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Abstract
AIM
To examine the incidence and trends in pediatric 
inflammatory bowel diseases (IBDs) over 2000-2015 
and project the incidence to 2018. 

METHODS
A 16-year prospective study of IBD patients < 19 years 
of age was conducted in the Czech Republic (the Pilsen 
region). All incident IBD cases within a well-defined 
geographical area were retrieved from a prospectively 
collected computerized clinical database. Historical 
Czech data were used for comparison (1990-2001). 
Our catchment population was determined from the 
census data. We calculated the incidence by relating 
the number of newly diagnosed cases to the size of the 
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pediatric population-at-risk in each calendar year. Age/
sex, disease type, place of residence, and race/ethnicity 
were identified.  

RESULTS
In total, 170 new IBD cases [105 Crohn’s disease (CD), 
48 ulcerative colitis (UC), and 17 IBD-unclassified 
(IBD-U)] were identified. The median age at IBD 
diagnosis was 14.2 years, 59.4% were males, and 
97.1% were Caucasians. A male preponderance of 
IBD (P  = 0.026) and CD (P  = 0.016) was observed. 
With 109209 person-years in the catchment area, the 
average incidence of IBD per 100000 person-years 
was 10.0 (6.2 for CD, 2.8 for UC, and 1.0 for IBD-U) 
for children aged 0 to 19 years; for those aged 0 to 
15 years, the incidence rate was 7.3 (4.6 for CD, 2.0 
for UC, and 0.7 for IBD-U). An increase in incidence 
with age was observed (P  = 0.0003). Over the 16-year 
period, the incidence increased for IBD patients (P  = 
0.01) and CD in particular (P  < 0.0001), whereas the 
incidence for UC (P  = 0.09) and IBD-U (P  = 0.339) 
remained unchanged. IBD-projected data from 2016 
to 2018 were 12.1, 12.3 and 12.6 per 100000 person-
years, respectively.

CONCLUSION
Pediatric-onset IBD incidence is around its highest 
point. The increase, which is particularly pronounced 
for CD, may be challenging to relate to causes of 
pediatric disease.
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Crohn’s disease; Ulcerative colitis 
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Core tip: The incidence of inflammatory bowel diseases 
(IBDs) is around its highest point to date. It has been 
markedly rising over a 16-year period and is especially 
pronounced for Crohn’s disease (CD), such that CD 
is now more common than ulcerative colitis and IBD-
unclassified. The changes in IBD incidence in developed 
countries cannot be explained by changes in genetic 
background, but the influence of environmental hazards 
on incidence may be involved in the pathogenesis of 
IBD. Analyses of time trends and the implications of 
environmental determinants are required to unravel 
concurrent factors and causal relationships with the 
ultimate goal of improving the current care of these 
patients. 

Schwarz J, Sýkora, J, Cvalínová D, Pomahačová R, Klečková 
J, Kryl M, Včelák P. Inflammatory bowel disease incidence in 
Czech children: A regional prospective study, 2000-2015. World 
J Gastroenterol 2017; 23(22): 4090-4101  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i22/4090.htm  DOI: 
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INTRODUCTION
The group of life-long, chronic relapsing inflammatory 
bowel diseases (IBDs) of unknown origin encompasses 
three separate disorders: Crohn’s disease (CD), 
ulcerative colitis (UC), and IBD-unclassified (IBD-U). 
Genetic and environmental factors should be considered 
for IBD in childhood[1]. Approximately 25% of all 
diagnoses are made during childhood or adolescence[2], 
but a shift toward a younger age (i.e., < 6 years old) 
has been observed[3].

IBD is unevenly distributed throughout the world. 
Studies worldwide have shown a rising but variable 
incidence of IBD, including large increases in incidence 
in pediatric populations[4,5]. Pediatric IBD incidence 
rates are higher in North America, the United Kingdom, 
and northern and western Europe than in southern 
latitudes[6-10]. Studies that evaluated only the incidence 
of pediatric-onset IBD with a wide range of incidence 
rates have been published previously[2]. A recent 
analysis also identified an east-west gradient in the 
incidence of IBD in Europe[11].

Although no firm conclusions can be drawn with 
respect to addressing the rising incidence of IBD, 
differences in geographic distribution, and particularly 
in changes in incidence over time within one area, 
may provide new insights into concurrent etiological 
factors[12-15]. However, this is possible only when enough 
pediatric projects within one defined geographical 
area, in relatively homogeneous populations, provide 
a fundamental basis for a better understanding of the 
epidemiology and environmental influences in any 
geographically restricted pediatric population and for 
the assessment of IBD. 

Despite a rising worldwide incidence of IBD, there 
is a paucity of recent information regarding the exact 
incidence of IBD in Czech children[16,17]. Thus, it is of 
great interest to explore temporal time trends with an 
emphasis on children in central and eastern Europe 
and to describe differences among geographical 
regions across Europe. Thus, there are conflicting data 
on the rate at which IBD is diagnosed and whether its 
incidence has declined, stabilized, or even continued to 
rise in Czech children. Furthermore, no studies of IBD 
incidence have been published using data from the 
past 15 years; therefore, current time trends in Czech 
children remain entirely unknown. 

Building on our previous experience[16], the ob-
jectives of this study were: (1) to discern the current 
incidence of IBD using a pediatric population (< 19 
years of age at diagnosis) residing in a well-defined 
geographical region of the Czech Republic (Figure 1); 
(2) to characterize differences by age and sex; and 
(3) to gain insights into recent trends from 2000 to 
2015 and compare our results to historical incidence 
data from comparable Czech studies (1990-2001)[16]. 
A further aim was to recognize projections for future 
occurrence rates from the same geographical area. 
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MATERIALS AND METHODS
Study setting
The study area covered the Pilsen region (western 
Bohemian region of the Czech Republic) as the 
catchment area (Figure 1), corresponding well to the 
geographical distribution of the pediatric population. The 
Pilsen region is one of the 14 regional administrative 
units in the Czech Republic (http://en.plzensky-kraj.
cz/en/kategorie/pilsen-region). The child population 
was estimated to account for approximately 14.3% of 
the total population in that region (January 2015). The 
catchment area is the third largest region in the Czech 
Republic and the ninth most populous. The region 
area encompasses 7125 km2, having a population of 
approximately 577538 inhabitants (approximately 
6% of the total population of the Czech Republic, 
2015, Czech census data), including seven counties. 
The mean population density (population per square 
kilometer) in the entire region ranged from 52 to 1178 
among the counties, with the pediatric population 
distributed evenly throughout all counties. 

The structural settlement of the region is unba-
lanced. The metropolitan area of Pilsen is connected to 
small rural areas, whereas mid-sized towns are largely 
lacking. Approximately one-third of the population 
resides in Pilsen, and the rest is in semi-urban and 
rural areas. The large number of small settlements 
is a typical feature of the area. More than four out of 
five municipalities in the region have fewer than 2000 
residents, and more than 30% of the region’s population 
resides in such small towns and villages. However, the 
city of Pilsen is the natural center of the region; it is 
currently the fourth largest city in the Czech Republic, 
with approximately 200000 inhabitants. 

All children in our country are insured and thus 
have free access to health care. The Pilsen region is 
included in the Czech National Health System and 
provides universal health insurance for its residents, 
including free-of-charge coverage for general prac-
titioners and hospital services. In the Czech Republic, 

the treatment of pediatric IBD is conducted in a 
tertiary hospital setting and is free for all inhabitants. 
Thus, the study area was well delineated as consistent 
with the health care system in the Czech Republic, 
which dictates that all children and adolescents in a 
specific municipality should be referred to a tertiary 
pediatrician gastroenterology center for the diagnosis/
treatment of IBD. 

Thus, as a part of a tertiary referral teaching hos-
pital, our gastroenterology center services the whole 
pediatric population (< 19 years) in the catchment 
area. Very few, if any, children are diagnosed or treated 
by adult gastroenterologists in the catchment area by 
19 years of age. We believe that the vast majority of 
pediatric IBD cases would have been referred to our IBD 
single center, particularly older adolescents, who were 
probably not diagnosed by adult gastroenterologists.

Study population and data collection
This clinical population-based prospective regional 
cohort consisted of children and adolescents with new 
onset IBD (< 19 years old at the time of diagnosis) 
whose residential addresses were in the Pilsen 
region. The study cohort included children from the 
same geographic region who were living in different 
settings (rural vs urban). Only unequivocal IBD cases 
were captured upon diagnosis over a 16-year period 
(between January 1, 2000 and December 31, 2015). 

The following demographic elements were avai-
lable: age, sex, race/ethnicity, place of residence, 
and Czech census region. Patient data were entered 
consistently with the first diagnosis; thus, if subjects 
were diagnosed initially with IBD-U and subsequently 
reclassified to CD and UC, the former was considered 
the most accurate diagnosis. Any surgical intervention 
needed at the time of diagnosis was also recorded. 
The geographical unit of a person’s residence was 
used to determine the place of county residence; 
all participating children were presumably of Czech 
ethnicity, which is a Caucasian population. Patients 
were excluded if they originated from a city outside the 
catchment area. 

We sampled a geographically restricted pediatric 
population with documented IBD who were referred 
to a tertiary referral teaching hospital in the Czech 
Republic (Charles University, Faculty Hospital in Pilsen, 
Department of Pediatrics, Pediatric Gastroenterology 
Unit). This is the only tertiary pediatric center in the 
Pilsen region that can treat this population, and all 
pediatric gastroenterologists in the catchment area 
throughout the period were based in this hospital. 
Additionally, all pediatric departments within the area 
collaborated on the project. 

Detailed information from the diagnostic work-
up data for all subjects, including data from the first 
attendance and from the hospital discharge records, 
were prospectively collected from an in-house com-
puterized clinical database (patient registries). The 
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Figure 1  Map of the catchment area, the geographical area under 
investigation for the Czech pediatric inflammatory bowel disease study 
over the period of 2000-2015. Outline of the Pilsen region (red) in the Czech 
Republic (orange) situated in central Europe.
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the resident pediatric populations under effective 
observation from January 1, 2000 to December 31, 
2015 (denominator). The data were analyzed for each 
time period and stratified by age, sex, and Czech 
census region. The IBD patients were analyzed in 
two separate categories with respect to age: < 10 
years and 11-19 years. The age of the IBD patients 
was expected to have a skewed distribution because 
the median was used. Incidence trends and time 
projections of IBD and its subtypes with the number 
of cases as the dependent variable, and population 
size as the offset variable, were estimated using 
linear regression analyses and correlation coefficients. 
Student’s t-test (unpaired, 2-tailed) and stratified 
analysis reflecting age and sex were used to measure 
differences between the groups. A p-value < 0.05 
and precise 95%CI were calculated to evaluate the 
significance and precision of the estimate.

RESULTS
Demographics and IBD incidence 
The demographic characteristics are shown in Table 
1. As of 2015, the data from 170 incident patients (< 
19 years), including 96 subjects (< 15 years of age 
at diagnosis) with pediatric-onset IBD in the Pilsen 
region (since 2000), were entered into the electronic 
databases. Of the entire group, 59.4% were males. 
The median age in years was 14.2 (range: 1.4-18.3) 
for IBD, 14.1 (1.4-18.1) for CD, 14.6 (2.7-18.3) for 
UC, and 14.1 (2.5-17.7) for IBD-U. The median age 
at diagnosis did not differ between CD and UC, and 
there were no significant differences between the age 
at onset in boys and girls. The self-reported racial/
ethnic distributions were 97.1% Caucasian and 2.9% 
other. 

The number of cases diagnosed each year in the 
inclusion period is shown in Figure 2. Of the new cases, 
105 (61.8%) were CD, 48 (28.2%) were UC and 17 
(10%) were IBD-U. There was a predominance of CD 
(the CD to UC ratio was 2.2:1). Of the 17 subjects 
with IBD-U, the initial IBD-U diagnosis was changed 
in 13 (76.5%), with 7 (41.2%) reclassified to UC and 
6 (35.3%) reclassified to CD during the follow-up. 
During the 16-year study period, there were 1709209 
person-year observations aged < 19 years in the 
catchment area, summarizing the source population 

data on patients were collected using a data form 
completed by gastroenterologists. The system has 
been developed in cooperation with the University of 
West Bohemia in Pilsen, Faculty of Applied Sciences. 
The application, which has a common client service 
architecture, provides the means to collect the 
data both manually via structured web forms and 
automatically from other medical systems using the 
Czech data standard for the exchange of medical data 
(DASTA). Fully automatic data interchange between 
the application and hospital information system 
reduces the possibility of human error during data 
entry, thus improving the data accuracy and quality. 

All data from the work-ups were present in the 
central dataset, forming the data network with high 
quality, and complete detailed information was linked at 
a subject level. For this reason, there was presumably 
no bias in the sampling or selection procedure. The size 
of the pediatric population (< 19 years old) and age- 
and sex-stratified population data were determined 
from census data collected between 2000 and 2015.

Diagnosis and disease subclassification
All IBD patients were diagnosed according to clinical 
history, physical examination, laboratory and sero-
logical testing, radiologic studies, and endoscopic 
appearance with stepwise biopsy for review by clinical 
pathologists[18]. The date of initial diagnosis was set 
as the day of the definitive diagnosis made during our 
study period, as evidenced by diagnostic evaluation 
or surgical findings consistent with IBD rather than 
symptom onset. The new IBD group was subdivided 
into three main clinical types: CD, UC, and IBD-U. 
If a distinction between UC and CD could not be 
determined based on these criteria, cases that were 
not otherwise specified in the presence of nonspecific 
inflammation were designated as IBD-U. The subjects 
without firm evidence of IBD were excluded from 
further analyses.

Statistical analysis
Standard descriptive statistics were used to sum-
marize the characteristics of the entire population. 
The incidence rates were expressed as new cases 
per 100000 pediatric persons per year by dividing 
the observed number of ascertained new cases in 
a specified time period (numerator) by the size of 

Table 1  Demographics of newly diagnosed pediatric patients (n  = 170) less than 19 years of age in the Pilsen area from January 1, 
2000 to December 31, 2015

CD UC IBD-U IBD

Total patients, n 105 48 17 170
   Male   68 24   9 101
   Female   37 24   8   69
Age in years, median (range) 14.1 (1.4-18.1) 14.6 (2.7-18.3) 14.1 (2.5-17.7) 14.2 (1.4-18.3)

Data reported for the entire IBD population, CD, UC and IBD-U. IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; IBD-U: 
Inflammatory bowel disease-unclassified.

Schwarz J et al . Pediatric IBD incidence in Czech children
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corresponding to 170 children who received diagnoses 
of IBD. Among the 0- to 15-year-olds, the overall 
incidence was 7.3 per 100000 person-years (95%CI: 
6.1-8.5) for IBD, 4.6 (95%CI: 3.7-5.5) for CD, 2.0 
(95%CI: 1.3-2.7) for UC and 0.7 (95%CI: 0.1-1.3) 
for IBD-U. Among 0- to 19-year-olds, the respective 
incidences were 10.0 (95%CI: 9.2-10.9), 6.2 (95%CI: 
4.7-7.7), 2.8 (95%CI: 1.5-4.1) and 1.0 (95%CI: 
0.2-1.8).

IBD type by age group
Figure 3 shows the age-related incidence rates of 
IBD, CD, UC and IBD-U. The diagnosis was most 
commonly made after the age of 10 years for IBD; the 
age at diagnosis was less than 10 years in 30 children 
(17.6%). Early presentation, before the age of 6 years, 

was observed in 0.58%, 4.1%, 0.58% and 5.29% 
of children with CD, UC, IBD-U and IBD respectively. 
The overall incidence of IBD rose from 3.5 (95% 
CI: 2.5-4.3) per 100000 person-years among 0- to 
10-year-olds to 16.6 (95%CI: 12.5-20.1) per 100000 
person-years in 11- to 19-year-olds (p = 0.0003). 

The highest age-related occurrence for IBD was 
observed in the 15-year-old age group. Likewise, 
significantly higher incidence rates were observed 
for CD (p = 0.0006), UC (p = 0.002) and IBD-U 
(p = 0.01) respectively in 11- to 19-year-olds. The 
age-standardized incidence was significant for both 
males and females in IBD (p = 0.001 and p = 0.01 
respectively), CD (p = 0.006 and p = 0.01 respectively) 
and UC (p = 0.02 and p = 0.001 respectively), whereas 
it reached marginal statistical significance for IBD-U (p 
= 0.047 and p = 0.058 respectively). No differences 
were found in the age distribution of subjects among 
CD, UC and IBD-U in 0-to 10-year-olds, whereas the 
older (11 to 19 years old) group had a significantly 
increased incidence of CD compared with UC and IBD-U 
(p < 0.001).

Effect of sex
Over the 2000-2015 period, 105 patients (males/fe-
males: 68/37) were diagnosed with pediatric-onset 
CD, and 48 subjects with UC (males/females: 24/24) 
and 17 patients with IBD-U (males/females: 9/8) were 
diagnosed at < 19 years of age. Among all cases of 
IBD, 59.4% were males. The differences in sex were 
significant only for IBD (especially CD). More boys than 
girls suffered from CD. The average IBD incidence rate 
per 100000 person-years was 11.6 (95%CI: 9.4-14.1) 
for males and 8.3 (95%CI: 6.8-10.1) for females (p = 
0.026). The incidence of CD was 7.8 (95%CI: 6.2-9.8) 
for males and 4.5 (95%CI: 2.8-4.1) for females (p = 
0.016). We found an equal sex ratio in UC and IBD-U. 
The incidence of UC was 2.7 (95%CI: 2.1-3.1) for 
males and 2.9 (95%CI: 2.3-3.4) for females (p = 0.44). 
The incidence of IBD-U was 1.0 (95%CI: 0.8-1.5) 
for males and 1.0 (95%CI: 0.8-1.5) for females (p = 
0.45).

IBD incidence trends between 2000 and 2015
Trends in the population under observation over 
the 16-year period were determined (Figure 4A-C). 
Incidence rates were analyzed in 1-year blocks. When 
analyzing the 0- to 15-year-old group, we observed 
no statistically significant changes in incidence for 
the whole group of IBD (r = 0.15, p = 0.09), IBD-U 
(r = 0.04, p = 0.213) or CD (r = 0.13, p = 0.109). 
Despite the consistent decreasing trends in incidence 
rates of UC, this analysis failed to reveal any statistical 
significance (r = - 0.01, p = 0.810). The change in 
incidence over the 16 years of the study period was 
statistically significant in the 0- to 19-year-old group in 
the examined region. 

Over the study period, the overall incidence rate 
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of IBD and CD rose significantly (r = 0.32, p = 0.012 
and r = 0.42, p < 0.0001 respectively) and showed a 
male preponderance. Apart from a non-significantly 
higher point estimate for 2000-2004, the incidence of 
UC decreased without reaching statistical significance 

(r = - 0.15, p = 0.134), and the overall rates of IBD-U 
remained fairly stable (r = 0.05, p = 0.341). The 
incidence rate of IBD increased over the study period to 
5.8 (95%CI: 3.6-8.6) per 100000 person-years for girls 
and 11.1 (95%CI: 7.1-14.5) for boys in 2015. Similarly, 
the incidence rate of CD increased over the study period 
to 5.8 (95%CI: 3.4-9.1) per 100000 person-years 
for girls and 9.4 (95%CI: 7.1-13.4) for boys in 2015. 
In contrast, the incidence of UC decreased to 0 per 
100000 person-years for both girls and boys in 2015. 
The most pronounced increase was observed in CD 
among adolescents aged 12-19 years (p = 0.001). For 
children less than 10 years of age, the rate remained 
low, limited by too few young children for the analysis in 
consecutive years of observations (2000-2015). 

Compared with historical pediatric data in the 
Czech Republic from 1990 to 2001, the incidence of 
CD rose from 1.26 per 100000 person-years in 2001 
to 5.8 per 100000 person-years in 2015 in children 
under 15 years of age. The incidence of UC gradually 
decreased from 1.84 per 100000 person-years in 1999 
to 0 per 100000 person-years in 2015.

IBD projections to 2018 
The IBD projections to 2018 are shown in Figure 4. The 
IBD incidence rates projected for 2016, 2017 and 2018 
were 12.1 (95%CI: 10.6-14.6), 12.3 (10.3-15.0) and 
12.6 (11.0-15.4) (Figure 4A). The incidence rates of 
CD projected for 2016-2018 were 9.7 (8.1-11.3), 10.2 
(8.7-12.3) and 10.2 (8.7-12.3) respectively (Figure 4B). 
The projected UC incidence rates (Figure 4C) were 1.0 
(0-3.4), 0.8 (0-3.19) and 0.6 (0- 3.2) respectively. The 
projected IBD-U incidence rates were 1.3 (0.5-2.2), 1.3 
(0.5-2.3) and 1.4 (0.5-2.4) respectively. 

DISCUSSION
Here, we report the incidence of IBD over a period 
of 16 years from 2000 to 2015 in Czech children 
(< 19 years) in a large, geographically well-defined 
population. To our knowledge, this is the first Czech 
prospective regional cohort of IBD, covering a wide 
area in the Pilsen region within the Czech Republic. 
We substantiated several important conclusions: (1) 
some of the highest incidence rates of pediatric IBD 
reported to date; (2) the higher incidence (more than 
twice that of UC) and male predominance of CD; 
(3) the significantly increased incidence of IBD (in 
particular CD) over time; and (4) the gradual increase 
in incidence rates with age. We further compared our 
findings with historical Czech data and showed that 
IBD-projected data were enhanced substantially until 
2018. 

We have added new insights to a global map of 
the incidence of IBD. We identified one of the highest 
incidences of IBD reported to date. The rate of IBD 
over the time period covered by the research was 
10.0 per 100000 person-years for CD 6.2, 2.8 for 
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Figure 4  Scatter plots of the data. The average annual age-standardized 
incidence rate per 100000 person-years by age group (< 19 years) and 
the 16-year trend for inflammatory bowel disease (A), Crohn’s disease 
(B), and ulcerative colitis (C) in the Pilsen region over the period of 
2000-2015 in the population under observation and the incidence rate 
projected for 2016-2018. The points are the actual data; Stars indicate the 
incidence of IBD (A), CD (B) and UC (C) per 100000 person-years; Blue points 
indicate calculating the moving average; Dotted blue line indicates a fitted 
linear regression model to predict trends; Triangles indicate the incidence rate 
projected for 2016-2018; Red points indicate calculating the moving average. 
There was a significant increase in incidence over the 16-year period (A: r = 0.32, 
P = 0.012; B: r = 0.42, P < 0.0001; C: r = - 0.15, P = 0.134).
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UC and 1.0 for IBD-U up to 19 years of age. The 
respective incidences were 7.3, 4.6, 2.0 and 0.7 when 
considering an age of 15 years as the upper limit. We 
identified one of the highest incidences of childhood 
IBD reported to date. Our results well resemble those 
from areas showing similarly high IBD incidences, such 
as reported from studies in England[19,20], Sweden[21,22], 
Finland[23,24], Norway[25] and Canada[3,26]. Against this 
backdrop, our findings confirm high rates of IBD 
(primarily CD) in our country that are comparable to 
the rates in high-incidence Western populations[2]. 
IBD incidence was considerably lower in studies 
conducted in the United States according to data from 
Wisconsin[27] and northern California[28], as well as in 
Iceland[10], France[29], Italy[30], Scotland[9], Italy[30] and 
the Netherlands[15]. 

Our findings should be considered while bearing 
in mind that incidence rates are challenging due 
to the age limit used for pediatric patients and the 
heterogeneity of data collection techniques. Another 
important finding was a relatively low contribution of 
UC and IBD-U compared with the overall IBD incidence 
rate. In our study, the incidence of CD was more than 
twice that of UC. Thus, our results are similar to those 
of Buderus et al[31], Ashton et al[19] and the European 
pediatric registry EUROKIDS[32] that also showed CD 
accounting for most IBD cases. In contrast, Castro 
et al[30] showed that UC was more prevalent than 
CD in Italian children. An equal incidence of UC and 
CD occurs among adult populations[33], whereas the 
incidence of UC was approximately 2-fold higher than 
the incidence of CD in the Lazio region in Italy[34].

Next, we calculated time trends in the incidence 
of IBD for all three pathologies, as it is still debated 
whether there are temporal aspects in IBD. In a 
systematic pediatric review by Benchimol et al[2], 
only 20.1% of studies used statistical analyses to 
determine trends over time, while 77.8% reported 
a statistically significant increase in incidence of 
pediatric IBD. Among the studies calculating trends 
in the incidence of CD, 60% reported a significantly 
increased incidence. Among similar UC projects, 20% 
noted significantly increased rates[2]. Our data suggest 
a clear indication of the rising trend of newly diagnosed 
IBD, especially for CD due primarily to an increase 
in the incidence of CD in males. The incidence of CD 
more than doubled from 2000 to 2015. In contrast, 
the incidence of UC and IBD-U was altered very little 
throughout the study period. Thus, the results of our 
study are consistent with recent reviews[13]. 

Similarly, the increased incidence of IBD, with a 
predominance of CD over UC in recent decades, was 
reported in Australia[35], France[29], Sweden[22], Canada[3], 
Denmark[7], Scotland[36] and other countries[25,27]. 
In Australia, recent Victorian studies clearly showed 
increasing rates in children, with a greater than 10-fold 
increase in CD over the 30-year period to 2001. In 
addition, the incidence of UC also remained relatively 
stable in other studies, despite the increasing evidence 

of CD[2,29]. These figures are not fully comparable to 
those obtained in other pediatric studies. In northern 
California, Abramson et al[28] observed a several-fold 
rise in UC incidence, and the incidence of CD remained 
relatively stable over a period of 11 years, similar to 
the report by Orel et al[37] in Slovenia. In contrast, a 
Canadian study from Ontario[26], and the French EPIMAD 
registry between 1988 and 2007, reported a striking 
decrease in UC despite a persistent increase in CD[38]. 
An explanation for the differing trends observed in CD 
and UC remains elusive[39]. According to these results, 
we may speculate that this geographic variability is 
probably due to genetic and environmental implications; 
however, the exact triggers may not be easily identified.

We observed that IBD-U was diagnosed most 
frequently among the oldest group of children. The 
finding of 10% of subjects with IBD-U is among 
the lowest reported. The proportion of patients was 
similar to that previously reported in other pediatric 
observations in whom IBD-U accounts for 10% to 15% 
of newly diagnosed patients with IBD[8,15,20,25,30,31,36,40], 
but other researchers have reported a somewhat 
lower incidence of IBD-U[22,29,41]. Undoubtedly, our data 
parallel observations obtained in adults[11,34,42,43]. This is 
a partially unexplained phenomenon. Heyman et al[44] 
speculated that IBD-U might represent an evolving 
form of IBD that presents before a definitive diagnosis 
of IBD. In our series, the proportion of patients who 
initially presented with IBD-U decreased over time. 
There were still 23.5% of subjects with IBD-U, but 
41.2% of cases had already evolved toward UC and 
35.3% toward CD. 

We observed the presenting features and compared 
them with the rates from the 1990s. We suggest 
that the incidence of pediatric IBD is increasing in 
the Czech Republic. These results indicate that the 
incidence of CD has markedly increased, while the 
incidence of UC has decreased substantially in the 
Pilsen region compared with the historical figures in 
the Czech Republic over the past 25 years. Indeed, an 
increased pediatric IBD incidence has been reported 
by Kolek et al[17] in a prospective population-based 
study from Moravia (a northern region in the Czech 
Republic). The incidence of CD increased from 0 to 
2.7/100000 person-years between 1999 and 2001, 
and the incidence of UC increased from 0.68 to 1.84 
per/100000 person-years between 1990 and 1999. 

In the first nationwide study in Czech pediatric 
subjects, Pozler et al[16] published the results of a 
partly retrospective study exploring CD incidence 
in Czech children (< 15 years) between 1990 and 
2001. A marked (5-fold) increase in the incidence 
of CD was found from 0.25/100000/year in 1990 to 
1.26/100000/year in 2001[16]. The incidence of CD 
in children under 15 years of age increased 4.6-fold 
between 2001 and 2015 (1.26-5.8/100000/year), but 
the incidence of UC was lower than that of the hitherto 
published studies in the Czech Republic[16,17], remaining 
almost unchanged with little difference between the 
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studies (1.84-0.9/100000/year). We also assumed 
that parallel increases are also occurring in adult Czech 
populations[11]. The reasons for these increases are 
largely unknown. 

Although given a 25-year period, the increased 
risk of IBD tracks with the effects of external factors, 
such as environmental features that are constantly 
changing, rather than of shifts in the frequency of 
susceptibility genes alone that may change slowly[3,13]. 
In our population, there were important changes in 
higher socio-economic status and in demographic 
or environmental health conditions over time, which 
may have altered the frequency of disease. However, 
even in low-incidence countries, the occurrence of 
IBD seems to be rising. Thus, increased awareness by 
physicians and advancements in the diagnosis of IBD, 
homogeneity of registration databases, data collection 
methods, and possibly the completeness of case 
ascertainment may partially contribute to the striking 
increase in the incidence of IBD and geographic 
differences. We consider this a very plausible ex-
planation for the precipitation of the clinical illness, 
although there are no clear answers from this research 
in terms of the relevance of the explanation in the 
Czech Republic. More detailed studies are warranted. 

Unfortunately, data are lacking on the incidence in 
the pediatric population in eastern Europe because most 
of the published data were conducted in the United 
States and western Europe. However, in the past few 
years, recent papers have indicated a sharp increase 
in incidence in various parts of eastern Europe[39,45]. 
A recent study from western Hungary (the Veszprem 
province) revealed that the incidence of pediatric 
IBD has rapidly increased over the 35-year period. 
The incidence of CD and UC increased from 0 and 
0.7 in 1977-1981 to 7.2 and from 5.2 in 2007-2011 
per 100000 person-years[46]. By contrast, the results 
from our study revealed no changes in UC over time, 
although the incidence rates of UC in the Hungarian 
study increased approximately 7-fold. Very recently, 
the Hungarian nationwide pediatric registry data 
were published, with a mean incidence for the 3-year 
observation period from 2007 to 2009 of 7.48, 4.72, 2.32 
and 0.45 for IBD, CD, UC and IBD-U respectively. The 
incidence of pediatric IBD in Hungary was at the higher 
end of the reported range[47]. Thus, the situation in our 
country is comparable to that in Hungary. 

These findings collectively indicated that the 
incidence of IBD in central and eastern European 
countries is increasing in childhood. Consequently, 
these findings do not concur with the previously 
described west-east gradient decrease in the incidence 
of IBD in Europe[11], reflecting the possible geographic 
impact of the diagnosis of IBD. We suggest that a 
comparison of these studies may be indicative of 
the loss of this gradient in European children and 
exceptions to that rule. In addition, these findings 
reporting low incidence rates in eastern Europe 
contrast with the findings of a previous study  in Polish 

children that suggested that the incidence of UC was 
higher than that of CD (1.3 vs 0.8/100000 person-
years)[48]. 

In an analysis stratified by age, we uncovered 
a distinct contrast in the distribution of IBD with a 
gradual increase in older age groups, in agreement 
with other studies. We observed that approximately 
17% of children were diagnosed with IBD by the age 
of 10 years, corresponding to the results reported 
by Buderus et al[31] in Germany and Austria. The 
highest rates were observed in the 11- to 19-year-old 
group in our study, which is consistent with previous 
reports[27,38,46]. In the population aged 0-10 years, the 
incidence of UC and CD was similar, with no differences 
by sex. As age increased, the incidence of IBD rose 
and peaked in children around the age of 15 years, 
with CD exhibiting a steeper increase compared with 
UC around puberty, although it was rare in a younger 
age category. The age-specific peak for diagnosis was 
not consistent with the findings of earlier studies by 
Sawczenko et al[49], van der Zaag-Loonen et al[15], 
Buderus et al[31] and Orel et al[37]. These discordant 
data are probably related to differences in the methods 
applied for case ascertainment, disease registries 
and the demographic differences of the underlying 
populations. 

We reported a male preponderance of CD but no 
significant differences in sex for UC and IBD-U as 
previously reported[26,49] because of a doubled and 
significantly higher incidence of CD in males. Similar 
proportions regarding male susceptibility to CD have 
been recognized for many years[19,22,27,50], as opposed 
to a slight female predominance in adults[33]. Some 
data suggest that pediatric UC is more common in 
girls[29,37,51]. A systematic review by Molodecky et al[5] 
failed to obtain consistent results, suggesting that 
the disease occurred equally between the sexes in 
adults. Together with the different findings of the 
inverted male-to-female ratio in adult studies, these 
data suggest that biological age-related factors may 
contribute to predisposing people to and triggering 
of IBD, especially CD in Czech children. Given that 
our population consisted mainly of native Caucasian 
children, we could not estimate the specific incidence 
because almost all participating subjects were of 
similar ethnic origin. However, past studies have shown 
a high incidence of IBD in Caucasian children[27]. 

We based projections for future incidence rates on 
our knowledge. Our estimates for the projected rate 
of IBD to 2018 were alarming, which may reflect the 
increasing incidence of IBD over time. Our results 
indicate that the incidence estimates for IBD in 2018 
are somewhat higher than most reported in our current 
study. Regarding IBD incidence rate projections, based 
on the most likely scenario and on the estimated trend 
from the linear analysis, we projected a model showing 
that the number of new cases of Czech children with 
diagnosed IBD (in particular CD) will continue to 
increase over an extended time period. Conversely, 
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our projections clearly show that the incidence of UC 
will decrease. 

To our knowledge, no study has yet focused on IBD 
incidence projections in children, thus making a direct 
comparison problematic. However, in our opinion, the 
fitted model actually created appraisals that seemed to 
be similar to those observed. Although it remains to be 
further confirmed, the disturbing incidence rate of 12.6 
per 100000 person-years projected for 2018 appears 
to be realistic if current circumstances persist. The 
simplest explanation for this finding could be that the 
IBD incidence projected herein could be attributable 
to demographic factors and may be indicative of the 
persistence of previous conditions, with no major or 
slow changes in pediatric IBD. It will be interesting to 
follow these temporal trends in the coming years, as 
we may learn more about the role of environmental 
factors in the pathogenesis of IBD[12].

The strength of this study is its robust, prospective 
manner because the available prospective observation 
shows more homogeneity. In addition, we used the 
same defined geographic region with an ethnically 
homogeneous study sample, establishing well-defined 
selection criteria. Furthermore, we used an appropriate 
time period and case ascertainment identification 
of IBD cases, and we included patients at or shortly 
after diagnosis. Since newly enrolled individuals were 
included only once, despite meeting the inclusion 
criteria over multiple years, a bias may not exist for 
including those with more chronic or severe disease, 
requiring additional visits. 

These strengths allowed us to provide up-to-date 
estimates of the incidence and trends and to depict 
the main differences by time period, age and sex, thus 
not affecting the time trend analyses. An observational 
survey and the appropriate type of sampling frame for 
study recruitment, from which subjects were selected, 
was critical for the sample representativeness by 
covering the entire population of interest with unlimited 
access to subspecialist care to obtain reproducible 
results. 

The Czech Republic is a country with centralized 
health care for IBD, and pediatric IBD subjects 
are cared for only in our tertiary hospital in the 
catchment area. Therefore, we trust that the sample 
is representative due to the easily surveyable area of 
the Pilsen region. Due to the centralization of pediatric 
gastroenterology care, we believe that all pediatric 
patients residing in the Pilsen region were included in 
the database, reducing the probability of recall bias. 
Thus, it is highly probable that all children with IBD 
in the Pilsen region sought medical attention in our 
clinical setting. In the assessment of time trends, we 
reported 16 years of data with figures specifying the 
numeric incidence rates over a long time period. This 
study was also strengthened by reliable data from the 
files and our registry of pediatric IBD in the included 
area. The census data provide data sets from which 
we can identify a sample that is deemed to have 

minimal bias. 
A potential weakness of our study is that our 

registry was based on data from one large regional 
referral center encompassing a specific child population, 
and the generalizability of the presented findings 
regardless of the setting may be of concern. Another 
possible limitation is an underestimation of rates of 
IBD because we were unable to exclude the possibility 
that the IBD subjects may have been treated in other 
institutions, which may have led to an underestimation 
of the results of the analysis. However, in the Czech 
pediatric population at time of this study, there was 
an almost universal admission policy for investigation 
of IBD; unlike adults, the disease is not diagnosed 
in outpatient settings by primary care providers or 
pediatricians. Our facility is the only referral center in 
the catchment area that provides inpatient/outpatient 
care, and all children with IBD are concentrated in 
our center for pediatric gastroenterology. Of note, in 
the Pilsen region, probable IBD cases in childhood are 
treated exclusively in our single facility. In general, 
adult gastroenterologists in the Czech Republic do not 
provide medical care for IBD-affected children until 
they reach 19 years of age (older teenagers with a 
new diagnosis of IBD are not usually referred directly 
to adult specialists). Therefore, we probably did not 
underestimate the true incidence of IBD, and the 
present data provide a reasonably accurate evaluation 
of the incidence of IBD because the major portion of 
the subjects would have been referred to our referral 
center. 

Furthermore, our data did not demonstrate the 
apparent decline in the incidence rate after the age 
of 15 years, which could represent a spurious event 
caused by pediatric subjects being diagnosed by adult 
specialists and thus failing to be captured in our study. 
Consequently, we trust that there was no selection bias 
in favor of younger subjects, the capture of pediatric 
cases is trustworthy even in the 15- to 19-year-old 
age class, and the limit of 19 years better mirrors 
the usual situation in the pediatric population in the 
Czech Republic. Because our data revealed significant 
time trends, we regard any misclassification as stable 
over the studied periods and thus did not influence 
the time trend analyses or the actual epidemiologic 
characteristics. 

In conclusion, the incidence of pediatric IBD, 
especially CD, is among the highest reported to date. 
This study revealed a marked increase in the incidence 
of CD over the 16-year period, such that CD is now 
much more common than UC and IBD-U in children 
in the Pilsen region and exhibits a persistent male 
preponderance. The reasons for these trends are 
unknown, and further studies in different regions of 
the country would be helpful to determine whether 
these trends are present in other areas of the 
Czech Republic. Further database projects may be 
attempted with software data, which should permit 
future research due to greater region specificity. 
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As the changes in the past decades in industrialized 
countries cannot be interpreted by changes in genetic 
background, the influence of environmental hazards 
on incidence appears to be a crucial area of study. This 
study reaffirms the need for analyses of time trends 
and subsequent research to better understand the 
combination of genetic/family history and environmental 
influences, to unravel concurrent factors in the etiology 
of IBD and to determine causal relationships in pediatric 
disease. 
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