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Effects of dietary fiber intake on inflammation in chronic

diseases
Efeitos da ingestao de fibras sobre a inflamacéo nas doencas cronicas
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ABSTRACT

Chronic diseases such as obesity, type-2 diabetes, metabolic
syndrome and cardiovascular diseases are associated with
inflammation due the increase of TNF-c, IL-6 and C-reactive protein
concentrations. Occidental life style, specially related to the changes
in food habits as observed in the past years, have an important role
in the development of these diseases. Among the life style changes
identified as having an impact in the development of diseases, is the
decrease in dietary fiber consumption. Some studies have shown
the negative relationship between fiber ingestion and inflammatory
markers in chronic diseases. Dietary fibers have an important and a
well-known role in different physiologic functions such as intestinal
peristalsis, weight reduction by acting on satiety mechanisms,
preventing colon cancer, reducing cholesterol and post-prandial
glycaemia.
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RESUMO

Doencas cronicas como obesidade, diabetes, sindrome metabélica
e doengas cardiovasculares tém sido associadas a processos
inflamatérios, pois se tem observado aumento nas concentragdes
de alguns marcadores inflamatérios, como TNF-o, IL-6 e proteina
C-reativa nessas condicdes. O estilo de vida ocidental, especialmente
no que diz respeito @ mudanga nos hébitos alimentares observada
nos Gltimos anos, tem papel importante no desenvolvimento dessas
doencas. Entre as alteragdes de hébitos alimentares identificados
como impactantes para o desenvolvimento de doencas cronicas,
estd a reducao no consumo de fibras alimentares. Alguns estudos
tém mostrado relagao negativa entre ingestao de fibras alimentares e
marcadores inflamatérios associados as doengas cronicas. As fibras
alimentares tém papel importante nas diversas fungdes fisioldgicas

jd conhecidas como: peristaltismo intestinal, emagrecimento,
influenciando os mecanismos de saciedade, preventivo no cancer de
cdlon, coadjuvante para o controle de colesterol e redugéo glicemia
pos-prandial.

Descritores: Fibra alimentar; Inflamacéo; Marcadores bioquimicos;
Obesidade; Diabetes Mellitus; Doencas metabdlicas

INTRODUCTION

We already know some benefits of dietary fibers to
human health. The regular intake of fibers in food plays
important roles in the body in bowel function, increasing
the fecal bolus and reducing transit time along the
bowel®; it helps reducing the plasma LDL-cholesterol
by increasing the fecal excretion of cholesterol and
biliary acids®; it reduces post-prandial glucose levels
of healthy individuals, diabetics and those with insulin
resistance®; it reduces the risk of developing some
types of cancer™; it brings about satiety®; helps to loose
weight®); and has an immunomodulating effect®.

It seems that the ingestion of fibers also brings
benefits in inflammatory processes’ that have been
associated with chronic disorders such as the metabolic
syndrome (MS), obesity, type 2 diabetes mellitus (DM2),
cancer and cardiovascular diseases (CVD)!*!D). These
disorders are strongly associated with the Western
world lifestyle and related to increased ingestion of
processed (refined) foods, larger amount of fat» and
reduced intake of fibers’®. An association between
ingestion of fibers and its role in chronic diseases, in
which inflammation is present, was suggested by some
authors(419,
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Thus, this paper presents the association between
dietary fibers and inflammatory process markers (IM),
and their possible mechanism of action.

Chronic diseases and inflammation

The immune and metabolic systems are closely related
and act in an interdependent fashion. Many hormones,
cytokines, signaling proteins, transcription factors and
bioactive lipids are capable of activating both systems, in
such a way that fat tissue starts secreting pro-inflammatory
substances, which before were associated solely with
the immune system, such as interleukin 6 (IL-6), tumor
necrosis factor alpha (TNF-a)'%, C-reactive protein (CRP)
and plasma plasminogen activator inhibitor (PAI1)(9.

The inflammatory processes are strongly associated
with excessive fat tissue, and such relation is explained
by interaction among the systems. The pro-inflammatory
activity of fat tissue represents a potential risk towards
the development of other chronic diseases and their
complications17,

Metabolic Syndrome

Metabolic syndrome (MS) is defined when there
are numerous metabolic abnormalities happening
concurrently to one individual who present at least three
of the following conditions: insulin resistance, abdominal
obesity, hypertension or dyslipidemia>#1?), The NCEP-
ATPII (National Cholesterol Education Program
— Adult Treatment Panel III) also includes, as MS
components: the pro-inflammatory status (characterized
by an increase in C-reactive protein) and a prothrombotic
status (because of increased PAI1 and fibrinogen)".

Globally, the number of individuals with MS is
on the rise, and such progressive growth is associated
with a higher incidence of obesity and DM2 on the
population®®,

Interestingly, some studies showed the relation of
inflammatory process characteristic factors and MS,
reporting that the more syndrome factors present,
the greater the levels of inflammatory cytokines.
Inflammatory markers (IM) have also been associated
with an increased mortality risk, besides that of CVD
in MS@,

Obesity

Obesity and its consequences are growing problems all
over the world leading to great loss to health of human
beings?.

There is a strong correlation between increased in
body weight — either overweight or obesity, increased fat
tissue and activation of inflammatory mechanismsV.
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The fat tissue of obese individuals has adipocytes and
macrophages which interact simultaneously (Figure 1),
where one starts to perform the protein synthesis of
another; in other words, adipocytes start to produce
pro-inflammatory proteins (such as TNF-o and IL-6),
while macrophages start to produce lipid metabolism
proteins, such as FABPs (fat acid binding protein) and
PPARy (peroxisome proliferator-activated receptor
gamma)(D,

TNF-a IL-6

Macrophage
PPARy FABPs

FABPs: Fat Acid Binding Protein; PPARy: Peroxisome Proliferator-activated Receptor gamma.
Source: Wellen e Hotamisligil"".

Figure 1. Co-localization of adipocytes and macrophages in fat tissue:
macrophages start synthesizing proteins that are characteristic of adipocytes,
which, in turn, synthesize inflammatory cytokines and establish the inflammatory
process.

A frequently present harmful consequence of this
integration between lipid metabolism proteins and
immune system proteins is alteration in insulin activity,
which represents an additional risk to the development
of DM2U617,

Diabetes Mellitus

Obesity and the characteristic factors of MS are closely
associated with the higher risk of developing DM2(%).

Within the inflammatory process, insulin activity
is impaired by inflammatory cytokines, which seem to
play a fundamental role in this disorder™, and such
conditions seems to be key to activate mechanisms
associated with the development of DM2 in the
individuals with hereditary predisposition, first by
triggering insulin resistance and then the impairment
to its secretion. Real and Pickup suggested that
concerning DM2 etiology, the innate immune system is
activated as a survival response which enables the body
to recover from injuries, and when such response is not
proportional to the injury, the disease appears©.

Hotamisligiland Wellenputforwardthatendoplasmic
reticulum stress generated from inflammatory cytokines
— which impairs insulin action, is the basis for DM2
development).

Even with no detailed knowledge about the
consequences of DM2 and their association with
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inflammation, it is possible to infer that DM2 etiology is
directly or indirectly associated with the inflammatory
process.

Heart diseases

Among chronic diseases, cardiovascular diseases
(CVD) represent the major cause of death worldwide.
Heart-related diseases are associated with inflammatory
processes, especially because of the effect of low density
lipoproteins, mainly LDL-cholesterol, that induce
inflammation on the endothelium of arteries, resulting
in atherosclerotic complications®?.

The IM are largely used to predict the risks of
developing heart diseases. CRP (C-reactive protein)
is a known inflammatory marker used to predict the
incidence of CVD@). IL-6 is strongly associated with
CVD, andits highlevels can point out a future myocardial
infarction in healthy individuals®; and leukocyte count
is very often used because, when elevated, they can be
associated with CVD®,

Obesity is one of the main contributors to CVD,
predisposing patients to all sorts of coronary vascular
abnormalities: hypercholesterolemia, atherosclerosis,
platelet dysfunction, coagulation disorders, insulin
resistance, MS and DM2, which are associated with
inflammatory processes®). Thus, we notice this close
relation between MS, obesity, DM2 and CVD factors,
including the relation between these disorders and
inflammatory processes, showing their relevant role in
the etiology of these disorders.

Dietary fibers versus inflammation in chronic disorders

As part of the review and development of the DRIs
(Dietary Reference Intake), in 2002, the Institute of
Medicine (IOM) proposed the following redefinition:
dietary fibers are the edible, indigestible part of
carbohydrate and lignin that are intrinsic and intact in
the plant. Foods with dietary fibers include: green and
yellow vegetables, fruits and whole grains. Functional
fibers are those which bring about benefits similar to
those from dietary fibers; however, they are isolates or
extracts from natural or synthetic sources. The functional
fibers include pectin extracted from citric fruits, pulp
extracted from trees and other types of isolate fibers. This
definition of functional fibers intends to exclude products
that are similar to fibers but do not provide benefits to
health (defined as having laxative properties, mitigating
hypercholesterolemia and hyperglycemia). Total fiber is
the sum of the food dietary and functional fibers®@¢2),

Some studies pointed to the beneficial relation
between ingestion of dietary fibers and inflammatory
processes.
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Epidemiological studies

Ma et al. assessed the relation between fiber ingestion and
IM in postmenopausal women in the Women’s Health
Initiative Observational Study. The population of women
with higher ingestion of fibers (24.7 g/day) as compared
to those with lower ingestion (7.7 g/day) had lower plasma
IL-6 and TNF-a-R2 (receptor 2 of the TNF-a) levels. There
was no association between fibers and CRP®.

Ajaniet al. also observed a lower CRP concentration
in individuals from the National Health and Nutrition
Examination Survey (NHANES) study (data collected
between 1999 and 2002) who ingested higher amounts
of fiber daily (32 g), when compared to individuals of
lower fiber ingestion (5.1 g)©.

Likewise, assessing the fiber ingestion of 5,496
individuals from different ethnical groups, it was noticed
that those who ingested more fibers (1.39 g/serving of food)
when compared to those with the least ingestion of fibers
(0.02 g/serving) were favored with lower CRP values,
although this relation was not noticed for IL-6. The
mechanisms through which the ingestion of fibers would
reduce CRP concentrations are still unclear; however, many
possibilities are being considered, as the fiber action of
delaying glucose absorption and the cytokine modulation
mitigating hyperglycemia, acting upon the oxidative stress,
favoring intestinal flora response and producing anti-
inflammatory cytokines®®.

Qiectal. analyzedthe ingestion of fibers and inflammation
markers on diabetic women of the Nurse’s Health Study
and concluded that those consuming more fibers had
lower values of IM (CRP and TNF-a-R2)*. Fiber-rich
food, more specifically whole grain, are food types with
many bioactive components, such as minerals, vitamins,
phytoestrogen, phytoesterol, phenolic compounds and
antioxidants, and these can be responsible for its protective
effect. The synergic activity of these components present on
the cell wall of whole grains provides such effect, reducing
the risks of diabetes and heart disease®?.

Jensen et al. did not find statistically significant
associations between the ingestion of 43.8 g/day of
fiber (compared to 8.2 g/day) and IM, except for the
lower values of homocysteine among 938 healthcare
professionals analyzed in the study. The authors made
numerous observations concerning these results, stating
that many factors may have an impact on the study
result, such as group homogeneity, better conditions of
the subjects assessed to acquire fiber-rich food, the fact
that they were healthcare professionals, statistical errors
in the measures of randomization, only one measure of
biomarkers analyzed, and the inflammation biomarkers
are susceptible to variation at short term®©®.

Jacobs Jr et al. analyzed the data from 27,312 women
from the Iowa Women’s Health Study and observed



an inverse association between inflammatory diseases
(neither cancer nor cardiovascular diseases), infection
and oxidative stress versus the ingestion of 19 servings
of fiber per day (compared to 3.5 servings/day)©b.
Oxidative stress was associated to an early development
of atherosclerosis"> and, more recently, to post-prandial
glucose fluctuations, resulting in chronic hyperglycemia
in diabetic patients®?. The antioxidants present in whole
grains may contribute to the oxidative processes found
in these conditions.

In general, the population studies described above
point to an epidemiological association between the
high ingestion of fibers (obtained by means of food
questionnaires) and a better IM profile. We still have to
find out whether or not behind this association there is a
causal association with fibers, which can only be answered
by means of experimental and clinical studies.

In vitro and clinical studies

Salman et al. incubated mononuclear blood cells from
donors of a blood bank, with and without citrus pectin —
a soluble citric fruit fiber — in order to assess the impact
of such fiber on IM (TNF-a, IL1-B, IL-6) and anti-
inflammatory markers (IL1-a and IL-10) stimulated by
a lipopolysaccharide. Inflammatory process inhibition
was found, since there was a stimulus to produce anti-
inflammatory cytokines and inhibit the pro-inflammatory
activity cytokine, IL1-B™. Although the study did not show
alterations concerning TNF-a and IL-6, another perspective
of the fiber action can be observed, that is, stimulating the
production of anti-inflammatory cytokines.

King et al. evaluated the effects of a fiber-
rich diet (30 g/day, DASH diet) in comparison
to the supplementation by psyllium (30 g/day) on
the CRP concentrations in eutrophic individuals.
There was a CRP reduction in both interventions,
compared to baseline and, as far as the DASH diet is
concerned, the reduction was by 14% and for psyllium
supplementation, it was by 18% . Another study with
psyllium supplementation (7 or 14 g/day) assessed IM
(CRP, IL-6, white cells and fibrinogen) from overweight
individuals and did not report alterations in any of the
markers!¥. Between the two types of studies, there is
a difference in the quantity supplemented of the same
type of fiber. Although there are many other factors
that could have influenced this result, one can infer
that there is a minimum required for an effective
psyllium supplementation over IM.

Prevention and improvement of inflammatory
processes associated with chronic diseases happen
as a consequence of factors associated with weight
control, practice of physical exercises®?, a balanced
diet with macronutrients®¥, reduction in the ingestion
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of saturated fat and trans fat®), appropriate ingestion
of fruits and vegetables®®, reduction in the ingestion of
possessed and industrialized food and increase in fiber-
rich foods®”.

Considering the strong relation between
inflammation and chronic diseases, one can infer that,
for instance, an improvement in the patient’s lipid
panel will inhibit CVD development, or loosing weight
will very likely increase insulin sensitivity and will help
maintain proper blood pressure and also a better lipid
profile(®. By the same token, inflammatory processes
are associated with chronic disorders and must reduce
as a response to all globally favorable intervention. The
same rationale can be applied to food interventions
which favor metabolic improvements.

Few studies identified the causal relation between
ingestion or supplementation of fiberswith IM reduction.
So far, the literature just provides an epidemiological
association indicating a strong likelihood of these fibers
acting on the metabolic profile of the individuals. Many
studies are being done in order to clarify this association,
given its importance and the topical issue.

Even if we find a causal relation between fibers
and IM, we stress that it is necessary to consider the
individual tolerance in clinical practice as to the
gastrointestinal effects for greater amounts of fiber, and
that excessive amounts may also interfere in absorption
of other nutrients®®. In this context, it is important
to consider the recommended dietary allowances of
nutrients, proposed by research organizations in order
to assure balance in such ingestion:

Carbohydrates: 45 to 65% of the total energy value
Proteins: 46 g/day for women and 56 g/day for men
Total fat: 20 to 35% of the total energy value
Polyunsaturated fat: w-6 from 5 to 10% and w-3 from 0.6
to 1.2% of the total energy value

Total fibers: 25 g/day for women and 38 g/day for men
between 19-50 years

Source: Dietary Recommended Intakes, Institute of Medicine®”

The literature does not generally advocate that
supplementation is better than natural fiber-rich food,
because the adequate ingestion of fruits, green and yellow
vegetables and food rich in whole grains are summed up
in a balanced and healthier ingestion of dietary fibers,
which provides the ideal quantities of this nutrient in
order to maintain proper metabolic activities.
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