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This review focuses on nutritional support in malnourished children with compromised
gastrointestinal  function addressing the interplay between malnutrition and
gastrointestinal dysfunction, and the specific role of peptide-based enteral therapy
in pediatric malnutrition. Malnutrition is associated with impaired gut functions such
as increased intestinal permeability, malabsorption, and diarrhea, while pre-existing
functional gastrointestinal disorders may also lead to malnutrition. Presence of
compromised gastrointestinal function in malnourished children is critical given that
alterations such as malabsorption and increased intestinal permeability directly interfere
with efficacy of nutritional support and recovery from malnutrition. Appropriate nutritional
intervention is the key step in the management of malnutrition, while alterations
in gastrointestinal functions in malnourished children are likely even in those with
mild degree malnutrition. Therefore, nutritional therapy in children with compromised
gastrointestinal function is considered to involve gut-protective interventions that
address the overlapping and interacting effects of diarrhea, enteropathy and malnutrition
to improve child survival and developmental potential in the long-term. Peptide-based
enteral formulas seem to have clinical applications in malnourished children with
compromised gastrointestinal function, given their association with improved
gastrointestinal tolerance and absorption, better nitrogen retention/ balance, reduced
diarrhea and bacterial translocation, enhanced fat absorption, and maintained/restored
gut integrity as compared with free amino acid or whole-protein formulas.
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INTRODUCTION

Malnutrition remains a major public health problem and a
significant cause of mortality among children under five in low-
and middle-income countries (LMICs), accounting for 45% of
child deaths globally (1-4).

Given the failure of global interventions to improve
nutritional status and linear growth, factors that drive and sustain
malnutrition have increasingly been addressed in epidemiologic
and pathogenesis research (5). Accordingly, the role of adequate
nutrition for preserving gastrointestinal function, malnutrition-
related gastrointestinal alterations as well as the role of
preexisting gastrointestinal dysfunction in development of
malnutrition have become increasingly recognized (5, 6).

The gut mucosa serves as a semipermeable barrier permitting
nutrient absorption and regulating immune surveillance, while
retaining potentially harmful microbes and environmental
antigens within the intestinal lumen by preventing their
translocation across the epithelial barrier (7, 8). The intestinal
barrier function is regulated by multidirectional interactions
between epithelial cells, the enteric nervous and the immune
system (7, 8).

Indeed, growth and nutritional status impairment is also
possible in children with functional gastrointestinal disorders,
emphasizing that gastrointestinal dysfunctional alterations may
appear as a consequence or cause of the malnutrition (9).

On one hand, malnutrition causes alterations in
gastrointestinal digestive and absorptive functions [i.e., reduced
pancreatic function, villous atrophy, increased
intestinal permeability, loss of digestive enzymes, malabsorption,
and diarrhea; (6, 10)]. Thus, malnutrition in pediatric or adult
age leads to severe intestinal mucosal abnormalities along with
malabsorption of carbohydrate, fat, protein and other nutrients
such as vitamins (6, 10).

On the other hand, environmental enteric dysfunction (EED)
with findings suggestive of impaired gut function (i.e., alterations
in intestinal structure, function, and immune activation and
poor growth) is considered as an important contributor to
childhood malnutrition and stunting across geographically
widespread resource-limited settings (5, 11-13). In fact, impaired
absorption of available nutrients provided during treatment
and refeeding-mediated diarrhea risk are considered likely to
affect the recovery from malnutrition. Consideration of intestinal
functional abnormalities is therefore considered important in
selection of the most appropriate diet in treating the acutely
ill patient (3). Hence, given that compromised gastrointestinal
function interferes with efficacy of nutritional support and
recovery from malnutrition (14), development of novel strategies
and further interventions are needed to introduce gut-protective
therapies targeting inflammation, malabsorption and microbial
translocation to reduce morbidity and mortality from diarrhea,
enteropathy, and malnutrition (3, 15).

exocrine

Abbreviations: EED, environmental enteric dysfunction; L/R, lactulose/rhamnose
ratio; LBP, lipopolysaccharide binding protein; LCT, long-chain triglycerides;
LMICs, low- and middle-income countries; MCT, medium chain triglycerides; VH,
villus height; VP, villus perimeter.

This review will focus on nutritional support in malnourished
children with compromised gastrointestinal function, addressing
bidirectional interplay between malnutrition and gastrointestinal
dysfunction, and the specific role of peptide-based enteral
therapy in pediatric malnutrition.

BIDIRECTIONAL INTERPLAY BETWEEN
MALNUTRITION AND
GASTROINTESTIONAL FUNCTIONS

Malnutrition-Related Alterations in

Gastrointestinal Function

Gastrointestinal aspects of malnutrition refer to operation of
adaptation mechanisms to protein-calorie deficiencies and the
environment, as well as to the direct relationship between
the degree of nutritional deficiency and the severity of
gastrointestinal dysfunction (16).

Malnutrition has been documented to be associated with
pancreatic exocrine insufficiency, altered intestinal blood flow,
villous atrophy, and increased intestinal permeability which
eventually lead to loss of digestive enzymes, secondary lactose
intolerance, loss of colonic absorptive function, and diarrhea
(6, 10). In addition, malnutrition is suggested to alter protective
host factors by causing hypochlorhydria, altered gut motility,
reduced antibody synthesis and impaired cell immunity and
thereby favoring intestinal colonization by the pathogens (17).
Hence, diarrhea is frequently observed and associated with very
high burdens of intestinal infection and a high mortality rate in
severely malnourished patients [(6, 10, 15, 18); Figure 1].

Digestive Functions

The alterations in digestive physiology in childhood malnutrition
is considered to be a combination of two synergistic factors
including (1) malnutrition-dependent impaired reabsorption
of bile salts, excessive bile salt deconjugation, pancreatic
exocrine insufficiency (reduced lipase, trypsin, chymotrypsin,
and amylase secretion) and impaired intestinal cell function
(reduced disaccharidase content, terminal ileal dysfunction)
and (2) intestinal bacterial overgrowth and frequent bouts of
diarrhea resulting in impaired gut defense and thus increasing
the likelihood of further alterations of the microbiota as well as
the diarrhea (15, 16).

Absorptive Functions

Malnutrition is associated with thinning of the entire intestinal
wall and the mucosal lining along with reduced height of
the brush border and predominance of cuboidal rather than
columnar mucosal cells (16). Permeability of the intestinal
mucosa is considered to be 3 times greater in severely
malnourished non-critically ill pediatric patients (19), while
increased gut permeability is suggested to affect the absorption
and metabolism of amino acids, proteins, carbohydrates, lipids,
and other nutrients (20, 21).

Correlations between several villus morphometry parameters
and measures of gut function were reported in severely
malnourished children, including positive correlations between
villus height (VH) and villus perimeter (VP; epithelial surface
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FIGURE 1 | Interplay between malnutrition and gastrointestinal functional alterations; environmental enteric dysfunction.

area), between permeability marker lactulose/rhamnose
ratio (L/R) and gut microbial translocation indicator
lipopolysaccharide binding protein (LBP), between LBP
and villus width (inflammation) as well as negative correlations
between the L/R and VP and between LR and VH (22).

Carbohydrate Absorption

Malnutrition is associated with small intestinal villous blunting
that leads to reduced intestinal capacity for monosaccharide
and disaccharide absorption (23). Consequent malabsorption
of carbohydrate is suggested to contribute to osmotic diarrhea
due to water retention induced by accumulation of unabsorbed
carbohydrate within the bowel and thus an accelerated flow
of fluid down the intestine (14, 15, 23). It has also been
suggested that overgrowth of bacteria within the upper small
intestine may also lead to malabsorption of carbohydrate and
diarrhea (14). In malnourished children with severe protein
deficiency, a marked decrease in D-xylose and glucose absorption
has also been reported indicating a severe derangement in
mucosal cell function, alongside a faster recovery of facilitated
diffusion of D-xylose before the recovery of active transport of
glucose (16, 24).

Protein Absorption

In malnourished children, protein malabsorption is considered
likely due to pancreatic insufficiency and small intestine
villus atrophy as well as increased protein loss due to
increased intestinal permeability (21). Protein deficiency results
in deficiency of specific essential amino acids, aggravating
gastrointestinal mucosal atrophy (16, 18).

In fact, any impairment in protein digestion and absorption
is considered more likely in severely malnourished children and
in case of concomitant diarrhea, as associated with increased
total fecal nitrogen, increased protein loss from the gut or to
a minor impairment in protein digestion and/or amino acid
absorption (16). Excessive loss of albumin resulting in both
diarrhea and hypoalbuminemia is considered to suggest the
presence of a protein losing enteropathy (25), while a direct
correlation between the fecal weight in 24 h and the total amount
of fecal nitrogen and alpha-1 antitrypsin level is noted in the
presence of diarrhea (16).

Fat Absorption
Fat absorption is markedly impaired in over 50% of children
with severe malnutrition (24, 26). Abnormalities in the

Frontiers in Pediatrics | www.frontiersin.org 3

June 2021 | Volume 9 | Article 610275


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Selimoglu et al.

Enteral Nutrition, Malnutrition, and GI Dysfunction

gastrointestinal handling of lipid along with impaired
solubilization or hydrolysis are considered two factors that
contribute to malabsorption of fats [(26); Figure 2].

Notably, the severity of steatorrhea relates directly to the
degree of protein deficiency and affects triglycerides and
free fatty acids, emphasizing that lipolytic activity is not the
primary cause of the increased fecal fat in malnutrition (16).
Bacterial overgrowth in the small bowel in children with
severe malnutrition is also considered likely to contribute
directly to ineffective solubilization, digestion, and absorption
of lipids (26-28). In addition, diarrhea related reduction in the
concentration of conjugated bile acids is also considered to cause
deconjugation of the bile salts required for fat absorption that
leads to steatorrhea which is a well-recognized accompaniment
of malnutrition (14, 16). Vitamin absorption also accompanies
malnutrition, while malabsorption of the fat-soluble vitamins A,
D, and K is considered likely to be related to steatorrhea (14).

Notably, improvement in fat absorption is considered to occur
concomitantly with protein repletion, reaching normality in the
absence of diarrhea and after restoration of body protein (16, 24).

Malnutrition as a Result of Gastrointestinal
Dysfunction—EED

Preexisting gastrointestinal dysfunction itself may also lead to an
increase in morbidity and mortality secondary to malnutrition,
infection, and multi-organ dysfunction if not recognized and
treated accordingly (29).

EED is used to describe group of findings suggestive of
impaired gut function (ie., alterations in intestinal structure,
function, and immune activation and poor growth) in many
children across geographically widespread resource-limited
settings (5). EED, a subclinical chronic condition characterized
by inflammation of the small bowel mucosa, villous atrophy,

dysfunctional nutrient absorption, and increased intestinal
permeability, is an emerging contributor to early childhood
malnutrition and childhood stunting in resource-limited settings
[(5, 20, 21, 30, 31); Figure 1].

Chronic fecal-oral transmission of pathogens is considered
the principal factor underlying EED (20, 32). EED is associated
with increased gut permeability and alterations in the absorption
and metabolism of amino acids, proteins, lipids, carbohydrates,
and other nutrients with consequent changes in important
metabolites acting in growth and differentiation and gut
function and integrity (20). The strong association of EED
with childhood stunting (20, 21, 32) seems notable given
that stunting is considered to be the commonest presentation
of malnutrition that occurs via complex interactions between
genetic and environmental factors, recurrent infections and poor
nutrition (3).

Although malabsorption and chronic inflammation arising
from microbial translocation across an impaired gut barrier
is suggested as the causal pathway for the link between EED
and stunting (3, 32, 33), interventions aiming to reduce gut
permeability and improving linear growth among children in
low-income countries have generally failed to achieve both
targets (33). Thus, the exact biological mechanism underlying the
impact of EED on linear growth remains unknown (3, 32, 33).

NUTRITIONAL SUPPORT IN
MALNOURISHED CHILDREN WITH
COMPROMISED GASTROINTESTINAL
FUNCTION

The adverse impact of metabolic stress and illness on the gut
integrity increase the risk of malnutrition via loss of appetite,

Medium-chain
triglycerides (MCT)

hydrophilic lipids are
directly absorbed

Unabsorbed lipids are -
metabolized in the colon — >
by bacteria

FIGURE 2 | Digestion and absorption of fats.
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increased intestinal permeability, diarrhea, and malabsorption of
nutrients, whereas those at risk for malnutrition are already at
risk for compromised gut function including mucosal intestinal
abnormalities and malabsorption of nutrients and vitamins
(3, 34).

Accordingly, bidirectional interplay between malnutrition
and compromised gastrointestinal function emphasizes the
importance of appropriate nutritional support in malnourished
children that addresses the overlapping and interacting
effects of diarrhea, enteropathy, and malnutrition to improve
child survival and developmental potential in the long-term
(3, 25, 35).

Standard Enteral Formulas and Elemental
Diets Consisting Solely of Free Amino
Acids

Most commercially available enteral formulas consist of whole
protein, carbohydrates, and fat (36). Specially formulated ready-
to-use therapeutic food (RUTF) including F-75 (75 Kcal energy
and 5% protein) and F-100 (100 Kcal energy and 12% protein)
are commonly used in outpatient treatment of malnourished
children a “starter” feeding formula during initial stage of
recovery and as a as a “catch-up” formula in the rehabilitation
phase, respectively (37-39).

Formulas consisting of protein in the form of free amino
acids (FAA) are also available for patients with malabsorption,
food allergy, or specific organ diseases [i.e., renal or hepatic
failure; (36)]. These elemental diets aim to provide predigested
protein to patients with impaired mucosal absorption (36, 40).
However, utilization of elemental diets consisting solely of free
amino acids have poor taste and might induce vomiting, diarrhea,
and electrolyte abnormalities due to their high osmolality, which
limits much of their potential benefits (36, 40). In fact, the
specific and discrete uptake systems in GI tract are based on
easier and uniform absorption of small peptides consisting
of 4-12 amino acids compared to corresponding mixtures
of FAAs, while bacterial translocation was reported to be 5
times more likely in animals fed FAA-based vs. peptide-based
diets (41-43).

Due to presence of impaired gut function with severe mucosal
abnormalities and malabsorption in malnourished children,
standard enteral formulas may not be well-tolerated (34).
Dilution of formulas to achieve adequate tolerance and to
prevent diarrhea is not an appropriate approach in malnourished
children given that they are already nutritionally compromised
and this dilution results in lower levels of nitrogen intake and
prolonged negative nitrogen balance (34, 36).

In a past study with 400 children (aged 12-59 months) living
in rural Malawi, authors reported EED in 80.7% of children
and identified 77 metabolites that were either negatively (dietary
polyphenols, citrulline, ornithine, tryptophan, and indolelactate)
or positively (acylcarnitines, intermediates of B-oxidation of fatty
acids, deoxycarnitine, trimethylamine-N-oxide, metabolites from
w-oxidation of fatty acids, odd-chain fatty acids, cystathionine,
and homocitrulline) associated with gut permeability (44). The
authors suggested that EED is a syndrome characterized by

secondary carnitine deficiency, alterations in polyphenol and
amino acid metabolites, abnormal fatty acid oxidation and
metabolic dysregulation of sulfur amino acids, tryptophan,
and the urea cycle (44).

Notably, supplementation with glutamine, tryptophan, and
leucine has been suggested to ameliorate the mucosal pathology
by increasing villus height in adults with EED and to
improve barrier function when combined with micronutrient
supplementation (45). Hence amino-acid based supplementation
is considered to affect villus morphology without necessarily
affecting permeability, mucosal or systemic inflammation,
malabsorption, and intestinal microbiota (45, 46), while villous
atrophy has also been suggested to have a protective role in EED
(47). Accordingly, availability of nutrients such as glutamine,
leucine, and tryptophan is suggested to be a rate-limiting impact
on villous height (45).

Some studies suggested that glutamine can reduce intestinal
permeability in malnourished children and those with EED
(48, 49), while negative data are also evident indicated
that glutamine supplementation failed to improve growth or
intestinal status in malnourished Gambian infants (50). In
addition, alanyl-glutamine supplementation was reported to
improve permeability and child weight but does not promote
linear growth, and this limited benefit is suggested to be due to
ongoing damage from intestinal inflammation (32, 51).

Notably, oral replenishment of specific amino acids (such
as alanyl-glutamine) is considered likely to support intestinal
epithelial cell proliferation and restoration of host growth,
depending on combining treatment with targeted antibiotics
and/or modulators against host inflammation (5, 52, 53).

Experimental studies indicated the association of parenteral
delivery of arginine with decreased intensity of Cryptosporidium
infection and the severity of growth impairment in
undernourished mice through induction of defense-promoting
nitric oxide pathway and the arginase pathway that is important
for intestinal epithelial cell restitution (5, 54). Tryptophan
was reported to increase systemic and mucosal T-regulatory
cell counts in piglets, regardless of the nutritional status (55),
whereas tryptophan has also been considered likely to aggravate
certain infections such as Cryptosporidium during protein
malnutrition (5, 56).

Peptide-Based Enteral Therapy

Peptide-based formulas contain proteins that have been
hydrolyzed to produce peptides of varying lengths (34). Presence
of protein in the form of small peptides (dipeptides and
tripeptides) in peptide-based formulas seems to be advantageous,
since absorption of small peptides is considered to occur
more rapidly and efficiently and to be less severely affected by
pathologic states as compared with free amino acid absorption
(34, 36, 41).

Indeed, non-competitive specific peptide carrier systems that
are independent of free amino acid carriers have been identified
in the intestinal brush border, and their importance has been
confirmed in patients with impaired intestinal absorption (36).

Providing protein in a form of a protein hydrolysate is
suggested to directly affect nitrogen utilization and retention,
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regardless of the protein quantity or the non-protein calorie-to
nitrogen ratio of a particular enteral formula (36). Clinical trials
have documented association of a peptide-based diet with 16
times greater nitrogen retention and decreased ureagenesis than
a free amino acid diet (57), with a significantly enhanced rate of
absorption and a decrease in albumin clearance during luminal
perfusion than a standard polymeric diet (37, 58) and with a
significant reduction in stool output than a standard enteral
alimentation (59).

Accordingly, the development of peptide-based enteral
formulas is considered a significant milestone in the
advancement of clinical nutrition, being associated with
improved outcomes as compared with free amino acid or whole-
protein formulas in terms of improved gastrointestinal tolerance
(60-63), nitrogen retention/ balance (34, 36), visceral protein
synthesis and absorption (38), lower risk of diarrhea and bacterial
translocation (34, 36, 61, 62), and better maintained/restored
gut integrity (34, 60-62). These findings suggest that the
enhanced absorption of protein in the form of a protein
hydrolysate and its effect on ureagenesis may have clinical
applications in patients with compromised gastrointestinal
functions such as impaired digestion or absorption and those
with a protein losing enteropathy (36, 63). Indeed, failure
to thrive (transitional feeding) is considered amongst the
indications for use of a peptide based formula (36, 63), and
the benefit of enteral therapy with peptide-based formulas was
also reported in children with compromised gastrointestinal
function (35).

This seems important given that protein hydrolysates are
also considered to improve sodium and water absorption
alongside nutrient absorption depending on the type of protein
substrate used for the production of hydrolysate (i.e., casein
and lactalbumin hydrolysates), while protein hydrolysates with
a higher concentration of small peptides are also associated
with a greater stimulatory effect on nutrient as well as on
sodium and water absorption (36). Given that enteral formula
intolerance was frequently manifested as diarrhea, the effect of
peptides on jejunal water absorption is considered likely to be
beneficial (36).

The carbohydrate component of peptide-based formulas is
quite similar (range, 127-189 g/L), mainly consisting of glucose
oligosaccharides, which are easily metabolized and broken down
during luminal hydrolysis and mucosal absorption (36).

The quantity of fat provided in the peptide-based formulas
ranges from 10 g/L fat up to over 50 g/L fat. Although
it is still controversial whether the quantity of fat affects
absorption, use of medium chain triglycerides (MCT) as
a fat source in all peptide-based diets (up to 40-70%) is
considered very important given the likelihood of MCT to further
enhance lipid absorption, particularly in patients with underlying
malabsorption syndromes (36, 64, 65).

The smaller molecular weight of MCTs than long-chain
triglycerides (LCTs) facilitates the action of pancreatic lipase
and thus enables MCTs to be hydrolyzed both faster and more
completely than LCTs with a reduction in stool lipid excretion
(26, 66). Notably, a 40% contribution of MCT to fat intake was
reported to enhance fat absorption by about 10% relative to

formulae based on LCTs (67), while the absorption of calcium,
magnesium and amino acids has also been reported to be
enhanced when the diet contains MCTs, particularly in infants
(66, 68).

Although an increase in the energy density of foods and
thus provision of adequate energy in diet is often achieved
by increasing the lipid content (26), in children with severe
malnutrition, who are most in need of additional dietary energy,
there is disturbed lipid metabolism (26). MCT component of
peptide-based formulas is important in this regard, given that
MCTs are considered a preferable source of abundant and
rapidly available energy in case of increased energy needs [i.e.,
undernourished patients after major surgery or children during
normal or retarded growth; (66, 68, 69)].

Use of peptide-based formula vs. standard whole (intact)
protein formula has been associated with reduced rate of
tube feeding diarrhea (44.0 vs. 0.0%) in ICU patients (70),
while superiority of dipeptide- and tripeptide-based enteral
formulas over whole-protein formulas in terms of efficacy and
tolerability was also reported in malnourished abdominal surgery
patients (60).

Peptide-based formulas, as compared with FAA or whole-
protein formulas, were reported to improve nitrogen balance
and visceral protein synthesis, to reduce diarrhea and bacterial
translocation, to maintain or restore gut integrity and to improve
outcomes (71).

Immune-enhancing formulas contain specific immune
modulating nutrients (i.e., arginine, glutamine, omega 3 fatty
acids, and/or dietary nucleotides), while the protein composition
can vary [i.e., whole proteins plus FAA or a combination of
whole proteins, peptides and FAA; (42)]. Data from studies that
combine dietary supplementation with additional protein or
other complementary foods revealed an increase in childhood
growth (72-75), in contrast to limited or clinically insignificant
role of micronutrients (72, 76). A daily supplement of bovine
colostrum with egg powder (BC/egg) for 3 months in infants
with EED was reported to be associated with in less linear growth
faltering as compared to controls (77). Given the association
of deficiencies in the tryptophan-kynurenine-niacin pathway
with EED, use of immunomodulatory micronutrients (i.e.,
nicotinamide) in treating or preventing EED is currently under
investigation (78).

Although the exact pathophysiological mechanisms remain
unknown, the switch from a catabolic to an anabolic state via
rapid refeeding in a starved patient is considered likely to cause
of the clinical manifestations of the refeeding syndrome (RFS)
(79, 80). While the carbohydrates play the key role in RFS
via stimulation of insulin secretion and thus emergence of a
sudden shift from fat to carbohydrates metabolism, proteins may
also affect the insulin secretion (79, 80). Nonetheless, while the
isocaloric properties of peptide-based formulas seems to offer a
steady increase in calorie intake, currently there is no evidence
regarding the potential advantages or disadvantages of using
peptide-based formula in the RFS.

In fact, in addition to favorable tolerability, digestion, and
absorption characteristics, peptide-based diets have also been
reported to be superior over AAF, parenteral nutrition and
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regular oral diets in terms of weight gain and growth, reduction
of the systemic inflammatory response and lower mortality rates
across a multitude of patient populations (61). Accordingly, while
peptide formulas, are more expensive (approximately five-fold)
than whole-protein formulas, they are considered to shorten the
average ICU stay by about 1 day with likely impact on total cost
and quality of care (60). Although no cost-effectiveness studies
are available, peptide based formulas may enable cost savings
through improved gastrointestinal tolerance, lower morbidity,
and faster recovery.

Enteral Nutrition and Intestinal Dysbiosis

A number of reports in pediatric patients with Crohn’s disease
indicated the likelihood of enteric nutrition to result in
significant and relevant alterations in the intestinal microbiota,
such as reduction in bacterial diversity and a loss of stability
(81). Enteral nutrition has also been suggested to alter
the microbiome among pediatric Crohn’s disease patients
resulting in an unexpected decrease in beneficial bacterial
taxa (Faecalibacterium prausnitzii and Bacteroides), despite
clinical improvement, particularly in those proceeded to have a
subsequent sustained remission (82-85).

The effect of nutritional supplementations on microbiota has
also been reported in experimental studies. For example, the
dietary emulsifiers (i.e., carboxymethylcellulose, gum Arabic, soy
lecithin/polysaccharide, glycerol derivatives) added to enteral
formulations to extend their shelflife and texture has been
associated with intestinal dysbiosis by reducing the alpha
diversity and microbial stability of the intestinal microflora,
promoting colitis, and metabolic syndrome (86, 87). Moreover, in
a study with preterm infants, authors reported that phase-specific
changes in the microbiota were significantly associated with
the ratio of lipids (Actinobacteria and Proteobacteria), proteins
(Firmicutes), or carbohydrates (Actinobacteria, Proteobacteria,
and Firmicutes) in enteral nutrition, along with increase (with
greater amounts of lipid) and decrease (with greater amounts
of protein) in the abundance of Bifidobacterium, which is
an Actinobacterium related to development and maintenance
of the healthy infant gut microbiota (88). In fact, given that
enteral nutrition contains relatively few components than a
regular diet, a reduced alpha diversity of the gut microbiota
is considered to be an expected finding under this condition
(89). Nonetheless, the exact role of enteric nutrition in the
interaction between the mucosal changes and the microbiota
remains unknown, necessitating further studies investigating
these complex interactions (81).
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