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Incidence of Inflammatory Bowel Disease in Children
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Abstract

Background: Many of the patients with inflammatory bowel disease
(IBD) are children and adolescents, and the incidence of pediatric
IBD is increasing. However, understanding epidemiological trends is
crucial for effective prevention and treatment and reducing the local
and global burden of IBD. Little data exist regarding the incidence
of IBD in the child population in the Kujawsko-Pomorskie Voivode-
ship. The aims of this study were to evaluate the incidence of IBD in
the period 2011 - 2022 and to compare the data regarding three types
of IBD, namely ulcerative colitis (UC), Crohn’s disease (CD), and
unclassified inflammatory bowel disease (IBD-U), from the first half,
i.e. 2011 - 2016, to the second half, i.e. 2017 - 2022.

Methods: This retrospective study analyzed the medical records of 118
IBD patients hospitalized at the Department of Pediatrics, Allergology
and Gastroenterology from the central-northern part of Poland.

Results: Of the 118 patients diagnosed with IBD, 48 (40.68%) had CD,
57 (48.31%) had UC, and 13 (11.01%) had IBD-U. Between 2011 and
2016, 48 new IBD patients were diagnosed, with a further 70 new cases
added between 2017 and 2022, representing a significant increase over
the period (P =0.033). Also, a significant increase was seen for UC, i.e.
rising from 19 new cases between 2011 and 2016, to 38 between 2017
and 2022 (P = 0.015). The increase in CD was not significant.

Conclusion: The incidence of pediatric IBD in the central-northern
district of Poland is lower than other countries, it nonetheless appears
to be increasing, particularly in children with UC. The number of IBD

diagnoses in children has increased by nearly 50% over the last 6 years.
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Introduction

The term inflammatory bowel disease (IBD) is used to refer
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to a group of conditions characterized by a chronic inflamma-
tory process with a complex, unclear, multifactorial etiology
and a course including periods of exacerbation and remission.
The two most common forms of IBD are Crohn’s disease (CD)
and ulcerative colitis (UC), with unclassified IBD (IBD-U) be-
ing less frequently diagnosed. Both genetic susceptibility and
environmental exposure play roles in the not fully understood
pathogenesis of IBD, eliciting changes in the gut microbiome
and resulting in activation of the immune system [1, 2].

Whole genome studies have identified variants in more
than 150 genes that increase the risk of IBD [3]. For example,
a strong association has been demonstrated between polymor-
phisms of the NOD2/CARD15 gene and CD [4]. Studies suggest
that genetic factors may play a greater role in early-onset IBD,
i.e. in children, and the presence of IBD in a first-degree relative
significantly increases the chance of IBD in a patient [2].

Although genetic predisposition certainly plays a role in the
development of IBD, environmental factors appear to be domi-
nant in shaping the increasing trend of the disease. The sum of
environmental factors such as western diet, infection, smoking,
stress, urbanization, and medication to which a human is ex-
posed during the lifetime, recently termed the “exposome”, can
play an important role in the pathogenesis of IBD [5].

The western diet characterized by a high intake of protein,
red meat, saturated fats and sugars, as well as low fiber in-
take, deficiencies in vitamin D and micronutrients can modify
the composition of the gut microbiota [6]. An association has
also been shown between early risk factors during the prenatal,
perinatal, and postnatal periods, such as delivery by cesarean
section and lack of breast milk feeding and the development of
IBD [7, 8], although there are studies that have not confirmed
these assumptions [9]. Interestingly, cigarette smoking or pas-
sive exposure to tobacco smoke has been shown to be a protec-
tive factor against UC, but not CD [10]. In addition, while psy-
chological stress can trigger a relapse or exacerbation of IBD,
regular exercise has been shown to be a protective factor [11].

It seems that all the factors mentioned above have an im-
pact on the changes in gut microbiota, which has been demon-
strated to affect a vast number of biological processes, includ-
ing immunity, and play a critical role in the pathogenesis of
IBD. At the same time, gut microbiome composition responds
to lifestyle and environmental factors. Such factors change
greatly as societies become industrialized, acquiring access to
antibiotics and better sanitization, as well as transitioning to
a westernized diet [12, 13]. A number of studies indicate that
IBD is more common in urban than rural regions and is cor-
related with socioeconomic status [1, 14]. Understanding the
risk factors for the disease may help reduce the increase in the
incidence of IBD and implement new methods of prevention
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and treatment of this important disease.

The last century has seen a significant increase in the inci-
dence of IBD, especially in the pediatric population, with a par-
ticular increase over the last 50 years, especially in developing
countries. Currently, the highest prevalence of IBD is recorded
in North America, Western Europe, and Oceania [15]. In 2020,
approximately 0.2% of the European population suffered from
IBD [7]. It is assumed that, worldwide, approximately 20-25%
of patients are diagnosed in childhood, of whom 5% present an
carly onset of symptoms, i.e. under 5 years of age [1, 16]. It has
been shown that the incidence is rising in both high-income
and low-income countries [17].

A systemic review from the period 1985 - 2018 by Sykora
et al identified the highest incidence of pediatric-onset IBD in
Europe (0.2 - 23/100,000 person/year) and North America (1.1
- 15.2/100,000), while the lowest incidences were reported in
Oceania (2.9 - 7.2/100,000), Asia (0.5 - 11.4/100,000), Latin
America (0.2 - 2.4/100,000), and Africa (0.0 - 0.9/100,000) [18].
Interestingly, while the highest incidence of CD was noted in
North America (13.9/100,000) and Europe (12.9/100,000), the
greatest incidence of UC was observed in Europe (15.0/100,000),
followed by North America (10.6/100,000). Similarly, the high-
est incidence of IBD-U was also noted in Europe (3.6/100,000)
and North America (2.1/100,000) [18]. In a study of children
treated in New Zealand between 2010 and 2020, Rajasekaran
et al found the incidence of IBD to be 14.1 per 100,000 in those
of South Asian descent and 4.3 per 100,000 of non-South Asian
descent [19]. In turn, based on pooled estimates derived from a
systematic review of data from 1950 to 2020, Forbes et al de-
termined the following annual incidences among children from
Australia and New Zealand: 4.1 per 100,000 children/year for
IBD, 2.3 for CD, and 0.9 for UC [20].

A population-based retrospective cohort study of all
children diagnosed with IBD in Ontario, Canada, from 1994
through 2009 showed that the incidence of IBD increased
from 9.4 per 100,000 children in 1994 to 13.2 per 100,000
children in 2009 [21]. An overwhelming amount of data sug-
gests that the global incidence is increasing in both adult and
child populations [18]. The prevalence of IBD in Canada is
projected to increase from 0.7% in 2018 to 1% of the popula-
tion in 2030 [14]. It is also increasing in the newly industrial-
ized countries of Africa, Asia, and South America, reflecting
the rise in IBD prevalence observed in the 1990s in Western
countries, which were at similar stage of development at the
time [15].

A recent multicenter study by Lewis et al showed that
the incidence of IBD peaked in the third decade of life [22].
While CD affects twice as many women as men in Europe
and the USA, more men are affected than women in Asia.
However, no such difference in incidence has been noted for
UC with regard to sex nor continent [23]. Studies on 16 re-
gions in Europe, North America, Australia, and New Zealand
regarding the occurrence of IBD according to sex and age
found that girls had a lower risk of CD than boys until pu-
berty, at which point there is a reversal, with teenage girls
and women having a higher risk than teenage boys and men.
However, there was no significant difference in the incidence
of UC between female and male patients up to the age of 45
years, although after this age, men had a 20% higher inci-

dence rate of UC than women. In early childhood (age group:
5 - 9 years), girls had a 22% higher risk of being diagnosed
with UC than boys [23].

The incidence of IBD in children varied according to
population, geographical location, and industrialization. How-
ever, the data are variable and sparse. The incidence of IBD
in children has also been reported to be growing in the Czech
Republic, the country neighboring Poland, rising from 3.8
per 100,000/year in 2002 to 14.7 per 100,000/year in 2017
[17]. Data from the Polish National Health Fund indicate that
in 2020, 23,574 patients were diagnosed with CD, includ-
ing 1,730 children and adolescents aged under 19 years, and
73,235 with UC, including 2,064 under the age of 19 years. In
Poland, in 2018, the crude annual incidence of CD was 4.7 per
100,000 people and for UC was 12.5/100,000. In children un-
der 10 years, the incidence of CD was 0.9 per 100,000 popula-
tion and that of UC was 1.6/100,000. The incidence was higher
in the 10 to 19 years age group, being 7.2/100,000 for CD and
9.5/100,000 for UC [24].

So far, no data have been published regarding the inci-
dence of IBD in children from our region, i.e. in the Kujawsko-
Pomorskie Voivodeship.

The aim of the study was to determine the incidence of
IBD in children between 2011 and 2022 in the Kujawsko-Po-
morskie Voivodeship, located in the central-northern area of
Poland.

As few epidemiological studies have been performed on
IBD in children in Poland, our study may constitute an intro-
duction to further multicenter studies, which will allow for a
more extensive assessment of epidemiological data on IBD in
the Polish pediatric population over time.

Materials and Methods

This study included the medical records of 118 children (2 - 18
years old) with IBD. All patients were Caucasian, and all had
been hospitalized at the Department of Pediatrics, Allergology
and Gastroenterology, Collegium Medicum Bydgoszcz, Nico-
laus Copernicus University, Torun, between January 1, 2011
and December 31, 2022.

The present epidemiological study retrospectively com-
pared the incidence of IBD over time to determine the epide-
miological trend in the condition. To assess potential changes
over time, patient data were analyzed during the two analyzed
time intervals: 2011 - 2016 and 2017 - 2022.

According to the flow chart of study design (Fig. 1), 246
patients with IBD were diagnosed at the department dur-
ing 2011 - 2022. The IBD patients and the type of IBD were
retrieved from electronic medical records, from the hospital
database; this was accomplished by searching for diagnosis
codes of K50.XX for CD and K51.XX for UC according to
the International Statistical Classification of Diseases and Re-
lated Health Problems, Tenth Revision (ICD-10 codes). Of the
selected codes, those with a repeatable personal identification
number (PIN) were verified.

The children, from the voivodeship, were referred by their
GPs, from lower-reference hospitals or from gastroenterology
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Number of children hospitalized in the Department in 2011-2022
n=29 821

Number of medical records with K50.X and K51.X ICD codes
n = 1455

Children with repeated medical records/PIN
=1209

Number of children with confirmed IBD, with attempted telephone contact
n =246

No telephone contact
n=45

Number of parents contacted by phone
n =201

No consent
n=15

Number of parents who agreed to participate in the study,
including completed surveys

n =186

No surveys submitted
n=50

Number of surveys received
n=136

No data in the survey
n=4

Number of correctly-completed surveys
n=132

Children from outside the voivodeship
n=14

Final number of children with IBD included in the study
n =118 (100%)

Figure 1. Flow chart of study design.

outpatient clinics. The final diagnosis of IBD was established at lowing which the patients remained under the care of our center.
the department, i.e. at a single university center (the one in our Before taking part in the study, telephone calls were made
voivodeship, and at the same time the only one dedicated specif- to all selected patients with the aim of informing them about
ically to the diagnosis and treatment of children with IBD) fol- the study and requesting permission to take part. After agree-
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Table 1. Characteristics of the Study Group at the Time of Data Collection

IBD (n = 118) (100%)

.. IBD (n = 118)
Characteristic (100%) UC (n=57) CD (n=48) IBD-U (n = 13) P
(48.3%) (40.68%) (11.02%)

Age at the time of diagnosis in years 0.066
Mean = SD 11.67 £4.15 12.47 £3.52 11.38 £4.5 9.23 £4.59
Min - Max 2-18 4-17 2-18 3-17

Sex, n (%) 0.892
Girls 52 (44%) 25 (44%) 22 (46%) 5 (38%)
Boys 66 (56%) 32 (56%) 26 (54%) 8 (62%)

Place of residence, n (%) 0.379
Rural® 36 (31%) 21 (37%) 12 (25%) 3 (23%)
Urban® 82 (69%) 36 (63%) 36 (75%) 10 (77%)

First-degree relatives of IBD, n (%) 18 (15%) 7 (12%) 10 (21%) 1 (8%) 0.174
Mother 9 (8%) 2 (4%) 7 (15%) 0 (0%)
Father 5 (4%) 2 (4%) 2 (4%) 1 (8%)
Siblings 4 (3%) 3 (5%) 1 (2%) 0 (0%)

aRural: less than 2000 inhabitants. PUrban: more than 2000 inhabitants. CD: Crohn’s disease; IBD: inflammatory bowel disease; IBD-U: unclassified

inflammatory bowel disease; SD: standard deviation; UC: ulcerative colitis.

ing to participate in the study, the respondents’ guardians were
sent electronic copies of the study questionnaires. Due to the
lack of telephone contact, consent to the study, and incomplete
data in the surveys, we included only 118 children in the study
(i.e. 100% correctly completed surveys). All children included
in the study were treated in our department or outpatient clinic.
The study questionnaires consisted of questions about the type
of IBD, the age and season of the first symptoms, the age and
year of diagnosis, sex, place of residence, use of biological
therapy, and family history of IBD. The characteristics of the
study group are presented in Table 1.

IBD was diagnosed according to the European Society
for Paediatric Gastroenterology Hepatology and Nutrition
(ESPGHAN) recommendations, based on clinical, endo-
scopic, histopathological, radiological, and serological crite-
ria [2]. In cases where it was difficult to define CD and UC
based on the endoscopic, imaging, and histopathological and
laboratory examinations associated with the medical reports,
the terminology IBD-U was applied. The diagnosis was
based on the “pediatric inflammatory bowel disease (PIBD)-
class” classification algorithm allowing the condition to be
allocated into PIBD sub-classes based on 23 features that are
typical of CD. Briefly, if no such features exist, the disease
should be classified as UC, while if at least one feature exists,
it should be classed as atypical UC, IBD-U or CD based on
the combinations of features. This algorithm is characterized
by high sensitivity and specificity in differentiating UC from
CD and IBD-U [2, 25].

In addition, the number of new IBD cases per 100,000
children per year in the local voivodeship (Kujawsko-Pomor-
skie) was calculated based on statistical yearbooks. The sea-
son of IBD onset was determined as follows: spring as March,
April and May, summer as June, July and August, autumn as

September, October and November, and winter as December,
January and February. As gaps were present in the medical
records, the severity of the course of the disease was deter-
mined based on the need for biological treatment, i.e. biologi-
cal treatment was associated with a severe course, and no such
treatment with a mild or moderate course. A diagnosis of IBD
awarded under the age of 6 years indicated very early-onset
IBD (VEO-IBD). The children were divided into three groups
in terms of age of diagnosis, namely between 2 and 5 years of
age, between 6 and 10, and between 11 and 17, in accordance
with the Pediatric Paris classification [26]. Patients lacking ad-
equate data, or who were resident in other voivodeships were
excluded from the study.

The present study constitutes a fragment of another study
on IBD in children, analyzing mainly risk factors, which is
currently ongoing in our department.

The study was approved by the Bioethical Committee of
the Collegium Medicum in Bydgoszcz, Nicolaus Copernicus
University in Torun (KB 494/2022). All participants gave their
written informed consent to take part in the study. This study
was conducted in compliance with the ethical standards of the
responsible institution on human subjects as well as with the
Helsinki Declaration.

Statistical analysis

Quantitative data were described as number of cases (N), mean
value (M), standard deviation (SD), minimum (Min), and maxi-
mum (Max). Qualitative data were represented as number of
cases (N) and their percentage of the study group. The analy-
ses were performed in Python 3.8.10 (developed by Python
Software Foundation) using the following libraries: pandas (v.

74 Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ | = https:/gr.elmerpub.com



Wiczynska-Ryl et al

Gastroenterol Res. 2025;18(2):71-84

. UC
mm CD
81 mmm 1BDU
(%]
Q
(%]
S 6-
—
o
|
Q
Q
£
-
4
=
-
=
[=
<
2_
0_

Figure 2. Number of new cases of UC, CD, and IBD-U per year. CD: Crohn’s disease; IBD-U: unclassified inflammatory bowel

disease; UC: ulcerative colitis.

1.4.3), scipy (v. 1.10.1), numpy (v. 1.24.3), pingouin (v. 0.5.3),
statsmodels (v. 0.14.0), and rpy2 (v. 3.5.14). Continuous vari-
ables were compared using Student’s #-test, Mann-Whitney U-
test, and Kruskal-Wallis test as appropriate. Fisher’s exact tests
and the Chi-square test were used to compare categorical vari-
ables. Equality of groups was checked using the Chi-square test.
A proportions test was used to determine the ratios of the groups.
When selecting tests for comparisons of quantitative variables,
the assumptions about the normality of the distribution of vari-
ables in subgroups were followed, and the hypothesis of normal-
ity was verified with the Shapiro-Wilk test. Visualizations were
also made in Python using the matplolib library (v. 3.1.3).

Results

A total of 118 (100%) children with IBD were included in the
study. These included 57 (48.30%) with UC, 48 (40.68%) with
CD, and 13 (11.02%) with IBD-U.

In the first analyzed period (2011 - 2016), IBD was di-
agnosed in 48 children, i.e. UC in 19 (39.58%), CD in 21
(43.75%), and IBD-U in eight (16.67%). In the subsequent pe-
riod (2017 - 2022), IBD was found in 70 patients, i.e. UC in 38
(54.29%), CD in 27 (38.57%), and IBD-U in five (7.14%). The
number of new diagnoses is shown by year in Figure 2.

It can be seen that the number of new patients with IBD
diagnoses increased significantly over time, and was 46%
higher between 2017 and 2022 than between 2011 and 2016
(P = 0.034). The significant increase in new IBD diagnoses in

children related specifically to UC: 19 new UC diagnoses were
noted in the first analyzed period, and this value doubled to 38
in the subsequent period (P =0.015). Although the number of di-
agnosed CD cases rose from 21 in the earlier period to 27 in the
next, this difference was not statistically significant (P = 0.179).

The mean incidence of IBD was 2.9 per 100,000 children/
year, ranging from 0.9 to 4.5/100,000/year (1.3/100,000 for
UC and 1.1/100,000 for CD). The number of new cases of IBD
per 100,000 children in the Kujawsko-Pomorskie voivodship
is presented according to type of IBD in Figure 3.

The mean age at onset of IBD for the period 2011 - 2022
was 10.48 = 4.57 years (11.40 £ 4.25 for UC; 10.06 + 4.74 for
CD) and mean age at diagnosis was 11.67 + 4.15 years (12.47
+ 3.52 for UC; 11.38 + 4.50 for CD); both ages were higher
in the second period; however, a similar period was noted be-
tween onset and diagnosis in both periods.

The mean age of onset of first symptoms in children with
IBD extended significantly from 9.33 & 4.95 years in the first
period to 11.27 + 4.14 years in the second (P = 0.023). For CD,
the mean age of onset rose from 9.81 + 4.64 years in the first
period to 10.26 + 4.90 in the second (P = 0.594). For UC, the
mean age of onset increased from 10.26 +5.42 to 11.97 £ 3.47
years (P =10.363).

The mean age of diagnosis of IBD rose significantly from
10.75 £4.51 years in the first period to 12.3 = 3.79 years in the
second (P=0.046). However, for CD, it rose from 10.71 +4.57
to 11.89 £ 4.47 years (P = 0.296), and for UC, it rose slightly
from 12.11 = 3.94 to 12.66 + 3.32 years (P = 0.734). IBD was
also diagnosed more frequently in older patients in the later
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Figure 3. Number of children with newly diagnosed IBD, UC, CD, and IBD-U (per 100,000 children) in the Kujawsko-Pomorskie
voivodeship. CD: Crohn’s disease; IBD-U: unclassified inflammatory bowel disease; UC: ulcerative colitis.

study group. The mean time between the onset of first symptoms of
It can be seen that IBD was also mainly diagnosed in the IBD and the establishment of diagnosis for the period 2011 -

group of children aged > 10 years, with a significant increase 2022 was 1.19 + 2.15 years (1.07 £+ 2.19 for UC; 1.31 +2.27
observed in 2018 (Fig. 4). for CD).
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Figure 4. Trend in IBD incidence in children by age subgroup. IBD: inflammatory bowel disease.
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Similar times between the onset of the first symptoms and
the establishment of the diagnosis were found between the two
periods (P =0.338). In the earlier period, i.e. between 2011 and
2016, these times equated to 1.42 + 2.29 years for IBD, 0.9 +
1.09 years for CD, and 1.84 + 3.24 years for UC. In contrast,
between 2017 and 2022, these values were 1.03 £ 2.06 years
for IBD, 1.63 £ 2.86 for CD (P = 0.566), and 0.68 = 1.3 years
for UC (P =0.407).

Children with early-onset IBD, i.e. under 6 years of age,
were a minority in both 2011 - 2016 and 2017 - 2022. While
children aged over 6 years demonstrated more UC diagnoses
in 2017 - 2022, no such increase was observed among younger
children (Table 2).

No significant differences in the percentage of diagnosed
patients with regard to sex or IBD type were noted between the
first and second time periods (P > 0.05). In both periods, IBD
was diagnosed in approximately 56% of boys; male sex also
predominated in both UC and CD (Table 2).

The frequency of biological treatment differed significant-
ly between the two periods (P = 0.024). A higher proportion
of patients experienced more severe disease in the first period
than in the second period; in addition, biological therapy was
more commonly used for UC in the second period compared
to the first (Table 2).

In both time periods, children living in city areas dem-
onstrated a higher incidence of IBD, including UC and CD,
compared to rural areas; however, this difference was not sig-
nificant (Table 2).

About 15% of children had a first-degree relative who also
had IBD. Among these respondents, inheritance from the mater-
nal side was dominant. No significant differences in the number
of diagnosed children were found with regard to the type of IBD
or presence of IBD in the family (P = 0.174) (Table 1).

No significant relationship was noted between the type of
IBD and the time of onset of the disease, with regard to season,
regardless of the period analyzed. However, it is worth em-
phasizing that the percentage of patients in whom the onset of
the disease occurred in winter remained basically unchanged,
regardless of the period studied, and what is more, it was the
lowest compared to the other seasons. However, some seasonal
fluctuations were observed in the other seasons. Although not
statistically significant, in the entire analyzed period, the high-
est number of new cases of IBD (including UC) was observed
in spring and autumn, while for CD in autumn and summer.
Comparing the second analyzed period, in the period 2017 —
2022, a significant increase in new cases was observed in au-
tumn with respect to IBD, including both UC and CD, while a
decrease was observed in spring and summer with respect to
IBD, including only CD (Table 3).

Discussion

The results of our comparative analysis of IBD diagnoses be-
tween the two time periods are in line with the widely observed
global upward trends in the incidence of both CD and UC.
However, a statistically significant increase in the incidence
was only observed in children with UC. While children with

CD predominated in the first study period, UC was prevalent
in the second.

Data on the incidence of PIBD vary between studies; how-
ever, our findings are similar to those obtained in another Pol-
ish study, which report an incidence of 2.7 per 100,000 people/
year [27]. This figure is rather low compared with studies from
another populations, though higher than the globally incidence
of IBD in 2019, which was 0.95 per 100,000 [28].

The median incidence rate of IBD per 100,000 children/
year in recent studies from Croatia (one single-center and one
multicenter) varies between 7.05 and 9.89, varying across age
groups and types of IBD (2.63 for CD, 3.87 for UC, and 0.55
for IBD-U) [29, 30].

Kuenzig et al conducted a systematic review of 131 stud-
ies from 48 countries on the incidence and prevalence of IBD
in people under 21 years of age between 2000 and 2020. It was
found that 82 studies from 38 countries presented with both
CD and UC. The incidence of CD was higher than UC in al-
most all analyzed regions. The ratio of CD to UC was the high-
est in Canada (approximately 9:1), and the lowest in Moldova,
Malta, Italy, Poland, and Island (approximately 0.1 - 0.4:1). In
most studies, the ratio was approximately 2 to 3:1. Trends in
the CD/UC ratio were stable over time [31]. Also, a US study
found CD to be twice as common as UC in children between
2007 and 2016 [32]. CD also dominated in the retrospective
Croatian study, conducted in a similar period as our study (i.e.
2012 -2021), where 107 children were diagnosed, with 43.9%
having UC, 55.1% having CD, and 0.9% having IBD-U [30].

However, in contrast, UC was diagnosed in 54%, CD in
33%, and IBD-U in 13% in a study of 756 patients between
1987 and 2017 in Argentina; in addition, the incidence of CD
was found to rise from 2007 to 2017 [33].

Moreover, in a survey study conducted among pediatric
gastroenterologists from Latin America (i.e., Argentina, Bo-
livia, Brazil, El Salvador, Mexico, Nicaragua, Peru, Uruguay,
and Venezuela) including 607 patients diagnosed within the
time frame of 2005 - 2016, UC was diagnosed in 475 (78.3%),
CD in 104 (17.1%), and IBD-U in 28 (4.6%). The UC/CD ra-
tio was 4.6:1; the annual frequency of UC increased 5.1-fold,
whereas that of CD increased 3.4-fold [34].

Our findings indicate that throughout the analyzed period,
more children suffered from UC than CD (our mean ratio CD/
UC was 0.8), although CD dominated in the first period and
UC later on, which is comparable to the results from studies
in the Moldova, Malta, Italy, Poland [31], and Latin America
[34]. It is not clear why CD was rarer in our study in compari-
son to high-income countries. But for now, the only explana-
tion is that environmental factors, life style, diet, microbiome
or genetic background in Poland are more similar to Moldova,
Malta, Italy, and Island.

The rather low incidence of IBD in our study may be also
due to its methodology, i.e. the study was retrospective in na-
ture, all participants were patients from a single university
center, and the population likely differed according to genes,
microbiome or the environment: the region of central-northern
area of Poland has many woods, lakes, and rivers, and is not so
highly populated and polluted. A prospective population-based
study in 13 countries or regions in Asia-Pacific suggests that
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Table 2. Children With IBD With Regard to Age at the Time of Diagnosis, Onset of the First Symptoms, Sex, the Severity of Course,
and Place of Residence in the Period 2011 - 2022

Characteristic 2011 - 2022, 2011 - 2016, 2017 — 2022, P
n =118 (100%) n =48 (100%) n =70 (100%)
Mean age of onset of the first symptoms in years
IBD 10.48 +4.57 9.33+4.95 11.27+4.41 0.023
ucC 11.40 +£4.25 10.26 +£5.42 11.97 £3.47 0.363
CD 10.06 +4.74 9.81 £4.64 10.26 £4.9 0.594
Mean age of diagnosis in years
IBD 11.67 +4.15 10.75+4.51 12.3+3.79 0.046
ucC 12.47 +3.52 12.11+3.94 12.66 +3.32 0.734
CD 11.38+4.5 10.71 +£4.57 11.89 +4.47 0.296
Age at the time of diagnosis
IBD 0.013
< 6 years of age 15 (12.71%) 11 (22.92%) 4 (5.71%)
> 6 years of age 103 (87.29%) 37 (77.08%) 66 (94.29%)
ucC 0.033
< 6 years of age 3 (2.54%) 3 (6.25%) 0 (0.00%)
> 6 years of age 54 (45.76%) 16 (33.33%) 38 (54.29%)
CD 0.715
< 6 years of age 8 (6.78%) 4 (8.33%) 4 (5.71%)
> 6 years of age 40 (33.90%) 17 (35.42%) 23 (32.86%)
Sex
IBD 0.896
Girls 52 (44.07%) 21 (43.75%) 31 (44.29%)
Boys 66 (55.93%) 27 (56.25%) 39 (55.71%)
ucC 0.925
Girls 25 (21.19%) 8 (16.67%) 17 (24.29%)
Boys 32 (27.12%) 11 (22.92%) 21 (30.00%)
CD 0.942
Girls 22 (18.64%) 10 (20.83%) 12 (17.14%)
Boys 26 (22.03%) 11 (22.92%) 15 (21.43%)
Severity of course/number of patients on biological therapy 0.024
IBD 36 (30.5%) 17 (35.42%) 19 (27.14%)
uC 15 (12.71%) 4 (8.33%) 11 (15.71%)
CD 17 (14.41%) 9 (18.75%) 8 (11.43%)
Severity of course/number of patients without biological therapy 0.851
IBD 82 (69.49%) 31 (64.58%) 51 (72.86%)
ucC 41 (34.75%) 15 (31.25%) 27 (38.57%)
CD 31(26.27%) 12 (25%) 19 (27.14%)
Place of residence
IBD 0.641
Urban 82 (69.49%) 35(72.92%) 47 (67.14%)
Rural 36 (30.51%) 13 (27.08%) 23 (32.86%)
ucC 0.771
Urban 36 (30.51%) 11 (22.92%) 25 (35.71%)
Rural 21 (17.80%) 8 (16.67%) 13 (18.57%)
CD 0.867
Urban 36 (30.51%) 16 (33.33%) 20 (28.57%)
Rural 12 (10.17%) 5(10.42%) 7 (10.00%)

CD: Crohn'’s disease; IBD: inflammatory bowel disease; UC: ulcerative colitis.
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Table 3. Number of Patients According to the Season of the First Symptoms

Seasons 2011 - 2022, n = 118 (100%) 2011 - 2016, n = 48 (100%) 2017 - 2022, n =70 (100%) P
Spring, n (%) 0.276
IBD 34 (28.8%) 16 (33.33%) 18 (24.71%)
ucC 18 (15.25%) 6 (12.5%) 12 (17.14%)
CD 10 (8.47%) 6 (12.5%) 4 (5.71%)
Summer, n (%) 0.875
IBD 31 (26.27%) 14 (29.17%) 17 (24.29%)
8[@ 15 (12.71%) 6 (12.5%) 9 (12.86%)
CD 13 (11.01%) 7 (14.58%) 6 (8.57%)
Autumn, n (%) 0.479
IBD 33 (27.97%) 10 (20.83%) 23 (32.86%)
ucC 16 (13.56%) 5 (10.42%) 11 (15.71%)
CD 16 (13.56%) 4 (8.33%) 12 (17.14%)
Winter, n (%) 0.580
IBD 20 (16.95%) 8 (16.67%) 12 (17.14%)
uc 8 (6.78%) 2 (41.17%) 6 (8.57%)
CD 9 (7.63%) 4 (8.33%) 5 (7.14%)

CD: Crohn’s disease; IBD: inflammatory bowel disease; UC: ulcerative colitis.

the prevalence of IBD is higher in densely populated areas of
Asia and that the prevalence may be associated with increased
urbanization [28].

Our data indicate a 46% increase in new cases of IBD in
the later period (2017 - 2022) compared to 2011 - 2016; this is
consistent with the generally observed trend in the global pedi-
atric population and is probably related to changes in the micro-
biome and the environment. The time-trend analysis illustrated
an increasing or stable incidence in North America, Europe, and
Oceania and an increasing incidence in newly industrialized
countries in Asia, the Middle East, and Africa [18]. According
to a cross-sectional study based on aggregated data performed
by Long et al, the incidence and prevalence of IBD among chil-
dren and adolescents stabilized between 1990 and 2019, but are
significantly on the rise in some countries and regions [28]. A
multicenter retrospective study by Choe et al reported an up-
ward trend in CD diagnoses in South Korea between 2017 and
2020 [35]. Although CD demonstrated an increasing trend in our
study, only UC was found to display a significant increase. Sim-
ilarly, pediatric UC was found to be more commonly diagnosed
than CD in populations from Finland [36] and Poland [27],
where the incidence of UC exceeds that of CD [18]; however,
most other studies indicate the opposite [31].

In Germany, a country neighboring with Poland, the age-
standardized incidence rate per 100,000 person-years for IBD
increased from 4.6 in 2000 to 8.2 in 2014 and projected inci-
dence rates are 12.9 in the year 2025 and 14.9 in 2030 [37].

A better understanding of the relationships between envi-
ronmental factors and the pathogenesis of IBD may help to un-
derstand the observed differences in the incidence of UC and
CD between different populations and geographical regions.

The incidence of PIBD peaks during adolescence. Sig-

nificant differences have been noted between studies with re-
gard to age at diagnosis. In our study, IBD was also mainly
diagnosed in the group of children aged over 10 years: the
mean age at diagnosis was 11.67 years. An analysis conducted
in Lower Silesia, also from Poland, between 2016 and 2018,
found the mean age at diagnosis of IBD to be 13.1 + 3.8 years
[38]. A study of children with IBD from the neighboring Czech
Republic in the period 2002 - 2017 found the median age at
diagnosis to be 13.9 + 4.9 years [17]. Similarly, the median
age at diagnosis was 14.1 years in Split-Dalmatia County. Ad-
ditionally, as in our study, patients diagnosed with UC were
older compared to those with CD [30].

Data from the children’s hospital in England indicate a
higher incidence in patients aged 10 to 18 years compared to
younger children [39]. In contrast, Benchimol et al observed
the greatest increase in IBD between 1994 and 2009 in Canada
to be in VEO-IBD, i.e. among children aged under 6 years [21].
Countries such as Saudi Arabia, Finland, France, and UK have
shown declining or stable incidence rates among the young-
est children but increasing rates in older children; in contrast,
Canada has reported increasing rates in the youngest children
but stable rates in older children [31].

Our present data indicate a lower mean age of diagnosis in
both studied periods, i.e. 10.75 = 4.51 years in the first period
and 12.3 +3.79 years in the second. This lower age may be due
to population differences, better diagnostic methods, better ac-
cess to health care facilities or other environmental conditions
leading to faster manifestation of the disease.

Another comparison of IBD diagnoses during two time
periods (1990 - 1995 and 2003 - 2008) by Henderson et al in
Scotland indicated a steadily increase in the number over time,
with the age at diagnosis falling from 12.7 to 11.9 years (P =
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0.003) [40]. In contrast, our data indicate that diagnoses are
being established in increasingly older patients. Similar results
were obtained by Ye et al who identified the highest prevalence
of IBD to be in a group of US children over 10 years of age,
and that the prevalence in this age group increased over the
period 2007 to 2016 [32].

The mean time from the first symptoms to diagnosis in
our study was 1.19 £ 2.15 years; this period was 1.42 + 2.29
years in the first period and 1.03 £ 2.06 years in the second. Al-
though these differences were not significant, they raise hope
for increasingly accurate diagnosis and faster disease detec-
tion. Probably, due to the education and popularization of fe-
cal calprotectin testing, the diagnoses were made insignificant
faster in the second period. Unfortunately, the time was longer
in our study than in others. An analysis conducted in Lower
Silesia between 2016 and 2018 found the mean time from first
symptoms to diagnosis to be 5.8 = 8.0 months [38] and the
median time to be 4.0 = 6.3 months in the neighboring Czech
Republic in the period 2002 - 2017 [17].

In our study, no significant differences were found between
CD and UC with regard to the period of onset and diagnosis.
Usually, a longer time is observed for CD than UC, which
may be connected with the less-specific symptoms presented
by CD patients and a delay in reporting them; however, such
results were only noted in the second studied period. Also, no
difference in time between the first symptoms and diagnosis
was recorded with regard to place of residence, suggesting that
it does not play a significant role.

There have been little data reported on seasonal variations
in the onset of IBD in children. Moreover, global data regarding
the seasonality of IBD are conflicting. Dharmaraj et al suggest-
ed that the onset of IBD has a seasonal trend with the highest
incidence in the fall and the lowest in the summer [41]. In con-
trast, Aratari et al showed that the onset of symptoms was more
common in spring and summer [42]. Based on Araki et al, no
seasonal variations in disease onset in UC patients were shown
[5], but similarly to Aratari et al [42], CD onset was signifi-
cantly more frequent in summer. Some other reports revealed
no seasonality in disease onset [38, 43]. In our present analysis,
no particular season was found to have a significantly greater
risk of developing IBD; however, the highest number of IBD
cases, including UC and CD, occurred in autumn. Moreover,
it is interesting that in our study, similarly to others [5, 41], the
onset of disease in CD patients was more frequent in summer.
There are no findings that clearly explain the underlying mech-
anisms related to the seasonality of IBD. The following may
be of importance: viruses (generally more common in autumn
and winter), bacteria (e.g., Campylobacter peak in late summer
and fall), antibiotics and non-steroidal anti-inflammatory drugs
(which are used more frequently during these seasons), climate,
hours of sunlight, and food which might affect the differences
in disease onset. All these factors can result in microbiota alter-
ations, intestinal mucosal damage, and impact on the activity of
the immune system, which may be involved in the pathogenesis
of IBD. It is emphasized that environmental factors are associ-
ated with onset of IBD. Tani et al showed that oral commensals
Actinomyces and its symbiont TM7-3 were correlatively fluc-
tuated in the feces of CD patients by season [44].

Comparison of the incidence of new IBD cases, in the pre-

sent study, including CD, showed some decline in spring and
summer in the period 2017 - 2022. It is difficult to say what
contribution COVID-19 infection had to this observation. It is
assumed that any virus, including SARS-CoV-2, may serve as
a catalyst for the onset of IBD in individuals who are geneti-
cally predisposed to develop the illness [45]. The unexpected
decline in the frequency of new cases in spring and summer in
the period 2017 - 2022 probably may be explained by home
isolation due to COVID-19 pandemic.

A multicenter study conducted in Argentina established a
diagnosis of IBD in 52% of boys in 2012 - 2013 [46], which
is comparable to our present findings. Similar to an analysis
conducted in Saxony (Germany) over a 15-year period (2000
- 2014) among 532 IBD patients, under 15 years old, 312
(58.6%) were male and 220 (41.4%) were female [37]. Also,
in a previously mentioned single-center Croatian study, boys
dominated and constituted 60.7% of patients [30]. According
to a study based on aggregated data by Long et al, the IBD
incidence was slightly higher in boys [28]. In CD, the prepu-
bertal prevalence is slightly higher in males (1.5:1), whereas
in adults, the prevalence is slightly higher in females [47].
The increased prevalence and the shift in sex dominance ob-
served during this period may be attributable to changes in sex
hormones during adolescence. Clinical data confirm that sex
hormones play a modulatory role of toward intestinal mucosal
barrier, immune function, and gut microbiota [47].

Our estimates according to genetic background are in
line with global data indicating that between 5% and 23% of
patients have a first-degree relative with IBD, and the risk is
greater among those whose mother is affected [1]. The first-
degree relatives of CD patients have an eight-fold higher risk
of developing IBD, while those of UC patients have an approx-
imately four-fold higher risk [48]. Although our study did not
show a statistically significant difference between IBD types
and IBD inheritance, the CD diagnoses were dominant.

A number of Danish studies have noted an increasing trend
in the number of patients receiving biological therapy [49].
Also, a Polish study found that biological treatment was used
more frequently from 2012 to 2020, with it being most com-
monly used in patients aged 10 to 19 years [50]. Puzzlingly, our
present data indicate that in the period 2011 to 2016, a higher
proportion of patients required biological treatment relative to
the total number of diagnoses during this time, while two more
people received biological treatment during the second period
(2017 to 2022). Our present findings differ from those of oth-
er studies in this regard. This may be explained by the small
number of patients examined, the specificity of the population
in this geographical location, or the short observation period.
Although proportionally more patients were treated biologi-
cally in the first period, the number of patients with IBD in
the second period was significantly higher. It is possible that
the children from the second study period received biological
treatment later, i.e. after the end of the study.

Living in an urban environment is known to be associated
with an increased risk of developing IBD, especially for children.
This may be due to being in close contact with higher pollution
levels, increased consumption or processed and packaged foods,
and increasing urbanization accompanying socioeconomic de-
velopment, which can affect the microbiome in susceptible indi-
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viduals. A meta-analysis based on 40 studies showed a positive
association between IBD and urban living [51]. Additionally, a
Canadian study indicated that children living in the first 5 years
of life in a rural area have a lower risk of IBD [52]. In a simi-
lar study to ours, conducted in the other district of Poland, i.e.
Lower Silesia, the IBD diagnoses dominated among the urban
population. There was no significant difference in the incidence
of CD/UC taking into account the place of living [38]. Indeed,
our present data also indicate a higher risk of all studied IBD
children among urban residents, regardless of the type of IBD.
This is probably due to the different environmental conditions of
children living in urban and rural areas, which is consistent with
the hypotheses concerning the etiology of IBD.

The present study is the first to describe the incidence
of IBD in the central-northern district of Poland according
to a longitudinal data set. In line with other studies, our find-
ings confirm a growing trend of IBD in the pediatric popula-
tion. As such, there is a need for further analysis of potential,
modifiable, environmental factors that may increase the risk
of IBD, which may open the way to establishing prophylac-
tic approaches and new, more effective and less burdensome
treatment methods, which is especially important in young
children. It is worth emphasizing that the child’s disease leads
to many consequences, e.g. impairment of growth and devel-
opment, school absenteeism, withdrawal of extracurricular ac-
tivities, and therapy adherence. The decreasing age of onset of
IBD highlights the need to improve the rules of management
and care for children with IBD.

Our findings suggest that medical facilities, including our
region, should prepare for the possibility of providing medi-
cal care for increasing numbers of patients with IBD, and
should take into account the climbing costs of therapy and
chronic, multi-directional, specialized care [53]. Moreover,
our research results indicate the necessity of efficient train-
ing of healthcare employees (especially specialists involved in
the treatment of these children), increasing places in pediatric
hospitals, streamlining the process of admitting these children
to outpatient clinics, planning the increase in treatment costs,
improving public awareness, unifying procedures for dealing
with patients with IBD, especially in the face of large migra-
tion movements, and implementing new methods of diagnosis,
prevention, and treatment. As a result, this may contribute to
improving the quality of life of patients and their families.

We strongly believe that our data will be useful for plan-
ning and shaping the health policy, and that they will expand
worldwide database.

However, the study also has its limitations. It includes a
relatively small number of patients, and data were acquired
from only one center. We are aware that the study was conduct-
ed in the particular district of Poland and the results may not
reflect the whole country. Although one center does not allow
generalization of results to the entire population, usually chil-
dren from Kujawsko-Pomorskie Voivodeship are referred to
our center to determine or confirm the diagnosis and start the
treatment. Individual cases of IBD may have been diagnosed
outside our center, but probably, the number of such children
was small and did not have an impact on our results. The
analysis conducted is particularly important for our region, al-
though it seems that taking into account the Polish population

and similar environmental conditions, generalization of our re-
search results is not a major error, although a multicenter study
would certainly give bigger sample and more reliable results.

The next limitation is the retrospective design, which is at
high risk for many research biases. They are particularly at risk
for recall bias and observer bias due to their reliance on mem-
ory and self-reported data. To avoid a significant bias in the
results, similar to German study [37], we took into account the
final diagnosis, not the initial one (thus, we excluded misdiag-
nosed patients) and patients with 100% correctly completed
questionnaire. In contrast with a Canadian study [51], we did
not analyze incorrectly classified and diagnosed cases, because
we diagnosed patients based on the same criteria throughout
the entire study period.

Another limitation is that disease severity was only indi-
cated by the adoption of biological treatment. To address these
shortcomings, we plan to conduct a similar study based on a
broader population from multiple centers using a prospective
approach.

Despite the single-center nature of the study, the strength
of the study is supporting the research results over 10 years
of children (patients under 18 years of age) registry and com-
parison with a lot of studies. Difficulty in comparing data may
also result from other definitions of the child population, e.g.
Kuenzing et al studied patients under 21 years old [31] and
Larrosa-Haro et al from Argentina included patients from 2 to
16 years of age [34].

IBD will continue to be an important public health prob-
lem with extensive healthcare and economic costs in the future.
The reported IBD burden in children and adolescents at the
global, regional, and national levels will inform policymakers
and help them formulate locally adapted health policies.

Additionally, any attempt to understand the growing prev-
alence of IBD may play a significant role in establishing new
methods for its prevention and treatment to improve the qual-
ity of life of patients and their families.

Conclusions

The incidence of PIBD in central-northern district of Poland is
rather low compared to other countries. However, it appears to
be increasing, particularly in children with UC, the number of
IBD diagnoses in children has increased by nearly 50% over
the last 6 years. There is a need to better understanding the
causes of this growing trend, as this is key to developing new
methods of prevention and treatment.
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