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Abstract

Constipation is a widespread problem in pediatric practice, affecting almost 30% of pediatric population.
As much as 90-95% of constipation cases have a functional basis, and although the pathogenesis of func-
tional constipation remains unclear, its etiology is considered to be multifactorial. Its growing prevalence has
been attributed to the occurrence of disorders in the homeostasis of gastrointestinal microbiota. In humans,
the best known microbiome is that of the intestines, which has been the subject of a number of studies
based on recognition of the 765 rRNA gene sequence. Microbiota are believed to influence the pathogenesis
of functional constipation by affecting peristalsis, relationship with diet, and physical activity. The paper
evaluates the role of intestinal microbiota in functional constipation and describes its contribution to the onset
of disease. Determining the importance of the microbiome in the pathogenesis of functional constipation
creates hope for the development of new prevention and treatment methods.
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Introduction

Constipation is a troublesome condition characterized
by the production of hard, compact stool which requires
great effort to pass. Consequently, stool is passed less fre-
quently than would be typical for a given age. The norms
of defecation frequency depending on age are presented
in Table 1.} Constipation is one of the most common
childhood complaints, being reported by up to 29.6%
of the population of pediatric population.?~* It is slightly
more common in boys than in girls.> The condition ac-
counts for 3—-5% of visits to pediatricians and 10-25%
of visits to pediatric gastroenterologists.®® In addi-
tion to its widespread prevalence, constipation is also
becoming more common; this rise has been attrib-
uted to a range of causes, such as poor diet, reduced
physical activity, rapidly progressing socio-cultural
changes, increasing stress levels, and inappropriate pa-
rental attitude.”® In as many as a quarter of children,
the problem of constipation persists into adulthood.’
In addition, it is a clinical problem that generates high
costs for healthcare: the number of children hospital-
ized due to constipation in the USA increased by 112%
in the period 1997-2009, and the costs associated with
hospitalization increased by 221.5%.” The importance
of constipation is demonstrated by its significant im-
pact on the quality of life of both children and their
families.?”

Table 1. Normal frequency of bowel movements in infants and children’

Age Mean number of bowel | Mean number of bowel
9 movements per week movements per day

0-3 months

(breastfed) >-40 29
0-3 months
(formula-fed) =28 20
6-12 months 5-28 1.8

1-3 years 4-21 14
Over 3 years 3-14 1.0

Constipation can cause a number of symptoms, such
as abdominal pain, bloating, painful bowel movements,
lack of appetite, fecal staining of underwear, vomiting,
and even intestinal obstruction and perforation.>® In ad-
dition, children with constipation are more likely to suffer
from urinary tract infections and bedwetting,'® and this
cohort demonstrates an increased risk of various emo-
tional disorders, such as anxiety and irritability. When left
untreated, or inadequately treated, long-term constipation
can adversely affect child’s development.

It is believed that 5% of cases of constipation may be
organic in origin, while the other 95% are functional.
Prevalence rates for functional constipation in children
aged 0-18 years range from 0.5% to 32.2%.!! The preva-
lence varies according to age groups, with the highest
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Table 2. Differential diagnosis of constipation according to age
in children’

Children older

Cause of constipation S P

Infants ‘

) A rare (prevalence | more than 95% of cases
Functional constipation

3-12.1%) (prevalence 0.5-32.2%)
Hirschsprung's disease yes yes
Congenital anorectal
malformations yes rarely
Neurological disorders yes rarely
Encephalopathy yes rarely

Spinal cord abnormalities:

myelomeningocele, spina yes rarely
bifida, tethered cord

Cystic fibrosis yes yes

Metabolic causes:
hypothyroidism, hyper-

calcemia, hypokalemia, yes yes
diabetes insipidus

Heavy metal poisoning yes yes
Medication side effects yes yes
Gluten enteropathy no yes
Spinal cord trauma no yes
Neurofibromatosis rarely yes
Developmental delay rarely yes
Sexual abuse rarely yes

prevalence reported in toddlers.!! The differential di-
agnosis of constipation depending on age is presented
in Table 2.2 The bases for recognizing functional con-
stipation according to the Rome IV criteria are presented
in Table 3.1

Etiology of functional constipation

Although the etiology of functional constipation is be-
lieved to be multifactorial, it remains poorly under-
stood.”!>17 The basic causative factor is believed to be
conscious stopping of defecation due to pain or fear, thus
resulting in a “vicious circle”.’> Such withholding of stool
is believed to be the cause of constipation in 50% of younger
children.” The prolonged stasis and accumulation of fecal
mass leads to an enlargement of the rectum and a decrease
in anal muscle contraction efficiency, resulting in pelvic
floor muscle fatigue, weakness of anal sphincter function
and fecal incontinence.”!® Almost 30% of children with
functional constipation soil their underwear.!”

Functional constipation is typically categorized into nor-
mal transit constipation (NTC), slow transit constipation
(STC), and defecatory or rectal evacuation disorders. Def-
ecatory or rectal evacuation disorders are caused by pelvic
floor dyssynergia (PFD) as well as a reduction in intra-
abdominal pressure, rectal sensory perception and rectal
contraction.!®
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Table 3. Rome IV criteria for functional constipation'>'*

Criteria

Children <4 years *
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Children >4 years **

- 2 or fewer defecations per week
« history of excessive stool retention
- history of painful or hard bowel movements

« history of large-diameter stools

Rome IV
criteria

- presence of a large fecal mass in the rectum

used:

- at least 1 episode/week of incontinence after the acquisition
of toileting skills

- history of large-diameter stools that may obstruct the toilet

In toilet-trained children, the following additional criteria may be

- 2 or fewer defecations in the toilet per week

- atleast 1 episode of fecal incontinence per week

- history of retentive posturing or excessive volitional stool retention
« history of painful or hard bowel movements

- presence of a large fecal mass in the rectum

- history of large-diameter stools that can obstruct the toilet

* Must fulfill >2 criteria at least once per week for a minimum of 1 month with insufficient criteria for a diagnosis of irritable bowel syndrome.
** Must fulfill >2 criteria at least once per week for a minimum of 1 month with insufficient criteria for a diagnosis of irritable bowel syndrome. After
appropriate evaluation, the symptoms cannot be fully explained by another medical condition.

Rao et al. showed that dyssynergic defecation was de-
tected in 27-59% of patients, slow colonic transit in 3—47%,
and an overlap of dyssynergic defecation and slow colonic
transit or constipation-predominant irritable bowel syn-
drome (IBS-C) was commonly present.!® Dyssynergic def-
ecation is common and affects up to % of patients with
chronic constipation.!® The PFD prevalence varies between
11% and 74%; it is typically present in about 50% of patients.
The exact prevalence of PFD in children is unknown.
According to Whitehead et al., PFD is found in 25-50%
of both children and adults.?° Another study showed slow
transit constipation in 60% of the children with constipa-
tion, and among them, 13% had pelvic floor dysfunction.?!
Zar-Kessler at al. completed a retrospective chart review
over 15 months of patients aged 5-18 years with chronic
constipation. They showed that <50% of all studied patients
met criteria for dyssynergic defecation

In addition, it has been found that children with motil-
ity disorders tend to display normal or slow bowel motor
function. In addition, peristalsis may be slowed throughout
the entire large intestine, resulting in inefficient move-
ment of fecal masses and stool retention. Such problems,
occurring as a result of slow passage of stools though
the intestine, has been reported in 25% of older children
by Rajindrajith et al.” and in 13—-25% of children by Nurko
etal.?® A relationship has also been noted between motility
disorders and intestinal microbiota. In contrast, defecatory
and rectal evacuation disorders do not appear to be related
to gut microbiota.!®

Constipation can also occur due to abnormalities
of the anorectum region which impede excretion of fecal
masses, such as spastic pelvic floor spasm.!” In a study
of 1400 adult patients with functional constipation, 65%
demonstrated constipation with normal intestinal passage
time and 5% with a longer time, while 30% had problems
with fecal excretion from the end of the bowel.?*

Constipation may also be caused by low fiber intake?
and lack of physical activity.2 In addition, obesity, closely

related to physical activity and diet, is commonly asso-
ciated with a higher risk of constipation,?” although no
such relationship has been confirmed.?® Other lifestyle
factors that increase the risk of constipation include poor
socioeconomic conditions and low maternal education.*
Stress has also been found to be associated with constipa-
tion in children,? which can lead to permanent changes
in gastrointestinal motility, visceral sensitivity and hypo-
thalamic—pituitary—adrenal dysfunction.”?® In addition,
constipation has been found to be more common in chil-
dren who receive less attention from parents, and who may
get insufficient sleep.?

In addition to environmental factors, genetic factors
may also be important in the development of constipa-
tion, since it has been shown that a positive family history
has prognostic value®’; however, no mutations in genes
potentially related to functional constipation have been
identified.?!

One group of factors that has demonstrated increasing
significance in constipation is that of disorders in the ho-
meostasis of the intestinal microbiota.>!®

Diversity of the intestinal
microbiota at different levels
of the digestive tract

The intestines are the most widely colonized organ
in the human body, with colonization mainly with bac-
teria of the Firmicutes, Bacteroidetes, Proteobacteria, and
Actinobacteria, but also by fungi, viruses and archaea.®
The total mass of bacteria in the intestine is believed
to range from 1.5 kg to 2 kg. Due to the variation in their
conditions and function, each section of the digestive sys-
tem is characterized by a unique microbial community.
The oral cavity is typically inhabited by 108 CFU (colony
forming units) per gram of fecal content, with the genera
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Actinobacteria, Saccharibacteria, Proteobacteria (class
beta), Fusobacteria, Firmicutes (mainly Negativicutes and
Bacilli), and Bacteroides (Flavobacteria, Prevotella) pre-
dominating. The esophagus and upper gastrointestinal tract
are characterized by a relatively fast transport of gastroin-
testinal content, which is not conducive to the development
of microorganisms; similarly, the stomach and the initial
section of the small intestine have very low pH and high
passage speed, and hence typically demonstrate 101-103
bacteria/gram of fecal matter, with acid-resistant Lactoba-
cilli predominating. In comparison, a more diverse micro-
biota is found in the distal section of the small intestine,
where 105 bacteria/gram of fecal matter is typically found.
The most numerous, and most active, microorganism com-
plex can be found in the large intestine, with 1011-1012 mi-
crobes/gram of fecal content; this higher number is most
likely due to the slower passage of feces.?? This region has
been shown to be dominated by anaerobic bacteria.®?

The significance of the microbiota
of the digestive tract for health

The microbiota creates a unique ecosystem that performs
many functions important for maintaining homeostasis,
i.e, it is responsible for the energy balance of the body,*
and is involved in digestion, fermentation of nutrients and
the storage of energy obtained from food by transforma-
tion to short-chain fatty acids (SCFAs).3* It is also respon-
sible for the production of polyamines and vitamins B and
K, as well as for mineral management.>* The microbiota
also plays an important role in the proper functioning
of the immune system.?® By releasing neurotransmitters
and neuromodulators, such as dopamine, noradrenaline,
acetylcholine, gamma aminobutyric acid, and serotonin,
it also affects the function of the brain—gut axis.3¢ It has
been demonstrated that direct contact of intestinal epi-
thelial cells with the probiotic Lactobacillus acidophilus
induces the expression of opioid and cannabinoid receptors
in the intestine and is involved in the modulation of vis-
ceral pain perception.?”

Although previous research has examined the signifi-
cance of microbiota in a range of specific diseases, includ-
ing allergic diseases,®® mental and neurodevelopmental
disorders,*>% diabetes, obesity, hypertension, cardiovas-
cular disorders,*! coeliac disease, rheumatoid arthritis,
inflammatory bowel disease (IBD), and colorectal can-
cer,33 the largest number of studies concerns functional
disorders of the gastrointestinal tract.® It is also important
to note that although the microbiomes of various body
compartments have been studied, most previous research
has focused on the digestive tract.®

It is possible that the microbiota may play a direct or in-
direct role in the pathogenesis of functional constipation
by influencing peristalsis, or by a relationship with diet
and physical activity.
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The pathomechanisms behind
the relationship between
intestinal microbiota, peristaltic
disorders and constipation

Changes in the composition of the microbiota play
an important role in the pathogenesis of many gastro-
intestinal functional disorders, including constipation.
It has been observed that the composition of the gastro-
intestinal microbiota of individuals with constipation
differs considerably from those without.®!3%4% Consti-
pation is a disorder resulting from changes in the peri-
stalsis of the digestive tract. The function of the in-
testine is maintained by a number of factors that play
significant roles, including the nervous system, the im-
mune system, bile acid metabolism, and the microbiota
of the digestive tract. The cause—effect relationship be-
tween alterations in gut microbiota and gut dysmotil-
ity remains unclear. Some changes in the composition
of the gut microbiota may be secondary to slower gas-
trointestinal transit.

In addition, the microbiota can influence intestinal peri-
stalsis by various mechanisms described below.

Changes in pH in the intestine

Disruptions in the normal intestinal microbiota can re-
sult in changes in the fermentation of dietary fiber to SCFA,
preventing the effective control of pH in the intestine and
thus disrupting its peristalsis. In addition, abnormal pH
prevents the development of certain components of the mi-
crobiota, particularly Lactobacillus and Bifidobacterium.
Therefore, the composition of the microbiota both influ-
ences, and is influenced by, constipation.®16

Regulation of butyric acid concentration

The proper composition of the microbiota maintains
the concentration of butyric acid in the colon at an optimal
level, maintaining the correct rhythm of bowel movements.
The correct concentration of butyrate facilitates contrac-
tions of the smooth muscle in the colon, thus supporting
intestinal motility and preventing constipation. However,
at excessive concentrations, it inhibits muscle contraction
and slows peristalsis. In addition, excessive concentra-
tions of butyrate may favor the development of constipa-
tion by inhibiting mucin secretion from intestinal goblet
cells, and decreasing stool volume by disturbing water
and electrolyte absorption. This explains the occurrence
of smaller numbers of Prevotella species (including P. ver-
oralis, P. corporis and P. ruminicola), which do not produce
butyric acid, in patients with constipation, and the greater
number of butyric acid-producing Coprococcus, Roseburia
and Faecalibacterium. Interestingly, while the presence
of bacteria that produce butyrate in the intestinal mucosa
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(e.g., Faecalibacterium) is associated with a higher likeli-
hood of constipation, the presence of those that produce
butyric acid in the feces (e.g., Faecalibacterium, Roseburia
and Coprococcus) actually increase the rate of peristalsis
in the colon.®

Production of methane
in the intestinal lumen

Disturbances in the composition of the microbiota influ-
ences the production of methane in the intestinal lumen,
causing intestinal distension, reduction of smooth muscle
contractility and a slowing of peristalsis.*?

Modulation of gene expression

Experimental studies in mice have shown that mi-
crobes can modulate the expression of genes involved
in regulating motility: colonization of Bacteroides the-
taiotaomicron resulted in an increase in mRNA encoding
the L-glutamate transporter, glutamate decarboxylase
(which converts L-glutamate to gamma-aminobutyric
acid), synaptobrevin binding protein (which is involved
in the release of neurotransmitters), and intestinal
g-actin. These findings suggest that the microbiota
may directly influence the intestinal nervous system
and therefore motility.** In addition, SCFA produced by
intestinal microbiota was observed to induce a phase
of muscle contraction dependent on GPR41 (G protein-
coupled receptor 41) level, with the highest affinity be-
ing observed for propionate, followed by butyrate and
acetate. GPR41, also known as free fatty acid receptor 3
(FFAR3), is a free fatty acid receptor coupled to a G pro-
tein, encoded by the FFAR3 gene. GPR41 has an affinity
to both ethanoic and propionic acid, and a lower affin-
ity for butyric acid. To a small extent, it also recognizes
caproic and valeric acid.?

Neuroendocrine factors

The microbiota of the digestive tract affects peristalsis
by stimulating the sympathetic nervous system and relax-
ing the smooth muscle of the intestine. Microorganisms
stimulate cholinergic pathways directly through their abil-
ity to synthesize neurotransmitters. It has been found that
Lactococcus, Streptococcus, Escherichia, and Candida ef-
fectively increase the concentration of serotonins, Lactoba-
cillus and Bifidobacterium increase gamma-aminobutyric
acid, and Bacillus spp., Escherichia spp. and Saccharomyces
spp. increase norepinephrine. The gastrointestinal micro-
biota can also stimulate cholinergic pathways indirectly
through the synthesis of metabolites such as SCFAs (e.g.,
butyrate), thus stimulating the release of serotonin. It has
also been shown that Faecalibacterium, Roseburia and
Coprococcus produce butyrate, and thus increase serotonin
levels.2%
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Role in bile acid metabolism

The intestinal microbiota can also affect intestinal mo-
tility by modulating the composition and size of the bile
acid pool. The microorganisms colonizing the colon par-
ticipate in the deconjugation and dehydroxylation of pri-
mary bile acids (cholic and chenodeoxycholic acid) which
are absorbed in the ileum. Secondary bile acids, such as de-
oxycholic and lithocholic acid, are formed. The conjugation
of primary bile acids in the large intestine is facilitated
by bacterial 7a-dehydroxylase, the activity of which has
been observed in Clostridium leptum, Clostridium bifer-
mentans, Clostridium sordellii, Eubacterium spp., Esch-
erichia coli, and Bacteroides spp.

Lithocholic acid, the most potent TGR5 membrane re-
ceptor activator conjugated to G protein, is also involved
in the regulation of metabolism. Studies on mice overex-
pressing TGR5 identified a 2.2-fold reduction in colonic
transit time and a 2.6-fold increase in the number of bowel
movements compared to normal mice.

It is also possible that intestinal motility is affected
by cholic acid, which is found to be present at higher levels
in obese people. Obesity also influences the specific com-
position of the intestinal microbiota; e.g., obese people tend
to demonstrate a greater abundance of Firmicutes com-
pared to Bacteroidetes, which is associated with a faster
peristalsis.?

The influence of particular
bacterial strains on peristalsis and
the prevention of constipation

A great deal of research has been conducted to determine
the effect of individual bacterial strains on intestinal motility
and the occurrence of constipation, and the results are varied
and often contradictory. These differences may result from
the fact that children with constipation constitute a highly
heterogeneous phenotypical group, and the fact that previous
studies use a wide range of diagnostic criteria, methods of pa-
tient classification, patient diets, and research methods used
to identify the microbiome. Unfortunately, research into
microbiota composition has long been limited by the need
to use traditional bacterial culture. However, the recent de-
velopment of 16S rRNA gene pyrosequencing and specific
gene primers, and the ability to assess the DNA sequence
of each taxon in the intestinal microbiome, has provided
a clearer view of the molecular basis of constipation.

Changes in intestinal barrier permeability and systemic
resistance observed in adults with constipation have
been associated with the presence of a reduced number
of Bifidobacteria, Lactobacillus and Prevotella.*

A study of the fecal microbiota in 50 adult female pa-
tients (25 with constipation and 25 without) by 165 rRNA
sequencing found that the fecal microbiota profile was
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associated with colonic transit time: the presence of Fir-
micutes bacteria (Faecalibacterium, Lactococcus and
Roseburia) was correlated with faster digestive passage.®
Another study found significantly reduced numbers
of Bacteroides fragilis, Bacteroides ovatus, Bifidobacterium
longum, and Alistipes finegoldi, as well as an increased
number of Parabacteroides species, in 76 children aged
4-18 years with functional constipation.!® Another study
of children aged 6—36 months found a lower number
of Lactobacillus bacteria per milligram of feces in a group
of 39 children with constipation compared to a group
of 40 children without constipation; however, the number
of Bifidobacterium did not differ between the 2 groups.®

Another study based on 16S rRNA gene pyrosequencing
compared the microbiological composition of feces of obese
children and the occurrence of constipation. It was found
that the number of Bacteroides was significantly reduced
in children with constipation; this was mainly accounted
for by a reduced number of Prevotella and an increased
number of Firmicutes in the children without constipation.
The children with obesity did not demonstrate any changes
in the Lactobacillus or Bifidobacteria fractions.? It is worth
emphasizing that obesity is characterized by a particular
microbiota composition of the digestive tract, and that
it is possible that such changes may explain the greater
likelihood of functional constipation in obese children.?

According to Vandeputte et al., stool consistency
is strongly associated with the composition and richness
of the intestinal microbiota.** Stool consistency, assessed
using the Bristol stool scale (where a low score indicates
hard stool and slow passage through the colon, and a high
score indicates loose consistency and a short passage
through the colon), was negatively correlated with spe-
cies richness and positively related to the Bacteroides : Fir-
micutes ratio.**

Children with functional constipation (mean age: 9.5 years)
had a significantly higher level of Clostridium and Bifido-
bacterium species than healthy subjects (mean age: 7.9 years).4¢
In this study, it was also proved that C. sporogenes, C. para-
putrificum, C. fallax, and C. innocuum were dominant
among the Clostridium species.*®

Reports of gut microbiota
in functional constipation
according to age

Reports of gut microbiota in functional constipation
in relation to age are inconsistent and there is currently no
consensus as to which gut microbiota are involved, mainly
because the gut microbiota naturally changes according
to age.*® There are some reports which analyzed gut mi-
crobiota in children and in adults with functional consti-
pation. Zhu et al.? used 16S rRNA gene pyrosequencing
to demonstrate that children with functional constipation
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(mean age: 11.8 years) had a significantly lower level of Bac-
teroidetes, in particular Prevotella, and an increased level
of several species of Firmicutes, including Lactobacillus.
They also demonstrated that the levels of Lactobacillus and
Bifidobacteria species were not reduced. Khalif et al. ana-
lyzed gut microbiota in adults with functional constipation
and showed a reduced level of Bifidobacterium, Lactobacil-
lus, Bacteroides and Clostridium species, and an increased
level of Enterobacteriaceae, such as Escherichia coli, as well
as Staphylococcus aureus and fungi.*® In another study,
it was demonstrated that adult patients with functional
constipation had a significantly lower level of Bifidobacte-
rium and Bacteroides.*” Parthasarathy et al. demonstrated
that although no difference was present in the amount
of bacterial species at the genus level between functional
constipation adults and healthy control groups, patients
with constipation, including those with IBS, had increased
levels of Bacteroidetes in their mucosa.®

The results of the studies are varied and do not allow
the determination of patterns of gut microbiota in children
as opposed to adults. More studies are required to reach
any conclusions.

The influence of diet

on the composition of the gut
microbiota and the occurrence
of constipation

Eating habits play an important role in the etiology
of constipation. Diet affects the occurrence of constipa-
tion directly, by directly altering stool weight and water
content, therefore potentially slowing passage through
the intestines and preventing excretion, as well as indi-
rectly, by modulating the composition of the intestinal
microbiota.

Various elements of the diet (discussed below) can affect
the occurrence of functional constipation.

Effect of fiber consumption

Consumption of low levels of fiber-rich products (water-
soluble and water-insoluble fiber) such as vegetables and
fruit, can significantly hasten the pathogenesis of func-
tional constipation. Water-insoluble fiber, such as cellulose
and lignans that build plant cell walls, absorb water. This
causes the stool to expand and soften, making bowel move-
ments easier and more frequent. Soluble fiber includes
pectins, mucilages and gums. Fiber cannot be hydrolyzed
directly by the human gut: intestinal microbiota, more
specifically saccharolytic bacteria such as Bifidobacte-
rium and Lactobacillus spp., are needed to ferment dietary
water-soluble fiber to SCFAs and lactic acid, thus reduc-
ing intestinal pH.® Low intestinal pH stimulates smooth
muscle and increases the speed of peristalsis, thus reducing
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intestinal transit time. In addition, low intestinal pH pro-
motes the growth of beneficial intestinal microbes, espe-
cially Bifidobacterium and Lactobacillus spp. Therefore,
a diet with the correct water-soluble fiber content facili-
tates colonization of the intestines by live microorganisms.
These properties of soluble fiber are used in the treatment
of patients with functional constipation. Children consum-
ing higher amounts of fruit and vegetables tend to have
higher numbers of Bifidobacterium in the intestine, and
those who do not consume as much are more likely to suf-
fer from constipation.®

It has also been shown that higher fiber intake is sig-
nificantly associated with 4 or more bowel movements
per week. In addition, regular consumption of potatoes,
legumes, vegetables, and fruit among children has been
shown to reduce the incidence of infrequent bowel move-
ments, i.e., less than 3 bowel movements per week.*®
De Filippo et al. report that children with a high fiber con-
tent in their diet tend to have microbiomes richer in Bifi-
dobacteria than children on lower fiber diets.** Similar re-
sults were obtained by Bernal et al.”® It has been proposed
that children on a low-fiber diet are more likely to suffer
from constipation because such a diet hinders colonization
of the intestines by beneficial microorganisms.®

Dietary advice currently recommends consuming an op-
timal amount of fiber and fluids, and advises against ex-
cessive fibre.’! A meta-analysis conducted in 2017 found
insufficient evidence for the inclusion of fiber supplemen-
tation in the treatment of constipation in children and
adolescents.?

Impact of dairy products and sweets

Research has found that high consumption of simple
sugars, fatty acids and proteins in children aged 3—18 years
is associated with low Lactobacillus content in feces and
a frequent occurrence of constipation. Cow’s milk protein
intake has been positively associated with intestinal con-
stipation in children aged 3-12 years.>* Kocaay et al. also
note a positive relationship between the occurrence of con-
stipation and cow’s milk consumption exceeding 250 mL
per day.>* The mechanism behind this correlation has not
been fully explained. Protein intake is thought to modulate
the intestinal microbiota and it has been proposed that
the greater occurrence of constipation observed in such
children may be associated with the fact that children who
consume larger amounts of cow’s milk and sweets tend
to consume less fiber-rich products.>*

The data on the relationship between cow’s milk protein
allergy (CMPA) and the development of functional consti-
pation are inconsistent. It has been shown that children
with CMPA are significantly more likely to show symp-
toms of gastrointestinal disorders meeting the Rome IV
criteria (45%) compared to controls without CMPA (15%).
In addition, conventional treatment of constipation com-
bined with elimination of cow’s milk protein was found
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to be more effective than therapy without an elimination
diet.5> Tacono et al. reported that 68% of children with
chronic constipation demonstrated improvement after
eliminating cow’s milk from the diet; however, all chil-
dren developed constipation after re-inclusion of milk into
the diet.>® Daher et al. also reported a relationship between
CMPA and constipation.®” However, no such relationship
was observed in other studies: Simeone et al. found that
the incidence of atopy among children with functional
constipation was similar to that in the general population,
and that constipation was not improved by a four-week
elimination of cow’s milk protein from the diet.”®

Impact of fat intake

Vakili at al. demonstrated that a high dietary satu-
rated fat intake is associated with a significant increase
in the prevalence of constipation.”® The authors showed
that after a high-fat meal, healthy people demonstrate
a lengthening phase of the peristaltic waves of the intes-
tine. In studies on rodents, a high-fat diet was associated
with lower availability of serotonin in the large intestine
and dysbiosis, which resulted in delayed colon motility.*
A high-fat diet delayed intestinal transit, which was asso-
ciated with increased apoptosis and loss of colonic myen-
teric neurons.®®! Saturated fatty acids such as palmitate
have also been shown to cause apoptosis of enteric neu-
ronal cells,®® while unsaturated fatty acids such as oleic
acid stimulate peristalsis and prevent neuronal damage.®!
Sayegh et al. demonstrated that intra-intestinal infusion
of oleate has been shown to activate myenteric neurons
in the duodenum and jejunum, but not the ileum.*?

Physical activity, functional
constipation and the microbiome

Constipation may be caused by low physical activity.
Physical activity is thought to stimulate intestinal peristal-
sis, thus shortening the duration of food passage through
the colon and rectum.®® This effect has been attributed
to hormonal changes.®* Physical activity affects the level
of endogenous sex hormones, which regulate the passage
of food through the colon. However, fluctuations of sex
hormone levels do not seem to significantly affect colonic
motility in children before puberty. Reduced progester-
one levels in postmenopausal women has been shown
to shorten the time for food to pass through the digestive
tract.®® Transient variations in blood supply to the gas-
trointestinal tract and changes in the balance between
sympathetic and parasympathetic innervation have also
been shown to affect digestive transit.”

Driessen et al. report that increased physical activity
(as measured by an accelerometer) was associated with
a reduced risk of functional constipation in Dutch pre-
school children.® Similarly, high levels of physical activity
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have been found to be significantly associated with a lower
rick of constipation in a group of 5000 Japanese preschool-
ers,®” and in 234 Romanian children aged 418 years.®®
In addition, an analysis of 14,626 Taiwanese teenagers
found that encouraging greater physical activity can be
helpful in preventing constipation,® and insufficient physi-
cal activity, i.e., less than 1 h of activity per day, and an ex-
cessively sedentary lifestyle, i.e., over 4 h per day, were
associated with constipation in a group of 33,692 Hong
Kong students.?

Currently, a study involving 338 Japanese adults examin-
ing whether a decrease in physical activity may contribute
to the development of constipation by disturbing the gas-
trointestinal microbiota is ongoing. The available results
indicate a statistically significant difference in the mean
frequency of defecation (i.e., less than once per day or less
than once per week) between more and less physically
active people, with activity measured throughout the day
using an accelerometer: intestinal peristalsis was about
10% faster in older people who completed 7000 steps per
day or spent 15 min per day engaged in activity >3 MET
(metabolic equivalents) compared with those who com-
pleted <7000 steps/day or engaged in <15 min/day activ-
ity >3 MET. However, no relationship was found between
physical activity and the composition of the intestinal mi-
crobiota. The authors conclude that moderate daily physi-
cal activity reduces the risk of infrequent bowel movements
mainly through mechanical stimulation of intestinal motil-
ity, without changing the composition of the microbiota.”

It has also been found that the structure and abundance
of butyrate-producing microorganisms in the colon did
not change significantly after cessation of physical activity.
This may suggest that the intestinal microbiota is resis-
tant to short-term changes in host level of exercise or hy-
poxia. Nevertheless, defecation difficulties were observed
shortly after cessation of physical activity, most probably
due to slowed intestinal motility.”*

Conclusions

The wide prevalence and the growing problem of con-
stipation suggests that existing therapeutic methods re-
quire improvement; therefore, new therapeutic possibili-
ties are constantly being sought. The exiting literature
indicates that the structure of the intestinal microbiota
may be associated with the occurrence of functional
constipation, hence new therapeutic solutions are being
sought in the modulation of microbiota. Further research
is needed to clarify the composition of the intestinal mi-
crobiota in patients with functional constipation and to de-
termine its importance in the pathogenesis of the disease.
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