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Abstract

The great economic and social disparities, as well as
the climatic changes which have caused natural
disasters and migration in numerous parts of the
planet, have greatly contributed to the increase in
malnutrition around the world. Moreover, as if that
were not enough, the Declaration of Alma Ata to the
Millennium Declaration (in order to reduce poverty
and related pathologies such as malnutrition) have
not presented satisfactory results yet. Therefore, this
review will resume the scientific papers about
malnutrition. One of the most serious expression of

malnutrition is emaciation or Kwashiorkor, which
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affects the vulnerability of the individuals from
childhood, in most cases, until old age. The keyword
global malnutrition, will be linked to the use of
probiotics as a preventive way to reduce vulnerability
(in children) and frailty (frailty syndrome in the
elderly). In this type of patients, there are a
susceptibility to other pathologies, especially
contracting infections as a result of malnutrition. If an
adequate gut microbiota (ecological communities of
commensal, symbiotic and pathogenic
microorganisms found in the gastrointestinal tract)

has been established since childhood, the response to
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medical treatments and recovery in the elderly stage
would probably be better and therefore it would
reduce the possible complications and disabling side-
effects, of a timely manner. The risk of malnutrition
coupled with the frailty syndrome, with a history of a
poor microbiota during childhood, can make it
difficult for the patient to recover and even lead to
death. In contrast, the administration of probiotics
can make the intervention timelier and avoid severe
complications, even with a fatal outcome.

Keywords: Malnutrition;  Elderly;  Frailty;

Kwashiorkor; Microbiota; Probiotics

1. Introduction

According to the World Health Organization (WHO),
the United Nations General Assembly, in 2016,
declared the “United Nations Decade of Action on
Nutrition 2016-2025” (WHO, 2020), in which, the
doors are opened to join efforts against any form of
malnutrition, including malnutrition from childhood
to that of the elderly in both genders [1-3]. In this
review, we summarize the bibliography (made by
reviewing international databases) about world
malnutrition and probiotics use, which emphasizes
fragility and malnutrition during the elderly and their
prevention with probiotics from childhood. Forty-one
articles with the words "malnutrition in the world and
probiotics" were reviewed in the PubMed database.
Five articles were discarded because they were not
related to the topic. The search was supplemented,
reviewing 60 articles in total. Malnutrition in
childhood is briefly mentioned to explain why it
should be prevented at this stage, depending on the
intestinal microbiota, with a view to old age and the
importance of the indication of the use of probiotics

in a timely manner [1]. The great economic and
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social inequalities worldwide, as well as the climatic
changes that have caused disasters and migrations in
many places of the planet, have contributed to the
increase in malnutrition throughout the world. From
this perspective, this review will summarize
malnutrition, with a particular emphasis to
emaciation or Kwuashiorkor, the most serious
expression of malnutrition. In malnourished patients,
there is susceptibility to other diseases, especially to
contracting infections and developing other non-
infectious pathologies, derived from malnutrition, for
which the intestinal microbiota plays an important

role.

2. Epidemiology

2.1 Malnutrition in childhood

Malnutrition [4] is a situation in which there is an
imbalance of energy, macro and micronutrients that
affect the health of the individual, due to a poor
intake of them or a deficit in their absorption, causing
an inadequate energy metabolism. In addition, excess
consumption of nutrients causes obesity, which is the
other extreme of malnutrition, consequently
generating disease [4]. The United Nations Children's
Fund (UNICEF) [5], the World Health Organization
(WHO) [5] and the World Bank (WB) [5], in 2017,
reported: "155 million children under 5 years of age
who were stunted in 2016 and 52 million were
wasted, of which 17 million were severely wasted.
"However, in the 2020 edition [6], the reports have a
slight decrease in the previous figures, but now
increasing one more range, that of obesity. The quote
verbatim says [6]: "144 million children under 5 are
stunted, 47.0 million children under 5 are wasted, of
which 14.3 million are severely emaciated and 38.3
million are overweight "(UNICEF) [6]. In both
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children and the elderly, malnutrition [7] is
significantly related to low socioeconomic status [7].
Protein-caloric malnutrition, called Marasmus [8], is
clinically characterized by loss of muscle mass and
adipose tissue, with large-appearing eyes due to the
thinness of the muscle and adipose tissue. Patients are
listless, irritable, and their skin is flabby. In
malnutrition characterized as Kwashiorkor [8], in
addition to the loss of protein that is even more
important than the general loss of calories present in
marasmus, there is a state of hypoalbuminemia and
hemodilution, which generates edema and may
present anasarca. Several organs present atrophy,
hepatic steatosis (fatty liver) and oral fissures,
immunodeficiency and concomitant infections.
Chronic malnutrition causes a state of chronic
inflammation, alterations in neuronal maturity with
specific involvement of the cognitive area and

concomitant metabolic alterations [8].

Children under 5 years of age [9] suffer the worst and
most serious forms of severe malnutrition, which
includes malnutrition resulting from long-term
poverty [10], including maternal and child
malnutrition, due to poor hygiene conditions and
sanitation, a shortage of nutrients, as well as exposure
to infections and environmental aggressions.
Environmental malnutrition in children leads them to
a state of vulnerability, which can lead to death [9-
10].

It is well known that from the birth of the human
body, there is also bacterial colonization, which
strengthens the immune response and allows the
maturation of various organs and systems [11]. The
role of the microbiota through its metabolites, against

toxic agents through fermentation, constitutes an
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important defense for the host since childhood [11].
After birth, the intestinal microbiota acquires its more
or less fixed constitution [12], in the host, after 3
years of age, if it does not suffer any alteration due to
other causes [12]. This link between microorganisms
and the gut microbiota is relevant for the maturation
of many functions of their organs and systems [13],
as well as for the behavior and maturation of the
nervous system. Therefore, all these functions are
bioadaptive in co-participation with nature through
the intestinal microbiota, being reflected in old age
[13].

Malnutrition manifested since childhood [14], has
some determining factors to delay linear growth in
children with severe to moderate diarrhea. From very
early stages of life there is an opportunity to prevent
linear growth retardation [14], since malnutrition can
cause serious consequences such as the lack of
immune defenses against a pathogen that causes
diarrhea and that will probably trigger a delay in
growth [14]. In Bangladesh, Sanchez et al. [15],
publish domestic factors associated with the presence
of Campylobacter. They found that Campylobacter is
negatively associated with the growth of children
between 12 and 21 months of age, as well as with the
use of antibiotics and treated water [15]. According
to the United Nations Children's Fund (UNICEF)
[16] and the World Health Organization (WHO) [17],
there is a “decrease in the prevalence of stunting.” In
a study on the prevalence of stunting [18], it is
mentioned that it decreased from 39.7% in 1990 to
22.2% in 2017. However, Asian and sub-Saharan
African children presented [19], stunting in a third of
all children [16-19].
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The transformation of the planet has been seen with
climate change and subsequent infections with
various viruses [19, 20], HIV, Zicca, Ebola, etc. Also
infestations by parasites, or by bacilli such as
Tubercusosis [21], gastrointestinal infectious diseases
[22-25] and more recently the Coronavirus, Sars-Cov
2, Covid 19 [19-26].

In general, Reiten and Bremer [19], raise multiple
questions about malnutrition and decreased growth
and wonder why some individuals have it and others
do not, and about the role of inflammation, immunity

and the intestinal microbiome.

2.2 Malnutrition and frailty in older adults

It is known that malnutrition [27] is widespread
throughout the world, including elderly individuals,
since the population of the elderly over 65 years now
occupies 8.5% of the world population, but with the
eve of double in 2050 [27]. On the other hand, in the
elderly, malnutrition constitutes a great vulnerability,
over a deteriorated immune system. The "frailty" in
the elderly or Frailty Syndrome [28], is defined as a
state of low organic reserve of the individual in the
senile stage, due to aging, associated with the
decrease in the functions of multiple organs and
systems, therefore that the ability to respond to
aggressive factors, internal and external, is also
diminished [28]. Frailty denotes vulnerability
generated by multiple diseases, among them,
frequently as a basis, malnutrition and other
disabilities due to age [28]. Both situations,
malnutrition and frailty, cause a significant
deterioration of vital functions for one's own health
[29], susceptible to infection, which in most cases,

has a fatal outcome [29].
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An association of approximately 80% [30] has been
found between protein-energy malnutrition and
frailty in adults over 80 years of age. 15% of older
adults in the United States [31] present fragility or
vulnerability when falling ill, which in most cases
triggers disability. Globally, the range is 3.5% to 27%
[30, 31]. Malnutrition in the elderly [30, 32] occurs
15% in outpatients, 35%-65% in hospitalized
patients, 24%-74% in institutionalized frail elderly
[30, 32]. The prevalence differs in the different
countries of the European Union [33], for example, in
Spain it is 15.2%, but in Switzerland it is 37.7%, and
it is associated with other factors but is highly

variable between each country [33].

Furthermore, the “Frailty Syndrome” presents
alterations  in  cognition and  psychosocial
deterioration [34]. Vulnerability in the elderly causes
the loss of the functions of their organs and systems,
which at the time of infection [35], are more
susceptible to infection and have a higher risk of
dying. However, the intervention of an adequate
microbiota is correlated with a better immune
response to influenza vaccination [34, 35]. It is
important to know the main causes of vulnerability or
"frailty" in older people, to control them and, if
possible, prevent them [36]: "i) neurological control
ii) mechanical performance iii) energy metabolism"
[36].

Considering this situation and the global increase in
malnutrition problems, as well as a much larger
demographic explosion [36, 37], it is estimated that
by the year 2050, the world population of adults over
60 years of age will increase from 900 million to
2000 million, that is, it will be 22% of the world's

population. We must consider in the future what our
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position should be regarding the prevention of these 3
factors that surround frailty due to malnutrition in old
age [36, 37]. If we analyze these concepts in depth,
from the neurological point of view, we know that
there are diseases of the elderly, such as
neurodegenerative diseases [38, 39], among them,
Alzheimer's disease (AD) or Parkinson's disease
(PD), which have a preclinical antecedent in the
conformation of the intestinal microbiota, several
years before manifesting in senescence. Up to 20 to
30 years before the onset of the clinical

manifestations of neurodegeneration [38-40].

On the other hand, we have updated knowledge on
the salutogenic effects of some bacteria of the
intestinal microbiota [41], and of certain prevalent
pathogens in it, which block normal physiological
and metabolic pathways in the processing of some
metabolites, giving rise to pathways erratic in protein
formation and therefore in a defective accumulation
of amyloid protein in specific areas of the brain,
specifically in neurodegenerative diseases, such as
Alzheimer's disease (AD), Parkinson's disease (PD),
multiple sclerosis (MS), amniotrophic lateral
sclerosis (ALS), which certainly involve serious
motor disability problems, almost in all of them. In
AD and PD [41], cognitive, sensory and non-sensory
disabilities such as gastroparesis also occur.
(Friedland and Chapman) [41].

There are 5 characteristic elements [42-44] of frailty
in the elderly: i) weakness, slowness, exhaustion, low
activity and weight loss; ii) fragility in mechanical
performance, as a consequence of malnutrition and
the series of concomitant degenerative pathologies
during senescence, exacerbated in neurodegenerative

problems; iii) the energy metabolism of the elderly is
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vulnerable, since both in malnutrition and in
senescence, there are significant alterations in it, most
of the time creating a state of inflammation [42],
secondary to malnutrition and deterioration of the
immunity, as well as atrophy. They also have a
decrease in bone quality, secondary to osteoporosis
[45], frequent at that age, so the fear of suffering
repetitive falls causes fear to move, to avoid
consequences and this in turn causes another series of

complications [42-45].

2.3 Microbiota and intestinal inflammation

The human body [46] is the host of millions of
microorganisms, among which are bacteria, viruses,
fungi, archaea and protozoa, which constitute
important ecological groups, where approximately
10" to 10 number of bacteria reside, of which
approximately 1000 species, constitute the intestinal
microbiota. Said microbiota generally remains stable;
however, internal and external changes to the body,
often secondary to a catastrophe such as malnutrition
[46], or infectious processes, can lead to significant
dysbiosis that in turn generate other types of
pathologies [46]. Approximately [47], up to 30% of
the energy from indigestible proteins and
carbohydrates, upon reaching the colon, can be
digested by anaerobic bacteria, due to the action of
the enzymes that they release, so they can be
metabolized and absorbed. In the state of
malnutrition, where nutrient intake is low [47], are
released, especially proteins, cytokines, tumor
necrosis factor (TNF), IL-1 and IL-6. During stress
[47], adipose tissue recruits immune cells, creating an
inflammatory process that generates metabolic

alterations [47].
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Protein malnutrition generates [48]: hypoproteinemia,
hypoalbuminemia, hypoglycemia, growth retardation
and generalized edema. Furthermore, not only protein
deficiency causes Kwuashiorkor, but also dysbiosis
of the intestinal microbiota, which causes alterations
in the lining of the intestinal epithelium [48]. By
impairing immunity, the malnourished patient is
easily infected, leading to acute inflammation, for
example, persistent or rotavirus infections,
salmonellosis, or parasitic infections, such as
amebiasis, which in turn cause intestinal

malabsorption [48].

2.4 Microbiota and childhood and its impact on
senescence

Gopalakrishna [49], states that at birth, depending on
the route of delivery (vaginal or cesarean section),
Bacteroides and Lactobacillus, (vaginal) or
Enterobacteriaceae, Enterococcacea (cesarean
section) may prevail. Bacteroides and Firmicutes are
part of the usual colonization of children 3 years and
older, being necessary for the production of short
chain fatty acids (SCFA). However, the microbiota
can be modified by the type of diet, by the
administration of antibiotics and multiple external
factors of the environment [49]. The colonization of
the intestine by the intestinal microbiota [50]
establishes a communication in time with the immune
system, which allows in other stages of life, such as
senescence, a better defense against external factors
that cause the disease, previously mentioned [50].
During senescence [50], immunity is influenced by
T-cells, which recognize exogenous antigens such as
lipopolysaccharides generated by Gram negative
bacteria; IgE immunoglobulins produced by B cells,
regulatory T cells, and TLR signaling [50].

Neurodegenerative diseases, to a large extent, have
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their origin precisely in the alterations of the

intestinal microbiota during childhood [41].

2.5 Prevention

With the aforementioned, we can ask ourselves how
to prevent dysfunctions secondary to malnutrition in
childhood and the dysfunctions of old age, with
adequate nutritional support during the first years of
life. However, given the lack of it and with it the
implantation of dysbiosis, the use of probiotics would
facilitate the establishment of an adequate intestinal
microbiota, in order to improve the type of
microorganisms that can establish  survival
mechanisms in emerging situations such as
malnutrition. It is a fact that there are great
deficiencies in the world that have caused alarming
numbers of malnutrition in childhood, the problem is
that not everyone has the opportunity to regain their
health with food and appropriate treatments to
improve their functions. Therefore, given the
deficiency and the significant damage caused by
malnutrition, the administration of probiotics would
greatly facilitate a timelier restoration of the intestinal
microbiota and therefore the prevention of
consequences and complications derived from the

same situation, upon reaching the third Age.

Even the application of oral vaccine [51], may be less
effective in inducing immunogenesis than the proper
intestinal microbiota [51]. The intestinal microbiota
administered through probiotics [52, 53], is capable
of positively modulating the organic functions of the
host and modulate its influence on health and disease
[52, 53]. Bacteria with salutogenic effects [54],
administered through probiotics, would prevail and
benefit the host, preventing or reducing problems
health problems that occur in old age, as a
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consequence of the persistence of an altered intestinal
microbiota, of little benefit, installed in the host since
childhood [54]. Likewise, the prevalence of
pathogenic microorganisms would be transformed,
by microorganisms with beneficial effects, within the
intestine. This is very important, since once
malnutrition is installed, its integral recovery only
with diet, would be much more difficult and it would
take longer to recover, therefore it would not be
effective to recover the decrease in muscle strength
and all the Physiological processes to maintain health
in balance [54]. This fact would justify the study and
administration of probiotics, from infancy to old age,
especially in the presence of malnutrition and Frailty

Syndrome.

Among the strategies, on interventions to treat frailty
syndrome [55], we can find those referring to the care
of "frailty" in the elderly, which manifest in such a
way that they can be fatal. However, in none of them,
the prevention or reduction of the severity of
neurodegeneration is mentioned, improving the
intestinal microbiota. The use of probiotics is not the
only prevention tool to improve the quality of life in
adulthood, since there are more tools such as exercise
[55], which is another important prevention factor.
However, the use of probiotics is one of the most

studied and easiest to administer strategies [55].

2.6 Gut dysbiosis-related diseases

Some diseases linked to dyshiosis [56] include
several pathologies associated with old age, such as
chronic autoimmune and inflammatory diseases,
diabetes mellitus and cancer [56]. Some bacteria are
able to produce bacteriocins (eg. Lactobacillus
salivarius), which neutralize the action of pathogen

microorganisms such as Listeria monocytogenes [57],
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with the use of antibiotics, during old age. On the
other hand, bacteria such as Enterococcus faecium
and Kebsiella create resistance [57], which is why
they are immune to antibiotics, colonizing the
intestinal lumen in patients with fragility. This
pathogenic colonization, hematogenously invades
other organs, causing sepsis and, on some occasions,

leads to multiple organ failure and death [57].

2.7 Microbiome metabolites in the host

It is said that [58, 59], that approximately 10 million
genes make up the gut microbiome. The way in
which the intestinal microbiome protects the host is
through its different metabolites [58-60], which have
effects on it, modifying bile salts, preventing the
erosion of the gastrointestinal epithelial barrier, also
preventing damage to the DNA. The prevalence of
pathogenic microorganisms acts in the opposite
direction to the aforementioned forms of prevention.
There are many more mechanisms of pathogenic
action, in the absence of beneficial microorganisms,
that counteract the pathogenic effects, however it will

be analyzed in another context [58-60].

3. Discussion

Many questions remain to be resolved, especially in
the host's response to the same gut microbiota, which
should be strengthened with further studies. There
has really been no preventive planning in the
administration of probiotics in the elderly, despite the
growing increase in this population, neither at the
institutional level, nor in the general population, since
there has been none since childhood, only in some

institutions.
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4. Conclusion

Malnutrition is increasing in the world. It is
characterized by a state of vulnerability in childhood
and in the elderly, it generates fragility or frailty
syndrome to which many other diseases are added.
Malnutrition in adults is closely related to the
microbiota established during childhood. Therefore,
it is much more efficient and effective to maintain an
adequate microbiota from the first stages of life, in
order to recover the damage caused by malnutrition
in a timely manner, preventing morbidity and
mortality at this stage of life. The older adult
represents our living history, not the end of its
history. As we know and understand more, the total
importance of the individual throughout its life cycle,
both human and microorganisms, we will understand
more about the bioadaptive bond of life. Respect for
nature, the environment, the human being and

knowledge are essential to achieve a better evolution.
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