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Abstract

Obesity and functional bowel disorders (FBDs) are often observed in children and have common risk factors. The present
review aimed to summarize the published data on the association between obesity and FBDs in children and a discussion of possible
pathophysiological mechanisms that may be involved. Published data indicates that obesity and FBDs could be associated conditions.
There is substantial evidence that obesity in children is associated with constipation. However, it should be noted that there were few
studies in this direction, and those studies were heterogeneous in both the composition of participants and studied diagnostic criteria,
and in the majority of cases, they were not adjusted for potential confounders. The association between obesity and FBDs can be
explored through diet, peculiarities of eating behavior, and psychological factors. The most promising direction in the study could be
the study of the gut microbiota, the changes in which can contribute to the development of immune dysfunctions of the bowel, chronic
low-grade inflammation, increased colonic permeability, motility disturbances, and visceral hypersensitivity. The studies in this area
can provide important data for developing a strategy of treatment and prevention of both groups of diseases. (International Journal

of Biomedicine. 2020;10(4):316-323.)
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besity in children is one of the most serious problems

in public healthcare of the 21st century. From 1980
to 2013, the number of adults who were overweight or obese
increased by 27.5% and children — by 47.1%." The results
of a multicenter study in Russia showed that around 20% of
children were overweight and 5% suffered from obesity.®
It is a concerning fact that children with obesity continue to
suffer from it in adult life. If the existing tendencies remain,
around 20% of infants with obesity will turn into children
with obesity, 40% of children with obesity will turn into
adolescents with obesity, and 80% of these adolescents will
inevitably become adults with obesity.® Comorbid conditions
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with obesity include a wide spectrum of chronic diseases that
involve nearly all organs and can exert a significant long-term
negative effect on health and life expectancy. Thus, in 2015,
there were 4 million obesity-related deaths and 120 million
disability-adjusted life years in the world.®

Even though the main efforts of researchers are focused
on the study of the associations between obesity and such
potentially life-threatening conditions as diabetes mellitus,
cardiovascular diseases, and nonalcoholic fatty liver disease,
recently, data has appeared that shows an association between
obesity and functional gastrointestinal disorders (FGIDs) in
adult and pediatric populations. FGIDs are a heterogeneous
group of recurrent abdominal symptoms, the origin of which
does not have a structural or biochemical explanation.® They
are widespread in the pediatric practice, i.e. 50% of visits to
pediatric gastroenterologists and 2-4% of general pediatric
visits.®
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Rome IV criteria approved in 2016 divided pediatric
FGIDs into two groups: group G that included disorders
observed in children from birth to 4 years old (not included
in the review) and group H that included disorders in children
older than 4 years and adolescents. The last group contains
three categories: functional disorders associated with nausea
and vomiting, functional disorders associated with abdominal
pain, and functional defecatory disorders® FBDs that are
characterized by a change in the rate of defecation and stool
consistency, as well as IBS and FC, are the most common
reasons for seeking treatment.

The majority of studies dedicated to the association of
obesity and FBDs were conducted in adult cohorts. Pediatric
studies in this area are sparse and provide controversial
results. Along with that, obesity and FBDs seem to have more
in common than a high incidence rate in the population. In the
pathogenesis of both conditions, there are factors of diet and
lifestyle, psychological impairments, and altered GM. Thus,
an understanding of the true associations between obesity
and FBDs in pediatric patients is important for providing key
information for the development of pathogenetically grounded
strategies of treatment, prevention, and early diagnostics for
both groups of diseases.

Thus, the present review aimed to summarize the
published data on the association between obesity and FBDs
in children and a discussion of possible pathophysiological
mechanisms that may be involved.

Definitions

It should be noted that the definition of FBDs in children
and adolescents changed after the approval of the Rome IV
criteria.

IBS is diagnosed in children with abdominal pains that
persist for not less than 4 days per month. At the same time,
they are associated with defecation, change in the rate and
consistency of stool, and in combination, these symptoms
cannot be explained by other medical conditions. The specified
complaints should persist for not less than two preceding
months. Based on the prevailing stool shape, IBS is divided
phenotypically into IBS with constipation (IBS-C), IBS with
diarrhea (IBS-D), a mixed subtype of IBS and IBS without a
subtype.”” However, it should be noted that in 24% of children,
the subtype of IBS can change within 12 months.® This could
be associated with the fact that the majority of studies on IBS
in pediatrics do not consider separate subtypes of this disease
and look into IBS as one group.

FC in children older than 4 years old is diagnosed in
cases with two or more symptoms, provided they are observed
not less than one time per week for minimum of one month:
two or fewer defecations per week; at least one episode of
fecal inconsistency per week; a history of retentive posturing
or excessive volitional stool retention; a history of painful or
hard bowel movements; the presence of a large fecal mass in
the rectum; a history of large-diameter stools that may obstruct
the toilet. At the same time, the specified symptoms cannot be
explained by other medical causes.®

It should be highlighted that according to the Rome IV
criteria, abdominal pain does not exclude FC. However, in
children with FC, unlike in children with IBS, constipation

can be the main symptom. Pains disappear after FC resolution
and are considered to be secondary symptoms.® Thus, the
separation of FC and IBS-C requires thorough detailing of
complaints, which is not always possible in pediatric patients.
The described facts and constant evolution of diagnostic
criteria of FGIDs, which has been ongoing since 1990,
significantly hamper their unification for systematic reviews
and meta-analyses.

Obesity and FBDs in children: Is there an association
between them?

Studies that have focused on the association between
FBDs and obesity can be divided into two categories: studies
among patients of specialized clinics and centers, and studies
performed among samplings of the general population.

Theassociation between FBDs and obesity in childrenand
adolescents has been primarily studied among gastrointestinal
patients. Two studies performed at gastrointestinal centers in
the USA (n=375) and Israel (n=274), with 10 years between
them, that included population control groups showed that
there was a significant association between these diseases
despite different variants of Rome criteria used for to verify
the diagnosis.!"®!" The study performed by Pawlowska et al.!?
showed that IBS in pediatric patients was associated not only
with excessive BW but also with the share of fat mass in the
body that was assessed using bioimpedancemetry.

The rate of IBS among children with obesity was studied
once, and the results showed the rates to be significantly higher
than in the control group (10.67% vs 2.60%; P=0.024).(1

The authors managed to find only a single, but well-
designed, study that focused on the incidence rate of FGIDs,
including IBS and FC, in the sampling of healthy children
aged 4-18 years old (n=450). The study was conducted in a
general pediatric clinic without a bias towards either obesity or
FGIDs, which would inevitably occur at a specialized center.
That study was unique because it accounted for such possible
confounders as the age of the participants, their ethnicity, and
the area where the participants were included in the study. The
obtained results confirmed that children with obesity were
more prone to the development of FGIDs, and in particular
IBS, than children with healthy BW."¥

An association between obesity and constipation has
been studied more actively but the obtained results are more
controversial.

In 2004, Fishman et al.'> were the first to report that
obesity and FC are associated conditions. In further years,
three studies performed in the USA showed that there was
a higher incidence rate of obesity among children with
constipation than among healthy children in the control group
of the general population.!*!®!” Two of these studies showed
that the association between obesity and constipation was
more significant among boys.!%!”

The association between weight status and FC was
reported in three studies, which were conducted among
children with obesity."*!#!*) Two studies, which used Rome III
criteria to verify the diagnosis, presented comparable data on
the rate of constipation in children with obesity (18.44% and
21%, respectively).(>!¥ In the third study, the authors did not
use diagnostic validated criteria, and the rate of constipation in
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adolescents with obesity was 38.4%.(19%) It should be noted
that only one of the above-mentioned studies had a control
group (23% vs 13%).09

We revealed only one study conducted among the
general population, which found that children with overweight
or obesity suffered from constipation more frequently than
children with healthy BW.

On the other hand, several studies did not confirm the
association between obesity and constipation. Among the
studies that were performed in clinics, there was one conducted
by Cagan Appak et al.?” that showed that BMI z-scores of
children with FC were comparable with the control group.
Another “case-control” study showed that obesity and being
overweight were more common in children with FC, than
in children that had other diseases(18% vs 12% and 33% vs
23%, respectively), but these differences were not statistically
significant.V

Three populational studies, two of which were
conducted among adolescents in Brazil and one in Columbia
(2820 participants aged 8-18 years old),**?¥ also did not
reveal an association between obesity and FC, though, in one
of them, girls with constipation tended to have a higher BMI
than girls that did not suffer from constipation.?® Kiefte-de
Jong et al.® published the results of the observation for the
population cohort by year of birth (n=2420). They did not
reveal a significant association between excessive weight and
constipation in 4-year-old children.>

Finally, a high-profile study that included 14,626
Taiwanese adolescents showed that there was a reverse
association between rare defecations (<3 times per week)
and being overweight or obese.®® Although rare defecations
do not completely characterize constipation, the association
between FC and a deficit of fat mass presented by Pawlowska
corresponded to these results.'” The available data indicate
that weight loss may modestly improve both upper and lower
abdominal GI symptoms, thus suggesting a potential causal
link.®"

Few studies characterize the peculiarities of clinical
manifestations of FBDs in children with obesity. Teitelbaum
et al.'9 showed that among all the subtypes of IBS, only
IBS-D was associated with obesity in the sampling of
gastroenterological patients aged 2-20 years old. This agrees
with the results of the study by Gurova et al.,*® which showed
that patients aged 12-15 years old with obesity more often
had unformed stool and a higher rate of defecations (up to
12-13 times per week) than adolescents who were merely
overweight.

Bonilla et al.?” monitored the dynamics of 351 children
with FGIDs associated with pain (including IBS) and revealed
that obesity significantly increased the possibility of persisting
abdominal pains. In children with obesity, abdominal pains
occurred more often and were more intense, and they led
to absence from school and routine life disturbances. When
it comes to constipation, Misra et al.'” showed that the rate
of defecations in general and the rate of painful defecations
in children with FC did not depend on body weight. The
same study showed that constipation in patients with obesity
was more difficult to treat. There is evidence that FC in

children with obesity was associated with episodes of fecal
incontinence.!>?? However, other studies did not confirm this
association.!%!”

To sum up, the published data present quite uniform
conclusions on the association between obesity and IBS but
controversial conclusions on the association between obesity
and FC. However, even though the association between
obesity and IBS was confirmed by all the conducted studies,
their conclusions have some limitations. First, these studies
did not include large samplings of the population and most
of them did not have sufficient power. Second, they used
different diagnostic criteria for FGIDs. Third, they did not
consider possible confounders, like diet and peculiarities
of eating behavior, that could be more significant for IBS
than obesity itself. Regarding childhood obesity and FC,
the association between these diseases was confirmed in
the majority of studies conducted in specialized clinics, but
several studies in the general population provided neutral
and even directly contrasting results. This may be because
of a selection bias due to the fact that patients with more
severe clinical manifestations of both FBDs and obesity
seek medical care, and the associations between FBDs and
obesity in clinical groups may be different than in the general
population. Moreover, in some studies, there were no control
groups and the rate of FC was compared with some average
populational values. Along with that, the rate of FC could be
significantly different not only between different regions but
also between different regions of one country.® A systematic
review by Koppen et al.®?in 2016 that focused on the studies
between functional defecation disorders and excessive weight
in children did not provide consistent results because of
heterogeneous designs, low quality of the reviewed studies,
and controversial results that were obtained by the authors.

All the above-mentioned facts indicate that despite its
significance, the problem of the association between obesity
and FBDs remains unresolved.

Obesity and FBDs in children: Possible mechanisms of
association

Some associated factors could be considered as causes
of obesity in children and adolescents. For one, the qualitative
and quantitative content of a diet plays an important role in the
development of obesity and symptoms of FBDs. Therefore, the
peculiarities of a diet that contribute to the development of both
conditions can be treated as connecting links between them.?
Potentially, a tendency towards the consumption of products
with a low content of fiber (which stimulates the osmolarity
of stool), high content of saturated fats (which stimulate the
motility), and high content of fermentable carbohydrates can
contribute to the development of symptoms of FBDs in these
patients.®>3 In a major cohort in France, Schnabel et al.(¥
studied the association between the consumption of ultra-
processed food that was characterized by a high content of
fatty acids, sugar, and sodium, and a low content of fiber and
FGIDs. The results showed that an increase in the consumption
of ultra-processed food was associated with a significant risk
of developing IBS and was also associated with a higher IBM
of the participants.

The role of excessive consumption of fermentable
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carbohydrates, such as fructose, lactose, fructans, galactans,
etc., in the development of the symptoms of FBDs has
been actively studied in recent years. These short-chain
carbohydrates contained in a wide range of food are poorly
absorbed in the intestine, and their fermentation by the GM
leads to the formation of carbon dioxide, hydrogen, and/
or methane.®> Small osmotically active molecules that are
formed during the fermentation attract liquid to the small
intestine and can contribute to the development of osmotic
diarrhea, symptoms of bloating, pain, and discomfort.

Excessive consumption of poorly absorbable sugars,
in particular, corn syrup with fructose, which are widely
consumed in the Western diet, can partially explain the
association between obesity and FBDs shown in some studies.

Ozaki et al.®® revealed malabsorption of fructose
in 67.7% of children aged 4-14 years old with functional
abdominal pain, including in 90% of children with IBS included
in the study. Children with malabsorption of fructose consumed
more carbohydrates and high-energy foods and had higher
values of BMI Z-scores. There are few studies dedicated to
the selective impact of fermentable carbohydrates in forming
the association between diet and the symptoms of FBDs in
patients with obesity. However, the results of double-blind,
randomized, controlled studies showed the effectiveness of a
diet with a low content of fermentable carbohydrates in reducing
gastrointestinal symptoms in a majority of children with IBS.
This can indirectly indicate the role of these carbohydrates in
the development of FBDs.®7*® Still, because of the limited
scope of such a diet, studies on its long-term influence on the
growth and development of children are required before it could
be widely recommended in clinical practice.

An excessive amount of fats in the diet can be also
associated with symptoms of FBDs in patients with obesity.®”
Out of all nutrient ingredients, lipids are the strongest modulators
of the gastrocolic reflex.“? It is known that lipids in food weaken
the motility of the intestine, slowing down the transit of gas via
the intestine and leading to abdominal bloating; on the other
hand, they enhance the motility of the colon, contributing to
the development of diarrhea.®” In a study by Levy et al.,*D the
content of fats in the diet of adult patients with overweight and
obesity had an independent positive association with an increase
in the rate of stool and diarrhea in the multivariate model.

The content of fiber in a diet is associated with
constipation, and the studies we reviewed provided controversial
results. Cagan Appak et al.?” did not reveal a significant
difference in the daily consumption of fiber between healthy
children and patients with FC. At the same time, Macédo et
al.®» demonstrated that the low content of fiber in a diet was
associated with constipation in female adolescents (OR=3.42;
95% CI: 1.08-12.06). Also, BMI in girls with constipation was
higher than in girls without constipation (P=0.001), which does
not exclude the fact that consumption of fiber is one of the
modifiers of the association between BMI and FC.

Systematic reviews of pediatric studies did not provide
evidence that would allow the specialists to recommend the
consumption of fiber that exceeds the daily norm for the weight
and age of a child for the treatment of FC.“? Nevertheless, the
above-mentioned data could be a useful recommendation for

patients with obesity and FC to consume a sufficient amount
of dietary fiber,*¥ which can be important in the prevention
and treatment of both diseases.

One of the possible explanations of the association
between FBDs and obesity can be pathological patterns of
eating. It has been shown that impairments of eating behavior,
such as compulsive and episodic overeating and different
variants of limiting behavior, were common problems among
children with obesity.*” The results of the meta-analysis
of 36 studies showed that more than a quarter of children
and adolescents with overweight and obesity suffered from
compulsive uncontrolled overeating,*> which can contribute
to the development of gastrointestinal symptoms. A great
volume of food leads to quick gastric distention and further
osmotic bolus to the intestine, which increases the capacity
of physiologic adaptation.“® A study by Levy et al.“Y showed
that compulsive overeating had a significant association with
abdominal pain and bloating in the multivariate models.

Obesity was associated not only with behavioral eating
disorders but also with such psycho-emotional impairments
as anxiety and depression.#’*® A similar spectrum of
psycho-emotional impairments observed in children with
FBDs®-Y can indicate that obesity and FGIDs had similar
psychophysiological mechanisms. A longitudinal survey by
Koloski et al.®? showed that elevated levels of anxiety in
participants that did not initially have FGIDs were significant
predictors of the development of FGIDs within 12 years of the
observation. In this study, the predictors of the development
of IBS were elevated levels of anxiety and depression. The
mechanisms that link obesity, FBDs, and psycho-emotional
impairments require further studies, but it is suggested that the
hypothalamic-pituitary-adrenal axis is one of the key links in
the pathogenesis of obesity and that this axis also takes part in
the pathogenesis of FBDs.®?

Iovino et al.®¥ used a rectal barostat to reveal that
emotional instability modulated visceral perception and could
contribute to the formation of visceral hypersensitivity and
abdominal pain in children with obesity. It was also shown
that among patients with morbid obesity, those who suffered
from IBS had significantly higher levels of fatigue, anxiety,
and depression as well as a lower quality of life.®>

One of the connective links between obesity and
disturbances in the rate and character of stool could be
peculiarities of gut transit. A shorter time of colonic transit
in relatively healthy people with obesity can be one of the
explanations of the association between obesity and diarrhea
in the study that included the adult population.©®

Bouchoucha et al.®” conducted a study that included
354 patients with constipation. The study not only obtained
similar results but also showed a reverse association between
the time of rectosigmoid transit and age. The authors
suggested that children should have the maximal expression
of the transit delay in the rectosigmoid region. Physiological
age-related alterations in colonic transit can be associated with
the neuropeptide profile of the gut, change in the content and
volume of interstitial cells of Cajal,*® and peculiarities of the
microbiological landscape. The fact that the mechanisms that
form the association between FBDs and obesity that involve
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gut transit differ in different periods of life, could be one of
the explanations for the controversial results obtained during
the studies on the association between obesity and FC that
included children and adolescents. The age-related range
(usually 4-18 years old) can lead to a shift in the distribution
and affect the study results. This suggestion is proven by the
fact that the results of the studies that focused on adolescents
were comparable with the ones that involved adults.®® The
study of cohorts by the year of birth that included 26-year-
old New Zealanders (n=980) revealed a significant inverse
association between BMI and diarrhea, which was comparable
to the results of the majority of studies that included adults.®”

In addition to the above-described facts, obesity and
FBDs have another potential common pathophysiological
factor that attracts researchers — GM. On the one hand,
changes in the content of GM are associated with the onset and
persistence of FBDs. On the other hand, they were described
as an important determinant of energetic metabolism and
obesity.?

The GM are responsible for the fermentation of
undigested proteins and carbohydrates, utilization of hydrogen,
and transformation of bile acids, gases, and secondary bile
acids. Metabolic functions of the GM can contribute to
disturbances of the intestine’s immune function, chronic low-
grade inflammation, increased colonic permeability, motility
disturbances, and visceral hypersensitivity.”

Some studies showed that patients with obesity had
an increase in the ratio of Firmicutes/Bacteroidetes, which
was associated with an enhanced capacity to derive energy
from food due to a more active breakdown of carbohydrate
complexes.©? Even though the data on the content of
microbiota in patients with IBS is controversial, these patients
have a similar type of dysbiosis.® Saulnier et al.® showed
that the content of microbiota correlated with the severity
and rate of abdominal pain in children with IBS. Indirectly,
the role of GM in the pathogenesis of FBDs can indicate the
effectiveness of treating these diseases with probiotics. A
meta-analysis of three randomized placebo-controlled studies
revealed a significantly higher rate of response to the treatment
(resolution of weakening of pains) in children with IBS that
received Lactobacillus rhamnosus GG containing probiotics,
in comparison with a placebo.® Clinical improvement was
also observed in the treatment of children with IBS with
probiotics that contained VSL#3 and a combination of three
bifidobacteria.®**” The mechanisms of the positive influence
of probiotics on the symptoms of IBS are to be investigated. It
is also unclear how the presence of obesity affects the clinical
profile of IBS in probiotic treatment.

The association between GM and FC is often studied by
its influence on gut transit. Even though the pathophysiological
mechanisms of this influence are not established, they could be
microbial modulation of the expression of genes involved in
motor apparatus responses, pH-dependent stimulation of the
motility from the products of fermentation, the osmotic effect
of metabolites of the microbiota and intestinal distention due
to an increase in the production of intraluminal gases (carbon
dioxide, hydrogen, and methane) that provoke reflexive
smooth muscle contractions.® The differences in the GM

content between children with FC and the control group were
revealed in several studies. The study by Zhu et al.*” showed
that the differences also remained in cases when both groups
of comparison consisted of children with obesity. In this
study, patients with FC (the average age was 11.8 years old)
had a significantly lower level of Bacteroidetes, in particular
Prevotella, and the level of some types of Firmicutes, including
Lactobacillus, were significantly higher than in children
without constipation, while the levels of bifidobacteria were
comparable. Other researchers described an increase in the
level of bifidobacteria in children with FC.%7 The fact that
in pediatric practice probiotics usually contain lactobacilli
and bifidobacteria, the levels of which are quite high in the
microbiome of children with FC, can explain why Wojtyniak’s
meta-analysis of seven randomized controlled studies that
included 515 people did not reveal any benefits from the
application of probiotics for the treatment of FC in children.”"

Conclusion

Published data indicates that obesity and FBDs are
associated conditions. The presence of significant associations
between obesity and IBS in children was confirmed by all the
studies dedicated to this issue. There is significant evidence that
obesity in the pediatric cohort is associated with constipation.
However, it should be noted that there were few studies in
this direction. They were heterogencous in the composition
of participants and applied diagnostic criteria. In rare cases,
the data was adjusted for possible confounders and, thus, the
association between obesity and FBDs was not obvious.

The above-mentioned facts provide grounds for high-
quality studies with unified definitions, diagnostic criteria,
precise criteria for study inclusion and exclusion, and a wide
range of confounder factors, including diet, psychological,
and social-demographic factors. The establishment of a true
association between obesity and FBDs would contribute to
a better understanding of the complicated biology of both
conditions and could optimize approaches to therapy.

The study of GM as a central link that explores the
association between eating habits, energy extraction, and
weight gain, on one hand, and intestinal motility and visceral
sensitivity, on the other, could be quite promising in the study
of the association between obesity and FBDs. The studies on
GM could help reveal the species of bacteria that contribute
to the development of certain types of FBDs, which could
provide grounds for the proposed target probiotic treatment.
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