produced from peptides or amino acids,
and not only derived from dietary fiber sources. Some
butyrate-producing species correspond to the families of
Ruminococcaceae and Lachnospiraceae, both Firmicutes,
as well as to Erysipelotrichaceae and Clostridiaceae. In
addition, F. prausnitzii (the family Ruminococcaceae) can
utilize polysaccharides that come from starch, hemicellu-
lose, inulin, and pectin, whereas E. rectale is able to utilize
starch, arabinoxylans, and inulin to produce SCFAs.°

SCFAs perform different functions: they regulate both
gene expression, by acting as inhibitors of histone deacety-
lases, and energy metabolism. They also act as signaling
molecules that recognize specific receptors, thus promoting
the regulation of the immune system and inflammation. 303!
The function of SCFAs varies, depending on the receptors in
the host tissue that they can be assimilated in, giving rise to
different physiologic effects.?? They carry out part of their
function upon binding to the G protein-coupled receptors
(GPCRs), also known as free fatty acid receptors, GPCR41
(or FFAR3), GPCR43 (or FFAR2), and GPCR109A. Acetate and
propionate are potent GPCR43 activators, which are mainly
expressed in colonocytes, adipose tissue, immune system
cells, nervous system cells, and pancreatic cells and they
are co-expressed with GLP-1 in the enteroendocrine cells.
Thus, they are related to lipid or glucose metabolism, as
well as to the immune system response. 303!

A diet that is low in dietary fiber can affect SCFA pro-
duction. In contrast, dietary fiber intake, and its effect on
SCFA synthesis, can stimulate the production and secretion
of intestinal mucus. That substance, which protects the
intestinal mucosa, arises due to the increase in bacteria
that promote gene expression in caliciform cells or to the
mechanical stimulus of dietary fiber itself.333
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Dietary fiber and its relation to the
brain-gut-microbiota axis (BGMA)

There are different communication pathways in the BGMA.
The main pathway is the vagus nerve, followed by enteric
nervous system activity, upon producing molecules that act
as neurotransmitters, such as gamma amino butyric acid
(GABA), serotonin, melatonin, histamine, and acetylcholine.
One of the main mechanisms that relates dietary fiber to the
BGMA results from the direct influence of SCFAs and lactic
acid, which also participate in the modulation of serotonin
secretion.® Butyrate is primarily produced from resistant
starch. Because one of the functions of butyrate is to inhibit
the histone deacetylases, it has been shown to be beneficial
in different neurologic diseases, such as Parkinson’s disease,
and to improve learning and memory in cases of dementia,
including Alzheimer’s disease, depression, and addictions. It
is also thought to be a substrate for the production of energy
in the brain, although it is not known to what degree. Cere-
bral inflammation has been reported to decrease in in vitro
and in vivo models of Parkinson’s disease.*

FOSs and GOSs increase brain-derived neurotrophic fac-
tor (BDNF) gene expression, the NR1 and NR2A subunits
of the N-methyl-D-aspartate (NMDA) receptors, and plasma
peptide YY.>” A study on mice showed that the micro-
biota modulated behavior, after recolonization of the mice
with low concentrations of BDNF resulted in behavioral
alterations.*® GOSs suppress the response to neuroendocrine
stress through the hyposecretion of cortisol and increase
the attentional vigilance to positive stimuli versus negative
stimuli.*’

The pharmacologic administration of sodium butyrate has
been shown to have antidepressive effects.*’ Some bacteria,
such as Lactobacillus and Bifidobacterium spp., are asso-
ciated with neurologic development, emotional responses,
and GABA production. Streptococcus, Escherichia, and Ente-
rococcus spp. are associated with serotonin synthesis and
Bacillus spp. is involved in dopamine production.*' Likewise,
changes in BDNF and NMDA concentrations due to bacterial
metabolism can contribute to the structural and chem-
ical imbalances associated with schizophrenia and other
pyschopathologies.*?~#4

Direct effects of dietary fiber on the diversity and
abundance of the microbiota

One of the characteristics of the gut microbiota most con-
sistently associated with a better health status is bacterial
diversity.* Said diversity is importantly affected when diets
are low in fiber or carbohydrates that are available for the
microbiota.“ The kind of dietary fiber influences the type
of microbiota because not all species produce the enzymes
necessary for fiber degradation.®

Different members of the gut microbiota are important
dietary fiber degraders and include 130 glycoside hydrolases,
22 polysaccharide lyases, and 16 families of esterases, pro-
viding the flexibility to degrade different energy sources
from the available fibers. The main species responsible
for dietary fiber degradation are the phyla Firmicutes and
Actinobacteria.**

In a Finnish study on pregnant women with overweight or
obesity, the consumption of whole grains and vegetables cor-
related with diversity of the microbiota. The quality of diet,
in general, in the same study, correlated with abundance of
the genus Coprococcus of the family Lachnospiraceae, the
species F. prausnitzii of the family Ruminococcaceae, and an
unknown species of the family Barnesiellaceae.*® In general,
differences in gut microbiota diversity between Western
populations (Europe and the United States) and populations
from Africa and Papua New Guinea have been demonstrated.
Their diets also differ, with Western diets consisting of a high
content of processed foods, meats, sugars, and saturated
fats, whereas the African diet, especially in rural zones,
is characterized by important consumption of vegetables,
fruits, and whole-grain cereals.® >

In addition to the bacterial abundance of the microbiota,
the different metabolites it produces are determinants of
the physiologic effects on the host.>* The consumption of
soluble fiber, such as pectin and inulin, and insoluble fiber,
such as hemicellulose, can increase the abundance of SCFA-
producing bacteria.*”->4-% Butyrate is the main source of
energy of the colonocytes and commensal bacteria, such as
E. rectale and F. prausnitzii, participate in its production.
That fatty acid participates in the regulation of proinflam-
matory and anti-inflammatory mechanisms.?” Under said
premise, butyrate has been reported to induce malignant
cell apoptosis, thus reducing the risk for colorectal cancer.>®
Table 3 lists the types of dietary fiber, the food source, and
the changes produced in the gut microbiota and in SCFA
production.?”:3559-7% Importantly, not all individuals produce
the same quantities of SCFAs, upon consuming different
sources fiber, because of the varying capacity of the intesti-
nal bacteria to produce those metabolites.

Microbiota and gut health

Specialized bacteria, such as Clostridium, Lactobacillus,
and Enterococcus, capable of adhering to the gastrointesti-
nal mucosa, feed on mucus and bond to epithelial cells.®
Those types of bacteria have an important influence on the
immune system and intestinal homeostasis.?' The gut micro-
biota also plays a significant role in maintaining mucosal
integrity. In germ-free experimental models, mucin-
producing caliciform cells decrease and the mucosal layer
subsequently becomes thin.*:82 Akkermansia muciniphila
has been identified as the determinant in maintaining
that mucosal barrier,®® Bacteroides thuringiensis has been
reported to produce a strong bacteriocin against Clostrid-
ioides difficile, and Bacteroides thetaiotaomicron has been
shown to participate in metalloproteinase expression, for
the conversion of prodefensin into defensin.®*# The micro-
biota also participates in the maintenance of Paneth cell
integrity, and consequently, in the correct production of
antimicrobial peptides. The increase in taxa, such as
Enterobacteriaceae, Pasteurellaceae, Veillonellaceae, and
Fusobacteriaceae, and the decrease in Erysipelotrichales,
Bacteroidales, and Clostridiales, produce defects in the
formation of those antimicrobial peptides, which is associ-
ated with inflammatory bowel disease (IBD).%® There is an
increase in Proteobacteria and a decrease in Firmicutes in
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Table 3 Types of dietary fiber, food source, and changes induced in the gut microbiota and in short-chain fatty acid production.

Type of fiber, dose

Classification and food source

Changes in bacteria and their metabolites

Reference

Arabinoxylooligosaccharides
2.2¢g/d

Arabinoxylooligosaccharides
3g/dy10g/d

Arabinoxylans

Arabinoxylooligosaccharides
5g/d
B-glucans

Galactooligosaccharides
5.5¢g/d

Inulin

Agave inulin 5.0 and 7.5 g/d

Inulin + oligofructose
16 g/d

Inulin + partially hydrolyzed guar
gum
15 g/d
Xylooligosaccharides
1.4and 2.8 g/d
Polydextrose
8g/d

Soluble fiber
Cereals
Soluble fiber
Cereals

Soluble fiber
Cereals

Soluble fiber

Cereals

Soluble and viscous fiber

Oats, barley, wheat, rye, seaweed,
mushrooms

Soluble and nonviscous fiber
Beans, chickpeas, lentils, onion,
lettuce, broccoli, artichoke
Soluble and nonviscous fiber
Agave, artichoke, asparagus, banana,
chicory root, onion, leeks, wheat

Soluble and nonviscous fiber
Agave and byproducts

Soluble and nonviscous fiber

Chicory

Soluble and nonviscous fiber/Soluble
and viscous fiber

Soluble fiber

Soluble and nonviscous fiber

Increase in lactobacilli and Bacteroides
Increase in butyrate

Increase in Bifidobacterium*

Decrease in pH

Increase in SCFAs

Decrease in Clostridium clusters 1/XI/XV and
Verrucomicrobia

Increase in Actinobacteria

Increase in Bifidobacterium

Decrease in isobutyric acid and isovaleric acid
Increase in Bacteroides/Prevotella, lactobacilli,
bifidobacteria

Increase in Bifidobacterium spp. and

Bacteroides spp.

Changes in immune markers

Increase in Bacteroides, Lactobacillus,
Bifidobacterium, Clostridium, and Lachnospiraceae
and decrease in enterobacteria

Increase in butyrate

Increase in Bifidobacterium

Decrease in Ruminococcus, Lachnobacterium,
Desulfovibrio

Increase in Bifidobacterium longum, Bifidobacterium
pseudocatenulatum, and Bifidobacterium
adolescentis

Decrease in acetate and propionate

Decrease in Clostridium spp.

No significant changes in SCFAs

Increase in Bifidobacterium, Bacteroides fragilis
No significant changes in pH, SCFAs, or lactic acid
Decrease in Clostridium histolyticum,
lactobacilli/enterococci

Increase in bacterial diversity

No significant changes in SCFAs

Walton et al., 2012°°

Francois et al., 2012%°

Van den Abbeele et al.,
201161

Francois et al., 2014%2

Hughes et al., 2008

Snart et al., 2006°°
Jayachandran et al., 2018%
Vulevic et al., 2015%

Valcheva et al., 2019%

Holscher et al., 2014

Salazar et al., 2015%

Linetzky et al., 20128

Finegold et al., 2014%°

Costabile et al., 20127°
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Table 3 (Continued)

Type of fiber, dose

Classification and food source

Changes in bacteria and their metabolites

Reference

Polydextrose
21g/d

Pectin

Cornstarch
10 and 20 g/d

Cornstarch
40¢g/d

Resistant starch
22-29 g/d

Cornstarch (resistant starch type
2)

Potato starch (resistant starch

type 2)
Sweet potato residue

Fructans

Wheat bran fiber

Soluble and nonviscous fiber

Soluble and viscous fiber

Apples, cherries, oranges, carrots,
apricots

Soluble and nonviscous fiber

Corn

Soluble and nonviscous fiber
Corn

Soluble and nonviscous fiber
Green bananas, potatoes, oats, beans

Soluble fiber
Corn

Soluble fiber

Potatoes

Soluble and insoluble fiber
Sweet potatoes

Soluble fiber
Garlic, onion, wheat, rye, agave

Insoluble and nonviscous fiber
Wheat bran

Increase in the Bacteroidetes: Firmicutes ratio
Increase in Parabacteroides

Decrease in Eubacterium,

Ruminococcus, Roseburia, Dorea

Decrease in fecal butyrate, phenol, and indole
Controversial, with respect to Bacteroides spp.

Increase in Parabacteroides, Bifidobacterium
Decrease in Anaerostipes, Dorea, Ruminococcus
Decrease in fecal pH fecal and increase in SCFA
production

Increase in Clostridium coccoides,

Clostridium leptum, Lactobacillus

spp., Parabacteroides distasonis, and
Ruminococcus bromii

Decrease in Ruminococcus gnavus, Ruminococcus
torques, and Escherichia coli

Increase in SCFA production

Increase in Oscillospira guilliermondii, R. bromii,
Sporobacter termitis, C. leptum, Clostridium
cellulosi, Alistipes spp., Eubacterium rectale
Decrease in Papillibacter cinnamivorans and the
microbiota diversity

Increase in SCFAs

Increase in R. bromii and E. rectale,

Faecalibacterium prausnitzii, Roseburia faecis, and

Akkermansia muciniphila
Increase in B. adolescentis and R. bromii

Increase in Bifidobacterium and Lactobacillus and

decrease in Enterobacillus, Clostridium perfringens,

and Bacteroides

Increase in the Bifidobacterium/enterobacteria ratio

Increase in bifidobacteria and lactobacilli,
Eubacterium, Roseburia, and Faecalibacterium
Increase in SCFAs

Increase in bifidobacteria, lactobacilli, Atopobium,

enterococci, Bacteroides, and Prevotella
Increase in butyrate

Holscher et al., 2015"

Dongowski et al., 200272
Licht et al., 201073

Whisner et al., 201674

Le Leu et al., 20157°

Salonen et al., 20147°

Martinez et al., 201077

Martinez et al., 201077

Martinez et al., 201077

Ampatzoglou et al., 201578

Freeland et al., 20097°

SCFAs: short-chain fatty acids.
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the different entities in which there is inflammation of the
mucosa and an increase in permeability.®-8

Indirect impact of fiber
Dietary fiber in cardiometabolic health

Diabetes mellitus (DM), obesity, dyslipidemia, high blood
pressure, and metabolic syndrome are the most frequent
cardiometabolic risk factors. Their appearance implies risks
for future complications and even death, mainly when they
present in a combined form. A proper diet contributes to
maintaining health and a diet that is not adequate, bal-
anced, or diverse is associated with the appearance of
cardiometabolic alterations from infancy to adulthood.?%%°
Less healthy dietary patterns, characterized by including
little dietary fiber, correlate with greater cardiovascular
risk.°"°2 Two meta-analyses based on cohort studies found a
lower mortality rate due to cardiovascular causes, in indi-
viduals that consume more dietary fiber.*%

Dietary fiber intake can reduce postprandial glycemia,®
improve serum lipid levels,’® and prevent obesity and the
accumulation of visceral fat.”” Dietary fiber, upon being
metabolized by the gut microbiota, has been described to
produce substrates that have a positive impact on the health
of the host, particularly regarding cardiovascular health,
because they reduce the risk for cardiovascular diseases
and diabetes.’®"'% |n a systematic review and meta-analysis,
from 19 studies, a lower risk for cardiovascular disease and
coronary disease was associated with greater intake of total
fiber, insoluble fiber, and fiber from cereals and vegetables.
For each 7-gram increase of fiber intake per day, there was
a RR of 0.91 (95% Cl: 0.87-0.94) for coronary disease, as
well as a reduced mortality rate (RR 0.59, 95% CI = 0.44,
0.78).%% In another similar study conducted by the Ameri-
can Society for Nutrition, fiber intake was associated with
a low and intermediate risk for cardiovascular disease and
diabetes. 0" Likewise, fiber intake reduced total cholesterol,
LDL cholesterol, and triglycerides, " as was reported in veg-
ans and vegetarians, who showed a better lipid profile than
individuals that ate less fiber and more meat.'%

Type 2 DM is associated with a decrease in bacteria that
degrade dietary fiber. In studies utilizing animal models,
the administration of soluble fiber, such as oligofructose
and long-chain inulin, corrected the altered microbiota, or
dysbiosis, reduced weight gain and low-grade inflammation,
and improved glucose metabolism, intestinal permeability,
and endotoxemia, partly related to the pathophysiology of
DM."%* In a 16-week study that included a diet supplemented
with functional fibers, there was improvement in the colonic
microbiota, characterized by a significant increase in bifi-
dobacteria, lactobacilli, and Bacteroides counts, as well
as a decrease in the clostridia count, with a decrease in
LDL cholesterol and total cholesterol.'® A rice bran extract
induced the same decrease in postmenopausal women, in
addition to reduced levels of TNF-a.'% In individuals with
hyperlipidemia, a plant-based diet reduced blood pressure
and LDL cholesterol.'”” A decrease in inflammation (mea-
sured by C-reactive protein), overall inflammation, and
cardiovascular risk has also been reported.'®

The French Nutrition and Health Survey concluded that
dietary fiber and whole grain intake was inversely associ-
ated with systolic blood pressure.'” The consumption of
foods with a high glycemic index confers a greater risk for
developing DM, compared with the effect of habitual dietary
fiber and cereal intake.""? In fact, fiber intake >20 g/day
reduces the risk for presenting with DM, most likely due to its
effect on the proinflammatory state.'"" Other mechanisms
for reducing the risk of DM have been posited, such as the
adsorption of glucose by fiber in the gastrointestinal tract,
slower gastric emptying, and improved postprandial insu-
linemia. However, not all intervention studies have shown
beneficial results,''? and the primary preventive effect of
fiber in cardiovascular health has not been so obvious. That
is possibly due to the fact that there are multiple genetic and
environmental factors that are difficult to control, as well
as to the small number of intervention studies, with dis-
crepancies in the definitions employed, short intervention
duration, and difficulty in conducting them.""* The conclu-
sions of the most recent reviews and expert opinions on the
topic coincide in underlining the fact that more studies with
better quality methodologies are required.'™

Dietary fiber, microbiota, and obesity

As mentioned above, dietary fiber intake can help prevent
weight gain, visceral fat accumulation, and obesity.®” Fiber
intake is associated with other beneficial lifestyle factors,
such as the consumption of fruits and vegetables and exer-
cise habits. High-fiber diets are typically lower in fat and
energetic density and are useful for maintaining a healthy
body weight. The results of more than 50 intervention stud-
ies were summarized in a review evaluating the relation
between energy intake, body weight, and fiber consump-
tion. An estimated fiber intake of 14 g per day was associated
with a 10% reduction of energy intake and weight loss of
2 kg in 4 months. The changes observed in body weight
and energy occurred, regardless of whether the fiber source
was a naturally high-fiber food or a fiber supplement.'"”
In another review of more than 60 studies, the conclusion
reached was that there is solid evidence that viscous dietary
fiber intake ( 7 g/day) helps reduce body weight and the fat
mass, even in the absence of calorie restriction."'®

Among the mechanisms by which fiber intake can aid
in maintaining body weight is the gut microbiota. The gut
microbiota affects the absorption of nutrients and energy
homeostasis through hormones that regulate the deposit of
fat into the adipocytes.'"” Studies on animals have shown
that dysbiosis of the microbiota can inhibit adenosine-
monophosphate kinase (AMPK), which negatively affects
fatty acid oxidation, promotes lipogenesis, cholesterol and
triglyceride synthesis, and the deposit of fat, producing
obesity.""® In addition, the gut microbiota has effects on the
fasting-induced adipose factor (FIAF), modulates bile acid
metabolism, modulates satiety, and regulates anorexigenic
hormones, such as GLP1 and PYY, through the SCFAs.""’

Studies on humans have shown that, throughout different
populations, obesity and a higher BMI, in general, are associ-
ated with a low level of bacterial diversity. ?°-'?2 Studies that
include rural and migrant populations suggest that the tran-
sition to a low-fiber diet, derived from the westernization of
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the populations, coincides with an increase in body weight,
as well as a loss of gut microbiota diversity.'?>-'2> The results
of a longitudinal study showed that higher fiber intake was
associated with greater microbiota diversity and concomi-
tant lower weight gain in the long term.'?® Those analyses
sustain the premise that fiber intake, through its effect on
bacterial diversity, could help regulate body weight.

Interestingly, dietary interventions with one type of fiber,
despite resulting in certain benefits on metabolic health,
have been shown to not necessarily increase bacterial diver-
sity. In contrast, in studies on humans and in vitro models,
variety was found in the structures of the fiber (through
the consumption of different types of plants), which was
associated with greater bacterial diversity.'”” Thus, the con-
sumption of a combination of different types and sources
of fiber, as opposed to fiber intake per se, is posited to
help increase microbial diversity, and in turn, regulate body
weight. 28

Fiber promotes the growth of genera, such as lactobacilli
and bifidobacteria, inducing an environment that has tradi-
tionally been referred to as ‘‘healthier’’. However, that is
not completely clear, given that dysbiosis in obese persons
has been found to be related to an increase in the phylum
Firmicutes, the genus Clostridium, and in some species of
Lactobacillus, signifying that not necessarily all members
of the genus Lactobacillus, specifically in the context of
obesity, have a positive connotation.'” Albeit there is no
definition of what a normal microbiota is, fiber intake has a
protective effect against body weight gain and the incidence
of DM that is partially mediated by the gut microbiota.'®
Strikingly, numerous studies have found great interindivid-
ual variability in the response to interventions with different
kinds of fiber. Therefore, if those interventions can induce
changes in the composition of the microbiota, the micro-
biota is thought to be able to determine how the fiber is
metabolized, thus having an impact on the health of the
individual.'3" Studies on adults with overweight and obesity
have shown that individuals with a specific gut microbiota
profile can obtain greater benefit regarding body weight
loss, after interventions that are rich in fiber. Individuals
whose microbiota has a greater abundance of the genus
Prevotella in relation to Bacteroides particularly appear to
lose body weight after the intervention.’3?'3* Other gen-
era associated with the degree of response to interventions
with fiber, such as inulin, are Akkermansia, Butyricicoccus,
Anaerostipes, and Bifidobacterium.'>>'3¢ Despite the fact
that the characterization of the gut microbiota is not cur-
rently carried out systematically, the above evidence could
have clinical implications, in which the incorporation of gut
microbiota markers could aid in improving the efficiency of
nutritional therapies.'*’

Dietary fiber and colon cancer

Excess protein intake leads to fermentation in the colon,
with the production of compounds that have been associ-
ated with colorectal cancer, but evidence confirming that is
insufficient. A simple strategy to counteract adverse effects,
if there were any, would be to reduce protein intake or
administer synbiotics. '

Regardless of colorectal cancer etiology, mucosal
biomarkers were reported to be reversed, with the admin-
istration of 55 g of fiber daily."®

Epidemiologic studies provide important information on
fiber intake and colorectal cancer." In a meta-analysis
of 11 prospective cohort studies, dietary fiber intake was
inversely associated with the risk for both proximal and dis-
tal colon cancer.'' Several years earlier, a meta-analysis of
25 prospective studies had found that high total fiber intake,
particularly fiber from cereals and whole grains, was asso-
ciated with a lower risk for colorectal cancer.'* In a very
recent meta-analysis of 22 studies, groups of adults with
very high fiber intake were compared with those with very
low fiber consumption. The results of the analysis suggest
that dietary fiber intake could protect against rectal can-
cer, with a clinically relevant risk reduction.'** Fiber not only
has an effect on cancer, but on inflammatory bowel disease,
as well. In non-industrialized regions of Africa, in which its
inhabitants consume more than 50 g/day of fiber, the preva-
lence of chronic inflammatory diseases is very low.'“

Dietary fiber and constipation

The relation between fiber and bowel movement ease is
related to certain properties of fiber, such as its capacity
to retain water, increase fecal volume, increase intesti-
nal propulsion, and reduce bowel transit time. Thus, it is
important for maintaining normal bowel habit regularity.
Fiber augments the food bolus, and the consequent disten-
sion of the intestine produces as increase in peristalsis.'*
Said increase in the bolus is the result of liquid reten-
tion between the fiber and increased bacterial density,
due to fermentation. Fiber supplementation of 20-30 g/day
is the usual consideration for adult patients with chronic
constipation.’® The use of different types of fiber for that
purpose is similarly effective.'® Less fermentable fibers
have greater water-holding capacity and greater resistance
to bacterial degradation, compared with more fermentable
fibers, which is important, because bowel transit is thought
to become faster, the greater the added weight. However,
in an in-depth review of different interventions, bowel tran-
sit time was reduced only in individuals with initial transit
times above 48 h, regardless of the type of fiber. In the same
study, cereal and vegetable dietary fibers had comparable
effects on fecal weight, superior to those of fruit fibers.'’

The beneficial effect of fiber on chronic constipation has
been shown in cohort studies and in intervention studies. '
In a study conducted on nurses, there was a 36% reduc-
tion in constipation in the individuals in the highest dietary
fiber consumption percentile, compared with those in the
lowest percentile, corresponding to a 1.8% reduction in cons-
tipation for every extra gram of fiber consumed.' The
potential adverse effects of dietary fiber intake are flat-
ulence, abdominal distension, and abdominal pain due to
fiber fermentability, especially in FOS consumption, which
can cause symptoms at doses as low as 10 g."°° Adaptations
should be made in relation to the type of fiber the patient
best tolerates, and fibers with low fermentability are most
likely be better tolerated in patients with preexisting con-
ditions associated with gas and bloating.
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Dietary fiber, microbiota, and irritable bowel
syndrome

The effect of fiber on the symptoms of irritable bowel
syndrome (IBS) is variable and specific to the type of
fiber, e.g., soluble fiber, like Psyllium, has shown bene-
ficial therapeutic effects, but insoluble fiber, like wheat
bran, has not. Second-line dietary therapy for IBS is
a diet low in fermentable oligosaccharides, disaccha-
rides, monosaccharides, and polyols (FODMAPs). Those
fermentable carbohydrates can contribute to the increase in
the production of gas and exacerbate IBS symptoms.'' The
majority of persons do not experience important symptoms
after fiber consumption, and in those that do, intolerance
to FODMAPs disappears over time, as the microbiota of the
host adapts to their intake.'>? Nevertheless, in some patients
with visceral hypersensitivity, the use of low fermentabil-
ity fibers, such as methylcellulose, or those of intermediate
solubility, such as Psyllium plantago and ispaghula, is rec-
ommended.

The fructose, lactose, fructan, sorbitol, and fruc-
tooligosaccharide FODMAPs are found in fruits, onions,
garlic, legumes, and wheat. After several non-controlled
studies on the effects of FODMAPs on IBS symptoms, a ran-
domized and blinded study demonstrated the improvement
in the grading of symptoms of bloating, pain, and flatulence,
with the implementation of a low-FODMAP diet. "> The same
occurred in a study carried out in Mexico."* According to
another analysis, the response to a low-FODMAP diet was
dependent on the structure of the patient’s microbiota,
showing less response, the greater the dysbiosis index.'

Changes in the microbiota associated with a low-FODMAP
diet have been demonstrated, and so whether its long-term
use is adequate is still unclear. FODMAPs should be restricted
in relation to adequate symptom control."® The establish-
ment of a low-FODMAP diet should always be carried out
under the supervision of healthcare professionals trained in
regard to these types of recommendations because such a
diet could result in nutritional deficiencies and disorderly
eating behaviors. 30

With respect to the pediatric population, due to the
scarcity of clinical trials on the use of fiber in children with
IBS, a definitive conclusion cannot be reached. Healthcare
professionals should be cautious when selecting the type
and dose of fiber in children and adults with IBS, to not
worsen their symptoms. The use of a low-FODMAP diet is
not currently recommended for the pediatric population.’’

The composition of the intestinal bacteria in patients
with IBS differs from that of healthy subjects, with less
abundance of the butyrate producers, Erysipelotrichaceae
and Ruminococcaceae, than healthy children. Likewise, they
have greater abundance of Methanobacteriales (methane-
producing bacteria), Lactobacillus and Ruminococcus,
and a decrease in Bifidobacterium, Faecalibacterium,
Erysipelotrichaceae, and methanogens.’® 0 When the
microbiota of the patient with IBS is rebalanced due to the
effect of treatment, the SCFAs it produces have a poten-
tially beneficial effect, such as improving epithelial renewal,
improving intestinal permeability, and reducing low-grade
inflammation. However, more studies need to be carried out
to determine the mechanisms through which fiber improves

aspects of IBS pathophysiology. There are increasingly more
tests demonstrating that not only the abdominal symptoms
of IBS, but also the psychiatric comorbidity that presents in
a considerable number of those patients, are explained by
the gut microbiota.

Dietary fiber and inflammatory bowel disease

The glycoprotein and polysaccharide-rich layer of mucus
that covers the surface of the intestinal mucosa is the
first line of defense between intestinal cells and the gut
microbiota,'®" and in turn, is a source of nutrition for cer-
tain gut bacteria.'®? B. thetaiotaomicron has been shown to
metabolize mucus glycans when there is a lack of dietary
fiber, thinning the layer and resulting in the close contact of
the bacteria with the epithelium.'®® That could explain the
damage that can be caused by the deficiency of fiber in IBD
and colon cancer.'®* SCFAs exert anti-inflammatory effects
on macrophages and dendritic cells because they stimulate
regulatory T cell differentiation.’®® Patients with IBD have
lower levels of SCFAs, including butyric acid and acetic acid,
compared with healthy subjects. Butyric acid could provide
protection against IBD.'%® The scientific evidence for indicat-
ing fiber as treatment for ulcerative colitis and reservoiritis
is still limited.'®’

Dietary fiber in colostomy management

Little is known about the nutritional status and eating habits
of persons with intestinal stomas and no universal dietary
guidelines have been established. Many persons with stomas
adjust their diet to avoid discomfort that interferes with
daily life and makes them afraid to leave home, such as
increased odor of gases or stool production, constipation, or
leaks. Some patients avoid certain foods, especially fruits
and vegetables.'®® The increase in fiber and liquid intake
is one of the more widely used measures in patients with
stomas that suffer from chronic constipation, alleviating
the condition in the majority of them.'® Soluble fiber sup-
plements are frequently used if dietary measures are not
sufficient, but their employment is empiric, given that there
are no randomized comparative studies on the topic."° The
interaction between dietary fiber and the microbiota in
patients with ileostomy and colostomy has not been specif-
ically studied.

Dietary fiber and portosystemic hepatic
encephalopathy

The decrease in the consumption of foods of animal ori-
gin and the increase in vegetable proteins reduces hepatic
encephalopathy (HE), albeit the mechanism is not clear.
When fiber is increased in the diet, its fermentation reduces
the pH of the colon, favoring the excretion of ammonia,
rather than its absorption, accelerating colon transit.'”!
In cirrhosis, protein consumption should not be reduced,
but rather plant-based protein, naturally associated with
dietary fiber, should be administered."”? The microbiota
is capable of producing the majority of neurotransmitters
found in the human brain and they obviously influence neu-
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rochemistry and behavior. HE is considered the prototypic
brain-gut-microbiota axis disorder. Translational research
indicates that certain bacteria and their manipulation can
have an impact on the positive responses of brain function.
The increase in fermentable fiber could reduce the absorp-
tion of ammonia in the portal system similarly to that of
lactulose supplementation.'”

The use of dietary fiber as the only therapeutic measure
against HE had not been studied, but a fiber-rich diet enables
the concomitant increase of protein intake. A Mexican study
showed that supplementation with branched-chain amino
acids plus a diet with a high content of fiber and proteins is
a safe intervention in patients with cirrhosis, given that it
helps increase muscle mass without elevating ammonemia or
fostering the development of HE."”# Numerous well-designed
studies have evaluated the benefit of different probiotics in
the treatment of HE. Compared with placebo or no inter-
vention, probiotics most likely improve recovery and can
regulate ammonia levels in plasma, as well as quality of
life, in patients with overt HE, although with no decrease
in mortality.'”® At present, there are no studies in the liter-
ature that describe the modification of the gut microbiota in
cirrhotic patients with HE, as a response to specific diets.'”®
High quality clinical trials are needed to clarify the true
potential of dietary fiber, the efficacy of probiotics, and
their effect on the gut microbiota in HE.

Conclusions

Dietary fiber can induce changes in intestinal health that
are directly and indirectly mediated by the gut microbiota.
The use of dietary fiber by the gut microbiota depends on
various factors and characteristics of the fiber, such as its
fermentability, solubility, and viscosity. The type of dietary
fiber influences the composition of the microbiota, given
that not all bacterial species degrade all types of fiber,
which can be verified by changes at the level of the phy-
lum, family, and species. Diets low in dietary fiber can
reduce the production of SCFAs, affecting their different
local and systemic functions. The indirect benefits of dietary
fiber impact cardiometabolic and digestive health, including
some functional gastrointestinal disorders, as well as dif-
ferent diseases. The recommended daily intake of dietary
fiber in adolescents and adults is 14 g for every 1000 kcal, in
general. In pathologic cases, treatment should be individu-
alized, with very close follow-up.

Financial disclosure

The scientific agenda, discussion, and conclusions of
the present review were autonomously determined and
independently drafted by the members of the group sum-
moned by the Asociacion Mexicana de Gastroenterologia
(AMG).

For strictly logistical purposes, the AMG requested and
received funding, with no conditions, from the Instituto de
Nutricién and Salud Kellogg’s® (INSK). The authors received
an honorarium for their participation.

Conflict of interest

MTAA: has received honoraria for advisory board consult-
ing services and for conferences for Takeda®, Alfasigma®,
Mayoly-Spindler®, Sanofi®, Menarini®, Carnot®, Biocodex®,
BioGaia®, and Abbott® Farmacéutica.

MPMG: has received honoraria for conferences
Kellogg’s®, Abbott® Farmacéutica, Victus®, and Alfasigma®.

GAAA: has received funding for attending congresses and
honoraria for conferences Nestlé® and Carnot®.

AMCB: has no conflict of interest.

RICS: has received honoraria for advisory board con-
sulting services for Asofarma®, and is a speaker for
Mayoly-Spindler®, Asofarma® y Chinoin®.

ACS: has received honoraria for conferences for Sanofi-
Aventis®, Mead Johnson®, Takeda®, and Alexion Pharma®,
and funding for clinical research studies from Alexion
Pharma® and Sanofi-Aventis®.

ECA: is a member of the advisory board of Takeda®
Mexico, Ferrer® Mexico, Asofarma® Mexico, Grunenthal®
Mexico, and is a Speaker for Takeda® Mexico, Ferrer® Mex-
ico, Asofarma® Mexico, Grunenthal® Mexico, Medtronic®
Mexico, Asofarma® Central America and the Caribbean,
Carnot® Mexico, and Siegfried Rhein® Mexico.

MFGC: has received honoraria for conferences for
Grunenthal® Mexico.

VHR: has received funding to attend congresses and hon-
oraria for conferences for Nestlé®.

MEIC: has received funding to attend congresses and has
received honoraria for talks for Asofarma®, Takeda®, and
Chinoin®.

JNMM: has no conflict of interest.

SMR: has received honoraria for conferences for
Kellogg’s® and PepsiCo®.

EOO: has received funding to attend congresses and
has received honoraria for conferences and the develop-
ment of materials for VitaFlo Argentina®, Nestlé®, Danone®,
Abbott®, and Kellogg’s®.

MRA: has received funding to attend congresses from
Imed Orphan® and has received honoraria for advisory board
consulting services for Abbott®.

RLRF: has received funding to attend congresses for
Gilead Sciences®.

FZD: has no conflict of interest.

FZM: has received funding to attend congresses and has
received honoraria for conferences and advisory board con-
sulting services from Mead Johnson®.

RVF: has received funding to attend congresses, has
received honoraria for conferences for Nestlé®, Sanofi®,
Carnot®, BioGaia®, and Abbott® Farmacéutica, and has
received funding for clinical research studies from Alexion
Pharma® and Sanofi-Aventis®.

References

1. Holscher HD. Dietary fiber and prebiotics and the gas-
trointestinal microbiota. Gut Microbes. 2017;8:172-84,
http://dx.doi.org/10.1080/19490976.2017.1290756.

2. Institute of Medicine (US) Panel on the definition of
dietary fiber and the standing committee on the sci-
entific evaluation of dietary reference intakes. Dietary
reference intakes proposed definition of dietary fiber.

298


dx.doi.org/10.1080/19490976.2017.1290756

Revista de Gastroenterologia de México 86 (2021) 287-304

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Jones

. De Filippo C, Cavalieri D, Di Paola M, et al.

. Slavin J.

Washington (DC): National Academies Press (US); 2001,
http://dx.doi.org/10.17226/10161.

JM. CODEX-aligned dietary fiber
help to bridge the’ fiber gap’. Nutr J.
http://dx.doi.org/10.1186/1475-2891-13-34.

definitions
2014;13:34,

. Stephen AM, Champ MM, Cloran SJ, et al. Dietary
fibre in Europe: current state of knowledge on def-
initions, sources, recommendations, intakes and

relationships to health. Nutr Res Rev. 2017;30:149-90,
http://dx.doi.org/10.1017/5095442241700004X.

. Korczak R, Kamil A, Fleige L, et al. Dietary fiber and

digestive health in children. Nutr Rev. 2017;75:241-59,
http://dx.doi.org/10.1093/nutrit/nuw068.

Impact
of diet in shaping gut microbiota revealed by a com-
parative study in children from Europe and rural
Africa. Proc Natl Acad Sci U S A. 2010;107:14691-6,
http://dx.doi.org/10.1073/pnas.1005963107.

Fiber and prebiotics:
and health benefits. Nutrients.
http://dx.doi.org/10.3390/nu5041417.

mechanisms
2013;5:1417-35,

. Gray J. Dietary Fibre International Life Sciences Institute. ILSI

Europe. 2006 [Accessed 19 February 2020]. Available from:
https://ilsi.eu/publication/dietary-fibre/.

. Escudero-Alvarez E, Gonzalez-Sanchez P. Fibra dietética. Nutr

Hosp. 2006;21:61-72.

Bueter CL, Specht CA, Levitz SM. Innate sensing of
chitin and chitosan. PLoS Pathog. 2013;9:e1003080,
http://dx.doi.org/10.1371/journal.ppat.1003080.

Dahl WJ, Stewart ML. Position of the Academy
of Nutrition and Dietetics: health implications of
dietary fiber. J Acad Nutr Diet. 2015;115:1861-70,
http://dx.doi.org/10.1016/j.jand.2015.09.003.

Olveira G, Gonzalez-Molero |I. An update on
probiotics, prebiotics  and symbiotics  in clini-
cal nutrition. Endocrinol Nutr. 2016;63:482-94,

http://dx.doi.org/10.1016/j.endonu.2016.07.006.

Bae SH. Diets for constipation. Pediatr  Gas-
troenterol Hepatol Nutr. 2014;17:203-8,
http://dx.doi.org/10.5223/pghn.2014.17.4.203.

Anderson JW, Baird P, Davis RH, et al. Health ben-
efits of dietary fiber. Nutr Rev. 2009;67:188-205,
http://dx.doi.org/10.1111/j.1753-4887.2009.00189x.
Gutiérrez JP, Rivera-Dommarco J, Shamah-Levy
T, et al, Available from: https://www.redalyc.
org/articulo.oa?id=10628331033, 2012.
Shamah-Levy T, Cuevas-Nasu L, Rivera-Dommarco J,
et al. Informe final de resultados. ENSANUT MC. Méx-
ico. 2016 [Accessed 19 February 2020]. Available from:
https://www.gob.mx/salud/documentos/encuesta-nacional-
de-salud-y-nutricion-de-medio-camino-2016

Makharia G, Gibson P, Bai J, et al. Diet and the Gut.
World Gastroenterology Organization Global Guidelines.
2018 [Accessed 19 February 2020]. Available from:
https://www.worldgastroenterology.org/guidelines/global-
guidelines/diet-and-the-gut/diet-and-the-gut-english
Hamaker BR, Tuncil YE. A perspective on the complex-
ity of dietary fiber structures and their potential effect
on the gut microbiota. J Mol Biol. 2014;426:3838-50,
http://dx.doi.org/10.1016/j.jmb.2014.07.028.

Mcrorie JW, Fahey GC. A review of gastrointestinal physiology
and the mechanisms underlying the health benefits of dietary
fiber: Matching an effective fiber with specific patient
needs. 2013;1:82-92, http://dx.doi.org/10.5430/cns.v1n
4p82.

Spiller GA. Handbook of dietary fiber in human nutrition. 2nd
ed. Boca Raton, Florida: CRC Press, Inc.; 1993.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

37.

299

Chaplin MF. Fiber and water binding. Proc Nutr Soc.
2003;62:223-7, http://dx.doi.org/10.1079/pns2002203.
Tamargo A, Cueva C, Alvarez MD, et al. Physical
effects of dietary fiber on simulated luminal flow,
studied by in vitro dynamic gastrointestinal diges-
tion and fermentation. Food Funct. 2019;10:3452-65,
http://dx.doi.org/10.1039/c9f000485h.

Chen T, Chen D, Tian G, et al. Soluble fiber and insolu-
ble fiber regulate colonic microbiota and barrier function
in a piglet model. Biomed Res Int. 2019;2019:7809171,
http://dx.doi.org/10.1155/2019/7809171.

Jung TH, Jeon WM, Han KS. In vitro effects of dietary
inulin on human fecal microbiota and butyrate pro-
duction. J  Microbiol  Biotechnol. 2015;25:1555-8,
http://dx.doi.org/10.4014/jmb.1505.050778.

Vandeputte D, Falony G, Vieira-Silva S, et al. Prebi-
otic inulin-type fructans induce specific changes in
the human gut microbiota. Gut. 2017;66:1968-74,
http://dx.doi.org/10.1136/gutjnl-2016-313271.

Scott KP, Martin JC, Duncan SH, et al. Prebiotic stimu-
lation of human colonic butyrate-producing bacteria and
bifidobacteria, in vitro. FEMS Microbiol Ecol. 2014;87:30-40,
http://dx.doi.org/10.1111/1574-6941.12186.
Valcheva R, Koleva P, Martinez 1, et al.
fructans improve active ulcerative colitis associated
with microbiota changes and increased short-chain
fatty acids levels. Gut Microbes. 2019;10:334-57,
http://dx.doi.org/10.1080/19490976.2018.1526583.

Abell GCJ, Cooke CM, Bennett CN, et al. Phylotypes
related to Ruminococcus bromii are abundant in the large
bowel of humans and increase in response to a diet high
in resistant starch. FEMS Microbiol Ecol. 2008;66:505-15,
http://dx.doi.org/10.1111/j.1574-6941.2008.00527.x.

Ze X, Duncan SH, Louis P, et al. Ruminococcus bromii
is a keystone species for the degradation of resistant
starch in the human colon. ISME J. 2012;6:1535-43,
http://dx.doi.org/10.1038/ismej.2012.4.

Louis P, Flint HJ. Formation of propionate and butyrate by the
human colonic microbiota. Environ Microbiol. 2017;19:29-41,
http://dx.doi.org/10.1111/1462-2920.13589.

Koh A, De Vadder F, Kovatcheva-Datchary P, et al.
From Dietary Fiber to Host Physiology: Short-Chain Fatty
Acids as Key Bacterial Metabolites. Cell. 2016;165:1332-45,
http://dx.doi.org/10.1016/j.cell.2016.05.041.

Morrison DJ, Preston T. Formation of short chain
fatty acids by the gut microbiota and their impact
on human metabolism. Gut Microbes. 2016;7:189-200,
http://dx.doi.org/10.1080/19490976.2015.1134082.

Baxter NT, Schmidt AW, Venkataraman A, et al. Dynamics of
human gut microbiota and short-chain fatty acids in response
to dietary interventions with three fermentable fibers. mBio.
2019;10:1-13, http://dx.doi.org/10.1128/mBio.02566-18.

Inulin-type

Makki K, Deehan EC, Walter J, et al. The impact
of dietary fiber on gut microbiota in host health
and disease. Cell Host Microbe. 2018;23:705-15,

http://dx.doi.org/10.1016/j.chom.2018.05.012.

Evans JM, Morris LS, Marchesi JR. The gut microbiome:
the role of a virtual organ in the endocrinol-
ogy of the host. J Endocrinol. 2013;218:R37-47,
http://dx.doi.org/10.1530/JOE-13-0131.

. Bourassa MW, Alim I, Bultman SJ, et al. Butyrate, neu-

roepigenetics and the gut microbiome: Can a high fiber
diet improve brain health? Neurosci Lett. 2016;625:56-63,
http://dx.doi.org/10.1016/j.neulet.2016.02.009.

Savignac HM, Corona G, Mills H, et al. Prebiotic
feeding elevates central brain derived neurotrophic
factor, N-methyl-D-aspartate receptor subunits


dx.doi.org/10.17226/10161
dx.doi.org/10.1186/1475-2891-13-34
dx.doi.org/10.1017/S095442241700004X
dx.doi.org/10.1093/nutrit/nuw068
dx.doi.org/10.1073/pnas.1005963107
dx.doi.org/10.3390/nu5041417
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0040
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0045
dx.doi.org/10.1371/journal.ppat.1003080
dx.doi.org/10.1016/j.jand.2015.09.003
dx.doi.org/10.1016/j.endonu.2016.07.006
dx.doi.org/10.5223/pghn.2014.17.4.203
dx.doi.org/10.1111/j.1753-4887.2009.00189x
https://www.redalyc.org/articulo.oa?id=10628331033
https://www.redalyc.org/articulo.oa?id=10628331033
https://www.gob.mx/salud/documentos/encuesta-nacional-de-salud-y-nutricion-de-medio-camino-2016
https://www.gob.mx/salud/documentos/encuesta-nacional-de-salud-y-nutricion-de-medio-camino-2016
https://www.worldgastroenterology.org/guidelines/global-guidelines/diet-and-the-gut/diet-and-the-gut-english
https://www.worldgastroenterology.org/guidelines/global-guidelines/diet-and-the-gut/diet-and-the-gut-english
dx.doi.org/10.1016/j.jmb.2014.07.028
dx.doi.org/10.5430/cns.v1n4p82
dx.doi.org/10.5430/cns.v1n4p82
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0100
dx.doi.org/10.1079/pns2002203
dx.doi.org/10.1039/c9fo00485h
dx.doi.org/10.1155/2019/7809171
dx.doi.org/10.4014/jmb.1505.050778
dx.doi.org/10.1136/gutjnl-2016-313271
dx.doi.org/10.1111/1574-6941.12186
dx.doi.org/10.1080/19490976.2018.1526583
dx.doi.org/10.1111/j.1574-6941.2008.00527.x
dx.doi.org/10.1038/ismej.2012.4
dx.doi.org/10.1111/1462-2920.13589
dx.doi.org/10.1016/j.cell.2016.05.041
dx.doi.org/10.1080/19490976.2015.1134082
dx.doi.org/10.1128/mBio.02566-18
dx.doi.org/10.1016/j.chom.2018.05.012
dx.doi.org/10.1530/JOE-13-0131
dx.doi.org/10.1016/j.neulet.2016.02.009

A.T. Abreu y Abreu, M.P. Milke-Garcia, G.A. Argiiello-Arévalo et al.

38.

39.

40.

141.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

and d-serine. Neurochem Int. 2013;63:756-64,
http://dx.doi.org/10.1016/j.neuint.2013.10.006.Savignac.

Sudo N, Chida Y, Aiba Y, et al. Postnatal microbial colo-
nization programs the hypothalamic-pituitary-adrenal system
for stress response in mice. J Physiol. 2004;558:263-75,
http://dx.doi.org/10.1113/jphysiol.2004.063388.
Schmidt K, Cowen PJ, Harmer CJ, et
otic intake reduces the waking cortisol response
and alters emotional bias in healthy volunteers.
Psychopharmacology (Berl). 2015;232:1793-801,
http://dx.doi.org/10.1007/s00213-014-3810-0.

Yamawaki Y, Fuchikami M, Morinobu S, et al. Antidepressant-
like effect of sodium butyrate (HDAC inhibitor) and
its molecular mechanism of action in the rat hip-
pocampus. World J Biol Psych. 2012;13:458-67,
http://dx.doi.org/10.3109/15622975.2011.585663.

Dinan TG, Stilling RM, Stanton C, et al. Col-
lective  unconscious: How gut  microbes shape
human  behavior. J  Psychiat Res.  2015;63:1-9,
http://dx.doi.org/10.1016/j.jpsychires.2015.02.021.

Nieto R, Kukuljan M, Silva H. BDNF and schizophre-
nia: from neurodevelopment to neuronal plasticity,
learning, and memory. Front Psychiatry. 2013;4:45,
http://dx.doi.org/10.3389/fpsyt.2013.00045.

Magsood R, Stone TW. The gut-brain axis, BDNF, NMDA
and CNS disorders. Neurochem Res. 2016;41:2819-35,
http://dx.doi.org/10.1007/s11064-016-2039-1.

Joseph J, Depp C, Shih PB, et al. Modified Mediterranean
diet for enrichment of short chain fatty acids: potential
adjunctive therapeutic to target immune and metabolic
dysfunction in schizophrenia? Front Neurosci. 2017;11:155,
http://dx.doi.org/10.3389/fnins.2017.00155.

al. Prebi-

Lozupone CA, Knight R. Species divergence
and the measurement of microbial diver-
sity. FES Microbiol Rev. 2008;32:557-78,
http://dx.doi.org/10.1111/j.1574-6976.2008.00111.x.

Sonnenburg ED, Smits SA, Tikhonov M, et al.
Diet-induced  extinctions in the gut microbiota
compound over generations. Nature. 2016;529:212-5,

http://dx.doi.org/10.1038/nature16504.

Schroeder BO, Birchenough GMH, Sta°hlman
M, et al. Bifidobacteria or fiber protects
againstdiet-induced microbiota-mediated colonic mucus-
deterioration. Cell Host  Microbe. 2018;23:27-40,
http://dx.doi.org/10.1016/j.chom.2017.11.004, e7.

Laitinen K, Mokkala K. Overall dietary quality relates to
gut microbiota diversity and abundance. Int J Mol Sci.
2019;20:1835, http://dx.doi.org/10.3390/1jms20081835.
Lulli P, Mangano VD, Onori A, et al. HLA-DRB1 and
-DQB1 loci in three west African ethnic groups:
genetic relationship with sub-Saharan African and
European populations. Hum Immunol. 2009;70:903-9,
http://dx.doi.org/10.1016/j.humimm.2009.07.025.
Martinez I, Stegen JC, Maldonado-Gomez MX, et al. The gut
microbiota of rural papua new guineans: composition, diversity
patterns, and ecological processes. Cell Rep. 2015;11:527-38,
http://dx.doi.org/10.1016/j.celrep.2015.03.049.

Nakayama J, Yamamoto A, Palermo-Conde LA, et al.
Impact of westernized diet on gut microbiota in chil-
dren on Leyte island. Front Microbiol. 2017;8:197,
http://dx.doi.org/10.3389/fmicb.2017.00197.

Schnorr SL, Candela M, Rampelli S, et al. Gut microbiome
of the Hadza hunter-gatherers. Nat Commun. 2014;5:3654,
http://dx.doi.org/10.1038/ncomms4654.

Rumpagaporn P, Reuhs BL, Kaur A, et al. Structural
features of soluble cereal arabinoxylan fibers associ-
ated with a slow rate of in vitro fermentation by

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

300

human fecal microbiota. Carbohydr Polym. 2015;130:191-7,
http://dx.doi.org/10.1016/j.carbpol.2015.04.041.

Reichardt N, Duncan SH, Young P, et al. Phylogenetic
distribution of three pathways for propionate production
within the human gut microbiota. ISME J. 2014;8:1323-35,
http://dx.doi.org/10.1038/ismej.2014.14.

Hughes SA, Shewry PR, Gibson GR, et al. In vitro fermen-
tation of oat and barley derived beta-glucans by human
faecal microbiota. FEMS Microbiol Ecol. 2008;64:482-93,
http://dx.doi.org/10.1111/j.1574-6941.2008.00478.x.

de Vos WM, de Vos EA. Role of the intestinal
microbiome in health and disease: from corre-
lation to  causation. Nutr  Rewv. 2012;70:545-56,

http://dx.doi.org/10.1111/j.1753-4887.2012.00505.x.

Allaire JM, Crowley SM, Law HT, et al. The intesti-
nal epithelium: central coordination of mucosal
immunity. Trends Immunol. 2018;39:677-96,

http://dx.doi.org/10.1016/j.it.2018.04.002.

Wu X, Wu Y, He L, et al. Effects of the intestinal
microbial  metabolite  butyrate on the develop-
ment of colorectal cancer. J Cancer. 2018;9:2510-7,
http://dx.doi.org/10.7150/jca.25324, eCollection 2018.
Walton GE, Lu C, Trogh I, et al. A randomised, double-
blind, placebo controlled cross-over study to determine
the gastrointestinal effects of consumption of arabinoxylan-
oligosaccharides enriched bread in healthy volunteers. Nutr J.
2012;11:36, http://dx.doi.org/10.1186/1475-2891-11-36.
Francois |IEJA, Lescroart O, Veraverbeke WS, et al. Effects
of a wheat bran extract containing arabinoxylan oligosac-
charides on gastrointestinal health parameters in healthy
adult human volunteers: a double-blind, randomised, placebo-
con- trolled, cross-over trial. Br J Nutr. 2012;108:2229-42,
http://dx.doi.org/10.1017/5S0007114512000372.

Van den Abbeele P, Gérard P, Rabot S, et al. Arabi-
noxylans and inulin differentially modulate the mucosal
and luminal gut microbiota and mucin-degradation in
humanized rats. Environ Microbiol. 2011;13:2667-80,
http://dx.doi.org/10.1111/j.1462-2920.2011.02533.x.
Francois IEJA, Lescroart O, Veraverbeke WS, et al. Effects of
wheat bran extract containing arabinoxylan oligosaccharides
on gastrointestinal parameters in healthy preadolescent
children. J Pediatr Gastroenterol Nutr. 2014;58:647-53,
http://dx.doi.org/10.1097/MPG.000000000000

0285.

Snart J, Bibiloni R, Grayson T, et al. Supplemen-
tation of the diet with high-viscosity beta-glucan
results in enrichment for lactobacilli in the rat
cecum. Appl Environ  Microbiol. 2006;72:1925-31,

http://dx.doi.org/10.1128/AEM.72.3.1925-1931.2006.
Jayachandran M, Chen J, Chung SSM, et al. A critical
review on the impacts of b-glucans on gut microbiota
and human health. J Nutr Biochem. 2018;61:101-10,
http://dx.doi.org/10.1016/j.jnutbio.2018.06.010.

Vulevic J, Juric A, Walton GE, et al. Influence
of galacto-oligosaccharide mixture (B-GOS) on gut
microbiota, immune parameters and metabonomics

in elderly persons. Br J Nutr. 2015;114:586-95,
http://dx.doi.org/10.1017/50007114515001889.

Holscher HD, Doligale JL, Bauer LL, et al. Gastroin-
testinal tolerance and utilization of agave inulin
by healthy adults. Food Funct. 2014;5:1142-9,
http://dx.doi.org/10.1039/c3f060666j.

Salazar N, Dewulf EM, Neyrinck AM, et al. Inulin-
type fructans modulate intestinal  Bifidobacterium
species populations and decrease fecal short-chain

fatty acids in obese women. Clin Nutr. 2015;34:501-7,
http://dx.doi.org/10.1016/j.clnu.2014.06.001.


dx.doi.org/10.1016/j.neuint.2013.10.006.Savignac
dx.doi.org/10.1113/jphysiol.2004.063388
dx.doi.org/10.1007/s00213-014-3810-0
dx.doi.org/10.3109/15622975.2011.585663
dx.doi.org/10.1016/j.jpsychires.2015.02.021
dx.doi.org/10.3389/fpsyt.2013.00045
dx.doi.org/10.1007/s11064-016-2039-1
dx.doi.org/10.3389/fnins.2017.00155
dx.doi.org/10.1111/j.1574-6976.2008.00111.x
dx.doi.org/10.1038/nature16504
dx.doi.org/10.1016/j.chom.2017.11.004
dx.doi.org/10.3390/ijms20081835
dx.doi.org/10.1016/j.humimm.2009.07.025
dx.doi.org/10.1016/j.celrep.2015.03.049
dx.doi.org/10.3389/fmicb.2017.00197
dx.doi.org/10.1038/ncomms4654
dx.doi.org/10.1016/j.carbpol.2015.04.041
dx.doi.org/10.1038/ismej.2014.14
dx.doi.org/10.1111/j.1574-6941.2008.00478.x
dx.doi.org/10.1111/j.1753-4887.2012.00505.x
dx.doi.org/10.1016/j.it.2018.04.002
dx.doi.org/10.7150/jca.25324
dx.doi.org/10.1186/1475-2891-11-36
dx.doi.org/10.1017/S0007114512000372
dx.doi.org/10.1111/j.1462-2920.2011.02533.x
dx.doi.org/10.1097/MPG.0000000000000285
dx.doi.org/10.1097/MPG.0000000000000285
dx.doi.org/10.1128/AEM.72.3.1925-1931.2006
dx.doi.org/10.1016/j.jnutbio.2018.06.010
dx.doi.org/10.1017/S0007114515001889
dx.doi.org/10.1039/c3fo60666j
dx.doi.org/10.1016/j.clnu.2014.06.001

Revista de Gastroenterologia de México 86 (2021) 287-304

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Linetzky Waitzberg D, Alves Pereira CC, Logullo L, et al.
Microbiota benefits after inulin and partially hydrolized
guar gum supplementation: a randomized clinical trial
in constipated women. Nutr Hosp. 2012;27:123-9,
http://dx.doi.org/10.1590/50212-16112012000100014.
Finegold SM, Li Z, Summanen PH, et al. Xylooligosac-
charide increases bifidobacteria but not lactobacilli in
human gut microbiota. Food Funct. 2014;5:363-445,
http://dx.doi.org/10.1039/c3f060348b.
Costabile A, Fava F, Roytio H, et al.
polydextrose on the faecal microbiota: a double-
blind, crossover, placebo-controlled feeding study in
healthy human subjects. Br J Nutr. 2012;108:471-81,
http://dx.doi.org/10.1017/50007114511005782.

Holscher HD, Bauer LL, Vishnupriya G, et al. Agave inulin
supplementation affects the fecal microbiota of healthy
adults participating in a randomized, double-blind, placebo-
controlled, cross- over trial. J Nutr. 2015;145:2025-32,
http://dx.doi.org/10.3945/jn.115.217331.

Dongowski G, Lorenz A, Proll J. The degree of methyla-
tion influences the degradation of pectin in the intestinal
tract of rats and in vitro. J Nutrition. 2002;132:1935-44,
http://dx.doi.org/10.1093/jn/132.7.1935.

Licht TR, Hansen M, Bergstrom A, et al. Effects of apples
and specific apple components on the cecal environment
of conventional rats: role of apple pectin. BMC Microbiol.
2010;10:13, http://dx.doi.org/10.1186/1471-2180-10-13.
Whisner CM, Martin BR, Nakatsu CH, et al. Soluble corn
fiber increases calcium absorption associated with shifts
in the gut microbiome: A randomized dose-response trial
in free-living puberal females. J Nutr. 2016;146:1298-306,
http://dx.doi.org/10.3945/jn.115.227256.

Le Leu RK, Winter JM, Christophersen CT, et al. Butyry-
lated starch intake can prevent red meat-induced O
6-methyl-2-deoxyguanosine adducts in human rectal tis-
sue: a randomised clinical trial. Br J Nutr. 2015;2:220-30,
http://dx.doi.org/10.1017/5S0007114515001750.

Salonen A, Lahti L, Salojaarvi J, et al. Impact of diet and
individual variation on intestinal microbiota composition and
fermentation products in obese men. ISME J. 2014;8:2218-30,
http://dx.doi.org/10.1038/ismej.2014.63.

Martinez I, Kim J, Duffy PR, et al. Resistant starches types
2 and 4 have differential effects on the composition of the
fecal microbiota in human subjects. PLoS One. 2010;5:e15046,
http://dx.doi.org/10.1371/journal.pone.0015046.
Ampatzoglou A, Atwal KK, Maidens CM, et al. Increased
whole grain consumption does not affect blood biochem-
istry, body composition, or gut microbiology in healthy,
low-habitual whole grain consumers. J Nutr. 2015;145:215-21,
http://dx.doi.org/10.3945/jn.114.202176.

Freeland K, Wilson Ch, Wolever T. Adaptation of colonic
fermentation and glucagon-like peptide-1 secretion with
increased wheat fibre intake for 1 year in Hyperin-
sulinaemic human subjects. Br J Nutr. 2010;103:82-90,
http://dx.doi.org/10.1017/50007114509991462.

Juge N. Microbial adhesins to
nal mucus. Trends Microbiol.
http://dx.doi.org/10.1016/j.tim.2011.10.001.
Forbes JD, Van Domselaar G, Bernstein CN. The gut microbiota
in immune-mediated inflammatory diseases. Front Micro-
biol. 2016;7:1081, http://dx.doi.org/10.3389/fmicb.2016.0
1081.

Sommer F, Backhed F. The gut microbiota-masters of
host development and physiology. Nat Rev Microbiol.
2013;11:227-38, http://dx.doi.org/10.1038/nrmicro2974.
Geerlings SY, Kostopoulos |, de Vos WM, et al. Akker-
mansia muciniphila in the human gastrointestinal tract:

Impact of

gastrointesti-
2012;20:30-9,

301

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

when, where, and how? Microorganisms. 2018;6:75,
http://dx.doi.org/10.3390/microorganisms6030075.

Rea MC, Dobson A, O’Sullivan O, et al. Effect of broad-
and narrow-spectrum antimicrobials on Clostridium diffi-
cile and microbial diversity in a model of the distal
colon. Proc Natl Acad Sci U S A. 2011;108:4639-44,
http://dx.doi.org/10.1073/pnas.1001224107.

Lopez-Boado YS, Wilson CL, Hooper LV, et al. Bac-
terial exposure induces and activates matrilysin in
mucosal epithelial cells. J Cell Biol. 2000;148:1305-15,
http://dx.doi.org/10.1083/jcb.148.6.1305.

Gevers D, Kugathasan S, Denson LA, et al. The
treatment-naive  microbiome in  new-onset  Crohn’s
disease. Cell Host Microbe. 2014;15:382-92,
http://dx.doi.org/10.1016/j.chom.2014.02.005.
Chelakkot C, Ghim  J, Ryu  SH.
regulating intestinal barrier integrity and
logical implications. Exp Mol Med.
http://dx.doi.org/10.1038/512276-018-0126-x.
Libertucci J, Dutta U, Kaur S, et al. Inflammation-
related differences in mucosa-associated microbiota and
intestinal barrier function in colonic Crohn’s disease. Am
J Physiol Gastrointest Liver Physiol. 2018;315:G420-31,
http://dx.doi.org/10.1152/ajpgi.00411.2017.

Mechanisms
its patho-
2018;50:103,

Rocha NP, Milagres LC, Longo GZ, et al. Associa-
tion between dietary pattern and cardiometabolic
risk in  children and adolescents: a  system-
atic review. J Pediatr (Rio J). 2017;93:214-22,

http://dx.doi.org/10.1016/j.jped.2017.01.002.

Livingstone KM, McNaughton SA. Dietary patterns by reduced
rank regression are associated with obesity and hyper-
tension in Australian adults. Br J Nutr. 2017;117:248-59,
http://dx.doi.org/10.1017/5S0007114516004505.

Funtikova AN, Navarro E, Bawaked RA, et al. Impact of diet on
cardiometabolic health in children and adolescents. Nutr J.
2015;14:118, http://dx.doi.org/10.1186/s12937-015-0107-z.

Moreno Franco B, Ledn Latre M, Andrés Esteban EM, et al.
Soluble and insoluble dietary fibre intake and risk factors
for metabolic syndrome and cardiovascular disease in middle-
aged adults: the AWHS cohort. Nutr Hosp. 2014;30:1279-88,
http://dx.doi.org/10.3305/nh.2014.30.6.7778.

Liu L, Wang S, Liu J. Fiber consumption and all-cause,
cardiovascular, and cancer mortalities: a systematic review
and meta-analysis of cohort studies. Mol Nutr Food Res.
2015;59:139-46, http://dx.doi.org/10.1002/mnfr.201400
449.

Hajishafiee M, Saneei P, Benisi-Kohansal S, et al. Cereal fiber
intake and risk of mortality from all causes, CVD, cancer and
inflammatory diseases: a systematic review and meta-analysis
of prospective cohort studies. Br J Nutr. 2016;116:343-52,
http://dx.doi.org/10.1017/50007114516001938.

Giacco R, Costabile G, Della Pepa G, et al. A whole-grain
cereal-based diet lowers postprandial plasma insulin
and triglyceride levels in individuals with metabolic
syndrome. Nutr Metab Cardiovasc Dis. 2014;24:837-44,
http://dx.doi.org/10.1016/j.numecd.2014.01.007.

Gulati S, Misra A, Pandey RM. Effects of 3 g of soluble fiber
from oats on lipid levels of Asian Indians - a randomized
controlled, parallel arm study. Lipids Health Dis. 2017;16:71,
http://dx.doi.org/10.1186/512944-017-0460-3.
Kikuchi Y, Nozaki S, Makita M, et al.
whole grain wheat bread on visceral

in Japanese subjects: A randomized double-blind
study. Plant Foods Hum Nutr. 2018;73:161-5,
http://dx.doi.org/10.1007/s11130-018-0666-1.

Threapleton DE, Greenwood DC, Evans CE, et al. Dietary
fibre intake and risk of cardiovascular disease: Sys-

Effects of
fat obesity


dx.doi.org/10.1590/S0212-16112012000100014
dx.doi.org/10.1039/c3fo60348b
dx.doi.org/10.1017/S0007114511005782
dx.doi.org/10.3945/jn.115.217331
dx.doi.org/10.1093/jn/132.7.1935
dx.doi.org/10.1186/1471-2180-10-13
dx.doi.org/10.3945/jn.115.227256
dx.doi.org/10.1017/S0007114515001750
dx.doi.org/10.1038/ismej.2014.63
dx.doi.org/10.1371/journal.pone.0015046
dx.doi.org/10.3945/jn.114.202176
dx.doi.org/10.1017/S0007114509991462
dx.doi.org/10.1016/j.tim.2011.10.001
dx.doi.org/10.3389/fmicb.2016.01081
dx.doi.org/10.3389/fmicb.2016.01081
dx.doi.org/10.1038/nrmicro2974
dx.doi.org/10.3390/microorganisms6030075
dx.doi.org/10.1073/pnas.1001224107
dx.doi.org/10.1083/jcb.148.6.1305
dx.doi.org/10.1016/j.chom.2014.02.005
dx.doi.org/10.1038/s12276-018-0126-x
dx.doi.org/10.1152/ajpgi.00411.2017
dx.doi.org/10.1016/j.jped.2017.01.002
dx.doi.org/10.1017/S0007114516004505
dx.doi.org/10.1186/s12937-015-0107-z
dx.doi.org/10.3305/nh.2014.30.6.7778
dx.doi.org/10.1002/mnfr.201400449
dx.doi.org/10.1002/mnfr.201400449
dx.doi.org/10.1017/S0007114516001938
dx.doi.org/10.1016/j.numecd.2014.01.007
dx.doi.org/10.1186/s12944-017-0460-3
dx.doi.org/10.1007/s11130-018-0666-1

A.T. Abreu y Abreu, M.P. Milke-Garcia, G.A. Argiiello-Arévalo et al.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

11.

112.

113.

tematic review and meta-analysis. BMJ. 2013;347:f6879,
http://dx.doi.org/10.1136/bmj, f6879.

Ye EQ, Chacko SA, Chou EL, et al. Greater whole-grain intake
is associated with lower risk of type 2 diabetes, cardiovas-
cular disease, and weight gain. J Nutr. 2012;142:1304-13,
http://dx.doi.org/10.3945/jn.111.155325.

Pereira MA, O’Reilly E, Augustsson K, et al. Dietary
fiber and risk of coronary heart disease: a pooled anal-
ysis of cohort studies. Arch Intern Med. 2004;164:370-6,
http://dx.doi.org/10.1001/archinte.164.4.370.

Cho SS, Qi L, Fahey GC Jr, et al. Consumption of cereal
fiber, mixtures of whole grains and bran, and whole grains
and risk reduction in type 2 diabetes, obesity, and car-
diovascular disease. Am J Clin Nutr. 2013;98:594-619,
http://dx.doi.org/10.3945/ajcn.113.067629.

Wu K, Bowman R, Welch AA, et al. Apolipoprotein E
polymorphisms, dietary fat and fiber, and serum lipids:
the EPIC Norfolk study. Eur Heart J. 2007;28:2930-6,
http://dx.doi.org/10.1093/eurheartj/ehm482.

Bradbury KE, Crowe FL, Appleby PN, et al. Serum concen-
trations of cholesterol, apolipoprotein A-l and apolipoprotein
B in a total of 1694 meat-eaters, fish-eaters, vege-
tarians and vegans. Eur J Clin Nutr. 2014;68:178-83,
http://dx.doi.org/10.1038/ejcn.2013.248.

Cani PD, Bibiloni R, Knauf C, et al. Changes in gut micro-
biota control metabolic endotoxemia-induced inflammation in
high-fat diet-induced obesity and diabetes in mice. Diabetes.
2008;57:1470-81, http://dx.doi.org/10.2337/db07-1403.

Yen CH, Tseng YH, Kuo YW, et al. Long-term supple-
mentation of isomalto-oligosaccharides improved colonic
microflora profile, bowel function, and blood choles-
terol levels in constipated elderly people-a placebo-
controlled, diet-controlled trial. Nutrition. 2011;27:445-50,
http://dx.doi.org/10.1016/j.nut.2010.05, 012.

Nhung BT, Tuyen LD, Linh VA, et al. Rice bran extract reduces
the risk of atherosclerosis in post-menopausal Vietnamese
women. J Nutr Sci Vitaminol (Tokyo). 2016;62:295-302,
http://dx.doi.org/10.3177/jnsv.62.295.

Jenkins DJ, Kendall CW, Nguyen TH, et al
Effect of plant sterols in combination with other
cholesterol-lowering foods. Metabolism. 2008;57:130-9,

http://dx.doi.org/10.1016/j.metabol.2007.08.016.

Xu H, Huang X, Riserus U, et al. Dietary fiber, kidney func-
tion, inflammation, and mortality risk. Clin J Am Soc Nephrol.
2014;9:2104-10, http://dx.doi.org/10.2215/CJN.02260314.
Vernay M, Aidara M, Salanave B, et al. Diet and blood pres-
sure in 18-74-year-old adults: the French Nutrition and Health
Survey (ENNS, 2006-2007). J Hypertens. 2012;30:1920-7,
http://dx.doi.org/10.1097/HJH.0b013e328356¢59f.
Bhupathiraju SN, Tobias DK, Malik VS, et al. Glycemic

index, glycemic load, and risk of type 2 diabetes:
results from 3 large US cohorts and an updated
meta- analysis. Am J Clin Nutr. 2014;100:218-32,

http://dx.doi.org/10.3945/ajcn.113.079533.

Wannamethee SG, Whincup PH, Thomas MC, et al. Associations
between dietary fiber and inflammation, hepatic function,
and risk of type 2 diabetes in older men: potential mecha-
nisms for the benefits of fiber on diabetes risk. Diabetes Care.
2009;32:1823-5, http://dx.doi.org/10.2337/dc09-0477.
Tripkovic L, Muirhead NC, Hart KH, et al. The effects of a
diet rich in inulin or wheat fiber on markers of cardiovascu-
lar disease in overweight male subjects. J Hum Nutr Diet.
2015;28:476-85, http://dx.doi.org/10.1111/jhn.12251.
Hartley L, May MD, Loveman E, et al. Dietary fiber
for the primary prevention of cardiovascular disease.
Cochrane Database Syst Rev. 2016;2016:CD011472,
http://dx.doi.org/10.1002/14651858.CD011472.pub2.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

302

Barrett EM, Batterham MJ,
grain, bran and cereal fiber consumption and CVD:
a systematic review. Br J Nutr. 2019;121:914-37,
http://dx.doi.org/10.1017/5000711451900031X.

Howarth NC, Saltzman E, Roberts SB. Dietary fiber
and weight regulation. Nutr Rev. 2001;59:129-39,
http://dx.doi.org/10.1111/j.1753-4887.2001.tb07001.x.
Jovanovski E, Mazhar N, Komishon A, et al. Can dietary
viscous fiber affect body weight independently of an energy-
restrictive diet? A systematic review and meta-analysis of
randomized controlled trials. Am J Clin Nutr. 2020;111:471-85,
http://dx.doi.org/10.1093/ajcn/nqz292.

Ray S, et al. Whole

Rosenbaum M, Knight R, Leibel RL. The gut
microbiota in human energy homeostasis and obe-
sity. Trends Endocrinol  Metab. 2015;26:493-501,

http://dx.doi.org/10.1016/j.tem.2015.07.002.

Boulangé CL, Neves AL, Chilloux J, et al. Impact
of the gut microbiota on inflammation, obesity,
and metabolic disease. Genome Med. 2016;8:42,

http://dx.doi.org/10.1186/s13073-016-0303-2.

Kobyliak N, Virchenko O, Falalyeyeva T. Pathophysiological role
of host microbiota in the development of obesity. Nutr J.
2016;15:43, http://dx.doi.org/10.1186/s12937-016-0166-9.
Dahiya DK, Renuka, Puniya M, et al. Gut microbiota mod-
ulation and its relationship with obesity using prebiotic
fibers and probiotics: a review. Front Microbiol. 2017;8:563,
http://dx.doi.org/10.3389/fmicb.2017.00563.

Moran-Ramos S, Lopez-Contreras BE, Canizales-
Quinteros  S. Gut  microbiota in  obesity and
metabolic abnormalities: A matter of composition

or functionality? Arch Med Res. 2017;48:735-53,
http://dx.doi.org/10.1016/j.arcmed.2017.11.003.

Fan Y, Pedersen O. Gut microbiota in human metabolic
health and disease. Nat Rev Microbiol. 2020;19:55-71,
http://dx.doi.org/10.1038/s41579-020-0433-9.

Deehan EC, Walter J. The fiber gap and the dis-
appearing gut microbiome: implications for human
nutrition. Trends Endocrinol Metab. 2016;27:239-42,
http://dx.doi.org/10.1016/j.tem.2016.03.001.

Vangay P, Johnson AJ, Ward TL, et al. US immigration west-
ernizes the human gut microbiome. Cell. 2018;175:962-72,
http://dx.doi.org/10.1016/j.cell.2018.10.029.

Bello MGD, Knight R, Gilbert JA, et al. Preserv-
ing microbial diversity. Science. 2018;362:33-4,
http://dx.doi.org/10.1126/science, aau8816.

Menni C, Jackson MA, Pallister T, et al. Gut microbiome
diversity and high-fibre intake are related to lower long-
term weight gain. Int J Obes (Lond). 2017;41:1099-105,
http://dx.doi.org/10.1038/ij0.2017.66.

McDonald D, Hyde E, Debelius JW, et al. Amer-
ican Gut: an open platform for citizen science
microbiome  research.  mSystems.  2018;3:e00031-18,

http://dx.doi.org/10.1128/mSystems.00031-18.

Chung WSF, Walker AW, Vermeiren J, et al. Impact of carbo-
hydrate substrate complexity on the diversity of the human
colonic microbiota. FEMS Microbiol Ecol. 2019;95:fiy201,
http://dx.doi.org/10.1093/femsec/fiy201.

Gomes AC, Hoffmann C, Mota JF The human
gut microbiota: Metabolism and perspec-
tive in  obesity. Gut  Microbes. 2018;9:308-25,

http://dx.doi.org/10.1080/19490976.2018.1465157.
Roberfroid M, Gibson GR, Hoyles L, et al. Prebiotic effects:
metabolic and health benefits. Br J Nutr. 2010;104:51-63,
http://dx.doi.org/10.1017/50007114510003363.

Hughes RL, Marco ML, Hughes JP, et al. The role of
the gut microbiome in predicting response to diet and
the development of precision nutrition models-part i:


dx.doi.org/10.1136/bmj
dx.doi.org/10.3945/jn.111.155325
dx.doi.org/10.1001/archinte.164.4.370
dx.doi.org/10.3945/ajcn.113.067629
dx.doi.org/10.1093/eurheartj/ehm482
dx.doi.org/10.1038/ejcn.2013.248
dx.doi.org/10.2337/db07-1403
dx.doi.org/10.1016/j.nut.2010.05
dx.doi.org/10.3177/jnsv.62.295
dx.doi.org/10.1016/j.metabol.2007.08.016
dx.doi.org/10.2215/CJN.02260314
dx.doi.org/10.1097/HJH.0b013e328356c59f
dx.doi.org/10.3945/ajcn.113.079533
dx.doi.org/10.2337/dc09-0477
dx.doi.org/10.1111/jhn.12251
dx.doi.org/10.1002/14651858.CD011472.pub2
dx.doi.org/10.1017/S000711451900031X
dx.doi.org/10.1111/j.1753-4887.2001.tb07001.x
dx.doi.org/10.1093/ajcn/nqz292
dx.doi.org/10.1016/j.tem.2015.07.002
dx.doi.org/10.1186/s13073-016-0303-2
dx.doi.org/10.1186/s12937-016-0166-9
dx.doi.org/10.3389/fmicb.2017.00563
dx.doi.org/10.1016/j.arcmed.2017.11.003
dx.doi.org/10.1038/s41579-020-0433-9
dx.doi.org/10.1016/j.tem.2016.03.001
dx.doi.org/10.1016/j.cell.2018.10.029
dx.doi.org/10.1126/science
dx.doi.org/10.1038/ijo.2017.66
dx.doi.org/10.1128/mSystems.00031-18
dx.doi.org/10.1093/femsec/fiy201
dx.doi.org/10.1080/19490976.2018.1465157
dx.doi.org/10.1017/S0007114510003363

Revista de Gastroenterologia de México 86 (2021) 287-304

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

overview of current methods. Adv Nutr. 2019;10:953-78,
http://dx.doi.org/10.1093/advances/nmz022.

Hjorth MF, Roager HM, Larsen TM, et al. Pre-treatment
microbial Prevotella-to-Bacteroides ratio, determines body
fat loss success during a 6-month randomized controlled
diet intervention. Int J Obes (Lond). 2018;42:580-3,
http://dx.doi.org/10.1038/ij0.2017.220.

Christensen L, Vuholm S, Roager HM, et al. Prevotella Abun-
dance predicts weight loss success in healthy, overweight
adults consuming a whole-grain diet ad libitum: a post
hoc analysis of a 6-wk randomized controlled trial. J Nutr.
2019;149:2174-81, http://dx.doi.org/10.1093/jn/nxz198.
Hjorth MF, Blaedel T, Bendtsen LQ, et al. Prevotella-
to-Bacteroides ratio predicts body weight and fat
loss success on 24-week diets varying in macronu-
trient composition and dietary fiber: results from a
post-hoc analysis. Int J Obes (Lond). 2019;43:149-57,
http://dx.doi.org/10.1038/s41366-018-0093-2.
de Preter V, Vanhoutte T, Huys G, et al.
microbiota activity and initial bifidobacteria counts
influence responses to prebiotic dosing in healthy
subjects. Aliment Pharmacol Ther. 2008;27:504-13,
http://dx.doi.org/10.1111/j.1365-2036.2007.03588.x.
Rodriguez J, Hiel S, Neyrinck AM, et al. Discovery of
the gut microbial signature driving the efficacy of prebi-
otic intervention in obese patients. Gut. 2020;69:1975-87,
http://dx.doi.org/10.1136/gutjnl-2019-319726.

Christensen L, Roager HM, Astrup A, et al. Micro-
bial enterotypes in personalized nutrition and obesity
management. Am J Clin Nutr.  2018;108:645-51,
http://dx.doi.org/10.1093/ajcn/nqy175.

Windey K, De Preter V, Verbeke K. Relevance of protein fer-
mentation to gut health. Mol Nutr Food Res. 2012;56:184-96,
http://dx.doi.org/10.1002/mnfr.201100542.

O’Keefe SJ, Li JV, Lahti L, et al. Fat, fibre and cancer
risk in African Americans and rural Africans. Nat Commun.
2015;6:6342, http://dx.doi.org/10.1038/ncomms7342.
Murphy N, Norat T, Ferrari P, et al. Dietary fibre
intake and risks of cancers of the colon and rectum
in the European Prospective Investigation into Can-
cer and Nutrition (EPIC). PLoS One. 2012;7:€39361,
http://dx.doi.org/10.1371/journal.pone.0039361.

Baseline

Ma Y, Hu M, Zhou L, et al. Dietary fiber intake
and risks of proximal and distal colon cancers: a
meta-analysis. Medicine (Baltimore). 2018;97:e11678,

http://dx.doi.org/10.1097/MD.0000000000011678.

Aune D, Chan DS, Lau R, et al. Dietary fibre, whole grains, and
risk of colorectal cancer: Systematic review and dose response
meta-analysis of prospective studies. BMJ. 2011;343:d6617,
http://dx.doi.org/10.1136/bmj, d6617.

Gianfredi V, Nucci D, Salvatori T, et al. Rectal Cancer:
20% risk reduction thanks to dietary fibre intake. Sys-
tematic review and meta-analysis. Nutrients. 2019;11:1579,
http://dx.doi.org/10.3390/nu11071579.

Cummings JH. 4 The Effect of Dietary Fiber on Fecal Weight and
Composition. In: Spiller GA, editor. CRC Handbook of Dietary
Fiber in Human Nutrition. Boca Raton, FL, USA: CRC Press;
1993. p. 263-333.

Voderholzer WA, Schatke W, Muhldorfer BE, et al. Clinical
response to dietary fiber treatment of chronic constipation.
Am J Gastroenterol. 1997;92:95-8.

Erdogan A, Rao SSC, Thiruvaiyaru D, et al. Randomised
clinical trial: mixed soluble/insoluble fibre vs. psyllium for
chronic constipation. Aliment Pharmacol Ther. 2016;44:35-44,
http://dx.doi.org/10.1111/apt.13647.

de Vries J, Birkett A, Hulshof T, et al. Effects of cereal,
fruit and vegetable fibers on human fecal weight and transit

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

303

time: a comprehensive review of intervention trials. Nutrients.
2016;8:130, http://dx.doi.org/10.3390/nu8030130.

Abdullah MMH, Gyles CL, Marinangeli CPF, et al. Dietary fibre
intakes and reduction in functional constipation rates among
Canadian adults: a cost-of-illness analysis. Food Nutr Res.
2015;59:28646, http://dx.doi.org/10.3402/fnr, v59.28646.
Dukas L, Willett WC, Giovannucci EL. Associa-
tion between physical activity, fiber intake, and
other lifestyle variables and constipation in a study
of women. Am J Gastroenterol. 2003;98:1790-6,
http://dx.doi.org/10.1111/j.1572-0241.2003.07591.x.

Bonnema AL, Kohlberg LW, Thomas W, et al.
Gastrointestinal tolerance to chicory inulin
products. J Am Diet Assoc. 2010;110:865-8,

http://dx.doi.org/10.1016/j.jada.2010.03.025.

Rej A, Aziz |, Tornblom H, et al. The role of diet in irritable
bowel syndrome: implications for dietary advice. J Intern Med.
2019;286:490-502, http://dx.doi.org/10.1111/joim.12966.
David LA, Maurice CF, Carmody RN, et al. Diet rapidly
and reproducibly alters the human gut microbiome. Nature.
2014;505:559-63, http://dx.doi.org/10.1038/nature12820.

Halmos EP, Power VA, Sheperd SJ, et al. A diet
low in  FODMAPs reduces symptoms of irritable
bowel syndrome. Gastroenterology. 2014;146:67-75,

http://dx.doi.org/10.1053/j.gastro.2013.09.046.
Pérez-Lopez N, Torres-Lopez E, Zamarripa-Dorsey F. Respuesta
clinica en pacientes mexicanos con sindrome de intestino
irritable tratados con dieta baja en carbohidratos fer-
mentables (FODMAP). Rev Gastroenterol Mex. 2015;80:180-5,
http://dx.doi.org/10.1016/j.rgmx.2015.06.008.

Bennet SMP, Bohn L, Storsrud S, et al. Multivariate modelling of
faecal bacterial profiles of patients with IBS predicts respon-
siveness to a diet low in FODMAPs. Gut. 2018;67:872-81,
http://dx.doi.org/10.1136/gutjnl-2016-313128.

Halmos EP, Christophersen CT, Bird AR, et al. Diets
that differ in their FODMAP content alter the colonic
luminal microenvironment. Gut. 2015;64:93-100,
http://dx.doi.org/10.1136/gutjnl-2014-307264.

Axelrod CH, Saps M. The role of in the treatment of functional
gastrointestinal disorders in children nutrients. 2018;10:1650,
http://dx.doi.org/10.3390/nu10111650.

Pozuelo M, Panda S, Santiago A, et al. Reduction of
butyrate- and methane-producing microorganisms in patients
with Irritable Bowel Syndrome. Sci Rep. 2015;5:12693,
http://dx.doi.org/10.1038/srep12693.

Chong PP, Chin VK, Looi CY, et al. The microbiome and irritable
bowel syndrome - a review on the pathophysiology, current
research and future therapy. Front Microbiol. 2019;10:1136,
http://dx.doi.org/10.3389/fmicb.2019.01136.

El-Salhy M, Hatlebakk JG, Hausken T. Diet in irritable
bowel syndrome (IBS): interaction with gut micro-
biota and gut hormones. Nutrients. 2019;11:1824,
http://dx.doi.org/10.3390/nu11081824.
Johansson ME, Sjovall H, Hansson
trointestinal mucus system in health and disease.
Nat Rev Gastroenterol Hepatol. 2013;10:352-61,
http://dx.doi.org/10.1038/nrgastro.2013.35.

Png CW, Lindén SK, Gilshenan KS, et al. Mucolytic bacteria
with increased prevalence in IBD mucosa augment in vitro
utilization of mucin by other bacteria. Am J Gastroenterol.
2010;105:2420-8, http://dx.doi.org/10.1038/ajg.2010.281.
Sonnenburg JL, Xu J, Leip DD, et al. Gly-
can foraging in vivo by an intestine-adapted
bacterial symbiont. Science. 2005;307:1955-9,
http://dx.doi.org/10.1126/science.1109051.

Desai MS, Seekatz AM, Koropatkin NM, et
dietary fiber-deprived gut microbiota

GC. The gas-

al. A
degrades


dx.doi.org/10.1093/advances/nmz022
dx.doi.org/10.1038/ijo.2017.220
dx.doi.org/10.1093/jn/nxz198
dx.doi.org/10.1038/s41366-018-0093-2
dx.doi.org/10.1111/j.1365-2036.2007.03588.x
dx.doi.org/10.1136/gutjnl-2019-319726
dx.doi.org/10.1093/ajcn/nqy175
dx.doi.org/10.1002/mnfr.201100542
dx.doi.org/10.1038/ncomms7342
dx.doi.org/10.1371/journal.pone.0039361
dx.doi.org/10.1097/MD.0000000000011678
dx.doi.org/10.1136/bmj
dx.doi.org/10.3390/nu11071579
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0720
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0725
dx.doi.org/10.1111/apt.13647
dx.doi.org/10.3390/nu8030130
dx.doi.org/10.3402/fnr
dx.doi.org/10.1111/j.1572-0241.2003.07591.x
dx.doi.org/10.1016/j.jada.2010.03.025
dx.doi.org/10.1111/joim.12966
dx.doi.org/10.1038/nature12820
dx.doi.org/10.1053/j.gastro.2013.09.046
dx.doi.org/10.1016/j.rgmx.2015.06.008
dx.doi.org/10.1136/gutjnl-2016-313128
dx.doi.org/10.1136/gutjnl-2014-307264
dx.doi.org/10.3390/nu10111650
dx.doi.org/10.1038/srep12693
dx.doi.org/10.3389/fmicb.2019.01136
dx.doi.org/10.3390/nu11081824
dx.doi.org/10.1038/nrgastro.2013.35
dx.doi.org/10.1038/ajg.2010.281
dx.doi.org/10.1126/science.1109051

A.T. Abreu y Abreu, M.P. Milke-Garcia, G.A. Argiiello-Arévalo et al.

165.

166.

167.

168.

169.

170.

the colonic mucus barrier and enhances
pathogen susceptibility. Cell. 2016;167:1339-53,
http://dx.doi.org/10.1016/j.cell.2016.10.043.

Kim S, Kim JH, Park BO, et al. Perspectives
on the therapeutic potential of short-chain
fatty acid receptors. BMB Rep. 2014;47:173-8,

http://dx.doi.org/10.5483/bmbrep.2014.47.3.272.
Huda-Faujan N, Abdulamir AS, Fatimah AB, et al. The
impact of the level of the intestinal short chain Fatty
acids in inflammatory bowel disease patients ver-
sus healthy subjects. Open Biochem J. 2010;4:53-8,
http://dx.doi.org/10.2174/1874091X01004010053.

Limketkai BN, Iheozor-Ejiofor ~ Z,  Gjuladin-Hellon
T, et al. Dietary interventions for induction and
maintenance of remission in inflammatory bowel dis-
ease. Cochrane Database Syst Rev. 2019;2:CD012839,
http://dx.doi.org/10.1002/14651858.CD012839.pub2.

De Oliveira AL, Boroni Moreira AP, Pereira Netto M, et al. A
cross-sectional study of nutritional status, diet, and dietary
restrictions among persons with an ileostomy or colostomy.
Ostomy Wound Manage. 2018;64:18-29.

Kuczynska B, Bobkiewicz A, Studniarek A, et al. Conservative
measures for managing constipation in patients living with a
colostomy. J Wound Ostomy Continence Nurs. 2017;44:160-4,
http://dx.doi.org/10.1097/WON.0000000000000318.
Krokowicz L, Bobkiewicz A, Borejsza-Wysocki M, et al. A
prospective, descriptive study to assess the effect of dietary

171.

172.

173.

174.

175.

176.

304

and pharmacological strategies to manage constipation in
patients with a stoma. Ostomy Wound Manage. 2015;61:14-22.
Bosscher D, Breynaert A, Pieters L, et al. Food-based strate-
gies to modulate the composition of the intestinal microbiota
and their associated health effects. J Physiol Pharmacol.
2009;60:5-11.

Yao CK, Fung J, Chu NHS, et al. Dietary interventions
in liver cirrhosis. J Clin Gastroenterol. 2018;52:663-73,
http://dx.doi.org/10.1097/MCG.0000000000001071.

Amodio P, Bemeur C, Butterworth R, et al. The nutritional
management of hepatic encephalopathy in patients with cir-
rhosis: International Society for Hepatic Encephalopathy and
Nitrogen Metabolism Consensus. Hepatology. 2013;58:325-36,
http://dx.doi.org/10.1002/hep.26370.

Ruiz-Margain A, Macias-Rodriguez RU, Rios-Torres SL, et al.
Effect of a high-protein, high-fiber diet plus supplementation
with branched-chain amino acids on the nutritional status of
patients with cirrhosis. Rev Gastroenterol Mex. 2018;83:9-15,
http://dx.doi.org/10.1016/j.rgmx.2017.02.005.

Dalal R, McGee RG, Riordan SM, et al. Probi-
otics for people with hepatic encephalopathy.
Cochrane Database Syst Rev. 2017;2:CD008716,

http://dx.doi.org/10.1002/14651858.CD008716.pub3.

Merli M, Lebba V, Giusto M. What is new about diet in
hepatic encephalopathy? Metab Brain Dis. 2016;31:1289-94,
http://dx.doi.org/10.1007/s11011-015-9734-5.


dx.doi.org/10.1016/j.cell.2016.10.043
dx.doi.org/10.5483/bmbrep.2014.47.3.272
dx.doi.org/10.2174/1874091X01004010053
dx.doi.org/10.1002/14651858.CD012839.pub2
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0840
dx.doi.org/10.1097/WON.0000000000000318
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0850
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
http://refhub.elsevier.com/S2255-534X(21)00062-1/sbref0855
dx.doi.org/10.1097/MCG.0000000000001071
dx.doi.org/10.1002/hep.26370
dx.doi.org/10.1016/j.rgmx.2017.02.005
dx.doi.org/10.1002/14651858.CD008716.pub3
dx.doi.org/10.1007/s11011-015-9734-5

	Dietary fiber and the microbiota: A narrative review by a group of experts from the Asociación Mexicana de Gastroenterología
	Introduction
	Dietary fiber
	Dietary fiber intake

	The direct impact of fiber
	Properties of dietary fiber that influence the gut microbiota
	Fiber and short-chain fatty acid (SCFA) production
	Dietary fiber and its relation to the brain-gut-microbiota axis (BGMA)
	Direct effects of dietary fiber on the diversity and abundance of the microbiota
	Microbiota and gut health

	Indirect impact of fiber
	Dietary fiber in cardiometabolic health
	Dietary fiber, microbiota, and obesity
	Dietary fiber and colon cancer
	Dietary fiber and constipation
	Dietary fiber, microbiota, and irritable bowel syndrome
	Dietary fiber and inflammatory bowel disease
	Dietary fiber in colostomy management
	Dietary fiber and portosystemic hepatic encephalopathy

	Conclusions
	Financial disclosure
	Conflict of interest
	References


