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t has been known for many years
that the human body is colonized
by and is a host of many different
microorganisms, which are pur-
ported microbiomes. Human micro-
biomes are composed of bacteria,
fungi, archaea, viruses, and protozoa,
and a majority of them are located in
the skin, gastrointestinal tracts, respira-
tory tracts, and urogenital tracts
(Versalovic, 2013). With the advanced
genome technology and increased
attention on human microbiome
research over the past few decades,
there is a growing body of studies
demonstrating that changes in the
number, compositional diversity, and
functions of the microbiome are asso-
ciated with both development of dis-
eases and promotion of health in a
human host (Lynch & Pedersen, 2016;
Versalovic, 2013; Young, 2017). The
intestinal microbiota is considered to
be the most diverse and largest com-
munity of microorganisms, and is rec-
ognized as critical for physiological
metabolism, immune-inflammatory
responses, and disease susceptibility/
resistance of human individuals.
Recent research revealed evidence
for microbiome changes related to
specific health conditions in infants
and children, such as necrotizing
enterocolitis, sepsis, colic, malnutri-
tion, atopy/eczema, asthma, allergy,
inflammatory bowel disease (IBD),
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This systematic literature review was conducted to explore the current research
evidence for the disruption of intestinal microbiota in children with specific chron-
ic health conditions, as well as to identify the effective approach to promote
health through healthy intestinal microbiota in children. Of the initial 180 identi-
fied articles, 25 articles were reviewed for the synthesis, and three overarching
themes emerged: 1) intestinal microbiota and immuno-inflammatory regulation,
2) intestinal microbiota and metabolic balance, and 3) intestinal microbiota and
nervous system: gut-brain axis. Findings repeatedly suggested the protective
function of Bifidobacteria and butyrate-producing intestinal microbiota in the
development of common childhood chronic health problems across the three
themes. Additionally, there were consistent findings of the critical windows of sig-
nificant interactions between the intestinal microbiota and developing
organs/physiologic systems of children. Although much research remains to be
done to further understand complex interactions between the intestinal microbio-
ta and human physiology. The present literature review revealed the association
between dysbiosis of the intestinal microbiota and common childhood diseases.
Based on this evidence, increasing awareness of the influence of intestinal
microbiota and implementing practice to promote healthy intestinal microbiota by
pediatric health care professionals could be critical for improving health and well-
being in children.
Key Words: Intestinal microbiota, chronic health problems, children, dysbio-
sis, probiotics.

health conditions in children is
immensely concerning, there could
be a great deal of potential benefits
from interventions of intestinal
microbiota research.

diabetes mellitus and obesity, liver
disease, and cognitive behavioral dis-
orders, among others (Johnson &
Versalovic, 2012; Kan et al.,, 2019;
Stiemsma & Michels, 2018). On the
other hand, the number of children
and youth in the United States with
chronic health conditions has gravely
increased over the last few decades.

Background and
Significance

Approximately 30% of children and

adolescents in the United States are
affected by chronic health conditions,
which further influences their health,
social, and academic outcomes, as
well as quality of life (Centers for
Disease Control and Prevention
[CDC], 2017; Miller et al., 2016).
Additionally, these illnesses and relat-
ed negative impacts may persist into
adulthood (American Academy of
Pediatrics [AAP], 2016; Miller et al.,
2016; Perrin et al., 2007). Although
the current situation among chronic

As can be seen in the development
and increased usage of antibiotics in
the 20th century, most microorgan-
ism studies had previously focused on
invasive and pathogenic features.
Fewer studies had examined the ben-
efits and contributions of the
microorganisms to a human host
until recent years (National Institutes
of Health [NIH] Human Microbiome
Project [HMP] Working Group, 2009).
The breakthrough of the human
microbiome research has come fol-
lowing the completion and publica-
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tion of the human genome sequence
in 2000 and 2003 (National Human
Genome Research Institute, n.d.).
Some researchers argued about the
importance of understanding the
interactive activities between humans
and microorganisms living in and on
them to complete the project (Davies,
2001).

As a result of increasing attention,
in 2007, the NIH initiated the
“Human Microbiome Project” to gain
understanding about the characteris-
tics in compositions of the human
microbiome and factors that may
influence its compositions, and to
examine associations between the
changes in the human microbiome
and health/diseases, especially in cer-
tain medical conditions. With recent
research efforts and improved gene
sequencing technology, scientists
started realizing the benefits and con-
tributions from these organisms.
These include such elements as the
immune maturation and responses,
prevention from pathogen over-
growth, regulation of intestinal endo-
crine functions, neurologic signaling,
energy biogenesis, biosynthesis and
metabolism of vitamins, neurotrans-
mitters, and several other compounds
in a human host (Lynch & Pedersen,
2016; Young, 2017).

On the other hand, dysbiosis of
intestinal microbiota could be associ-
ated with certain childhood diseases
through altering functions of the
immune-inflammatory system, physi-
ologic metabolism, and the intestinal-
brain axis in their developing organs
(Johnson & Versalovic, 2012; McVey
Neufeld et al., 2016; Slattery et al.,
2016; Stiemsma & Michels, 2018).
Interestingly, these conditions are
consistent with common chronic
health conditions in children and
adolescents. For example, the per-
centage of obese children and adoles-
cents increased by about 15%
between 1980 and 2014 (CDD, 2016;
Partnership for a Healthier America,
n.d.). In the same manner, the inci-
dence of childhood allergies, behav-
ioral problems, and learning disabili-
ties have also increased (Miller et al.,
2016; Perrin et al., 2014).

Moreover, several studies discuss
that there is a time-sensitive period
for the establishment of diversity
shifts in the intestinal microbiota in
early life, typically the first 3 years,
although the microbiota composi-
tions of preadolescents and adoles-
cents are still distinct from these of

adults (Johnson & Versalovic, 2012;
Lynch & Pedersen, 2016; Stiemsma &
Michels, 2018). These studies also
describe several factors that affect the
establishment of healthy diversity in
the intestinal microbiota community,
including infants’ gestational age,
type of delivery, breastfeeding or for-
mula feeding, diet and dietary supple-
ments, infections and antibiotics uses,
hereditary influences, and other envi-
ronmental factors (Chan et al., 2016;
Collado et al., 2015; Johnson &
Versalovic, 2012). Therefore, it is cru-
cial for pediatric health care profes-
sionals to be aware of both interfering
and promoting factors for the estab-
lishment and sustention of the intes-
tinal microbiota community in chil-
dren to prevent common chronic
health problems and nurture their
health.

For this article, the extent of the
problem was assessed, and a systemat-
ic review of the literature was under-
taken to provide the evidence for the
disruption of intestinal microbiota in
children with previously mentioned
common chronic health conditions.
Additionally, the evidence for the
beneficial approaches using the
manipulation of intestinal microbiota
to prevent and/or treat these diseases
was determined.

Review of the Literature

Data Sources

Searched databases included
CINAHL, MEDLINE, PsychINFO, and
Google Scholar between January 2013
and January 2019. Search terms used
for the current study were intestinal
microbiota, children AND adolescents,
health, chronic diseases, and mental
health AND mental disorders. The
review included quantitative, qualita-
tive, and randomized control studies,
as well as meta-analysis and thematic
review articles. Articles were restricted
to the English language only. Further
screening of eligible papers was
undertaken based on the reference list
of the included studies.

Inclusion/Exclusion Criteria

Articles were included if they were
studies reporting on “intestinal
microbiome/microbiota,” common
chronic health problems (chronic dis-
ease or illness or condition and/or
mental health), and prebiotics or pro-
biotics. Because a primary focus of the
authors in this article features roles of

pediatric primary health care pro-
viders in developed countries (e.g.,
United States, Canada, United King-
dom, and others), and these devel-
oped countries share increasing issues
in common chronic health problems
in children, studies were included if
studies were conducted in developed
countries, and if the children and
adolescents in the study sample were
between O and 18 years of age. Papers
were excluded if the sample included
adults if the topic was not focused on
intestinal micro-biome/biota, on
acute and/or rare conditions, was
conducted in developing countries,
and if concentrating on animal mod-
els only. Reports, commentary, and
opinions were excluded. Studies were
also excluded in case of inability to
acquire the full text.

Description of Studies

Initially, 180 articles were identi-
fied. By applying inclusion and exclu-
sion criteria and adding two articles
from other references, they were fil-
tered to 35 articles (see Figure 1). After
full-text review, the final number of
articles identified for the review of lit-
erature and synthesis was reduced to
25. They included three systemic
reviews, nine literature reviews, one
RCT, eight prospective studies, three
group comparison studies, and one
retrospective study (see Table 1). The
25 studies were done in a number of
different locations, including Europe,
Canada, the United States, and Asia.

Discussion

Three overarching themes from
the review emerged: 1) intestinal
microbiota and immuno-inflammato-
ry regulation, 2) intestinal microbiota
and Metabolic balance, and 3) intes-
tinal microbiota and nervous system:
gut-brain axis.

Intestinal Microbiota and
Immuno-Inflammatory
Regulation

The host-microbiota interaction is
considered to be strongly linked to
the development, maturation, and
function of the immune system in the
host, not only locally, but also sys-
temically through local colonization,
metabolites, and signaling. Changes
in the composition of the intestinal
microbiota are now recognized to dys-
regulate the immune system toward
hypersensitive and/or hyper-inflam-
matory states in early childhood, and
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Figure 1.

PRISMA Flow Diagram of Study Selection Process

Advanced Google Scholar

> 11 duplicates removed

136 articles excluded after
review of titles/abstract (did not
fulfill inclusion/exclusion criteria)

references included

145 articles sourced through: 35 articles sourced through:
CINAHL
Medline Hand searching
Psych Info
Y
169 articles sourced through -
database searching
Y
2 additional articles from -

33 full-text articles to review

35 full-text articles to review >

10 full-text articles excluded

Y

25 articles included in the
current review

this may be associated with atopic/
allergic diseases and other inflamma-
tory diseases in children (Stiemsma &
Michels, 2018; Versalovic, 2013). Of
the 25 articles, 12 articles discussed
this theme. Five examined the link
between intestinal microbiota and
atopic dermatitis and/or eczema in
children, six studied asthma in chil-
dren, two looked at IBD, and one
focused on juvenile idiopathic arthri-
tis (JIA).

There has been recent recognition
of the evidence that early life dysbiosis
of the human intestinal microbiota is
associated with different types of
immune-inflammatory diseases in
children (Arrieta et al., 2015; Arvonen
et al., 2016; Shaw et al.,, 2016;
Stiemsma & Michels, 2018; Versalovic,
2013). A literature review by Slattery
and colleagues (2016) reported that a
markedly altered abundance of
Faecalibacterium prausnitzii in the
microbiota of children with atopic
dermatitis might be related to inflam-
matory process. Similarly, Arrieta and

colleagues (2015) revealed that the
relative abundance of the intestinal
bacterial genera, Faecalibacterium,
Lachnospira, Veillonella, and Rothia,
was significantly decreased in chil-
dren at risk of asthma. Stokholm
(2018) found an association between
decreased Faecalibacterium, Bifidobac-
terium, Roseburia, Alistipes, Lachno-
spiraceae, and Ruminococcus in fecal
samples of infants and toddlers who
were born to asthmatic mothers and
asthma at age 5 years. Additionally,
Versalovic (2013) discussed the rela-
tive deficiency of Faecalibacterium in
IBD.

Slattery and colleagues (2016) and
Stiemsma and Michels (2018) both
explained a potential mechanism of
the disease process may be altered
production of short chain fatty acids,
metabolites of Butyrate-producing bac-
teria, including Faecalibacterium, also
known as potent anti-inflammatory
agents. Moreover, Arrieta and col-
leagues (2015) looked into the role of
Faecalibacterium, Lachnospira, Veillo-

nella, and Rothia in asthma suscepti-
bility by an experiment using germ-
free (GF) mice and concluded that GF
mice with these four bacterial taxa
ameliorated airway inflammation
compared to GF mice without bacter-
ial supplementation.

Along with the above, some re-
ported similar findings. Arvonen and
colleagues (2016) described that the
decreased portion of the Firmicutes
phylum and increased Bacteroidetes
phylum were significant in children
with JIA, and Shaw and colleagues
(2016) found Coprococcus and Adler-
creutzia were significantly decreased
in children with IBD. Although their
findings of specific species were differ-
ent, there is also a suggestion of
Butyrate-producing bacteria as the key
players in both findings.

Additionally, Stiemsma and col-
leagues (2016) featured that the sig-
nificant shift to less Lachnospira and
more Clostridium neonatale at 3 months
was associated with the increased risk
of asthma at 4 years of age; this signif-
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icance at 1 year of age was not as
strong as at 3 months. Consistent with
this result (Stiemsma et al., 2016), sev-
eral researchers also emphasized the
early infancy critical window of intes-
tinal dysbiosis in developing/prevent-
ing chronic immune-inflammatory
diseases in later childhood (Arrieta et
al, 2015; Stiemsma & Michels, 2018;
Stokholm et al., 2018). In articles by
Arvonen and colleagues (2016) and
Stiemsma and colleagues (2016), an
increased susceptibility to inflammato-
ry health conditions by the negative
impact of antibiotics use on intestinal
microbiota compositions during this
specific critical window was consid-
ered. Comparatively, protective effects
of breastfeeding in JIA, atopic diseases
and the effects of probiotics, prebiotics
in preventing and decreasing severity
of atopic dermatitis, asthma, and JIA
were also noted (Arvonen et al., 2016;
Foolad et al., 2013; Hendaus et al.,
2016; Slattery et al., 2016; West et al.,
2017). Furthermore, West and col-
leagues (2017) discussed the beneficial
administrating methods of probiotics.
They referred to a meta-analysis of 29
studies and identified there was a ben-
efit of probiotics for eczema reduction
when administered in the last tri-
mester of pregnancy, when adminis-
tered during breast-feeding, or when
administered to infants and/or moth-
ers.

Finally, although there is rapidly
accumulating evidence, there are still
inconsistent reports trying to identify
precise factors and mechanisms of the
dysbiosis by which the microbiota
might contribute to chronic immune-
inflammatory disease in children.
Studies regarding the involvement of
up/down regulation of T regulatory
cells, T helper 1 cells, T helper 2 cells,
interferons (IFN), and interleukins in
mechanisms of the interactions
between intestinal microbiota and
immune system seem to be promising
(Arvonen et al, 2016; Hendaus et al.,
2016; West et al., 2017). However, in-
depth discussion is beyond the scope
of the present review.

Intestinal Microbiota
and Metabolic Balance

There have been appealing reports
about the relationship between indi-
viduals’ differences in their intestinal
microbiota and weight gain, adiposis,
glucose tolerance, and consequent
metabolic syndrome, such as obesity,
fatty liver, cardiovascular disease, and
diabetes mellitus, reflecting great con-

cerns for increasing metabolic syn-
drome in children and adolescents
(Belei et al., 2017; Forbes et al., 2018;
Nobili et al., 2018; Stiemsma &
Michels, 2018). Of the 25 articles
reviewed, eight articles featured this
theme.

Belei and colleagues (2017) and
Nobili and colleagues (2018) both
investigated the relationship between
non-alcoholic fatty liver disease
(NAFLD) and the intestinal bacterial
compositions. Belei and colleagues
(2017) disclosed that about 60% of
the children who were positive for
intestinal bacterial overgrowth had
NAFLD, while none of the children
who were negative for intestinal bac-
terial over growth had NAFLD. They
also noted this intestinal bacterial
overgrowth was associated with ele-
vated aminotransferases and hyper-
tension. Interestingly, it has long
been known that GF mice can eat
more and gain less weight than regu-
lar mice (Davis, 2016), and this initial-
ly provoked the researchers’ questions
for the role of intestinal microbiota in
malnutrition and obesity.

A landmark study by Ridaura and
colleagues (2013) showed that obesity
can be a microbiota transmissible
trait. In this study, stool samples were
taken from paired human twins (one
was obese; the other was lean) and
supplemented to GF mice. Later, the
GF mice that got stool from the obese
twin gained more weight even
though they were fed the same diet. It
is remarkable that the finding by Belei
and colleagues (2017) in human chil-
dren resembles the fact in mice. At
the genomic level, Nobili and col-
leagues (2018) noted increased
Lactobacillus spp. in children with
NAFLD and/or obese compared to the
controls, while Bifidobacterium spp.
were more abundant in the controls.
This suggested a protective role of
these microorganisms against the fea-
turing diseases.

Forbes and colleagues (2018) also
found that a potential protecting
influence of Bifidobacterium spp could
start from birth. Researchers exam-
ined the link between fecal microbio-
ta of breastfed and formula-fed
infants at 3 to 4 months and their
overweight status at 12 months. Their
results revealed that increasing exclu-
sivity of breastfeeding was associated
with increasing abundance of
Bifidobacteriaceae and Enterobacteri-
aceae and decreasing Lachnospiraceae,
Veillonellaceae, and Ruminococcaceae.

In contrast, the lower abundance of
Bifidobacteriaceae and the higher
abundance of Lachnospiraceae at 3 to 4
months were strongly associated with
increase in risk of overweight by 12
months. They also mentioned the
association between over-richness of
microbiota and the risk of overweight
by 12 months, which concurs previ-
ous findings (Belei et al., 2018; Davis,
2016).

It is well known that human breast
milk is a gold liquid for infants, con-
taining ideal nutrients, digestive
enzymes, hormones, immune proper-
ties, and probiotics/microbiome. How-
ever, beyond that, human breast milk
contains a large portion of complex
sugars — oligosaccharides. In fact, the
human body cannot digest oligosac-
charides, but Bifidobacterial species
can. Amazingly, breast milk provides
oligosaccharides for these intestinal
bacteria, which eventually promote
their beneficial function on infants’
intestines. As a result, during the peri-
od of intestinal microbiota establish-
ment in early infancy, Bifidobacterial
species grow well on human milk
oligosaccharides (Thomson et al.,
2018). It is an awe-inspiring mystery
of nature how our body was made as
a balanced ecosystem by coexisting
with these microorganisms.

Some researchers studied the asso-
ciation between the impact of antibi-
otics exposure on the composition of
intestinal microbiota and overweight
in children (Gerber et al, 2016; Saari
et al., 2015; Stiemsma & Michels,
2018). Gerber and colleagues (2016)
and Saari and colleagues (2015) both
addressed that the risk of overweight
and weight gain were significantly
associated with the earlier life antibi-
otic exposure and the higher number
of antibiotic courses in the first 12
months of age. Although Saari and
colleagues (2015) reported this signif-
icance was greater when the first
antibiotic exposure took place at
younger than 6 months of age, Gerber
and colleagues (2016) did not find
this association. Intriguingly, both
studies described a dose dependence
in the significance of increasing risk
of overweight and weight gain.
Moreover, Saari and colleagues (2015)
reported the association of the higher
risk, especially in children who were
exposed to macrolides, broad spec-
trum antibiotics at less than 6 months
of age. This also reminds us of the pre-
viously discussed early infancy critical
window of intestinal dysbiosis in dis-
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ease development. Thus, these results
bring attention to the importance of
the choice of antibiotics in early
infancy. For instance, avoidance from
repeated exposure and favored use of
narrow-spectrum antibiotics when
possible should be considered.
Additionally, probiotics for prevent-
ing and treating antibiotic-associated
diarrhea may be worth discussing
prior to antibiotics administration in
otherwise healthy children (AAP,
2010; Guo et al., 2019).

Furthermore, findings from a study
by Rampelli and colleagues (2018)
exploring changes in microbiota
structures of participants for over age
5 years were also thought-provoking.
While some participants became
obese, others remained normal
weight in 4 years. Rampelli and col-
leagues (2018) found an increase in
the abundance of Proteobacteria and a
decrease in Clostridiaceae and Rumino-
coccaceae after the onset of obesity.
Again, as can be similarly seen in the
previous theme, members of Butyrate-
producing bacteria families to which
Faecalibacterium and Coprococcus be-
long were decreased in unhealthy, dis-
eased states. Interestingly, their find-
ings show that differences in food
consumption lead to different micro-
biota diversity structures. For exam-
ple, higher consumption of fish,
seeds, and whole grain bread was
associated with the diversity struc-
tures seen more in the normal group
while a higher consumption of dairy
products, pizza, sausages, and sweet-
ened drinks and other carbohydrates
was associated with the structures
seen more in the obese group. This
highlights an evidence of the impact
of daily diet on microbiota composi-
tions influencing the disease process
either positively or negatively. Finally,
Slattery and colleagues (2016) referred
to several studies investigating the
protective effects of probiotics in
overweight, obesity, and obesity-relat-
ed NAFLD by administration of
Lactobacillus rhamanosus GG, al-
though results were inconsistent.

Intestinal Microbiota
and Nervous System:
Gut-Brain Axis

Echoing the increasing evidence to
support early-life microbial composi-
tional changes in stress response and
anxiety and the growing attention to
the possible association between vari-
ations in the intestinal microbiota and
aspects of social behavior and mental

health, 10 of 25 articles were identi-
fied as focusing on this theme. McVey
Neufeld and colleagues (2016)
reviewed their own mice studies and
studies of others and explained gut-
brain axis as complex interactions by
three systems: the enteric nervous sys-
tem (ENS), the central nervous system
(CNS), and the immune system.
According to McVey Neufeld and col-
leagues (2016), the GF mice showed
typical characteristics, such as unusu-
ally reduced anxiety-like behaviors,
cognitive dysfunction, social deficits,
microglia activation deficits, and
changes in brain-derived neurotrophic
factor (BDNF) expression. It is reason-
ably presumed that the absence of
microbes during the development
period dramatically affected the brain-
gut axis and the CNS circuitry and
neuro-wiring. Additionally, there are
many similarities in the immune sys-
tem and nervous system. Some molec-
ular components (e.g., cytokines) are
shared by both systems. In fact, the
comorbidity of gastrointestinal prob-
lems and inflammatory problems in
children with cognitive, behavioral,
and/or mental problems is fairly com-
mon (Navarro et al., 2016).

Jiang and colleagues (2018) inves-
tigated the intestinal microbiota pro-
files of children with attention deficit
hyperactivity disorder (ADHD) and
noted Faecalibacterium, Dialister, and
Sutterella were abundant in healthy
controls and less so in ADHD group.
Further, the abundance of Faecali-
bacterium was negatively associated
with parental reports of ADHD symp-
toms. Comparatively, in the study by
Krajmalnik-Brown and colleagues
(2015) on autism spectrum disorders
(ASD) with gastrointestinal (GI)
symptoms, a distinguishing microbio-
me in ASD was associated with lower
abundance of the bacterial genera
Prevotella, Coprococcus, and unclassi-
fied Veillonellaceae, and an overall less
diverse gut microbiome. Although
they studied different cognitive,
behavioral problems, both studies
shared findings of microbiome
changes in intestinal Butyrate-produc-
ing communities, which are also con-
sistent with findings of several studies

Increasing chronic health problems in children is a
significant issue of concern in the United States,
and intestinal dysbiosis is strongly associated with
the development of these diseases.

as previously discussed. However,
Inoue and colleagues (2016) contrari-
ly revealed that the abundance of
genus Faecalibacterium was signifi-
cantly higher in the fecal microbiota
of infants with ASD, although their
sample size was notably limited when
compared with others.

Featuring the protective effect of
probiotics in childhood ASD and
ADHD, Navarro and colleagues (2016)
and Pédrtty and colleagues (2015) con-
ducted a review and a study, respec-
tively. Impressively, Pdrtty and col-
leagues (2015) reported that at 13
years of age, ADHD or ASD was diag-
nosed in 17.1% children in the place-
bo group and none in the probiotic
supplementation group. They further
looked into participants’ microbiota
compositions and found that the
numbers of Bifidobacterium species
bacteria in feces during the first 6
months of life was lower in affected
children. Moreover, at 18 months
and 24 months, Bacteroides and
Lactobacillus-Enterococcus group bacte-
ria and Clostridium histolyticum group
were also lower among affected chil-
dren; however, at age 13 years, there
were no statistically significant differ-
ences in gut microbiota composition.

Findings above repeatedly illustrat-
ed the possible key influence of
Butyrate-producing microorganism
communities and the critical window
in infancy and early childhood for
both the development of intestinal
microbiota community and the
development of the neurological sys-
tem and their interactions. Navarro
and colleagues (2015) also supported
the evidence for the role of probiotics
in ASD with GI problems, noting
potential benefits due to the underly-
ing systemic inflammation. More-
over, in a mouse study, the above-
mentioned GF mice with cognitive
dysfunction, social deficits showed
mitigation of these deficits after the
microbiota supplementation. In addi-
tion, antibiotic-treated mice displayed
the similar immature function of the
CNS to that of GF mice, as well as the
probiotics effects above (McVey
Neufeld et al., 2016; Stiemsma &
Michels, 2018).
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On the other hand, some re-
searchers argued there is another crit-
ical window for neurological develop-
ment and intestinal microbiota inter-
actions in adolescence because there
are active physiological neuron devel-
opment, myelination, and synaptic
pruning during this period. Addi-
tionally, increasing stress, unhealthy
lifestyle, and substance exposure are
also common in the same period.
Interestingly, the peak age of onset for
mood and mental disorders is around
14 years, which may suggest a strong
link to the currently discussed critical
window in the adolescence period
(McVey Neufeld et al., 2016). A study
by Herpertz-Dahlmann and colleagues
(2017) revealed that patients with
anorexia nervosa displayed a signifi-
cantly reduced intestinal microbiota
diversity in the state of a low body
mass index (BMI) and an increased
diversity after gaining weight, al-
though it remained lower than in
healthy controls. Further, differences
in the abundance and diversity of
bacterial groups were significantly
associated with eating disorder psy-
chopathology and depression scores.
Finally, although researchers started
to have a better understanding of this
fascinating theme, these complex
interactions are still under studied,
especially with human subjects.

In summary, the evidence of the
association between dysbiosis of the
intestinal microbiota and common
childhood diseases was confirmed by
the current literature review. Dysbiosis
may also be linked to the likelihood
causation of the development of dis-
ease status, although other factors
from genetics and extra environment
should be also considered. Specifically,
findings repeatedly suggested the pro-
tective function of Bifidobacteria and
Butyrate-producing intestinal micro-
biota in the development of common
childhood chronic health problems
across the three themes. Bifidobacteria
seems to be the key player for the suf-
ficient establishment of intestinal
microbiota community and the effec-
tive energy metabolism in the very
limited microbiota nature of newborns
and young infants.

Other consistent findings through-
out the three themes were the critical
windows of significant interactions
between the intestinal microbiota
and developing organs/physiologic
systems of the children. Notably, the
early infancy critical window of intes-
tinal dysbiosis was linked to the

development of asthma, atopic dis-
ease, obesity, ASD and ADHD. The
adolescent critical window might be
related to the development of mood,
mental disorders, and disruption of
cognitive functions.

Moreover, the consumption of
probiotics and prebiotics was preva-
lent and considered safe strategies to
restore intestinal homeostasis and
enhance protective bacteria. Despite
their potential benefits, inconsistent
results of their effects in preventing
and alleviating the severity of the fea-
tured diseases were seen in the
reviewed studies. In addition, the
appropriate dosage and choice of
species, and timing and duration of
administration have been limitedly
examined.

Practice Implication

Pediatric health care practice
includes well infant/child preventive
care, prevention and management of
common pediatric acute illnesses, as
well as chronic health conditions.
Therefore, not only pediatric primary
health care providers, but all pediatric
health care professionals are particu-
larly well-positioned to assess the cur-
rent chronic health problems associat-
ed with intestinal dysbiosis in chil-
dren and effectively intervene in
them. With the present findings, we
could identify a high-risk population
of intestinal dysbiosis and associated
health problems by taking effective
birth history, such as who are prema-
turely bone, born via cesarean section,
and who are not breastmilk fed. We
should also monitor and assess regular
anthropometric measurements and
signs and symptoms of previously dis-
cussed common childhood chronic
diseases, and perform detailed history
taking regarding daily dietary intake
focusing on healthy food choices,
processed food availabilities, and
financial and practical conflicts/stress
to healthy food consumptions that
may influence on the structure and
function of intestinal microbiota.
Additionally, we could encourage and
assist mothers for breastfeeding prac-
tice from the new standpoint that it
promotes intestinal microbiota estab-
lishment and stabilization, which
potentially interact with infants’
immune system and resulting in
increasing resilience to the above
childhood common diseases. We can
encourage patients and their families
to practice daily healthy food choices

such as increasing intake of dietary
fiber (raw vegetables and fruits, whole
grain products), yogurt/Kkefir, and tra-
ditional ethnic fermented foods to
promote function of Bifidobacteria and
Butyrate-producing microbiota.

Moreover, we should conduct judi-
cious and thoughtful use and choice
of antibiotics in early infancy deliber-
ately, for instance avoiding unneces-
sary, repeated exposure and favored
use of narrow-spectrum antibiotics,
instead of macrolide or broad-spec-
trum antibiotics when possible.
Further, we should use probiotics to
prevent and alleviate severity of
antibiotics-associated diarrhea and
restore healthy intestinal ecosystem
after the antibiotic exposure. Patients
and families should also be encour-
aged regarding adequate intake of
probiotic-rich foods and probiotic
products. Finally, health care pro-
viders may want to consider prenatal,
postnatal, and childhood probiotics
supplementations and/or prescription
when the discussed clinical condi-
tions in otherwise healthy children as
adjunction to the current prevention
guidelines and standard treatment
regimens with patients/families wish-
es under the safety cautions.

Conclusion

Increasing chronic health problems
in children is a significant issue of
concern in the United States, and
intestinal dysbiosis is strongly associ-
ated with the development of these
diseases. The present literature review
revealed that intestinal microbiota
plays a critical role in preventing and
treating children’s chronic health
problems and maintaining children’s
health, especially through enhancing
protective functions of Bifidobacteria
and Butyrate-producing microbiota
and respecting the balanced intestinal
ecosystem in critical periods. How-
ever, further studies are strongly
required to understand the in-depth
details of the complex interactions
between the intestinal microbiota and
human physiology, and multifactorial
disease process and great research
potential remains in this area, espe-
cially in human subjects.

Moreover, the present literature
review included several meta-analyses
and reviews with several RCTs and
multiple large population size cohort
longitudinal studies. Most studies
used a state-of-the-art technology for
genome sequencing and meticulous
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statistical analysis. Thus, the reliabili-
ty of the present review is sufficient.
However, at the same time, it was
challenging for the authors to fully
understand all studies because the
authors are not specialized in molecu-
lar microbiology.

Lastly, all pediatric health care pro-
fessionals must be aware of the impor-
tant role of the intestinal microbiota
in disease process of childhood com-
mon health problems, such as atopic
diseases, asthma, IBS/IBD, obesity/
NAFLD/diabetes mellitus, and cogni-
tive-behavioral disorders, and effec-
tively intervene by sharing and
accomplishing the latest evidence-
based knowledge and practice by vari-
ous approaches Therefore, preventing
negative alteration and promoting
positive modification of the intestinal
microbiota could have a significant
influence on improving the health
and well-being of children. B
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