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Nutrition in preschoolers with emphasis on prebiotics: A review.
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Abstract

Child under-nutrition increases the risk of childhood mortality and poor cognitive development and
over-nutrition is associated with increased risk of various non-communicable diseases. Despite
substantial economic growth in India over most recent decades, chronic malnutrition (stunting) in
children less than five years of age (preschoolers) remains alarmingly high, with 35.5% of children
stunted in the country. The triple burden of malnutrition continues to be a significant public health
challenge in most countries. While food supplementation with essential nutrients can help mitigate the
micronutrient deficiencies in preschoolers, inefficient nutrient absorption in the gut can in turn
contribute to micronutrient deficiencies. Prebiotic is defined as a substrate that is selectively utilized
by host microorganisms conferring a health benefit. With availability of advanced knowledge
regarding the gut microbiota, it is now proven that prebiotics help in nutrient absorption.
Additionally, prebiotics also help in developing a strong immune system. The strategy of food
supplementation with micronutrients and prebiotics is thus beneficial in reducing micronutrient
deficiencies in preschoolers. It is seen that in India, milk remains major part of diet in preschoolers;
while milk alone is not nutrient-rich, studies have now shown that supplementing milk with other
specific nutrients like calcium and zinc can support growth. Studies have now shown that
supplementing micronutrients like iron, zinc and calcium may support growth and development in
preschoolers.
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These concerns affect the child in several ways. Poor
nutritional intake and poor appetite is the prime reason for
these children to be underweight. It can also be due to food
deprivation. Another important concern of under-nutrition,
especially in developing countries, is malnutrition which
conjures up a picture of a grossly underweight or wasted child.

Introduction

Good nutrition is pivotal to a child’s physical growth and
cognitive development. In children, especially preschoolers
(3-6 years of age), growth in height and weight is steady, with a
similar amount of growth each year until the next major growth
spurt in early adolescence [1]. On the other hand, different
organs grow at different rates while the brain exhibits dramatic
biological development and roughly quadruples in weight
before the age of six [2], when it has acquired approximately
90% of its adult volume [3-6]. Thus, nutrition becomes the
cornerstone of the healthy growth and development of
preschoolers.

Malnutrition refers to deficiencies, excesses, or imbalances in a
person’s intake of energy and/or nutrients. The term
malnutrition includes under-nutrition, micronutrient-related
malnutrition and overweight/obesity. Under-nutrition includes
wasting (low weight-for-height), stunting (low height-for-age)
and underweight (low weight-for-age). Micronutrient-related
malnutrition includes micronutrient deficiencies (a lack of

Some of the common concerns seen in preschool children in important vitamins and minerals) or micronutrient excess.

India include delayed growth, underweight and overweight;
feeding delays, oral-motor problems, medication/nutrient
interactions, gut health concerns (constipation and diarrhea),
altered energy and nutrients needs (inborn errors of
metabolism), various infections, poor or excessive appetite and
specialized diets like vegan diets that deprive the child of right
amounts of nutrition.
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Overweight conditions include obesity and diet-related non-
communicable diseases (such as heart disease, stroke, diabetes
and some cancers) [7].

UNICEF in its report of 2006 mentioned the causes of
childhood malnutrition as insufficient diet, frequent infections,
poor breastfeeding practices, delayed introduction of
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complementary foods and inadequate protein in the diet. Such
a child is markedly underweight for his/her age, as well as for
his/her height. Long-term malnutrition leads to impaired
growth in children often seen as stunting. It is estimated that
stunting affects >30% of children aged <5 years in low- and
middle-income countries [8]. In India alone, 35.5% of
preschool children are stunted [9]. Further, state-level estimates
depict a substantially higher burden among poor children from
states like Uttar Pradesh, Bihar, Haryana, Jharkhand, and
Madhya Pradesh. Morbidity and mortality are highest among
those most severely malnourished [10].

Another result of malnutrition is obesity, where a child
consumes more calories than required and often from poor
sources i.e. foods which are not nutrient dense. Childhood
obesity is increasing at an alarming pace in India. The
percentage of overweight children under five years of age has
increased from 2.1% in 2015 to 3.4% in 2021 [9]. Obesity
adversely impacts the child’s physical health, social, and
emotional well-being, academic performance, and self-esteem.
Furthermore, it also gives rise to adult diseases in youth, like
high blood pressure, Type 2 Diabetes Mellitus (T2DM) and
heart disease [11]. Moreover, high sugar foods coupled with
poor oral hygiene are most likely to lead to dental caries in
children [12].

Micronutrient deficiency (also known as “hidden hunger” and
hereafter denoted as “MiND”) occurs when the intake or
absorption of essential vitamins and minerals falls below levels
necessary for growth and development in children [13].
Micronutrient malnutrition, commonly called “hidden hunger”
because it is less obvious than regular hunger. Since it is harder
to identify visually, hidden hunger gets far less attention than it
warrants. Hidden hunger is particularly detrimental to young
children [14,15].

Micronutrients are required in small quantities and are
responsible for vital functions in the human body. Nutritional
deficiencies in one or more nutrients in the body during these
crucial years of development not just impedes a child’s
nutrition and development in the short term, but also negatively
affects the cognitive abilities and results in poor weight gain
along with a deceleration of linear growth (growth faltering).
This results in stunting, which is an important indicator of
linear growth retardation, and results in reduced educational
attainment, reduced adult economic productivity, and increased
risk for non-communicable illnesses (like diabetes) in
adulthood [16,17]. Major causes of micronutrient deficiencies
range from inadequate micronutrient consumption mostly
owing to a lack of dietary diversity to poor nutrient absorption.
This review focusses on burden of micronutrient deficiencies
amongst preschoolers in India, and how food supplementation
with prebiotics and essential nutrients can help combat these
micronutrient deficiencies in preschoolers.

Early-life gut microbial composition

Recent advances in genomic sequencing technologies have
resulted in a great appreciation for the gut microbiome and its
role in physiological processes that affect health. The
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gastrointestinal tract mediates digestion and absorption of
dietary constituents, facilitates communication with peripheral
tissues via various signaling molecules produced by the gut
bacteria [18]. Prebiotics play an important role in improving
the nutrient absorption in the gastrointestinal tract and thereby
exert a health-promoting effect.

The infant’s gut undergoes important developmental stages that
are entirely dependent on the colonization, with microorganisms,
beginning at birth. In a matter of days, however, the intestinal
lumen turns anaerobic, allowing for strict anaerobes, such as
Bifidobacterium, Clostridium, and Bacteroides to colonize. By
2-3 years of age, the microbiota composition consists mainly
of Bacteroidaceae, Lachnospiraceae, and Ruminococcaceae,
which then remains stable into adulthood. Diet driven
alteration of the intestinal microbiota can feed back into host
metabolism and immunity, with differing consequences
depending on the composition and metabolic potential of the
colonizing microbes. In both malnutrition and obesity, the
interrelationship between the microbiota, metabolism, and
immunity plays an important role in determining outcomes of
severity of diseases. The microbiota in children under 3 years
of age fluctuates substantially and is more impressionable to
environmental factors than the adult microbiota [19].

The first 4 years of life are a critical window where long-term
developmental patterns of Body Mass Index (BMI) are
established and a critical period for microbiota maturation. A
study in Canadian children showed that infants in the rapid
growth trajectory were less likely to have been breastfed and
gained less microbiota diversity in the first year of life [20].

Prevalence of micronutrient deficiencies amongst
preschoolers in India

Critical nutrients required by preschoolers, include protein,
long chain polyunsaturated fats, iron, copper, zinc, choline and
vitamins, with protein, iron and zinc being common to all
development stages [21,22]. India has the highest prevalence of
clinical and subclinical vitamin A deficiency among South
Asian countries; 62% of preschool children were reported to be
deficient in vitamin A. About 57% of preschoolers and their
mothers have subclinical Vitamin A deficiency. Anemia is a
major public health problem in India as well as globally
affecting nearly a third of the global population. Recent survey
data suggests that in India, 41% of preschoolers have anemia
and 32% of preschoolers have iron deficiency. Furthermore,
among preschoolers, 22% have mild anemia, 18% have
moderate anemia and 1% have severe anemia. Additionally,
21% of preschoolers were both anaemic and iron deficient,
11% were iron deficient but not anaemic, and 18% were
anaemic but not iron deficient [23].

Another common micronutrient deficiency is iodine
deficiency; according to World Health Organization estimates,
goiter rates among school-age children exceed 5% in 130
countries, putting 2,225,000 people at risk [24]. Approximately
6.6 million children are born mentally impaired every year in
India, which reduces intellectual capacity by 15% across India
due to iodine deficiency; 200,000 babies are born every year
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with neural tube defects due to folic acid deficiency [25].
Nearly 23% of preschoolers in India are found to have a folate
deficiency. Zinc deficiency is characterized by growth
retardation, loss of appetite, and impaired immune function.is
estimated to be responsible for about 800,000 deaths annually
from diarrhea, pneumonia, and malaria in children less than 5
years of age [26]. In India, zinc deficiency in preschoolers is
found to be 19%. Among children aged 14 years, zinc
deficiency is more common in rural areas (20%) vs. urban
areas (16%) and in the poorest households (24%) vs. the richest
households (16%).

Consequences of micronutrient deficiencies

There is now increasing evidence suggesting the role of early
malnutrition in increasing the risk of numerous chronic
diseases in adulthood [27]. In India, 69% of preschoolers are
reported to have a fever or acute respiratory infections [9].
Respiratory, mostly upper respiratory infections, and
gastrointestinal illnesses were reported to be the most common
childhood diseases attributed to malnutrition in children living
in semi-urban slums of a southern Indian city [28]. Primary
vitamin A deficiency could be attributed to prolonged
deprivation of vitamin A-rich foods and is further depleted by
diarrhea, measles, and respiratory infection [29].

Iron deficiency is the primary cause of anemia, although
vitamin A deficiency, folate deficiency, malaria, and HIV also
result in anemia. It has negative effects on work capacity [30]
and on motor and cognitive development in children and
adolescents [31,32]. About half of anemia cases worldwide are
estimated to be due to iron deficiency [33]. Iron deficiency
without anemia also has been associated with negative impacts
on cognitive development in children [34].

In India, iron intake is lower than required since Indian meals
are predominantly plant based (rice, pulses and vegetables)
with high phytic acid levels. The absorption of iron from these
diets is likely to be poor. Therefore, dietary practices followed
in most Indian homes may be a contributing factor for iron
deficiency among preschoolers [35].

Iron is depleted primarily through blood loss, including from
parasitic infections such as schistosomiasis and hookworm. A
study conducted in children of rural, urban and urban slums of
India suggested that anemia was positively associated with
vitamin intake in children (P<0.001); worm infestation
p<0.001) and iron intake (p<0.001). The same study showed a
higher prevalence of anemia in boys compared to girls
(p=0.019) [36]. Another major cause of iron deficiency is
inadequate iron absorption. Iron absorption is tightly regulated
in the intestines, depending on the iron status of the individual,
the type of iron, and other nutritional factors. Once iron is
absorbed, it is well conserved.

Iodine is necessary for thyroid hormones that regulate growth,
development, and metabolism and is essential to prevent goiter
and cretinism. Inadequate intake can result in impaired
intellectual development and physical growth. Iodine
deficiency impairments range from fetal loss, stillbirth,
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congenital anomalies, to hearing impairment; a vast majority of
deficient individuals experience mild mental retardation.

This decrease in mental ability and work capacity may have
significant economic consequences. Zinc deficiency results
from inadequate intake and, to some extent, increased losses.
Research done in India also demonstrated that zinc deficiency
was significantly associated with anemia and wasting
(P<0.002) [37].

Multiple Micronutrient Deficiencies (MNDs) are reported
more frequently in children below 5 years of age and adversely
impact growth and development. Low food diversity, poor diet
intakes, and low bioavailability combined with high
physiological demands and frequent infections contribute to
the etiology of MNDs. Assessment of micronutrient
inadequacies at the population level and adjustment of nutrient
levels in fortified foods and/or supplements needs to be
considered [38].

Single micronutrient deficiency occurs rarely, while concurrent
micronutrient deficiencies may increase vulnerability to
infection, and the resulting inflammatory response also affects
the interpretation of several micronutrient status indicators. To
combat this, dietary supplementation with different proportions
of requisite micronutrients is done. It should, however, be
noted that multivitamins and mineral supplements are not
intended to replace food but should complement current diets
and help bridge the gap between inadequacy and sufficiency.
Another important thing to consider while selecting vitamin
and mineral supplements for optimum nutrient absorption is
the bioavailability of these nutrients.

It is now a well-established fact that vitamin C is necessary to
absorb iron from plant-based food items (non-heme iron)
[39,40]. Vitamin C helps to convert the ferric form of iron from
plants into a ferrous form that the body can absorb easily.
Another classic example to explain how increased
bioavailability helps in better nutrient absorption is Vitamin
K2.

Both Vitamin K1 and Vitamin K2 are readily absorbed within 2
hours of ingestion by the gut; however, postprandial serum
concentrations of K2 (MK-7) are reported to be 10-fold higher
than K1. Long chain derivatives of vitamin K2 have a longer
half-life in circulation in comparison to K1 and thus are
available for longer in circulation to be absorbed by
extrahepatic tissue [41]. Vitamin K2, required in calcium
metabolism, improves bone density and reduces the risk of
bone fractures.

Strategies for improving nutrient status in
preschoolers

According to UNICEF, common strategies to combat hidden
hunger include food supplementation, fortification, improving
food quality, and wusing ready-to-use supplements (like
sprinkles, etc.). Direct supplementation of vulnerable sub-
populations with micronutrients, usually through a primary
healthcare system or healthcare delivery system such as an
immunization program, has been shown to be effective and
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very cost-effective for young children for vitamin A and zinc
[42].

Fortification is another safe, effective, and affordable tool to
enhance the nutritional value of staple food products such as
wheat, maize (corn), rice, vegetable oil, and sugar. While food
fortification is a widely preferred tool used in mass nutrition
programs, it is challenging to improve the nutritional
requirement of “picky eaters,” especially preschoolers. One
simplest example is milk which is a part of the everyday diet of
most kids. Milk is deficient in several nutrients, and hence milk
fortification with nutrients is necessary. Supplementation of
milk with nutrients is associated with increase in weight gain,
linear and skeletal growth.

Prospective clinical studies have shown that milk protein with
calcium supplementation can increase the acquisition of bone
mass during childhood, adolescence, and early adulthood
[43,44]. A study on healthy 2.5 year-old Danish children
concluded that milk intake has a stimulating effect on the
growth of a child [45]. Furthermore, another study in China
revealed that children consuming dairy products at least once
daily had a 28% lower risk of stunting than children without
dairy intake. Thus, dairy consumption is an effective and
feasible nutritional intervention for improving linear growth in
preschool children [46].

Improving absorption of nutrients and bioavailability

Considering the diverse dietary landscape  where
micronutrients come from a variety of foods, with a sizeable
proportion of vitamins and minerals secured through fortified
foods and supplements, it is important to assess total nutrient
exposure in an individual. A potential risk of interactions
between micronutrient absorption and bioavailability needs to
be considered in any supplementation or fortification strategy.
At levels of essential micronutrients present in foods, most
micronutrients appear to utilize specific absorptive
mechanisms and not be vulnerable to interactions. In aqueous
solutions and at higher intake levels, competition between
elements with similar chemical characteristics and uptake by
non-regulated processes can take place. This is evident from
studies demonstrating the role of ascorbic acid and phytates in
the modulation of iron bioavailability and how phytates may
impact zinc bioavailability [47]. When nutrient absorption is
concerned, it is important to consider the form of nutrient that
is easily absorbed by the body.

Role of prebiotics in nutrient absorption

A prebiotic is defined as “a substrate that is selectively utilized
by host microorganisms conferring a health benefit” [48].
Fructo-Oligosaccharides (FOS) and Galacto-oligosaccharides
(GOS) are the most researched prebiotics [49]. Fermentation of
prebiotics by gut microbiota produces lactic acid, butyric acid,
and propionic acid, collectively called Short-Chain Fatty Acids
(SCFAs). These products can have positive effects on human
health, like improving gut health and boosting the immune
system. Since gut health is known to affect distant organs,
prebiotics has the potential to manage and prevent certain
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diseases. A study conducted in rural African preschool children
showed that abnormal gut integrity is associated with reduced
linear growth [50].

The World Health Organization’s (WHO) multi-center growth
reference study defined three anthropometric (physical)
parameters (weight-for-age, height-for-age, and weight-for-
height Z scores) to describe normal early childhood growth and
nutritional status [51]. Children with Severe Acute
Malnutrition (SAM) have a persistent developmental
abnormality affecting their gut microbial “organ” that is not
durably repaired with existing therapy. Alterations in the
normal postnatal development of the gut microbiota may
trigger marked impairments in brain development and lead to
persistent disorders of cognition. Evidence exists for a causal
relationship between the gut microbiota and SAM but also
highlights the importance of diet-by-microbiota interactions in
disease pathogenesis [52].

The gut microbiota of children who are undernourished is
usually immature, that is, more similar to microbiota of
younger children than to that of age-matched healthy controls.
Thus, microbiota immaturity is causally related to under
nutrition [53]. There is a link between postnatal growth, gut
microbiota and identified microbial factors that could improve
growth. Certain microbial species can counteract the negative
effects of under nutrition and raise the possibility that the
microbiota could be used as a therapeutic intervention to
restore healthy growth [54].

Stunting, defined as a height-for-age Z score equal to or lower
than -2, is associated with increased childhood mortality,
cognitive impairment, and chronic diseases. A study in
Peruvian children showed that stunting was preceded by an
increase in markers of enterocyte turnover and differences in
the fecal micro biota and was associated with increasing levels
of systemic inflammation markers [55]. Environmental Enteric
Dysfunction (EED) and Systemic Inflammation (SI) are
common in developing countries and may cause stunting. A
study on preschoolers showed that the effects of EED on
constrained weight gain might have consequences for later
linear growth or for other health and development outcomes
[56].

Absorption of minerals in the gastrointestinal tract is
influenced by several factors; including. It has been
hypothesized that prebiotics results in pH reduction, a
pronounced osmotic effect, stimulation of the exchange of
protons, an increased level of butyrate and calbindin (calcium-
binding protein), and an enlarged surface area in the colon for
increasing the absorption of minerals and trace elements
[57,58].

There is growing evidence that prebiotics may be used to
improve the absorption of micronutrients (such as calcium and
iron) from ingested foods. Generally, in the human intestine,
the enzymes that hydrolyze the polymer bonds of prebiotics are
lacking, so they can resist small-intestinal digestion and reach
the colon intact, where they undergo fermentation by beneficial
bacteria, such as Lactobacilli and Bifidobacteria. The
consumption of prebiotics is known to change intestinal
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microbiota diversity and to increase the production of SCFAs
like propionate and butyrate [59-61].

Although the exact action of prebiotics on microbial diversity
in the colon is still under debate, an interesting study by Liu et
al., carried out using healthy volunteers, found a significant
decrease in butyrate production levels (attributed to high lactic
acid levels) and an increase in Bifidobacteria levels, after the
administration of FOS [62]. The mechanism of action of
prebiotics is shown in Figure 1. Studies in both humans and
animals showed positive effects of prebiotics, especially the
non-digestible oligosaccharides on mineral metabolism, bone
composition, and bone architecture [63-67]. The use of FOS to
improve the absorption of minerals and trace elements seems
to be beneficial with evidence corroborating both in human and
animal studies [68-72]. Another recent review concluded that
inulin and GOS increased the iron absorption in duodenum and
proximal colon and hence when combined with iron
fortificants can better tackle iron deficiency anemia [73]. Inulin
has been shown to increase the absorption of other minerals as
well, such as magnesium and iron [74,75].

—

Prebiotics

!

Several FOS with different degree of polymerization
stimulated magnesium absorption and retention, but
magnesium retention was stimulated more significantly with
oligofructose while calcium retention was stimulated only with
a blend of oligofructose and an inulin with a high degree of
polymerization than with 2 different types of inulin. In
adolescents 15 g/d of oligofructose stimulated calcium
absorption, as did 8 g/d of a combination of oligofructose and
inulin in girls n [76,77]. An observational study suggested that
six-month prebiotic feeding was associated with favorable
outcomes in anthropometrics, appetite, gastrointestinal
tolerance and safety in malnourished children [78]. A four
month, controlled, double-blind trial in Kenyan infants showed
that the abundance of Virulence and Toxin Genes (VTGs) of
pathogens was significantly lower in the group receiving GOS
(7.5g) iron-containing Micronutrient Powders (MNPs)
compared with the control and iron groups (p<0.01). The
addition of GOS mitigates most of the adverse effects of iron
on the gut microbiome and morbidity in infants [79]. Prebiotic
supplementation with fructans modified the composition of the
intestinal microbiota and resulted in softer stools in preschool
children (3-6 years) [80] (Table 1).

L =

| Gastrointestinal level | ‘

Villus level

‘ ‘ Cellularlevel

|

I

l

1.  Proliferation of bifidobacteria 1. Villus crypt height 1. stimulation of calcium-binding protein
2. Production of SCFAs 2. Caecal vein flow D9k and active calcium transportroute
3. Reduction in intestinal pH 3. M Number of epithelial cells per crypt 2. Enhanced level of divalent metal
(improves calcium and iron absorption) 4. M Mucosalto serosal calcium fluxes transporter-1(DMT1) in the caecum,
l for transportof ferrousions
Mineral absorption
Ca?*, Fe?+
Epithelial " v
cie @ @ @|®|® 4

Figure 1. Mechanism of action of prebiotics in nutrient absorption.

oligosaccharides

Study Prebiotic used Study design Population N Key findings
Van den Heuvel, et al. Oligofructose Randomized, double- | Adolescent boys 12 An increase in true fractional calcium
blind, cross-over absorption (%) was found after

consumption of oligofructose (mean
difference + SE of difference: 10.8 £
5.6; P<0.05). 15gms/day
Oligofructose stimulated fractional calcium
absorption in male adolescents.

Griffin IJ, et al. Non-digestible Randomized. Cross-over | girls 59 Calcium absorption was significantly

higher in the group receiving the inulin
+ oligofructose mixture than in the
placebo group v. P=0.01), but no

significant  difference  was seen

between the oligofructose group and
the placebo group v. P=NS). Modest
intakes of an inulin + oligofructose
mixture increases calcium absorption

ingirls at or near menarche.
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Paganini D, et al. MNP only (control) vs.| controlled,
MNP+ iron 5mg (Fe| randomized
group) vs. MNP+iron 5mg| double-blind trial
+ GOS 75g (FeGOS

group)

double-blind,
-controlled,

Infants (6.5-9.5 mo) 155 Anaemia decreased by=50% in the
Fe and FeGOS groups (p<0.001). The
abundance of virulence and toxin
genes (VTGs) of all pathogens was
significantly lower in the FeGOS

group (p<0.01)

Whisner CM, et al. Smoothie containing GOS
(2.5 or 5 g) vs. control

(0g)

cross-over trial

Randomized, double-blind

Adolescent girls (age | 31
10-13 years)

Significant improvements in Ca
absorption were seen with both low
and high doses of prebiotic (GOS)
compared with the control (P< 0-02)

Drabiniska N, et al. oligofructose-enriched

Preliminary Randomized,

Children (4-17 years) with | 34 Children receiving prebiotic had a

and 1.25¢g/d) Randomized study

inulin 10g or placebo | Placebo-Controlled celiac disease on a strict 42%increase in 25(OH)D (p<0.05)
(maltodextrin) Nutritional Intervention | gluten-free diet and a 19%increase in vitamin E
Study (p<0.05)
Yap KW, et al. Inulin  (0.75g/d, 1.00g/d, | Dose comparison, | Formula-fed infants 36 « Infants on 1/g prebiotic (inulin)

had significantly higher apparent
absorption, per cent apparent
retention and net retention of iron

« Al three dose of inulin lead
to increase in per cent apparent
retention and net retention
of magnesium.

« Infants on 0.75g/day inulin had

improved zinc absorption and
retention (All P<0.05)

Table 1. Role of prebiotics in nutrient absorption in humans.

Several preclinical studies further support these findings that
prebiotics stimulate the absorption of calcium, magnesium, and
zinc in short-term experiments and improved bone mineral
content [81-84]. Furthermore, the FOS-inulin mixture is found
to increase the number of goblet cells and the thickness and
composition of the colonic epithelial mucus layer. This
composition shifts toward more acidic mucins, predominantly
sulfomucins, i.e., changes that indicate a more stabilized
mucosa. All these effects are regarded as beneficial for the
health maintenance of the gut because they improve its
absorptive function [85]. Absorption of calcium and
magnesium was stimulated in animals receiving inulin or
resistant starch. However, the effect on calcium absorption was
more significant if both inulin and resistant starch were given
combined [86].

Prebiotics in immune response

Prebiotics modulate the immune system by multiple
mechanisms (Figure 2). Firstly, prebiotics bind to pathogens
and prevent adhesion to the epithelial surface, thus preventing
subsequent infection. Secondly, prebiotics promote populations
of commensal microbes, which outcompete pathogens for
resources, thus reducing infections. Furthermore, prebiotics

Curr Pediatr Res 2022 Volume 26 Issue 10

modulate gut health by improving barrier integrity and
increasing the number of Short-Chain Fatty Acids (SCFAs)
producing commensal microbes that increase mucus, Tight
Junction (TJ) proteins, crypt, and villi development while also
serving as an energy source [57,87].

Without With
PREBIOTIC PREBIOTIC
{ b
fCommensals Patfiegens
 Allergen and . tSC‘FAs Derdri{ic Cells

pathogen translocation ! T 1 ]

' ﬁ\ Energy Source 1T

/ \ for enterocytes 1Th1 1Treg g

4 Non-specific innate Increase that form the |
immune factors TJ Proteins, epithelium ¥

T crypt and Villi Improved Tolerance

development to commensals

Figure 2. Effect of prebiotics on gut health and immunity.
SCFAs short chain fatty acid. Adapted from McKeen et al.
Nutrients.

Studies have shown that specific prebiotics have the potential
to reduce the risk of infectious episodes and the development
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of allergic symptoms in infants [88]. Positive functional
characteristics of prebiotics have been reported in selective
fermentation, modulation of gut pH, fecal bulking, the
prevention of gut colonization by pathogens, and the control of
putrefactive bacteria, thus reducing the host’s exposure to toxic
metabolites [89].

Supplementing kindergarten children during a cold season with
a prebiotic inulin-type fructans product with shorter and longer

fructan chains has been shown to reduce febrile episodes
requiring medical attention and to lower the incidence of
sinusitis [90] (Table 2). A stabilized flora contributes to
prevent gastrointestinal infections and oxidative damage to the
enterocytes. Another study demonstrated a reduced risk of
infection following consumption of growing-up milk
supplemented with scGOS/IcFOS/n-3 longchain polyunsaturated
fatty acids in young children [91] (Table 2).

Study Prebiotic used Population

N Results

Kadim M, et al.
Glutamine, Fiber, and
Prebiotics

Supplementation of  Zinc, | Children 1-3 years old N=200

A transitory decrease in Fecal Calprotectin (FC)
was observed after 6 months in the subgroup
with normal FC levels, who were fed the
test formula (p=0.012).

Lohner S, et al.
(maltodextrin)

Fructans 6 g/d or control| Children 3-5 years old N=219

Increase in abundance of bifidobacterium
(P <0.001) and that of Lactobacillus (P=0.014)
were 19.9% and 7.8% higher in fructans group
as compared to control group at week 24.

Significantly softer stools within the normal
range in the prebiotic group from week 12
onwards.

The incidence of febrile episodes requiring
medical attention (P=0.04] and that of sinusitis
(P=0.03) were significantly lower in the
prebiotic group.

Soldi S, et al.
fructans or maltodextrin.

6 g/day prebiotic inulin-type | Children 3-6 years old N=258

Relative abundance of bifidobacterium was
significantly higher in the prebiotic group

compared to control group (effect found for
all three enterotypes).

Children of the prebiotic group receiving antibiotic
treatment displayed significantly higher levels of

bifidobacterium than children receiving the placebo
control.

Chatchatee P, et al. GUM with
LCPUFAs

scGOS/IcFOS/ | Children, ages 11 to 29 months | N=767

Children in the active group compared with
the control group had a decreased risk of
developing at least 1 infection (77% VS .83%,
RR 0.93, P=0.03).

Reduction (P=0.07) in the total number of

infections in the active group (69% vs. 77%, RR
0.89, P=0.004, post hoc).

More infectious episodes were observed in
the cow's milk group, when compared with
both GUM groups (92% vs. 80%, RR1.15).

Table 2. Role of prebiotics in immunity.

Role of nutrient supplementation on growth and
development
Research done so far has emphasized the benefit of iron
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supplementation on cognitive performance among primary-
school-aged children, especially on IQ among children with
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anemia; additionally, iron may also improve growth [92]. On
the other hand, while findings from previous studies of infant
and child supplementation with zinc in developed and
developing countries have ranged from no effect to significant
reductions in growth retardation and stunting, several recent
studies have confirmed that supplementation with zinc-plus
(multivitamin approach) can have greater impact on growth
development of children as these nutrients are closely linked
together [93-97]. Fecal Calprotectin (FC) and alpha-1-
antitrypsin (a1 AT) are markers of mucosal integrity in toddlers.
Increased levels of FC may indicate inflammation causing
decreased mucosal integrity leading to reduced GI function and
nutrient malabsorption in diarrheal diseases.

Prebiotics are known to stimulate the development of
Bifidobacteria in the gastrointestinal microbiome, which may
strengthen the mucosal resistance toward gastrointestinal
infection and zinc supplementation is known to increase the
immunocompetence that affects the clearance of diarrhea-
causing pathogens [98]. Together they might reasonably be
considered significant in reducing the intestinal inflammation
in apparently healthy-looking kids both with low baseline FC
levels. Daily micronutrient and prebiotic supplementation
could thus benefit growth and development (cognitive and
immune system) at the individual level especially in settings
where these deficiencies are prevalent at population level [99].

Conclusion

There exists the problem of triple burden of malnutrition with
coexistence of overnutrition, undernutrition and micronutrient
deficiencies, all of which equally increase the risk of various
health problems. Undernutrition increases the risk of childhood
mortality, stunting, low BMI and poor cognitive development.
Food supplementation with essential nutrients can help
mitigate the micronutrient deficiencies in children especially
preschoolers. However, providing only nutrient rich foods to
children may not completely reverse the micronutrient
deficiency as nutrient absorption and bioavailability can be
some major confounding factors. With advancing knowledge
in the gut microbiota, it is now proven that prebiotics help in
nutrient absorption. Additionally, prebiotics also help in
developing a strong immune system. The strategy of food
supplementation with micronutrients and prebiotics is thus
beneficial in reducing micronutrient deficiencies.
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