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Background: Chronic non-communicable diseases are a growing public health concern worldwide, presenting a significant global
challenge to address. Mexico has a high level of prevalence of chronic non-communicable diseases. Studies indicate that dietary
fiber (DF) in foods such as vegetables, whole grains, fruits, and legumes protects against chronic non-communicable diseases.
This review centers on finding scientific evidence regarding the DF properties and functional characteristics in chronic non-
communicable diseases and the importance of its consumption in chronic non-communicable diseasemanagement and prevention
in Mexico.
Methods: We conducted a comprehensive search for relevant articles on the effect of DF on chronic non-communicable diseases.
Our search spanned multiple reputable databases, including PubMed, Scopus, Google Scholar, and Web of Science, ensuring a
thorough and reliable review of the existing literature.
Results: Studies and clinical trials with isolated and extracted fibers from different sources have shown alterations in the com-
position and activity of the intestinal microbiota, which have important implications for the development and control of chronic
non-communicable diseases. Thus, promoting DF within dietary guidelines could be an option to improve public health.
Conclusions: This article not only presents scientific evidence but also offers a practical tool for healthcare professionals. By
promotingDF and educating the public tomeet the recommended intake of≥25 g/day, we can potentially prevent the development
and enhance the control of chronic non-communicable diseases among Mexican adults.
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Introduction

The prevalence of chronic non-communicable dis-
eases (NCDs) continues to rise globally, presenting a signif-
icant challenge for development in the 21st century. Each
year, NCDs kill 41 million people worldwide, accounting
for 74% of all deaths [1]. Currently, there is a significant
number of people with NCDs in Mexico, largely due to
poor nutrition and unhealthy eating habits, including the
excessive consumption of energy-dense foods and sugary
drinks, coupled with low intake of fiber-rich foods. NCDs

cause significant health challenges and have even altered
some of the leading causes of death, displacing malnutri-
tion and recurrent infections. Mexico is one of the countries
with the highest prevalence of chronic non-communicable
diseases, such as overweight (38.3%), obesity (36.9%),
diabetes (10.9%), hypercholesterolemia (30.6%) and high
blood pressure (15.9%) [2,3]. Likewise, according to the
National Health and Nutrition Survey (ENSN) [4], in the
population over 20 years of age, 8.6 million have diabetes,
15.2 million are diagnosed with hypertension, and around
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35 million people suffer from obesity. In Mexico, diabetes
is the second leading cause of death, accounting for 55,885
deaths in 2022, trailing only behind fatalities, which to-
taled 97,187 deaths [5]. The average age at death is 66.7
years, indicating a 10-year reduction in life expectancy [6].
Concurrently, there is another trend in Mexico toward con-
suming healthier foods, characterized by low levels of sim-
ple carbohydrates, fats, and calories, but with high concen-
trations of natural fiber and functional properties, such as
antioxidant activity. Fiber consumption has been associ-
ated with health benefits for consumers as it is prebiotic
and regulates blood glucose, cholesterol, and triglycerides
(TG) levels, which control and prevent NCDs such as dia-
betes, dyslipidemias, hypertension, and obesity [7–9]. An
increase in fiber intake by 8 g per day has been reported to
reduce the risk of developing diabetes by 15% [10].

This paper aims to form a narrative review of the sci-
entific evidence of some of the beneficial effects of fiber
on NCDs and propose a “Mexican fiber pyramid” based on
Mexican equivalents to cover the minimum recommended
of dietary fiber (DF) (≥25 g/day) in Mexican adults to pre-
vent and treat NCDs.

Material and Methods

The review was carried out following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist [11] and completed the
PRISMA checklist (Supplementary Table 1); we con-
ducted searches up to December 2023 without restrictions
across the following electronic databases: PubMed, Sci-
enceDirect, Springer Link, SciELO, Google Scholar, and
Web of Science (Fig. 1).

In some cases, authors were contacted to obtain ad-
ditional data. All searches were in English, except on the
SciELO platform and the official Mexican web pages.

Medical Subject Headings (MESH) and non-MESH
terms were used to search with Boolean operators (AND,
OR) for the following terms: “Mexico”, “fiber”, “dietary
fiber”, “fiber type”, “fiber consumption”, “fiber intake”,
“chronic non-communicable disease”, “insoluble fiber”,
“soluble fiber”, “microbiome”, “well eating plate”, “mex-
ican system of equivalent foods”, “type 2 diabetes”, “dys-
lipidemia”, “cardiovascular disease”, and “obesity”. In ad-
dition, information about the effect of DF intake on health
was considered. Inclusion criteria were original or review
articles using in vitro, preclinical, and clinical models.

Conference abstracts, theses, and symposia were ex-
cluded. A checklist was used for data extraction to de-
termine whether the articles contained the following data:
fiber type (insoluble or soluble) and DF (fruits, vegetables,
legumes, whole grains). Each investigator searched inde-
pendently, entered the information into a folder in the End-
Note reference editor (Clarivate Analytics), and removed
duplicate items. Since the “Mexican fiber pyramid” was in-

tended for the Mexican population, its relevance and struc-
ture were discussed based on the Mexican nutritional in-
formation tables and a review of the most consumed fiber
foods in that country.

Results

Definition and Characteristics of DF
DF, derived from plant material, is a carbohydrate

polymer neither digested nor absorbed in the human small
intestine because mammals do not produce enzymes ca-
pable of hydrolyzing the polymers into their constituent
monomers. Fibers belonging to the following categories:

(a) Edible carbohydrate polymers naturally present in
foods as consumed.

(b) Edible carbohydrate polymers obtained from food
raw materials by physical, enzymatic, or chemical means.

(c) Edible synthetic carbohydrate polymers.
Epidemiological and clinical studies show that includ-

ing the recommended intake of DF in the diet reduces the
level and seriousness of NCDs [7,12] and has an economic
value through reduced healthcare expenditures [13].

DF has traditionally been divided according to
whether it provides soluble or insoluble fiber (Fig. 1);
soluble DFs are primarily responsible for lowering blood
cholesterol, decreasing glucose absorption in the small in-
testine, and acting as prebiotic constituents [14–16]. In
contrast, Insoluble fiber promotes the movement of matter
through the digestive tract. It increases feces bulk, benefit-
ing those who suffer from constipation or irregular intestine
movements [17,18].

According to the Food and Agriculture Organization
of the United Nations/World Health Organization Expert
Committee, the recommended daily intake of DF for adults
is 25 g per day. The recommendations among various coun-
tries worldwide range from 21–40 g per day [19]. Fiber con-
sumption used to be high in the Mexican population; how-
ever, it has been reduced due to changes in eating habits
[20]. Currently, Mexico’s average daily fiber intake is less
than recommended for good health [21,22]. Daily fiber in-
take in Latin America is low (10–20 g/day) [23].

Soluble fibers are pectins, inulin, mucilage, gluco-
mannan, and β-glycans, found in sources such as fruit,
berries, and certain vegetables (e.g., pectins from guava,
carrots, beans, lentils, nuts, and germ fractions from oat
and barley products). The insoluble fibers can be cellulose,
hemicellulose, and some types of resistant starch found in
whole-grain and bran products, the peel of some fruits and
vegetables (e.g., apples and tomatoes), and the hull of other
grains and food products (e.g., brown rice, legumes, nuts,
and almonds) [24]. Plant product DF content can vary by
maturity stage, harvest season, environmental conditions,
postharvest treatment, and species [25]. In addition, soluble
and insoluble fiber can be classified as viscous/non-viscous,
dietary/functional, and fermentable/non-fermentable [26].

https://www.biolifesas.org/


4585

Fig. 1. Flow diagram of the literature search.

Due to their physicochemical characteristics (solu-
bility, fermentability, and viscosity), DF may affect the
functioning of the gastrointestinal tract, including glucose
and lipid absorption, feces formation (frequency, weight,
and consistency), stimulate changes in microbial compo-
sition and metabolite production, including the production
of short-chain fatty acids (SCFAs), which may modify dif-
ferent endpoints that are risk factors for disease and health
[27]. Fiber has been shown to improve human glycemic
control, transit time, and feces output, albeit through differ-
ent mechanisms. Soluble fiber improves glycemic control
by increasing the viscosity of intestinal contents. In rats, in-
soluble fiber (cellulose) has been shown to affect glycemia
by inhibiting starch digestion by binding to α-amylase,
thereby reducing glucose and lipid absorption [27,28].

Fig. 2 shows the potential uses and benefits of DF in
health. DFs have different solubility, viscosity, and fermen-
tation capacity properties. Soluble fibers that form the con-
sistency of a gel in the stomach can contribute to satiety be-
cause they fill the stomach, which can reduce calorie inges-
tion and, thus, body weight. They also slow down gastric
emptying and digestion of carbohydrates, which can cush-
ion the glycemic response and improve insulin sensitivity,

an essential factor for developing type 2 diabetes. Soluble
fiber converts intracellular cholesterol to bile acids, which
are subsequently excreted, leading to a cyclical process
in which the liver must convert more endogenous choles-
terol into bile salts, further reducing the level of circulating
cholesterol, lowering blood lipid concentrations, and reduc-
ing the risk of cardiovascular diseases (CVD).

Fiber Assimilation and the Role of the Gut
Microbiota

The human gut microbiota consists of trillions of mi-
croorganisms and various bacterial phylotypes. Between
80% and 90% of bacterial phylotypes are members of two
phyla: the Bacteriodetes and the Firmicutes, followed by
the Actinobacteria and the Proteobacteria. It is well known
that the microbiota plays an essential role in modulating the
levels of the different phenotypes, which can lead to chronic
inflammation metabolic diseases [29] by causing changes
in host gene expression, energy expenditure, alterations in
intestinal permeability, and others [30].

Gut microbiota evolved diverse strategies to utilize
DF. Bacteroidetes is a dominant phylum in the gut mi-
crobiota. Due to their efficient polysaccharide degrada-
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Fig. 2. Effects of dietary fiber (DF) intake in preventing obesity and lowering the risk for type 2 diabetes (T2D), dyslipidemia,
and cardiovascular disease (CVD), DF, and low-density lipoprotein (LDL). Created in Biorender.com (https://www.biorender.com/).

tion system, they are the most widely studied microbe in
polysaccharide metabolism and transport. About 20% of
the genes in their genomes use polysaccharides. Gut mi-
crobiota also produces succinate and lactate, which serve
as intermediates because of their small amounts and con-
version to SCFAs by other microorganisms. Various in-
testinal bacteria species have been proven to be SCFAs pro-
ducers, although some have a poor ability to degrade solu-
ble DFs (e.g., Anaerostipes, Coprococcus, Dialister, Veil-
lonella, Salmonella) [31]. Table 1 (Ref. [32–38]) shows
some in vitro and in vivo DF intervention studies. In these
studies, gut microbiota composition and activity were eval-
uated by measuring the production of SCFAs. The micro-
bial phyla often appearing in these studies are firmicutes,
bacteroidetes, and the genus Bifidobacterium. They are
beneficial in the human intestine, and an increase in DF
seems to increase the number of these microbes [32,39].

Although each microorganism contains relatively few
cellulolytic enzymes, the gut microbiota in total has about
130 glycoside hydrolase families, 22 polysaccharides lyase
families, and 16 carbohydrate esterase families, providing
the gut microbiota with the flexibility to switch among dif-
ferent fiber energy sources [30].

The digestive enzymes of the human body cannot de-
grade DF. When DF enters the colon, they are fermented
by the colon’s microbiota; the oligosaccharide polymers are

hydrolyzed into monomers by the action of extracellular en-
zymes of the bacteria present [30]. Glycolysis proceeds
to the formation of pyruvate via the Embdem-Meyerhoff
metabolic pathway. Pyruvate, in turn, is converted to SC-
FAs, such as acetate, propionate, and butyrate, to formCO2,
H2, and CH4. It is estimated that 64.5 moles of fermented
carbohydrates produce 48moles of acetate, 11moles of pro-
pionate, and 5 moles of butyrate. In addition, 58 moles of
CO2, 94 moles of H2, and 10.5 moles of H2O [40].

It is also worth highlighting the role of the gut mi-
crobiota since it is the largest and most complex micro-
ecosystem of the human body, most of which are bacteria
but also viruses, protozoa, and fungi. The structure, func-
tion, and diversity of the human microbiome can be influ-
enced by fiber consumption because many types of fiber act
as a substrate for microbial fermentation, producing SC-
FAs, which are fatty acids with 1- to 6-carbon atoms that
have a series of health benefits [31]. The gut microbiota
is dependent on food residues for survival and metabolism.
The bacterial ability to degrade fibers is inversely related to
the chain length of fibers. Resistant oligosaccharides (sac-
charides resistant to digestion by amylase) usually degrade
more quickly than polysaccharides [31]. Approximately
40–50% of the available energy from carbohydrates in the
diet is converted to SCFAs by the colon’s microbes.

SCFAs also play several essential roles in the gas-
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Table 1. A survey of studies on the effect of various sources of DF on the composition and products of gut microbiota.
Fiber SCFAs Gut microbiota Model Reference

Polysaccharides from the flowers
of Camellia sinensis

⇑ Acetate ⇑ Bacteroidetes

In vitro Chen et al. [32]
⇑ Propionate ⇑ Firmicutes

⇑ Prevotella
⇑ Bacteroides

Potato fiber

⇑ Acetate ⇑ Bacteroidetes

In vitro Larsen et al. [33]
⇑ Propionate ⇑ Firmicutes
⇑ Butyrate ⇓ Lachnospiraceae

⇓ Prevotella copri

Resistant starch from potatoes
⇑ Acetate ⇑ Bifidobacterium faecale

Humans, healthy young adults Baxter et al. [34]

⇑ Butyrate ⇑Bifidobacterium adolescentes
⇑Bifidobacterium stercoris

Resistant starch from maize N/A ⇑ Ruminococcus bromii

Inulin from chicory root N/A
⇑ Bifidobacterium

⇑ Anaerostipes hadrus

Fiber from mango peels
⇑ Acetate ⇑ Bifidobacteria

In vitro Sáyago-Ayerdi et al. [35]⇑ Propionate ⇑ Lactobacillus
⇑ Butyrate

Inulin-type fructans N/A
⇑ Bifidobacterium

Humans, healthy adults
with mild constipation

Vandeputte et al. [36]⇑ Anaerostipes.
⇓ Bilophila

Fructans from agave ⇑ Butyrate ⇑ Lactobacillus In vitro Koenen et al. [37]

Linear arabino-oligosaccharides ⇑ Acetate ⇑ Bifidobacteria In vitro Moon et al. [38]
N/A, Not applicable; DF, dietary fiber; SCFAs, short-chain fatty acids; ⇑, increase; ⇓, decrease.

trointestinal tract. SCFAs affect gastrointestinal motility
by stimulating contractile activity in the colon. Through
preclinical evidence, SCFAs also mediate, bridging com-
munication between the mucosal microbiota and the mu-
cosal immune system, suggesting anti-inflammatory and
immunomodulatory effects relevant to inflammatory bowel
disorders [41,42].

SCFAs can also provide energy directly to the colonic
epithelium or cells that cover the colon and reduce intestinal
pH, which can prevent the growth of pathogens in the colon
because they are less tolerant of an acidic environment.
Acidity also increases the solubility of minerals such as
calcium and magnesium, improving their absorption. Fur-
thermore, high fiber intake promotes baryogenesis so that
the metabolic requirements of the colonic mucosa are ex-
ceeded, and the excess butyric acid enters the bloodstream
and exerts epigenetic and immunomodulatory effects on
other organs in the body [33].

The Role of DF Intake in the Development of Type 2
Diabetes, Cardiovascular Disease, and Obesity

Type 2 diabetes is characterized by an insulin defi-
ciency caused by pancreatic β-cell dysfunction and insulin
resistance in target organs [43]. The epidemiology of type
2 diabetes is affected by genetic and environmental factors.
Genetic factors exert their effect after exposure to an obe-
sogenic environment characterized by sedentary behavior
with excess sugar and fat consumption. In its initial stage,
there are no symptoms, and when it is detected late and
not correctly treated, it causes serious health complications
such as heart attack, blindness, kidney failure, loss of the
lower extremities, and premature death [6].

The glycemic index is a quantitative assessment of
foods based on the postprandial response, indicating car-
bohydrate availability in foods [44]. Soluble fiber intake is
directly related to the glycemic index since the fiber hin-
ders or delays the absorption of dietary carbohydrates due
to its viscous and gelling properties. The slowing down of
carbohydrate metabolism to glucose reduces postprandial
glucose levels [24].

Fiber also significantly increases the viscosity of the
chyme (semifluid mass of partially digested food in the
stomach and intestines) during the postprandial period. The
increased viscosity may slow the interactions of digestive
enzymes and nutrients, slowing the breakdown of com-
plex nutrients into absorbable components and the absorp-
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tion of glucose and other nutrients at the brush border (in-
ner surfaces of the small intestine). Increased chyme vis-
cosity and slowed nutrient degradation/absorption may re-
sult in increased nutrient delivery to the distal ileum (the
third and last part of the small intestine). Nutrients deliv-
ered into the distal ileum may stimulate mucosal L cells
to release glucagon-like peptide 1 (GLP-1) in the blood-
stream. This peptide significantly decreases appetite, in-
creases the growth of pancreatic beta cells (cells that pro-
duce insulin), improves insulin production and sensitivity,
and decreases glucagon (a peptide that stimulates glucose
production in the liver) secretion [45]. Supplies of lipids,
carbohydrates, and proteins from the distal ileum may also
stimulate the phenomenon of ileal brake, which has been
defined as the “distal-to-proximal feedback mechanism to
control the transit of ameal through the gastrointestinal tract
to optimize digestion and absorption of nutrients” [46].

The production of SCFAs leads to the secretion of in-
cretin hormones that can influence glucose levels [47]. Ya-
dav et al. [48] demonstrated butyrate-inducedGLP-1 secre-
tion in mouse models. The study used a high-concentration
probiotic preparation containing a mixture of eight probi-
otic strains (Streptococcus thermophilus, bifidobacteria [B.
breve, B. infantis, B. longum], Lactobacillus acidophilus,
Lactobacillus. plantarum, Lactobacillus. paracasei, and
Lactobacillus delbrueckii subsp. Bulgaricus).

Fiber density has a strong relationship with the risk of
cardiovascular disease. A recent National Health andNutri-
tion Survey observed the association between DF and fiber
density in CVD over ten years [4]. The score placed peo-
ple at low, intermediate, and high risk of CVD. The authors
reported that those with middle and high risk could benefit
from fiber ingestion because there was more probability of
CVD in these groups rather than in low-risk groups.

Dyslipidemia is an alteration in the blood lipid con-
centrations that contributes to the development of CVD and
refers to a group of diseases caused by an imbalance of
molecules such as cholesterol, TG, and low-density or high-
density lipoproteins (LDL and HDL, respectively), which
play a critical role in the development of CVD [49]. There
are two types of dyslipidemia: (1) primary or genetic, in
which there is a defect in the mechanism of action of en-
zymes, receptors, or metabolites involved in lipoprotein
metabolism; and (2) secondary or acquired, caused by the
presence of certain conditions such as diabetes, hypothy-
roidism, nephrotic syndrome, certain medications, or high
consumption of foods rich in sugars or fats. Dyslipidemias,
commonly associated with obesity, are characterized by an
increase in TG levels, a decrease in HDL levels, and nor-
mal or only slightly increased values of total LDL but with
a more proatherogenic (small and dense LDL) change in its
composition [50]. In an unhealthy diet, excessive caloric
intake increases serum TG concentrations since the “ex-
cess calories” stimulate TG synthesis in the liver, caus-
ing increased production of very low-density lipoproteins

(VLDL) with a high TG content that is released into the
bloodstream. Overweight people tend to have lower HDL
cholesterol levels, probably because increased TG levels
stimulate the exchange of cholesterol esters between HDL
and high-density lipoproteins [51].

The lipid-loweringmechanisms of soluble fiber are re-
lated to its ability to limit intestinal absorption of choles-
terol and its chelating action of soluble fiber on bile salts.
This interruption results in a considerable reduction in the
absorption rate of lipids and cholesterol contained in food.
Hence, the liver has to synthesize new bile acids from in-
tracellular cholesterol, causing a decrease in plasma con-
centrations of cholesterol, a desired effect in people with
dyslipidemia [51].

Moreover, fiber is also fermented and produces SC-
FAs (acetate, propionate, butyrate) [52], as shown in Fig. 3
(Ref. [53]). When absorbed in the colon and reach-
ing the portal circulation, propionate inhibits β-hydroxy
-β-methylglutaryl-coenzyme, a reductase, decreasing the
liver’s synthesis rate of fatty acids, cholesterol, and VLDL.
SCFAs also increase the acidification of the colon luminal
environment, which reduces the solubility of the free bile
acids, which are then increasingly excreted and decrease
the conversion of free bile acids to the more toxic secondary
bile acids [51,54]. When the bile acids are excreted out of
the body, the liver is encouraged to convert more endoge-
nous cholesterol into bile salts, which get excreted, thus re-
ducing the circulating cholesterol level [51].

The human gut microbiota (one of the planet’s most
densely populated microbial communities) contains diverse
microbial communities with metabolic, immunological,
and protective functions for human health. The gut mi-
crobiota composition of the human is influenced by several
factors, including genetics, host physiology (host age, dis-
ease, stress, etc.), environmental factors, living conditions,
and medication use. Diet is recognized as a critical fac-
tor influencing gut microbiota composition and metabolic
function (Fig. 3), and specific dietary ingredients, such as
fiber and prebiotics, can modulate the microbiota compo-
sition [7]. The study has focused on the effectiveness of
non-digestible fermentable carbohydrates in increasing the
production of SCFAs in the colon. Elevated concentrations
of SCFAs are assumed to be beneficial (e.g., by reducing
hepatic glucose production and improving lipid homeosta-
sis). They may also influence the gut microbiota composi-
tion [24].

Hove et al. [55] investigated the effect of milk fer-
mented with Lactobacillus helveticus on blood pressure,
glycemic control, and cardiovascular risk factors in patients
with type 2 diabetes. Ingestion of fermentedmilk compared
to placebo for 12 weeks decreased heart rate and fasting
plasma glucose level [55].

A cross-sectional study by Ostrowska et al. [56] ex-
amined the influence of diet and physical activity that may
affect SCFAs concentration and their potential role in mod-
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Fig. 3. The mechanism by which the gut microbiota ferments the DF and produces short-chain fatty acids (SCFAs) and
polyphenol-DF conjugates. Adapted from Dalile et al. [53].

ulating cardiometabolic disease risk through their interac-
tion with biochemical and anthropometric parameters. The
study included 77 non-obese individuals aged 30–45 years
evaluated for SCFAs concentration in feces, diet, and phys-
ical activity. A significant negative correlation was ob-
served between several SCFAs (mainly acetic acid, isobu-
tyric acid, butyric acid, butyric acid, propionic acid, isova-
leric acid, valeric acid, and body mass index, the ratio of
visceral to subcutaneous fat and percentage fat mass).

The results recognized the importance of diet in shap-
ing the SCFAs profile. Significant negative associations
were observed between men’s energy and fat intake and
some SCFAs (isobutyric acid, isovaleric acid, valeric acid,
and isocaproic acid). In addition, it was observed that a
high intake of fiber (insoluble and soluble) in both men and
women results in an elevated concentration of the vast ma-
jority of SCFAs and total SCFAs. This effect was particu-
larly noticeable for the soluble fraction of fiber. These cor-
relations reflect that diet determines the composition of the
gut microbiota and that SCFAs (primary microbial metabo-
lites) are synthesized from DF. Therefore, the results gen-
erally suggest that SCFAs may play a role in modulating
cardiometabolic disease risk by interacting with adiposity
parameters and diet [56].

Non-absorbed polyphenol-DF conjugates reach the
lower gut and are fermented by the colonic gut microbiota,
which releases absorbable polyphenols and metabolites.
The microbiome’s action on DFs produces mainly polyphe-
nols and SCFAs. Unmetabolized SCFAs and polyphenols
enter venous channels, which can be absorbed through pas-
sive diffusion and/or active transport, reaching tissues and
organs and affecting biological activities.

The primary cause of obesity is an increase in energy
absorption such as an increase in the ratio of energy absorp-
tion to energy expenditure. DF intake increases post-meal
satiety by increasing the need to chew, increasing abdom-
inal distension, and decreasing the subsequent feeling of
hunger [24]. Different investigations have been conducted
to evaluate the effect of DF on body weight, and the ev-
idence shows an inverse relationship between these vari-
ables and weight loss, primarily due to a decrease in body
fat. It has been shown that abdominal adiposity is associ-
ated with a higher risk of type 2 diabetes and CVD, regard-
less of the general body mass index (BMI) [57]. The DF-
weight change correlation is independent of other potential
factors, such as age or basal fiber and fat intake, activity
level, and basal energy intake [12].

The third generation of the Framingham study found
that sources of fiber were associated with changes in waist
circumference and that higher fiber intake produced a re-
duction in waist circumference only when there was low or
moderate carbohydrate intake. Therefore, it was concluded
that when total carbohydrate intake is higher, i.e., more than
55% of total caloric intake, fiber is no longer beneficial in
decreasing waist size. It is essential to consider the rela-
tionship between fiber and total carbohydrates since adding
more fiber will not help unless the consumption of high-
calorie, non-fiber foods is also reduced [58].

Fiber is a significant dietary component in treating
obesity; the mechanism of action may include a change in
the gut microbiota profile leading to alterations in SCFAs,
bile acids, and ketone bodies, key signaling molecules in
obesity [59]. Fifty-three overweight and obese participants
were treated with pea fiber for 12 weeks. Results showed
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Table 2. The DF content in various selected food groups common in Mexico [62].
Fiber content in the food groups Food item Fiber content (g) Portion

Legumes

Lentil, raw 10.7 35 g
Dried broad bean, raw 9.4 1/4 cup
Cooked dried broad bean 4.6 1/2 cup
Chickpea, raw 6.1 35 g
Cooked chickpea 6.3 1/2 cup
Textured soybeans 5.4 30 g
Cooked bean 7.5 1/2 cup
Cooked soybeans 3.4 1/3 cup

Fruits

Soursop, raw 9 1 piece
Blackberries, raw 8.2 3/4 cup
Chinese pomegranate, raw 7.3 2 pieces
Real lemon, raw 7.2 4 pieces
Guava, raw 7 3 pieces
Blueberry, raw 6.8 1 1/2 cups
Minced pears, raw 5.4 1 cup
Cactus pear, raw 5 2 pieces
Lime, raw 4.1 3 pieces
Red apple, raw 3.8 1 piece
Oranges, raw with peel 3.7 2 pieces
Kiwi, raw 3.4 1 1/2 pieces
Sliced strawberry, raw 3.3 1 cup
Apple, raw 2.6 1 piece
Chopped papaya, raw 2.5 1 cup
Chabacano, raw 2.5 4 pieces

Cereals and tubers

Corn bran 24.4 6 tablespoons
Wheat bran 13.1 8 tablespoons
Malanga 2.5 70 g
Minced potato 2.5 3/4 cup
Rye flour, whole grain 4.5 2 1/2 tablespoons
Cooked oats 4.3 3/4 cup
Oats flakes 4.1 1/3 cup
Oats, whole grain 4.1 1/3 cup
Popcorn, cooked 3.5 2 1/2 cups

Vegetables

Chard, raw 3.6 2 cups
Coriander, chopped, raw 3.4 2 cups
Cooked nopal 3.0 1 cup
Jicama, raw 2.9 1/2 cup
Asparagus, raw 2.8 6 pieces
Cooked broccoli 2.7 1/2 cup
Collard, chopped, raw 2.6 2 cups
Cooked cauliflower 2.9 1 cup
Celery, raw 2.5 1 cup
Cooked eggplant 2.5 1 cup

increased SCFAs-producing bacteria and SCFAs concentra-
tions, bile acids, and gut microbiota, but body composition
did not change [59,60].

The ability of DF to aid in weight loss or attenuate
weight gain could be attributed to several factors. Firstly,
soluble fiber produces GLP-1 and peptide YY when fer-
mented in the large intestine. These two intestinal hor-
mones are involved in the induction of satiety. Secondly,
DF may decrease a diet’s metabolizable energy, which is
gross energy minus the energy lost in the feces, urine, and
combustible gases by decreasing fat digestibility as DF in-

creases. Moreover, as DF intake increases, the absorption
of simple carbohydrates tends to decrease. Although DF
contributes to the total caloric content of a diet, it is much
more resistant to digestion in the small intestine and even
somewhat resistant in the large intestine [12].

Other mechanisms may also explain how soluble
fiber could contribute to decreasing metabolizable energy.
Firstly, the bacterial population in the large intestine in-
creases due to the increased presence of soluble fiber.
Therefore, soluble fiber may increase fermentation and uti-
lization of readily metabolizable SCFAs, thereby increasing
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Table 3. Number of annual deaths resulting from different
risk factors in Mexico, 2019.

Risk factor Number of deaths

High blood sugar 157,908
High blood pressure 129,019
Obesity 125,591
Alcohol use 49,889
Smoking 48,393
Air pollution (outdoor & indoor) 48,332
Outdoor air pollution 38,854
Low whole grains diet 15,806
High sodium diet 13,030
Low physical activity 11,983
Unsafe sex 10,872
Secondhand smoke 10,458
Indoor air pollution 9854
Low birth weight 9817
Child wasting 8619
Low vegetable diet 7605
Diet low in nuts and seeds 6842
Low fruit diet 6737
Low bone mineral density 5002
Drug use 4009
Unsafe water source 2394
No access to handwashing facility 1544
Unsafe sanitation 953
Non-exclusive breastfeeding 522
Childhood growth retardation 245
Iron deficiency 141
Discontinued breastfeeding 49
Vitamin A deficiency 16
The total number of deaths was measured across all age groups
and both sexes. The total population of Mexico was about 129
million. Factors related to a low-fiber diet are in bold. Data
extracted from reference [64].

energy absorption. Secondly, soluble fiber forms a viscous
material in the gastrointestinal tract, which delays intesti-
nal transit time. This increased time in the gastrointesti-
nal tract allows for more complete digestion and absorption
[61]. Conversely, some believe this increased viscosity has
the opposite effect and delays absorption [12].

Mexican Fiber Pyramid Proposal as Educational
Support

The National Health and Nutrition Survey 2018 has
reported that almost 50% of people in Mexico eat inade-
quate amounts of vegetables and fruits. In addition to a high
consumption of unhealthy foods, a lack of physical activity
contributes to the increase in NCDs. The Mexican Equiv-
alent Food System is an indispensable tool to provide stan-
dard, modified, and personalized food plans [62]. The con-
cept of “Food Equivalent” is the determination of the por-
tion or ration of food with a nutritional contribution similar

to other foods in the same food group (e.g., 1 cup of cooked
nopal = 1/2 cup of cooked broccoli). Foods are divided into
subgroups based on the Food Groups scheme established
by the official Mexican standard [22,63], which promotes
education on food health. Table 2 (Ref. [62]) provides ex-
amples of foods in each subgroup that are good sources of
fiber and the amount needed of that food to obtain the spec-
ified amount (≥2.5 g/equiv) of fiber.

Table 3 (Ref. [64]) shows the leading causes of death
in Mexico in 2019. Dietary problems are among the risk
factors. A diet lacking in whole grains was linked to 15,806
deaths, while insufficient vegetable intake was associated
with 7605 deaths, and reduced fruit consumption resulted in
6737 deaths. Thus, many EARLY deaths might have been
avoided if a diet with a higher intake of whole grains, veg-
etables, and fruits had been followed [64].

Fig. 4 shows the Mexican fiber pyramid we proposed
and developed as a graphic tool that reinforces dietary
guidelines and promotes a healthy diet that includes more
vegetables, grains, cereals, fruits, and legumes. The pyra-
mid recommends consuming 3 to 5 servings per day of veg-
etables, 3 to 4 servings per day of grains and cereals, 2 to
3 servings per day of fruits, and 1 to 2 servings per day of
legumes, which can be selected from the foods listed in Ta-
ble 2, which are generally considered to be a good source
of fiber according to the Mexican Food Equivalent System
[62]. The pyramid promotes a diet that meets the mini-
mum recommended DF requirement of≥25 g/day [19], in-
cluding the smallest recommended portion per food group.
This pyramid scheme could complement the practical food
guidance and nutrition education used in Mexico known as
The Healthy Eating Plate (Fig. 5, Ref. [65]), which is part
of the official Mexican dietary guidelines for health [63],
and establishes the dietary guidelines for the Mexican pop-
ulation. The Healthy Eating Plate and the Mexican Fiber
Pyramid use colors to distinctly illustrate each food group
distinctly and give the recommended portions that provide
the fiber requirements using the equivalents established in
theMexican System of Equivalent Foods. Green represents
the vegetables and fruits that provide vitamins, minerals,
fiber, carbohydrates, and antioxidants. Yellow constitutes
the grain and cereals that provide energy and fiber, and
orange represents the legumes that give protein and fiber.
Fig. 6 shows how, based on the Mexican fiber pyramid,
fiber-rich foods can be incorporated into the Mexican diet
by choosing from vegetables (nopal, collard greens, broc-
coli, and Swiss chard) and regional fruits in Mexico (or-
ange, apple, and guava). In addition to whole grains, cere-
als (wheat bran, oats, and popcorn), and tubers (potato), at
the top of the pyramid are legumes (beans and chickpeas),
which are present in a wide variety and available in Mex-
ico [22]. The consumption of these foods according to the
recommended portions would cover the DF requirements
(≥25 g/day).
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Fig. 4. Proposed image ofMexican Fiber Pyramid, an educational tool to promote adequate fiber intake. According to theMexican
Food Equivalent System, the pyramid promotes a Healthy diet that meets the minimum recommended requirement of DF of ≥25 g/day.
Created in Biorender.com (https://www.biorender.com/).

Fig. 5. Healthy Eating Plate. A graphical illustration of an ap-
propriate distribution of foods for good health [65].

Discussion

In Mexico, adults consume an average of 16–18 g
of fiber daily; this consumption does not meet DF recom-
mendations for good health [21,66]. The long-term con-
sumption of vegetable- and fruit-rich diets reduces the risk
of CVD, cancer, chronic inflammation, degenerative dis-
eases, type 2 diabetes, and obesity [67]. The current Dietary
Guidelines for Mexicans and the federal health programs
for nutritional assistance promote greater consumption of
whole grains, vegetables, and fruits [65].

Medical nutrition therapy focuses mainly on calculat-
ing kilocalories and macronutrients, but fiber quantification
is often not considered in dietary plans. There is a need for
an easy and practical tool for health professionals and the
population to meet the minimum daily fiber requirements.
A new strategy to achieve higher DF intake may help de-
crease the prevalence of NCDs and thereby reduce early
mortality and healthcare costs. A 2015 study in Canada es-
timated that each 1 g per day increase in fiber intake resulted
in annual Canadian dollar savings of $2.6 to $51.1 million
for type 2 diabetes and $4.6 to $92.1 million for CVD [13].

Current advances in sequencing and bioinformatics al-
low us to assess changes in gut microbial composition asso-
ciated with various disease states. Research has described
an association between CVD phenotypes and changes in the
relative abundance of specific microbial taxa or intestinal
bacterial richness or diversity. For example, early stud-
ies detected bacterial DNA in atherosclerotic plaques that
matched taxa associated with disease states [68,69], and
changes in microbial composition have been described in
patients with numerous CVD risk factors, such as hyperten-
sion, dyslipidemia, insulin resistance, and other metabolic
phenotypes [70,71].

Study on patients with type 2 diabetes found that
higher fiber in the diet reduced glycosylated hemoglobin
and TG while increasing HDL cholesterol levels. Further-
more, a low DF intake was independently associated with
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Fig. 6. Mexican Fiber Pyramid illustrated with foods commonly eaten in Mexico and the recommended servings to cover DF
requirements (≥25 g/day) based on a 2000 kcal diet.

poor glycemic control [19]. A meta-analysis of 185 studies
and 58 clinical trials found that as the amount of DF per day
increased, there was 7% lower mortality from all causes and
19% less coronary heart disease for every 8 g/day increase
in DF intake. Oat [10], a fiber-rich food, is associated with
lower blood pressure in patients with hypertension [72], and
a higher intake of DF may also lower blood pressure [73].

There is increasing evidence that dietary nutrients can
modulate the composition and function of the human gut
microbiota [74,75]. One such nutrient is dietary fiber; a
recent paper showed that adding dietary fiber of a single
type can dramatically change the expression of genes re-
quired for bacterial metabolism of fiber glycans [76]. Fur-
thermore, dietary fiber intake below the recommendations
for adults has been reported to lead to a significant reduction
in SCFAs production by the gut microbiota through anaer-
obic fermentation of dietary fiber [77], associated with ad-
verse health effects [78].

For instance, the clinical study have reported that fiber
intake is associated with decreased blood pressure and sup-
port that SCFAs are involved in blood pressure regulation
[79].

Plant foods have a considerable amount of fiber and
are also a source of other bioactive compounds, such as

polyphenolic compounds, which may have a role in NCD
prevention [80]. Polyphenol-DF interaction may modulate
polyphenol fermentation in the gut [81,82]. The phenolic
compoundsmay alsomodulate the gut microbiota, resulting
in a healthier profile, and thus, it could be a potential tool to
counteract several NCDs related to gut dysbiosis [80,83].

Intake of high levels of DF has no significant adverse
effects on mineral balance or gastrointestinal function in
most of the population [84]. However, its high intake can
be limited in some cases. Fiber tolerance depends on the
individual and usually improves as the gastrointestinal tract
and microbiota adapt to higher doses of DF [85]. Although
very high intakes of certain functional fibers can induce gas-
trointestinal symptoms such as excessive flatulence, bloat-
ing, and diarrhea, there is little evidence that eating DF
from diverse sources causes significant adverse effects. It
is recommended to choose fiber-rich foods such as whole
grains, fruits, vegetables, and other foods instead of fiber
as supplements to achieve the recommended fiber. This ap-
proach maximizes the nutritional value of the diet and the
health benefits [84]. However, fiber education remains a
long-term dietary challenge to increase fiber consumption
in Mexico consciously.
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The Mexican population reported a low fiber intake
and consumed excessive added sugars and saturated fats
[86]. Thus, strategies should be sought to increase fiber
consumption. To this end, functional nutrition educa-
tion materials are needed to promote the health and self-
management of NCDs, and they must be effective in their
content, graphics, layout, motivating principles, cultural
relevance, and feasibility [87]. The Mexican fiber pyra-
mid provides a visual aid to encourage the population to
consume foods that provide the necessary fiber, emphasiz-
ing higher intakes of vegetables, grains, cereals, fruits, and
legumes, whose consumption helps prevent NCDs devel-
opment. In a meta-analysis, the risk of Type 2 diabetes de-
creased by 6% with the intake of ~200–300 g/day of veg-
etables [88]. Likewise, increasing the intake of 90 g/day of
whole grains reduced the risk of CVD by 22% and coronary
heart disease by 19%, respectively [89]. Additionally, the
relative risks of type 2 diabetes were reduced by 6%, 1%,
and 2% for a daily increment of fruits 106 g [90], 106 g [88],
and 100 g [91]. Legume consumption decreased the risk of
CHD by ~10% as intake increased to ~100 g/day. No as-
sociation was observed between legume consumption and
type 2 diabetes [91].

The present work could have limitations. The effec-
tiveness of the Mexican fiber pyramid should be evaluated
to know the impact of this graphic tool on the population
and to ensure that any information on NCDs prevention ap-
plies to all people of any region, economic status, and di-
etary norms.

Estimates of risk reduction per g of fiber from the
food groups were obtained from studies such as those men-
tioned earlier, which indicated the prescribed levels of fiber
in the various food groups. Thus, the relationship between
fiber and NCD risk reduction was established. However,
the impact of consuming this dietary pattern on clinical and
patient-centered outcomes is needed.

Government and healthcare professionals are crucial
for implementing strategies that favor increasing fiber con-
sumption in Mexico. Therefore, this pyramid proposal,
based on the Mexican Equivalent Food System [62], is in-
tended to be used by nutritionists and other healthcare pro-
fessionals who can educate patients about NCDs. However,
the idea is that anyone can easily follow the pyramid, mak-
ing it an effective educational tool available to all.

The pyramid could be used in different settings: in the
educational setting through talks, workshops, and the elab-
oration of didactic material; in the community and clinical
setting, it could be an essential tool for nutritionists when
prescribing dietary plans, through the formulation of menus
that incorporate the proposed foods to achieve theminimum
fiber requirements, to promote the control of patients with
NCDs, as well as delaying their onset.

Conclusions

DF comprises various non-digestible carbohydrates
with various health benefits and different action mecha-
nisms. A better understanding of diet-microbiota interac-
tions could help develop a personalized nutrition approach
that would efficiently target and reduce the incidence of
NCDs. There are multiple ways in which DF can contribute
to reducing the risk of these diseases, including modifi-
cations in gut microbiota activity and changes in plasma
metabolites and body composition. Manipulating or in-
creasing fiber intake is a promising therapeutic strategy for
preventing and managing NCDs, which are prevalent in the
Mexican population. We propose the fiber pyramid targeted
to Mexicans as a support tool to reinforce dietary guidance
and promote greater consumption of vegetables, grains, ce-
reals, fruits, and legumes to help people reach the minimum
recommended DF requirements.

Availability of Data and Materials

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on
reasonable request.

Author Contributions

HEFI performed the research and wrote the original
draft. JAGS designed the methodology and made the anal-
ysis. AIRH, PYMR, and JMTG made the data curation and
figures design. CVV and JAAO made acquisition of data
and edited the manuscript. HBM perfomed the global anal-
ysis and edited the manuscript. GBC designed the method-
ology, performed research, and supervised the research. All
authors contributed to editorial changes in the manuscript.
All authors read and approved the final manuscript. All au-
thors have participated sufficiently in the work and agreed
to be accountable for all aspects of the work.

Ethics Approval and Consent to Participate

Not applicable.

Acknowledgment

Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

https://www.biolifesas.org/


4595

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
23812/j.biol.regul.homeost.agents.20243806.365.

References

[1] World Health Organization. Noncommunicable diseases. 2024.
Available at: https://www.who.int/news-room/fact-sheets/deta
il/noncommunicable-diseases (Accessed: 5 February 2024).

[2] Escamilla-Nuñez MC, Castro-Porras L, Romero-Martinez M,
Zárate-Rojas E, Rojas-Martínez R. Detección, diagnóstico pre-
vio y tratamiento de enfermedades crónicas no transmisibles en
adultos mexicanos. Ensanut 2022. Salud Publica De Mexico.
2023; 65: s153–s162.

[3] Campos-Nonato I, Galván-Valencia Ó, Hernández-Barrera L,
Oviedo-Solís C, Barquera S. Prevalencia de obesidad y factores
de riesgo asociados en adultos mexicanos: resultados de la En-
sanut 2022. Salud Publica De Mexico. 2023; 65: s238–s247.

[4] Instituto Nacional de Salud Pública. Encuesta Na-
cional de Salud y Nutrición 2018. 2018. Available at:
https://ensanut.insp.mx/encuestas/ensanut2018/doctos/informe
s/ensanut_2018_presentacion_resultados.pdf (Accessed: 21
September 2022). (In Spanish)

[5] Instituto Nacional de Estadística y Geografía (INEGI). Estadís-
ticas de defunciones registradas. Enero-Junio 2023 preliminar.
2023. Available at: https://www.inegi.org.mx/contenidos/salade
prensa/boletines/2024/EDR/EDR2023_En-Jn.pdf (Accessed 24
January 2024). (In Spanish)

[6] Hernández-Ávila M, Gutiérrez JP, Reynoso-Noverón N. Dia-
betes mellitus in Mexico. Status of the epidemic. Salud Publica
De Mexico. 2013; 55: S129–S136.

[7] Holscher HD. Dietary fiber and prebiotics and the gastrointesti-
nal microbiota. Gut Microbes. 2017; 8: 172–184.

[8] Ríos-Hoyo A, Romo-Araiza A, Meneses-Mayo M, Guttiérrez-
Salmeán G. Prehispanic Functional Foods and Nutraceuticals
in the Treatment of Dyslipidemia Associated to Cardiovascular
Disease: a Mini-Review. International Journal for Vitamin and
Nutrition Research. Internationale Zeitschrift Fur Vitamin- Und
Ernahrungsforschung. Journal International DeVitaminologie et
De Nutrition. 2017; 87: 58–98.

[9] Weickert MO, Pfeiffer AFH. Impact of Dietary Fiber Consump-
tion on Insulin Resistance and the Prevention of Type 2Diabetes.
The Journal of Nutrition. 2018; 148: 7–12.

[10] Reynolds A, Mann J, Cummings J, Winter N, Mete E, Te
Morenga L. Carbohydrate quality and human health: a series
of systematic reviews and meta-analyses. Lancet (London, Eng-
land). 2019; 393: 434–445.

[11] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ (Clinical Re-
search Ed.). 2021; 372: n71.

[12] Lattimer JM, Haub MD. Effects of dietary fiber and its compo-
nents on metabolic health. Nutrients. 2010; 2: 1266–1289.

[13] Abdullah MMH, Gyles CL, Marinangeli CPF, Carlberg JG,
Jones PJH. Cost-of-illness analysis reveals potential healthcare
savings with reductions in type 2 diabetes and cardiovascu-
lar disease following recommended intakes of dietary fiber in
Canada. Frontiers in Pharmacology. 2015; 6: 167.

[14] Gibson GR, Roberfroid MB. Dietary modulation of the human
colonic microbiota: introducing the concept of prebiotics. The
Journal of Nutrition. 1995; 125: 1401–1412.

[15] Fuller R, Gibson GR. Modification of the intestinal microflora
using probiotics and prebiotics. Scandinavian Journal of Gas-

troenterology. Supplement. 1997; 222: 28–31.
[16] Mishra BP, Mishra J, Paital B, Rath PK, Jena MK, Reddy

BVV, et al. Properties and physiological effects of dietary fiber-
enriched meat products: a review. Frontiers in Nutrition. 2023;
10: 1275341.

[17] Yangilar F. The application of dietary fibre in food industry:
structural features, effects on health and definition, obtaining
and analysis of dietary fibre: a review. Journal of Food and Nu-
trition Research. 2013; 1: 13–23.

[18] Currò D. Current evidence on the therapeutic use of fiber in ir-
ritable bowel syndrome. Expert Review of Gastroenterology &
Hepatology. 2022; 16: 425–436.

[19] Joint WHO/FAO Food Standards Programme Codex Com-
mittee on Nutrition and Foods for Special Dietary Uses.
Discussion Paper on General Guidelines to Establish Nu-
trient Profiles for Foods Labelling Rome. 2019. Available
at: https://www.fao.org/fao-who-codexalimentarius/committee
s/committee/related-meetings/en/?committee=CCNFSDU (Ac-
cessed: 20 October 2022).

[20] Velázquez-López L, Muñoz-Torres AV, García-Peña C, López-
Alarcón M, Islas-Andrade S, Escobedo-de la Peña J. Fiber in
Diet Is Associated with Improvement of Glycated Hemoglobin
and Lipid Profile in Mexican Patients with Type 2 Diabetes.
Journal of Diabetes Research. 2016; 2016: 2980406.

[21] Barquera S, Rivera-Dommarco J, Campos I, Espinoza J, Mon-
terrubio E. Consumo de fibra y sobrepeso en mujeres mexicanas
en edad adulta. Nutrición Clínica. 2002; 5: 206–212.

[22] Bonvecchio Arenas A, Fernández-Gaxiola AC, Be-
lausteguigoitia MP, Kaufer-Horwitz M, Lizaur ABP,
Dommarco JÁR. Guías alimentarias y de actividad física
en contexto de sobrepeso y obesidad en la población mexicana.
Academia Nacional de Medicina: Distrito Federal, Mexico.
2015. (In Spanish)

[23] García-Montalvo IA, Méndez Díaz SY, Aguirre Guzmán N,
SánchezMedinaMA,Matías Pérez D, Pérez Campos E. Increas-
ing consumption of dietary fiber complementary to the treatment
of metabolic syndrome. Nutricion Hospitalaria. 2018; 35: 582–
587.

[24] Weickert MO, Pfeiffer AFH. Metabolic effects of dietary fiber
consumption and prevention of diabetes. The Journal of Nutri-
tion. 2008; 138: 439–442.

[25] El-Mostafa K, El Kharrassi Y, Badreddine A, Andreoletti P,
Vamecq J, El Kebbaj MS, et al. Nopal cactus (Opuntia ficus-
indica) as a source of bioactive compounds for nutrition, health
and disease. Molecules (Basel, Switzerland). 2014; 19: 14879–
14901.

[26] Li C, Uppal M. Canadian diabetes association national nutri-
tion committee clinical update on dietary fibre in diabetes: food
sources to physiological effects. Canadian Journal of Diabetes.
2010; 34: 355–361.

[27] Gill SK, Rossi M, Bajka B, Whelan K. Dietary fibre in gastroin-
testinal health and disease. Nature Reviews. Gastroenterology &
Hepatology. 2021; 18: 101–116.

[28] Takahashi T, Karita S, Ogawa N, Goto M. Crystalline cellulose
reduces plasma glucose concentrations and stimulates water ab-
sorption by increasing the digesta viscosity in rats. The Journal
of Nutrition. 2005; 135: 2405–2410.

[29] Chen X, Li P, Liu M, Zheng H, He Y, Chen MX, et al. Gut dys-
biosis induces the development of pre-eclampsia through bacte-
rial translocation. Gut. 2020; 69: 513–522.

[30] Esteve E, Ricart W, Fernández-Real JM. Gut microbiota interac-
tions with obesity, insulin resistance and type 2 diabetes: did gut
microbiote co-evolve with insulin resistance? Current Opinion
in Clinical Nutrition and Metabolic Care. 2011; 14: 483–490.

[31] Guan ZW, Yu EZ, Feng Q. Soluble Dietary Fiber, One of the
Most Important Nutrients for the Gut Microbiota. Molecules

https://www.biolifesas.org/
https://doi.org/10.23812/j.biol.regul.homeost.agents.20243806.365
https://doi.org/10.23812/j.biol.regul.homeost.agents.20243806.365
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://ensanut.insp.mx/encuestas/ensanut2018/doctos/informes/ensanut_2018_presentacion_resultados.pdf
https://ensanut.insp.mx/encuestas/ensanut2018/doctos/informes/ensanut_2018_presentacion_resultados.pdf
https://www.inegi.org.mx/contenidos/saladeprensa/boletines/2024/EDR/EDR2023_En-Jn.pdf
https://www.inegi.org.mx/contenidos/saladeprensa/boletines/2024/EDR/EDR2023_En-Jn.pdf
https://www.fao.org/fao-who-codexalimentarius/committees/committee/related-meetings/en/?committee=CCNFSDU
https://www.fao.org/fao-who-codexalimentarius/committees/committee/related-meetings/en/?committee=CCNFSDU


4596

(Basel, Switzerland). 2021; 26: 6802.
[32] Chen D, Chen G, Wan P, Hu B, Chen L, Ou S, et al. Digestion

under saliva, simulated gastric and small intestinal conditions
and fermentation in vitro of polysaccharides from the flowers
of Camellia sinensis induced by human gut microbiota. Food &
Function. 2017; 8: 4619–4629.

[33] Larsen N, de Souza CB, Krych L, Kot W, Leser TD, Sørensen
OB, et al. Effect of potato fiber on survival of Lactobacillus
species at simulated gastric conditions and composition of the
gut microbiota in vitro. Food Research International (Ottawa,
Ont.). 2019; 125: 108644.

[34] Baxter NT, Schmidt AW, Venkataraman A, Kim KS,Waldron C,
Schmidt TM. Dynamics of Human Gut Microbiota and Short-
Chain Fatty Acids in Response to Dietary Interventions with
Three Fermentable Fibers. mBio. 2019; 10: e02566–18.

[35] Sáyago-Ayerdi SG, Zamora-GasgaVM,VenemaK. Prebiotic ef-
fect of predigested mango peel on gut microbiota assessed in a
dynamic in vitro model of the human colon (TIM-2). Food Re-
search International (Ottawa, Ont.). 2019; 118: 89–95.

[36] Vandeputte D, Falony G, Vieira-Silva S,Wang J, Sailer M, Theis
S, et al. Prebiotic inulin-type fructans induce specific changes in
the human gut microbiota. Gut. 2017; 66: 1968–1974.

[37] Koenen ME, Rubio JMC, Mueller M, Venema K. The effect of
agave fructan products on the activity and composition of the
microbiota determined in a dynamic in vitro model of the human
proximal large intestine. Journal of Functional Foods. 2016; 22:
201–210.

[38] Moon JS, Shin SY, Choi HS, Joo W, Cho SK, Li L, et al. In vitro
digestion and fermentation properties of linear sugar-beet ara-
binan and its oligosaccharides. Carbohydrate Polymers. 2015;
131: 50–56.

[39] Wilson AS, Koller KR, Ramaboli MC, Nesengani LT, Ocvirk
S, Chen C, et al. Diet and the Human Gut Microbiome: An In-
ternational Review. Digestive Diseases and Sciences. 2020; 65:
723–740.

[40] Bouhnik Y, Flourié B, Riottot M, Bisetti N, Gailing MF, Guib-
ert A, et al. Effects of fructo-oligosaccharides ingestion on fecal
bifidobacteria and selected metabolic indexes of colon carcino-
genesis in healthy humans. Nutrition and Cancer. 1996; 26: 21–
29.

[41] Soret R, Chevalier J, De Coppet P, Poupeau G, Derkinderen P,
Segain JP, et al. Short-chain fatty acids regulate the enteric neu-
rons and control gastrointestinal motility in rats. Gastroenterol-
ogy. 2010; 138: 1772–1782.

[42] Gill PA, van Zelm MC, Muir JG, Gibson PR. Review article:
short chain fatty acids as potential therapeutic agents in human
gastrointestinal and inflammatory disorders. Alimentary Phar-
macology & Therapeutics. 2018; 48: 15–34.

[43] Chatterjee S, Khunti K, Davies MJ. Type 2 diabetes. Lancet
(London, England). 2017; 389: 2239–2251.

[44] Augustin LS, Franceschi S, JenkinsDJA,Kendall CWC, LaVec-
chia C. Glycemic index in chronic disease: a review. European
Journal of Clinical Nutrition. 2002; 56: 1049–1071.

[45] Calzada-León R, Altamirano-Bustamante N, Ruiz-Reyes
MDLL. Reguladores neuroendocrinos y gastrointestinales del
apetito y la saciedad. Boletín médico del Hospital Infantil de
México. 2008; 65: 468–487. (In Spanish)

[46] Sánchez Almaraz R, Martín Fuentes M, Palma Milla S, López
Plaza B, Bermejo López LM, Gómez Candela C. Fiber-type
indication among different pathologies. Nutricion Hospitalaria.
2015; 31: 2372–2383.

[47] Mandaliya DK, Seshadri S. Short Chain Fatty Acids, pancreatic
dysfunction and type 2 diabetes. Pancreatology: Official Journal
of the International Association of Pancreatology (IAP) ... [et
al.]. 2019; 19: 280–284.

[48] Yadav H, Lee JH, Lloyd J, Walter P, Rane SG. Beneficial

metabolic effects of a probiotic via butyrate-induced GLP-1 hor-
mone secretion. The Journal of Biological Chemistry. 2013;
288: 25088–25097.

[49] Diario official de la Federación. NORMA Oficial Mexicana
NOM-037-SSA2-2012, Servicios básicos de salud. Para la pre-
vención, tratamiento y control de las dislipidemias. 2012. Avail-
able at: https://www.cndh.org.mx/DocTR/2016/JUR/A70/01/
JUR-20170331-NOR36.pdf (Accessed: 20 October 2022). (In
Spanish)

[50] Lana MEM, Angulo A, Cedeño K, González R, Salazar J, Añez
R, et al. Prevalencia de dislipidemias en pacientes con sobrepeso
y obesidad atendidos en ambulatorios tipo II del municipio Su-
cre, estado Miranda. Revista Latinoamericana de Hipertensión.
2014; 9: 9–17. (In Spanish)

[51] Muñoz L, Díaz Y, González C, Medina E, Cardona E. Efecto
de la administración oral de nopal deshidratado sobre el perfil
de lípidos en individuos con dislipidemia y sobrepeso/obesidad.
Revista Iberoamericana de Ciencias. 2014; 1: 149–160. (In
Spanish)

[52] Peredo LF, Herzberg AZ. Papel de la dieta rica en fibra en la pre-
vención y tratamiento del cáncer: terapia dirigida al manejo del
calcio intracelular. Revista de la Facultad de Medicina UNAM.
2014; 57: 56–61. (In Spanish)

[53] Dalile B, Van Oudenhove L, Vervliet B, Verbeke K. The role
of short-chain fatty acids in microbiota-gut-brain communica-
tion. Nature Reviews. Gastroenterology & Hepatology. 2019;
16: 461–478.

[54] SolimanGA.Dietary Fiber, Atherosclerosis, and Cardiovascular
Disease. Nutrients. 2019; 11: 1155.

[55] Hove KD, Brøns C, Færch K, Lund SS, Rossing P, Vaag A. Ef-
fects of 12 weeks of treatment with fermented milk on blood
pressure, glucosemetabolism andmarkers of cardiovascular risk
in patients with type 2 diabetes: a randomised double-blind
placebo-controlled study. European Journal of Endocrinology.
2015; 172: 11–20.

[56] Ostrowska J, Samborowska E, Jaworski M, Toczyłowska K,
Szostak-Węgierek D. The Potential Role of SCFAs in Modu-
lating Cardiometabolic Risk by Interacting with Adiposity Pa-
rameters and Diet. Nutrients. 2024; 16: 266.

[57] Zhang S, Tian J, Lei M, Zhong C, Zhang Y. Association be-
tween dietary fiber intake and atherosclerotic cardiovascular dis-
ease risk in adults: a cross-sectional study of 14,947 population
based on the National Health and Nutrition Examination Sur-
veys. BMC Public Health. 2022; 22: 1076.

[58] Sawicki CM, Lichtenstein AH, Rogers GT, Jacques PF, Ma J,
Saltzman E, et al. Comparison of Indices of Carbohydrate Qual-
ity and Food Sources of Dietary Fiber on Longitudinal Changes
in Waist Circumference in the Framingham Offspring Cohort.
Nutrients. 2021; 13: 997.

[59] Mayengbam S, Lambert JE, Parnell JA, Tunnicliffe JM,
Nicolucci AC, Han J, et al. Impact of dietary fiber supplemen-
tation on modulating microbiota-host-metabolic axes in obesity.
The Journal of Nutritional Biochemistry. 2019; 64: 228–236.

[60] Martínez I, Kim J, Duffy PR, Schlegel VL, Walter J. Resistant
starches types 2 and 4 have differential effects on the composi-
tion of the fecal microbiota in human subjects. PloS One. 2010;
5: e15046.

[61] Schneeman BO. Dietary fiber and gastrointestinal function. Nu-
trition Reviews. 1987; 45: 129–132.

[62] Pérez-Lizaur AB, Palacios González B.Manual de Sistemamex-
icano de alimentos equivalentes. Fomento de Nutrición y Salud:
México. 5ta edición. 2022.

[63] de la Federación, Diario Oficial. NORMA Oficial Mex-
icana NOM-043-SSA2-2012, Servicios básicos de salud.
Promoción y educación para la salud en materia alimenta-
ria. Criterios para brindar orientación. 2012. Available at:

https://www.biolifesas.org/
https://www.cndh.org.mx/DocTR/2016/JUR/A70/01/JUR-20170331-NOR36.pdf
https://www.cndh.org.mx/DocTR/2016/JUR/A70/01/JUR-20170331-NOR36.pdf


4597

https://www.dof.gob.mx/nota_detalle.php?codigo=5285372&
fecha=22/01/2013#gsc.tab=0 (Accessed: 20 October 2022). (In
Spanish)

[64] Our Word in Data. Causes of death by risk factor. 2019. Avail-
able at: https://ourworldindata.org/grapher/number-of-deaths-b
y-risk-factor (Accessed: 20 October 2022).

[65] SSA, INSP, UNICEF. Guías Alimentarias saludables
y sostenibles para la población mexicana 2023. 2023.
https://movendi.ngo/wp-content/uploads/2023/05/Gui_as_Ali
mentarias_2023_para_la_poblacio_n_mexicana.pdf (Accessed:
23 July 2023).

[66] Secretaría de Salud. ¿Cuánta fibra dietética se debe con-
sumir? 2024. Available at: https://www.gob.mx/salud
/articulos/cuanta-fibra-dietetica-se-debe-consumir#:~:
text=En%20M%C3%A9xico%2C%20los%20adultos%20c
onsumen,que%20es%20la%20fibra%20diet%C3%A9tica
(Accessed: 9 February 2024). (In Spanish)

[67] Koch W. Dietary Polyphenols-Important Non-Nutrients in the
Prevention of Chronic Noncommunicable Diseases. A System-
atic Review. Nutrients. 2019; 11: 1039.

[68] Koren O, Spor A, Felin J, Fåk F, Stombaugh J, Tremaroli V,
et al. Human oral, gut, and plaque microbiota in patients with
atherosclerosis. Proceedings of the National Academy of Sci-
ences of the United States of America. 2011; 108: 4592–4598.

[69] Witkowski M, Weeks TL, Hazen SL. Gut Microbiota and Car-
diovascular Disease. Circulation Research. 2020; 127: 553–570.

[70] Yang T, SantistebanMM,RodriguezV, Li E, Ahmari N, Carvajal
JM, et al. Gut dysbiosis is linked to hypertension. Hypertension
(Dallas, Tex.: 1979). 2015; 65: 1331–1340.

[71] Le Chatelier E, Nielsen T, Qin J, Prifti E, Hildebrand F, Falony
G, et al. Richness of human gut microbiome correlates with
metabolic markers. Nature. 2013; 500: 541–546.

[72] Hartley L, May MD, Loveman E, Colquitt JL, Rees K. Di-
etary fibre for the primary prevention of cardiovascular disease.
The Cochrane Database of Systematic Reviews. 2016; 2016:
CD011472.

[73] Streppel MT, Ocké MC, Boshuizen HC, Kok FJ, Kromhout D.
Dietary fiber intake in relation to coronary heart disease and all-
cause mortality over 40 y: the Zutphen Study. The American
Journal of Clinical Nutrition. 2008; 88: 1119–1125.

[74] David LA, Maurice CF, Carmody RN, Gootenberg DB, Button
JE, Wolfe BE, et al. Diet rapidly and reproducibly alters the hu-
man gut microbiome. Nature. 2014; 505: 559–563.

[75] Jardon KM, Canfora EE, Goossens GH, Blaak EE. Dietary
macronutrients and the gut microbiome: a precision nutrition ap-
proach to improve cardiometabolic health. Gut. 2022; 71: 1214–
1226.

[76] Donia MS, Cimermancic P, Schulze CJ, Wieland Brown LC,
Martin J, Mitreva M, et al. A systematic analysis of biosynthetic
gene clusters in the human microbiome reveals a common fam-
ily of antibiotics. Cell. 2014; 158: 1402–1414.

[77] Deehan EC, Yang C, Perez-MuñozME, Nguyen NK, Cheng CC,
Triador L, et al. PrecisionMicrobiomeModulationwith Discrete
Dietary Fiber Structures Directs Short-Chain Fatty Acid Produc-
tion. Cell Host & Microbe. 2020; 27: 389–404.e6.

[78] Alexander C, Swanson KS, Fahey GC, Garleb KA. Perspec-
tive: Physiologic Importance of Short-Chain Fatty Acids from

Nondigestible Carbohydrate Fermentation. Advances in Nutri-
tion (Bethesda, Md.). 2019; 10: 576–589.

[79] Whelton SP, Hyre AD, Pedersen B, Yi Y, Whelton PK, He J. Ef-
fect of dietary fiber intake on blood pressure: a meta-analysis of
randomized, controlled clinical trials. Journal of Hypertension.
2005; 23: 475–481.

[80] Pérez-Jiménez J, Díaz-Rubio ME, Saura-Calixto F. Non-
extractable polyphenols, a major dietary antioxidant: occur-
rence, metabolic fate and health effects. Nutrition Research Re-
views. 2013; 26: 118–129.

[81] Lee SY, Jung YO, Ryu JG, Oh HJ, Son HJ, Lee SH, et al.
Epigallocatechin-3-gallate ameliorates autoimmune arthritis by
reciprocal regulation of T helper-17 regulatory T cells and inhi-
bition of osteoclastogenesis by inhibiting STAT3 signaling. Jour-
nal of Leukocyte Biology. 2016; 100: 559–568.

[82] Nikfarjam BA, Adineh M, Hajiali F, Nassiri-Asl M. Treatment
with Rutin - A Therapeutic Strategy for Neutrophil-Mediated
Inflammatory and Autoimmune Diseases: - Anti-inflammatory
Effects of Rutin on Neutrophils. Journal of Pharmacopuncture.
2017; 20: 52–56.

[83] Mosele JI, Macià A,MotilvaMJ.Metabolic andMicrobial Mod-
ulation of the Large Intestine Ecosystem by Non-Absorbed Diet
Phenolic Compounds: A Review. Molecules (Basel, Switzer-
land). 2015; 20: 17429–17468.

[84] DahlWJ, Stewart ML. Position of the Academy of Nutrition and
Dietetics: Health Implications of Dietary Fiber. Journal of the
Academy of Nutrition and Dietetics. 2015; 115: 1861–1870.

[85] Mego M, Accarino A, Tzortzis G, Vulevic J, Gibson G,
Guarner F, et al. Colonic gas homeostasis: Mechanisms of
adaptation following HOST-G904 galactooligosaccharide use
in humans. Neurogastroenterology and Motility. 2017; 29:
10.1111/nmo.13080.

[86] López-Olmedo N, Carriquiry AL, Rodríguez-Ramírez S,
Ramírez-Silva I, Espinosa-Montero J, Hernández-Barrera L, et
al. Usual Intake of Added Sugars and Saturated Fats Is High
while Dietary Fiber Is Low in theMexican Population. The Jour-
nal of Nutrition. 2016; 146: 1856S–1865S.

[87] Clayton LH. Strategies for selecting effective patient nutrition
education materials. Nutrition in Clinical Practice: Official Pub-
lication of the American Society for Parenteral and Enteral Nu-
trition. 2010; 25: 436–442.

[88] Wu Y, Zhang D, Jiang X, JiangW. Fruit and vegetable consump-
tion and risk of type 2 diabetes mellitus: a dose-response meta-
analysis of prospective cohort studies. Nutrition, Metabolism,
and Cardiovascular Diseases: NMCD. 2015; 25: 140–147.

[89] Aune D, KeumN, Giovannucci E, Fadnes LT, Boffetta P, Green-
wood DC, et al. Whole grain consumption and risk of cardiovas-
cular disease, cancer, and all cause and cause specific mortality:
systematic review and dose-response meta-analysis of prospec-
tive studies. BMJ (Clinical Research Ed.). 2016; 353: i2716.

[90] LiM, FanY, ZhangX,HouW, TangZ. Fruit and vegetable intake
and risk of type 2 diabetesmellitus: meta-analysis of prospective
cohort studies. BMJ Open. 2014; 4: e005497.

[91] Schwingshackl L, Hoffmann G, Lampousi AM, Knüppel S,
Iqbal K, Schwedhelm C, et al. Food groups and risk of type
2 diabetes mellitus: a systematic review and meta-analysis of
prospective studies. European Journal of Epidemiology. 2017;
32: 363–375.

https://www.biolifesas.org/
https://www.dof.gob.mx/nota_detalle.php?codigo=5285372&fecha=22/01/2013#gsc.tab=0
https://www.dof.gob.mx/nota_detalle.php?codigo=5285372&fecha=22/01/2013#gsc.tab=0
https://ourworldindata.org/grapher/number-of-deaths-by-risk-factor
https://ourworldindata.org/grapher/number-of-deaths-by-risk-factor
https://movendi.ngo/wp-content/uploads/2023/05/Gui_as_Alimentarias_2023_para_la_poblacio_n_mexicana.pdf
https://movendi.ngo/wp-content/uploads/2023/05/Gui_as_Alimentarias_2023_para_la_poblacio_n_mexicana.pdf
https://www.gob.mx/salud/articulos/cuanta-fibra-dietetica-se-debe-consumir#:~:text=En%20M%C3%A9xico%2C%20los%20adultos%20consumen,que%20es%20la%20fibra%20diet%C3%A9tica
https://www.gob.mx/salud/articulos/cuanta-fibra-dietetica-se-debe-consumir#:~:text=En%20M%C3%A9xico%2C%20los%20adultos%20consumen,que%20es%20la%20fibra%20diet%C3%A9tica
https://www.gob.mx/salud/articulos/cuanta-fibra-dietetica-se-debe-consumir#:~:text=En%20M%C3%A9xico%2C%20los%20adultos%20consumen,que%20es%20la%20fibra%20diet%C3%A9tica
https://www.gob.mx/salud/articulos/cuanta-fibra-dietetica-se-debe-consumir#:~:text=En%20M%C3%A9xico%2C%20los%20adultos%20consumen,que%20es%20la%20fibra%20diet%C3%A9tica

	Introduction
	Material and Methods
	Results
	Definition and Characteristics of DF
	Fiber Assimilation and the Role of the Gut Microbiota
	The Role of DF Intake in the Development of Type 2 Diabetes, Cardiovascular Disease, and Obesity
	Mexican Fiber Pyramid Proposal as Educational Support

	Discussion 
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

