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Abstract

Irritable bowel syndrome (IBS) is a common pediatric functional gastrointestinal disorder. It is characterized by recurrent abdom@
pain and changes in bowel habits and is more prevalent in obese patients. We investigated the association between obesity and
IBS in pediatric patients through fecal calprotectin testing.

Patients under 18 years of age with IBS who underwent fecal calprotectin testing from January 2015 through April 2020
were retrospectively investigated. The patients were divided into groups based on body mass index (BMI): group | (BMI < 85th
percentile) and group Il (BMI > 85th percentile). Group Il was divided into group lla, overweight (85th percentile < BMI < 95th
percentile), and group llb, obese (BMI > 95th percentile).

Among 277 included patients, 202 (72.9%) were in group |, and 75 (27.1%) were in group Il (mean calprotectin levels,
75.60+103.48 vs 45.89+66.57 ug/g, respectively; P = .006). There were significant differences in mean calprotectin levels
between groups | and lla (75.60+103.48 vs 45.45 +63.38 ug/g, respectively; P = .028) and groups | and lIb (75.60+103.48 vs
46.22 +69.59 ug/g, respectively; P = .025). There was a significant difference in mean calprotectin levels between groups | and
I (85.69+142.13 vs 32.04 +28.17 ug/g, respectively; P = .029) among patients between 6 and 12 years of age but not among
adolescents aged between 12 and 18 years (P = .139). Fecal calprotectin was lower when moderate-to-severe fatty livers were
observed by ultrasound compared with normal livers (68.52 +97.22 vs 18.53 +18.56 ug/g, respectively; P = .017).

Fecal calprotectin levels were higher in normal-weight pediatric IBS patients than in their obese counterparts, and this difference
was more prominent in younger patients. In young children, IBS symptoms are thought to be influenced more by factors other

than intestinal inflammation.

Abbreviations: BM| = body mass index, FGID = functional gastrointestinal disorder, IBS = irritable bowel syndrome.
Keywords: calprotectin, irritable bowel syndrome, obesity, pediatrics

1. Introduction

Irritable bowel syndrome (IBS) is a functional gastrointestinal dis-
order (FGID) that features abdominal pain and changes in bowel
habits, such as stool frequency and structure, in the absence of
organic causes.'?! IBS is the most common FGID and is more
prevalent in Asia.®! In Asian children, prevalence estimates range
from 2.8% to 25.7% (pooled prevalence: 12.4%), with varia-
tion between regions. In particular, IBS is highly prevalent among
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Korean girls.*’! The pathophysiology of IBS has not yet been
fully elucidated, but there are many associated factors, such as
lifestyle, mental illness, and chronic inflammation. Recently, it
has also been thought that IBS is caused by various mechanisms,
such as changes in brain—gut axis-related gastrointestinal motil-
ity, intestinal microbiota, epithelial barrier function, mucosal
immune responses, and changes in intestinal inflammation.*'"
The prevalence of IBS is higher in obese individuals; this asso-
ciation can be explained by numerous obesity-related factors,
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including lifestyle, dietary patterns, anorexigenic hormones,
physiological disorders, psychological disorders, changes in
gut microbiota, and chronic inflammation.""'*l The incidence
of obesity is increasing worldwide, and the World Health
Organization considers obesity to be among the most serious
global public health challenges of the 21st century.'” In par-
ticular, the prevalence of obesity is increasing among pediatric
patients in South Korea, and the rates of various associated
complications, including obesity-related FGIDs and IBS, are
also increasing.!'!'7l Against this backdrop, studies on the
causes, pathophysiology, and factors associated with obesity-re-
lated IBS and bowel inflammation have been conducted, but
few studies have investigated pediatric patients of various age
groups. Therefore, this study aimed to investigate the associa-
tion between gastrointestinal inflammation and obesity among
pediatric IBS patients of various age groups by measuring and
comparing levels of fecal calprotectin, which is an objective
marker of intestinal inflammation.

2. Methods

2.1. Patients and data extraction

We included data from inpatient and outpatient pediat-
ric patients (under age 18) between January 2015 and
April 2020 at 4 hospitals (Chung-Ang University Hospital,
Soonchunhyang University Bucheon Hospital, Inje University
Ilsan Paik Hospital, and Eulji University Hospital) after their
IBS diagnoses. The medical records of patients who underwent
fecal calprotectin testing during the study period were ana-
lyzed retrospectively, and symptoms of IBS, such as changes
in stool frequency and appearance, were identified, along with
abdominal pain lasting >3 months, based on the Rome IV crite-
ria.?! Additionally, hematological test results and fecal calpro-
tectin results were checked, and the results of stool polymerase
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chain reaction testing and stool cultures were also reviewed to
check for the presence of gastrointestinal infections. If radio-
logic tests, such as computed tomography or ultrasonography,
were performed, the presence of fatty livers was investigated.
We excluded patients diagnosed with organic diseases, such
as inflammatory bowel disease (IBD), Helicobacter pylori
infections, or Henoch-Schonlein purpura. We also excluded
patients who had positive stool polymerase chain reaction or
culture results accompanied by acute gastroenteritis, as well as
those who were treated for constipation (Fig 1).

Subjects were divided into 3 groups according to age classifica-
tions developed by the Eunice Kennedy Shriver National Institute
of Child Health and Human Development: early childhood (4-6
years), middle childhood (6-12 years), and adolescence (12-18
years).'! The patients were divided into the following groups
according to body mass index (BMI): group 1 (BMI < 85th
percentile) and group I (BMI > 85th percentile). Group II was
divided into group Ila, overweight (85th percentile < BMI < 95th
percentile), and group IIb, obese (BMI > 95th percentile).!®!

2.2. Statistical analysis

Statistical analysis was performed using PASW Statistics for
Windows, version 18.0 (SPSS Inc., Chicago, IL). Analysis of
variance, Student # test, and Pearson y? test were used to analyze
between-group differences. A P value of <.05 was considered
statistically significant.

2.3. Ethics statement

This study was conducted with approval from the institutional
review board of Chung-Ang University Hospital (institutional
review board no.: 2005-019-19318), and informed consent was
waived due to the retrospective nature of the study.

Inclusion (N =457)

Pediatric irritable bowel syndrome patients ( < 18years )
with record of fecal calprotectin test

v

Exclusion (n = 147)

(1) Patients diagnosed with organic diseases

(2) Patients who do not meet the diagnostic criteria

for irritable bowel syndrome according to Rome IV criteria

.| Exclusion (n = 3)
Positive stool PCR or culture results

Exclusion (n = 30)
Patients treated for constipation

A 4

Included patients
(n=277)

v v

BMI < 85 percentile
(n=202)

BMI > 85 percentile
(n=175)

Figure 1. Flowchart of subject selection. BMI = body mass index.
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Clinical manifestations according to body mass index among pediatric patients with irritable bowel syndrome.

Variable Total (n = 277) Group I (n =202) Group Il (n =75) Pvalue
Age (yn) 13.39+2.98 13.41+3.02 13.35+2.89 .909
Age group

Early childhood(4 < age < 6) (n = 6) 6 6 (3.0%) 0 (0%) .690

Middle childhood(6 < age < 12) (n = 56) 56 39 (19.3%) 17 (22.7%)

Adolescence(12 < age < 18) (n = 215) 215 157 (77.7%) 58 (77.3%)
Male gender (n = 152) 152 110 (54.5%) 42 (56.0%) .892
Height (cm) 157.48 +23.69 155.62+15.58 162.48+37.39 .032*
Body weight (kg) 52.33+16.10 4714 +£12.71 66.32+16.00 .000*
BMI (kg/m?) 20.80+4.27 19.00+2.63 25.67+4.03 .000*

Group I: BMI < 85th percentile, group Il: BMI > 85th percentile.
BMI = body mass index.
*Significant findings at P < .05.

3. Results

3.1. Clinical and laboratory manifestations according to
BMlI in pediatric IBS patients

From January 2015 through April 2020, a total of 457 pedi-
atric patients under age 18 with gastrointestinal tract diseases
were tested for fecal calprotectin at the 4 study hospitals. Of
these, 277 pediatric IBS patients who fulfilled the Rome IV
criteria were included in the study (Table 1). There were 202
patients (72.9%) in group I (BMI < 85th percentile) and 75
patients (27.1%) in group II (BMI > 85th percentile). There
were no between-group differences in age, age group, or gen-
der, but there were significant differences in height, weight,
BMI, and recent weight change between the 2 groups. Mean
platelet and white blood cell counts, absolute neutrophil
counts, aspartate aminotransferase/alanine aminotransfer-
ase levels, uric acid levels, and serum cholesterol levels were
all significantly higher in group II (P = .004, P < .001, P <
.001, P =.016, P < .001, P < .001, and P = .016, respectively;
Table 2). Mean C-reactive protein (CRP) levels were higher in
group II than in group I, but the difference was not significant

(0.73+2.03 vs 1.38+5.55, respectively; P = .172).

3.2. Fecal calprotectin levels according to BMI

The mean calprotectin level in group I was significantly higher
than that in group II (75.60+103.48 vs 45.89+66.57 ng/g,
respectively; P = .006; Table 2). When group II was divided
into overweight (group Ila, 85th percentile < BMI < 95th
percentile) and obese subgroups (group IIb, BMI > 95th per-
centile), groups I, Ila, and IIb did not vary significantly from
one another (75.60+103.48 ng/g, 45.45+63.38 pglg, and
46.22+69.59 pglg, respectively; P = .071). However, when we
compared group I to groups Ila and IIb individually, there were
statistically significant differences in mean calprotectin levels (P
=.028 and P = .0235, respectively). There was no significant dif-
ference between group Ila and IIb calprotectin levels (P = .867).

We investigated the association between BMI and fecal cal-
protectin levels according to age group (Table 3). In middle
childhood, there was a significant difference in fecal calprotec-
tin between groups I and II (85.69=142.13 vs 32.04+28.17
ng/g, respectively; P = .029), but there was no significant dif-
ference between the 2 groups in adolescence (69.07=87.13 vs

49.95 +73.87 pg/g, respectively; P = .139).

3.3. Fecal calprotectin according to radiologic findings of
fatty livers
A total of 109 patients underwent liver ultrasonography or

computed tomography. Of these, 19 patients were confirmed
to have fatty livers: 3 (15.8%) in group I and 16 (84.2%) in

Comparison of laboratory findings according to BMI among
pediatric patients with irritable bowel syndrome.

Group | Group Il
Variable (n =202) (n=75) Pvalue
Hemoglobin (g/dL) 13.69+1.22 14.01+£1.15 .063
(n =258) (n=190) (n =68)
Platelet count (x10%L) 281.9+65.9 309.2+64.8 .004*
(n=258) (n=190) (n=68)
White blood cell count (x10°%L)  6550.0+1890.0 7621.0+1964.1 .000*
(n=258) (n=190) (n=68)
Absolute neutrophil count (uL) 3554.0+1458.8 4150.9+1513.8 .000*
(n=258) (n=190) (n=68)
Aspartate aminotransferase (IUL) ~ 20.5+7.2 26.9+20.9 .016*
(n = 255) (n=188) (n=67)
Alanine aminotransferase (IU/L) 12.6+6.7 32.5+37.6 000"
(n = 255) (n=188) (n=67)
Uric acid (mg/dL) 5.02+1.22 5.83+1.40 .000*
(n=253) (n=186) (n=67)
Serum glucose (mg/dL) 98.3+46.7 99.1+23.5 .890
(n = 255) (n=188) (n=67)
Serum cholesterol (mg/dL) 156.5+31.6 169.4+27.5 016*
(n =150) (n=101) (n =49
C-reactive protein (mg/L) 0.73+2.03 1.38+5.55 172
(n=248) (n=182) (n = 66)
Fecal calprotectin (ug/g) 75.60+103.48  45.89+66.57 .006*
(n=277) (n=202) (n=75)

Group I: BMI < 85th percentile, group Il: BMI > 85th percentile.
BMI = body mass index.
*P < .05.

group II (P < .001; Table 4). There was no statistically signifi-
cant difference in mean fecal calprotectin levels according to the
presence of fatty livers (68.52+97.22 vs 40.63+41.78 pg/g, P =
.104). However, when the degree of liver fattiness was divided
into mild and moderate-to-severe, mean fecal calprotectin lev-
els were significantly lower in patients with moderate-to-se-
vere liver fattiness compared with patients without fatty livers

(68.5297.22 vs 18.53=18.56 pglg, P = .017).

4. Discussion

Calprotectin is a heterodimer composed of ST00A8 (MRP-8)
and S100A9 (MRP-14) that binds calcium and zinc; it has
a mass of 36.5kDa.!"2! This complex can be used to iden-
tify intestinal inflammation by indicating the migration of
neutrophils to the intestinal mucosa. It is a useful marker of
intestinal inflammation because it is resistant to enzyme deg-
radation and can be measured in feces for >1 week.??>-?% Fecal
calprotectin is elevated in association with diseases charac-
terized by inflammation, such as IBD; therefore, it is useful
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Fecal calprotectin results according to age group among
pediatric patients with irritable bowel syndrome.

Fecal calprotectin (pg/g)

Variable Group I (n=202) Group Il (n=75) Pvalue
Early childhood (4 < age < 6) 180.81+157.07

(n=6) (n=6) (n=0)

Middle childhood (6 < age <12)  85.69+142.13 32.04+£28.17 .029*
(n = 56) (n=39 (n=17)

Adolescence (12 < age < 18) 69.07+87.13 49.95+73.87 139
(n=215) (n=157) (n=58)

Group I: BMI < 85 percentile, group II: BMI > 85 percentile.
BMI = body mass index.
*P < .05.

in the diagnosis and treatment of IBD.?%?”) Additionally, fecal
calprotectin is useful for diagnosing other diseases associated
with gastrointestinal inflammation, such as Henoch-Schonlein
purpura, necrotizing enterocolitis, juvenile polyps, and acute
gastroenteritis.2$2!

Various gastrointestinal symptoms or nonorganic gastro-
intestinal diseases are more prevalent in obese children, and
it is thought that the gut microbiome and chronic inflamma-
tion play important roles in this phenomenon.!'>'* There is
a dynamic relationship between obesity and gut microbiota
because gut microbiome changes can affect nutrient absorp-
tion, intestinal barrier characteristics, and intestinal inflam-
mation. A large amount of visceral adipose tissue secretes
proinflammatory factors, such as cytokines, tumor necrosis
factor-a, and interleukin-6, which exacerbate chronic systemic
inflammation.®®3! This means that intestinal inflammation
may also contribute to the pathophysiology of IBS.['! In a study
by Choi et al,? fecal calprotectin was used to assess intestinal
inflammation in pediatric IBS patients. Fecal calprotectin lev-
els were significantly higher among IBS patients than healthy
controls, and the values were distributed in the intermediate
range (50-150 pg/g), confirming that IBS was also associated
with low-grade bowel inflammation. In our study, fecal cal-
protectin results among the group I patients were also in the
intermediate range above the normal value of 50 pg/g, and the
fecal calprotectin results of patients in group II were lower than
those of group I. This suggests that pediatric IBS is affected by
low-grade bowel inflammation, but other factors influence the
higher prevalence among obese patients more. Therefore, aside
from treating the inflammation, IBS treatment in obese children
should place more emphasis on nutrition, lifestyle, psycholog-
ical interventions, anorexigenic hormones, and multifaceted
approaches.®¥ Furthermore, our research found that the level
of fecal calprotectin was significantly lower in pediatric IBS
patients with moderate-to-severe fatty livers than in patients
without fatty livers. Nonalcoholic fatty liver disease is associ-
ated with chronic obesity and systemic inflammation.?¥ In a
study by Fatma et al,®! children with fatty livers had higher
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fecal calprotectin due to low-grade inflammation and insulin
resistance caused by obesity. However, the level was not sig-
nificantly higher, and the range was wide. In addition, it was
compared with healthy controls without any other diseases.
However, in our study, we compared it with IBS patients with-
out fatty livers or mildly fatty livers. This suggests that children
and adolescents with chronic systemic inflammation may have
less bowel inflammation than those without it. As mentioned
previously, the cause of abdominal pain in children who are
obese and have IBS is likely to be due to factors other than
bowel inflammation.

In a study by Park and Kim,?¢ fecal calprotectin levels were
higher in obese adults than those of normal weight, but fecal
calprotectin levels were lower in obese children than in chil-
dren of normal weight. In our study, we also observed that fecal
calprotectin levels were lower in obese pediatric IBS patients
and that the degree of obesity affected intestinal inflammation in
adults differently than in children. This suggests that the patho-
physiologic mechanisms underlying pediatric IBS may differ
from those underlying adult IBS, particularly in terms of the
interplay between obesity and intestinal inflammation.

CRP is involved in several stages of inflammatory reactions
in the body, serving both proinflammatory and anti-inflamma-
tory roles. Its main function is the triggering of an additional
immune response by binding to phosphocholine to recognize
external pathogens and damaged autologous cells. Therefore,
CRP is used as a representative marker for measuring systemic
inflammation and for evaluating the risk of chronic and acute
inflammatory diseases.’”! Existing studies in adults have con-
firmed that systemic inflammation in overweight and obese
patients increases CRP levels.*’®! Our study found that both
groups I and II had mean CRP levels within normal ranges and
that the mean CRP in group II was higher than that of group I,
although it was not significantly higher.

Most existing studies of obesity and inflammation, and
related studies evaluating fecal calprotectin levels, have involved
adult subjects. Children develop and grow rapidly each year
and because lifestyles vary by age group, detailed investigations
involving children of varying age groups are warranted. Our
study showed that fecal calprotectin levels were significantly
lower in association with obesity in middle childhood but not
significantly lower in adolescents. These results indicate that the
effect of intestinal inflammation on disease increases with age
in children, particularly in obese IBS patients. Further studies
analyzing age-based subgroups are warranted.

Our study had some limitations. First, it was retrospective. All
patients were retrospectively classified based on clinical symp-
toms, physical examination findings, hematologic test results,
fecal test results, and imaging findings. Then we analyzed all
patients based on the Rome IV criteria and excluded them from
the analysis if they had organic diseases. Nevertheless, the study
sample may have included patients with unidentified organic
diseases. Second, in a study by Choi et al,3?! fecal calprotectin
levels varied by IBS subtypes, with the diarrhea-predominant
IBS subtype associated with the highest levels. Our study did
not classify IBS according to subtypes. If there was a difference

Fecal calprotectin results according to radiologic fatty liver findings among pediatric patients with irritable bowel syndrome.

Fatty liver (n = 19)

Variable No fatty liver (n = 90) Mild (n =13) Pvalue Moderate-to-severe (n = 6) Pvalue
Group | 71 (78.9%) 2 (15.4%) .000* 1(16.7%) .000*
Group Il 19 (21.1%) 11 (84.6%) 5 (83.3%)

Fecal calprotectin (pg/g) 68.52+97.22 50.82+46.02 648 18.53+18.56 017*

Group I: BMI < 85 percentile, Group Il: BMI > 85 percentile.
BMI = body mass index.
*P < .05.
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in the distribution of IBS subtypes between groups I and II, an
excess of 1 subtype may have affected the between-group mean
fecal calprotectin differences. Therefore, future studies should
consider IBS subtypes when analyzing fecal calprotectin val-
ues. Furthermore, the number of patients in the early childhood
group was insufficient, and a retrospective approach to studying
this patient group is more difficult than for other groups. Due to
their young ages, their records contain limited medical histories
and fecal examinations. These issues make it difficult to exclude
the presence of other diseases using medical records alone. In
addition to these issues, the small number of groups may have
biased the results.

In conclusion, in pediatric patients with IBS, as the level
of obesity increases, factors other than bowel inflammation
become more important. Moreover, considering that previous
research has demonstrated that fecal calprotectin levels are
higher among obese adult IBS patients, our study suggests that
obesity and intestinal inflammation might influence the develop-
ment and manifestations of IBS in children differently from in
adults. Future larger-scale research studies should focus on age
groups and IBS subtypes.

Acknowledgments

We thank Essay Review Language Editing Services for their edi-
torial support.

Author contributions

Jun Hwan Kim (Writing-original draft)

Dae Yong Yi (Writing-original draft; review and editing)

Yoo Min Lee, You Jin Choi, Ju Young Kim, and Yong Hee Hong
(Data curation)

Ji Young Park (Writing—review and editing)

Su Yeong Kim (Writing—review and editing)

Na Mi Lee (Writing-review and editing)

Sin Weon Yun (Conceptualization)

Soo Ahn Chae (Writing-review and editing)

In Seok Lim (Writing-review and editing)

Eung Sang Choi (Conceptualization)

In Sook Jeong (Writing-review and editing)

All authors have read and approved the final manuscript.

References

[1] Longstreth GF, Thompson WG, Chey WD, et al. Functional bowel dis-

orders. Gastroenterology. 2006;130:1480-91.

Schmulson M]J, Drossman DA. What is new in Rome IV. J

Neurogastroenterol Motil. 2017;23:151-63.

[3] Devanarayana NM, Rajindrajith S, Pathmeswaran A, et al.
Epidemiology of irritable bowel syndrome in children and adolescents
in Asia. J Pediatr Gastroenterol Nutr. 2015;60:792-8.

[4] Devanarayana NM, Rajindrajith S. Irritable bowel syndrome in
children: current knowledge, challenges and opportunities. World ]
Gastroenterol. 2018;24:2211-35.

[5] Son Y], Jun EY, Park JH. Prevalence and risk factors of irritable bowel

syndrome in Korean adolescent girls: a school-based study. Int ] Nurs

Stud. 2009;46:77-85.

Simrén M, Barbara G, Flint HJ, et al. Intestinal microbiota in functional

bowel disorders: a Rome foundation report. Gut. 2013;62:159-76.

[7] Lee KN, Lee OY. Intestinal microbiota in pathophysiology and
management of irritable bowel syndrome. World ] Gastroenterol.
2014;20:8886-97.

[8] Al Omran Y, Aziz Q. The brain-gut axis in health and disease. Adv Exp
Med Biol. 2014;817:135-53.

[9] Hyland NP, Quigley EM, Brint E. Microbiota-host interactions in irri-
table bowel syndrome: epithelial barrier, immune regulation and brain-
gut interactions. World J Gastroenterol. 2014;20:8859-66.

[10] Abdul Rani R, Raja Ali RA, Lee YY. Irritable bowel syndrome and

inflammatory bowel disease overlap syndrome: pieces of the puzzle are
falling into place. Intest Res. 2016;14:297-304.

2

[6

www.md-journal.com

[11] Pugliese G, Muscogiuri G, Barrea L, et al. Irritable bowel syndrome: a new
therapeutic target when treating obesity? Hormones. 2019;18:395-9.

[12] Phatak UP, Pashankar DS. Prevalence of functional gastrointestinal dis-
orders in obese and overweight children. Int ] Obes. 2014;38:1324-7.

[13] Tambucci R, Quitadamo P, Ambrosi M, et al. Association between obe-
sity/overweight and functional gastrointestinal disorders in children. ]
Pediatr Gastroenterol Nutr. 2019;68:517-20.

[14] Galai T, Moran-Lev H, Cohen S, et al. Higher prevalence of obesity
among children with functional abdominal pain disorders. BMC
Pediatr. 2020;20:193.

[15] World Health Organization. Taking action on childhood obesity;
technical report. 2018. http://www.who.int/end-childhood-obesity/
publications/taking-action-childhood-obesity-report/en/.

[16] Kang KS. Nutritional counseling for obese children with obesity-re-
lated metabolic abnormalities in Korea. Pediatr Gastroenterol Hepatol
Nutr. 2017;20:71-8.

[17] Yi DY, Kim SC, Lee JH, et al. Clinical practice guidelines for the diag-
nosis and treatment of pediatric obesity: recommendations from the
Committee on Pediatric Obesity of the Korean Society of Pediatric
Gastroenterology, Hepatology, and Nutrition. Pediatr Gastroenterol
Hepatol Nutr. 2019;22:1-27.

[18] Williams K, Thomson D, Seto I, et al. Standard 6: age groups for pedi-
atric trials. Pediatrics. 2012;129:5153-60.

[19] Bonnin TA, Vila Vidal M, Rosell CA. Fecal calprotectin as a biomarker
to distinguish between organic and functional gastrointestinal disease.
Rev Esp Enferm Dig. 2007;99:689-93.

[20] Ezri ], Nydegger A. Pediatrics. Fecal calprotectin in children: use and
interpretation. Rev Med Suisse. 2011;7:69-70.

[21] Rodrigo L. Fecal calprotectin. Rev Esp Enferm Dig. 2007;99:683-8.

[22] Jang HJ, Park JH, Kim CS, et al. Amino acid-based formula in prema-
ture infants with feeding intolerance: comparison of fecal calprotectin
levels. Pediatr Gastroenterol Hepatol Nutr. 2018;21:189-95.

[23] Kim SY, Lee NM, Yun SW, et al. Influence of proton pump inhibitor
therapy on intestinal inflammation assessed by fecal calprotectin in
pediatric patients. Korean J Pediatr. 2019;62:400-4.

[24] Hoog CM, Bark LA, Brostrom O, et al. Capsule endoscopic findings correlate

with fecal calprotectin and C-reactive protein in patients with suspected

small bowel Crohn’s disease. Scand ] Gastroenterol. 2014;49:1084-90.

Olsen PA, Fossmark R, Qvigstad G. Fecal calprotectin in patients with

suspected small bowel disease—a selection tool for small bowel capsule

endoscopy? Scand J Gastroenterol. 2015;50:272-7.

[26] Holtman GA, Lisman-van Leeuwen Y, Reitsma ]B, et al. Noninvasive
tests for inflammatory bowel disease: a meta-analysis. Pediatrics.
2016;137:€20152126.

[27] van Rheenen PF, Van de Vijver E, Fidler V. Faecal calprotectin for
screening of patients with suspected inflammatory bowel disease: diag-
nostic meta-analysis. BM]J. 2010;341:¢3369.

[28] Paek EY, Yi DY, Kang B, et al. Fecal calprotectin as a marker of gastro-
intestinal involvement in pediatric Henoch-Schénlein purpura patients:
a retrospective analysis. BMC Pediatr. 2020;20:374.

[29] Jeong SJ. The role of fecal calprotectin in pediatric disease. Korean ]
Pediatr. 2019;62:287-91.

[30] Castaner O, Goday A, Park YM, et al. The gut microbiome profile in
obesity: a systematic review. Int ] Endocrinol. 2018;2018:4095789.

[31] Ellulu MS, Patimah I, Khaza’ai H, et al. Obesity and inflamma-
tion: the linking mechanism and the complications. Arch Med Sci.
2017;13:851-63.

[32] Choi Y], Jeong SJ. Is fecal calprotectin always normal in children with
irritable bowel syndrome? Intest Res. 2019;17:546-53.

[33] Devanarayana NM, Rajindrajith S. Irritable bowel syndrome in
children: current knowledge, challenges and opportunities. World |
Gastroenterol. 2018;24:2211-35.

[34] Ndumele CE, Nasir K, Conceicao RD, et al. Hepatic steatosis, obesity,

and the metabolic syndrome are independently and additively associ-

ated with increased systemic inflammation. Arterioscler Thromb Vasc

Biol. 2011;31:1927-32.

Demirbas F, Caltepe G, Comba A, et al. Association of obesity and

non-alcoholic fatty liver disease with the fecal calprotectin level in chil-

dren. Arab J Gastroenterol. 2020;21:211-5.

Park SY, Kim WJ. A study of fecal calprotectin in obese children and

adults. ] Obes Metab Syndr. 2018;27:233-7.

[37] Avan A, Tavakoly Sany SB, Ghayour-Mobarhan M, et al. Serum

C-reactive protein in the prediction of cardiovascular diseases: over-

view of the latest clinical studies and public health practice. ] Cell

Physiol. 2018;233:8508-25.

Visser M, Bouter LM, McQuillan GM, et al. Elevated C-reactive pro-

tein levels in overweight and obese adults. JAMA. 1999;282:2131-5.

25

135

[36

[38


http://www.who.int/end-childhood-obesity/publications/taking-action-childhood-obesity-report/en/
http://www.who.int/end-childhood-obesity/publications/taking-action-childhood-obesity-report/en/

