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Abstract
Objectives: The aims of this study were: to evaluate the prevalence of abdominal wall defects in the Polish population, 
to analyze temporal trends in the prevalence, to identify areas (clusters) of high risk of abdominal wall defects, and to 
characterize, with respect to epidemiology, children with abdominal wall defects and their mothers in the area defined as 
a cluster. Material and Methods: We used isolated congenital malformations (gastroschisis Q79.3 and omphalocele Q79.2 
according to the International Statistical Classification of Diseases and Related Health Problems, 10th revision (ICD-10, 
the extended version)) data reported to the Polish Registry of Congenital Malformations (PRCM) over the years 1998–
2008 based on the population of 2 362 502 live births. We analyzed 11 administrative regions of Poland with complete 
epidemiologic data. Results: Of 11 regions, 2 had a significantly higher standardized prevalence of isolated gastroschisis: 
Dolnośląskie (1.7/10 000 live births, p = 0.0052) and Śląskie (1.9/10 000 live births, p < 0.0001). Furthermore, within the re-
gion of Dolnośląskie, we defined a clear prevalence of the isolated gastroschisis cluster (p = 0.023). We comprehensively 
examined demographic and socio-economic risk factors for abdominal wall defects in this area, and we found that these 
factors failed to account for the cluster. Conclusions: We identified a distinct prevalence cluster for isolated gastroschisis, 
although a precise reason for the disease clustering in this region remains unknown. Cluster identification enables more 
focused research aimed at identification of specific factors with teratogenic effects.

Key words:
Gastroschisis, Omphalocele, Congenital malformations, Scan statistic, Spatial and temporal clusters, Epidemiology

The project: “Polish Registry of  Congenital Malformations” was supported by Centre for Health Care Information Systems (contract No.: CSIOZ/147/2014). Project 
manager: Prof. Anna Latos-Bieleńska.
Received: March 2, 2015. Accepted: June 24, 2015. 
Corresponding author: A. Materna-Kiryluk, Poznan University of Medical Sciences, Department of Medicial Genetics, Rokietnicka 8, 60-806 Poznań, Poland  
(e-mail: akiryluk@ump.edu.pl); B. Więckowska, Poznan University of Medical Sciences, Department of Computer Science and Statistics, Dąbrowskiego 79,  
60-529 Poznań, Poland (e-mail: basia@ump.edu.pl).

Nofer Institute of Occupational Medicine, Łódź, Poland

http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://dx.doi.org/10.13075/ijomeh.1896.00624


O R I G I N A L  P A P E R         A. MATERNA-KIRYLUK ET AL.

IJOMEH 2016;29(3)462

MATERIAL AND METHODS
The analysis took into account live births registered in 
the Polish Registry of Congenital Malformations (PRCM) 
from birth to 2 years of age, in which isolated gastroschi-
sis (Q79.3) and omphalocele (Q79.2) were recognized. 
Organizational structure of the PRCM and the methods of 
collecting and storing information concerning congenital 
malformations have been previously reported in detail [20].
The captured data include: date of birth, gravidity, birth 
weight, gestational age at delivery, sex, age at diagnosis, 
parental age at birth, parental education, parental oc-
cupation, parental consanguinity, pregnancy risk factors 
(including maternal diseases, medications, addictions), 
prenatal diagnosis, family history including previous preg-
nancies, information whether the child was born alive, 
karyotype and autopsy examination results if available.
Evaluation was conducted over the years 1998–2008 in 
a population comprising 2 362 502 live births in the area of 11 
Polish voivodeships (of 16 covered by the PRCM), which 
amounted to 57.3% of all live births in the Polish population 
in those years. The analysis comprised 11 Polish voivode-
ships: from 1998 – Dolnośląskie, Kujawsko-Pomorskie, Lu-
buskie, Opolskie, Pomorskie, Wielkopolskie, Warmińsko-
Mazurskie and Zachodniopomorskie, from 2001 – Śląskie, 
and from 2002 – Lubelskie and Podkarpackie.
The PRCM reporting system is voluntary, and information 
about congenital malformations is reported using paper 
forms and electronic entries from the following sources: 
pediatric units, maternity wards, departments of surgery, 
child health clinics, specialized medical clinics, general 
practitioners and genetics clinics. In addition to the passive 
sources of information mentioned above, an active system 
of collecting information was implemented in Wielkopol-
skie voivodeship (1998–2008). Within the framework of 
the active reporting system, clinical records of all new-
borns in the whole voivodeship were monitored by trained 
employees from the PRCM aiming to comprehensively 
capture all suspected cases of congenital malformations.

INTRODUCTION
An increase in the prevalence of gastroschisis has been 
reported in the last 50 years. A significant increase of 
gastroschisis was noted at the beginning of 1970s in Scan-
dinavian countries, and later in other various European 
countries, Australia, Japan and USA [1–3].
Based on the data from 21 registers included in the Euro-
pean Registry of Congenital Anomalies and Twins (EURO-
CAT), the prevalence of gastroschisis (Q79.3 according to 
the International Statistical Classification of Diseases and 
Related Health Problems, 10th revision (ICD-10, the ex-
tended version) [4]) constituted 0.94 per 10 000 births 
between 1980 and 1990 [5], but it was twice as high – 
2.35 per 10 000 births in the years 1998–2008 [6].
One of the better established risk factors is young maternal 
age (< 20 years old), but the exact mechanism underlying 
this association is not well understood [5,7–9]. The follow-
ing risk factors have been previously suggested: primipar-
ity [10], low socio-economic status, the use of tobacco and 
alcohol [11–13], drug use [12,14] and oral contraceptive 
use in the 1st trimester of pregnancy [15]. The recent in-
crease in the prevalence of gastroschisis affects infants of 
mothers across all ages, thus, an independent exogenous 
factors are likely to play a role [16].
Identification of isolated gastroschisis clusters allows 
a study of etiology of gastroschisis; it also enables more 
focused research aimed at identification of specific tera-
togenic factors in the affected high risk regions [17–19]. 
Interventions aiming at the control of factors may become 
critical in the primary prevention of congenital malforma-
tions such as gastroschisis.
The aims of this work were to evaluate the prevalence of 
abdominal wall defects in the Polish population, to ana-
lyze temporal trends in the prevalence, to identify areas 
(clusters) of high risk of abdominal wall defects, and to 
characterize, with respect to epidemiology, children with 
abdominal wall defects and their mothers in the area de-
fined as a cluster.
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with the prevalence of Wielkopolskie voivodeship (active 
reporting system). This conservative approach allowed 
identification of voivodeships with the highest prevalence 
of isolated gastroschisis (Q79.3) or omphalocele (Q79.2), 
despite the inherent problem of under-reporting in passive 
data collection methods. Taking into account the break-
down of the indicated voivodeships into administrative 
districs, an analysis was conducted in order to identify 
clusters (areas with the increased prevalence of the de-
fects) of isolated abdominal wall defects. Spatial, tempo-
ral and spatial-temporal clusters were evaluated.
Once clusters were localized, demographic characteristics 
of mothers and their children born with an isolated ab-
dominal wall defect and residing within a given cluster were 
compared with analogous characteristics for Wielkopolskie 
voivodeship. The following characteristics were analyzed: 
an infant’s sex, gestational age, birth weight, parental ages, 
parental education, the gravidity, previous spontaneous 
abortions, family history with the same condition and sub-
stance abuse during pregnancy, including tobacco use.

Statistics
The following methods were used in the comparative analyses: 
for comparison of categorical variables we used the Chi2 test, 
or the Fisher’s exact test (small sample sizes); for continu-
ous variables we used the Student’s t-test or the Student’s 
t-test with Cochran-Cox correction, and the Mann-Whitney 
test (non-normally distributed data). The linear trend was 
tested by the use of the Pearson’s correlation. Clusters were 
searched for by the use of the Kulldorff’s scan statistic [23]. 
Statistical significance of a cluster was tested with the likeli-
hood ratio test, the distribution and p-value of which were 
estimated by the use of the Monte-Carlo method. For all sta-
tistical tests, the type I error rate (α) of 0.05 was deemed sta-
tistically significant. Statistical calculations, charts and maps 
were prepared by the use of the PQStat version 1.4.8 soft-
ware. The SatScan version 9.2 software was used to search 
for clusters.

Encoding malformations was based on the International 
Statistical Classification of Diseases and Related Health 
Problems, 10th revision (ICD-10, the extended version) [4] 
and it was conducted according to the EUROCAT guide-
lines prepared by the Committee on Classification and 
Coding of Malformations [21]. Two experienced clinical 
geneticists encoded the malformations. Information con-
cerning the number of births in the years 1998–2008 in 
the analyzed region came from the Regional Data Bank 
of the Central Statistical Office [22].
Only a diagnosis of gastroschisis (Q79.3) or an ompha-
locele (Q79.2) without any other major, accompanying 
malformations was qualified as an “isolated disorder.” 
Coefficient of prevalence of a given congenital malfor-
mation was calculated as a ratio of the number of chil-
dren with the malformation to the general number of live 
births in the years 1998–2008. Standardized ratios were 
calculated by the use of data about live births in Poland 
in the years 1998–2008 in 6 age categories of a mother’s 
age: ≤ 19 years, 20–24 years, 25–29 years, 30–34 years, 
35–39 years, and ≥ 40.
A cluster of congenital malformations was defined as 
such an aggregation of cases of congenital malforma-
tions, in time and/or space, which seems to be unusual. 
Administrative districs (the administrative subregions 
of maternal residence) were used as units in the geo-
spatial analysis. Because of the lack of published data 
about births in particular categories of maternal age in 
the years 1998–2001 with a breakdown into administrative 
districs, the analysis of clusters was conducted based on 
the standardized coefficients according to the maternal 
age in the years 2002–2008.
To evaluate the effects of time in each region, a test of 
a linear time trend of the standardized prevalence coef-
ficients for isolated gastroschisis (Q79.3) and isolated om-
phalocele (Q79.2) was performed for each voivodeship. 
Moreover, the standardized coefficients of prevalence 
in 10 voivodeships (passive reporting) were compared 
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voivodeship cluster, but detected no predominance of 
a specific profession (among the mothers giving birth 
to affected children, there were 4 students, 4 retail 
employees, 3 unemployed, 2 teachers, and others with 
a range of professions including a hair dresser, wait-
er, technician, tailor, renovator, architect, cook, etc.). 
The data on dietary supplementation during pregnancy 
was incomplete and could not be analyzed. Notably, 
none of the mothers suffered from chronic illness, such 
as diabetes or hypertension.

RESULTS
The crude prevalence of isolated gastroschisis (Q79.3) 
in Wielkopolskie voivodeship (the reference region) 
was 1.2 per 10 000 live births, and 1.1 per 10 000 live births 
after standardization based on maternal age. In the same 
years, of the analyzed voivodeships, 2 had a significantly 
higher standardized prevalence of isolated gastroschisis 
(Q79.3), i.e., Dolnośląskie (1.7/10 000, p = 0.0052) and 
Śląskie (1.9/10 000, p < 0.0001) voivodeships (Table 1). 
The prevalence of isolated omphalocele (Q79.2) was, 
on average, lower than the prevalence of isolated gas-
troschisis (Q79.3). We observed no regional differenc-
es in the prevalence of isolated omphalocele (Q79.2). 
Moreover, we detected no significant temporal trends in 
the prevalence of isolated gastroschisis (Q79.3) or ompha-
locele (Q79.2), standardized according to a mother’s age, 
neither in Wielkopolskie voivodeship nor in any of the re-
maining voivodeships (Table 2).
Next, we analyzed geospatial clusters of the increased prev-
alence of isolated gastroschisis (Q79.3) in the years 2002–
2008 in order to identify high risk subregions within 
Dolnośląskie and Śląskie voivodeships (Figure 1, Table 3).
In Dolnośląskie voivodeship, a spatial cluster of isolated 
gastroschisis (Q79.3) (an area with an increased preva-
lence of the defect) comprising 68 administrative districs 
reached statistical significance with p = 0.023 by the Kull-
dorff’s scan statistic. In Śląskie voivodeship a cluster of 
isolated gastroschisis (Q79.3) comprising 13 administra-
tive districs was identified, but it did not reach statistical 
significance (p = 0.066).
Finally, we compared demographic and socio-economic 
characteristics of the cases reported within the clusters to 
those reported in Wielkopolskie voivodeship (Table 4). 
We detected no significant differences in the demo-
graphic and socio-economic risk factors between these 
regions suggesting that other, yet unexplained, factors 
may underlie the observed patterns. We also analyzed 
details of maternal occupation in the Dolnośląskie 

Fig. 1. Clusters – areas with the increased prevalence 
of isolated gastroschisis in a) Dolnośląskie and b) Śląskie 
voivodeships

a)

b)

cluster

cluster
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Table 2. Statistical significance of the linear trends of the standardized prevalence for isolated gastroschisis (Q79.3) and isolated 
omphalocele (Q79.2) in the area of 11 voivodeships covered by the Polish Registry of Congenital Malformations (PRCM) 
in the years 1998–2008

Voivodeship

Pearson’s linear correlation
isolated gastroschisis (Q79.3) isolated omphalocele (Q79.2)
p correlation coefficient p correlation coefficient

Dolnośląskie 0.8402 0.07 0.9762 0.01
Kujawsko-Pomorskie 0.2667 0.37 0.3038 0.30
Lubelskie 0.3718 0.40 0.7471 0.75
Lubuskie 0.1518 0.46 0.5052 0.51
Opolskie 0.1481 0.47 0.9138 0.91
Podkarpackie 0.2416 0.51 0.4127 0.41
Pomorskie 0.6052 0.18 0.6687 0.67
Śląskie 0.5181 0.27 0.8195 0.82
Warmińsko-Mazurskie 0.9603 0.02 0.6680 0.67
Wielkopolskie 0.1573 0.46 0.6903 0.69
Zachodniopomorskie 0.0872 – 0.51 0.7304 0.73

Table 3. Kulldorff’s scan statistic for space, space-time and space clusters of isolated gastroschisis (Q79.3) in the years 2002–2008

Most likely cluster
Kulldorff’s scan statistic

(p)
Dolnośląskie voivodeship Śląskie voivodeship

Space 0.0230 0.0660
Space–time 0.2890 0.3180
Time 0.5300 0.1690

Table 4. Demographic and socio-economic characteristics of the cases with isolated gastroschisis (Q79.3) in the cluster 
of Dolnośląskie voivodeship compared to Wielkopolskie voivodeship (reference) in the years 1998–2008

Characteristic

Cluster of 
Dolnośląskie 
voivodeship
(N = 23)a

Wielkopolskie 
voivodeship
(N = 32)a

pb

Place of residence [n] 0.48
urban 13 15
rural 10 17

Sex [n] 0.10
female 8 19
male 14 13
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registers of congenital malformations based on the pas-
sive data collection methods may underestimate the prev-
alence due to under-reporting [24], we instituted an ac-
tive system of data collection to complement the passive 
sources of information in one of the studied regions – 
Wielkopolskie voivodeship. Accordingly, the prevalence 

DISCUSSION
Our study identified an area of high risk of isolated gas-
troschisis (Q79.3) in the region of Dolnośląskie. Our 
results are based on a large population-based regis-
try that surveyed over 57% of live births in Poland over 
the years 1998–2008. Considering that large population 

Characteristic

Cluster of 
Dolnośląskie 
voivodeship
(N = 23)a

Wielkopolskie 
voivodeship
(N = 32)a

pb

Gestation [n] 1.00
singelton 23 31
multiple 0 0

Gestational age [week] (M±SD) 36.8±2.2 36.7±1.6 0.88
Birth weight [g] (M±SD) 2530.0±428.1 2564.3±507.1 0.80
Gravidity [n (%)] 0.84

1 16 (69.6) 23 (71.9)
2 4 (17.4) 6 (18.8)
≥ 3 2 (8.7) 2 (6.3)

Previous spontaneous abortions [n (%)] 3 (13.0) 1 (3.1) 0.27
Substance abuse during pregnancy [n (%)] 2 (8.7) 0 (0.0) 0.51
Smoking [n (%)] 2 (8.7) 0 (0.0) 0.51
Mother’s education [n (%)] 0.51

primary education 4 (17.4) 3 (9.4)
basic vocational education 5 (21.7) 2 (6.3)
undergraduate education 10 (43.5) 7 (21.9)
higher education 2 (8.7) 3 (9.4)

Father’s education [n (%)] 0.42
primary education 1 (4.3) 0 (0.0)
basic vocational education 7 (30.4) 4 (12.5)
undergraduate education 7 (30.4) 6 (18.8)
higher education 3 (13.0) 3 (9.4)

Family history with the same condition [n (%)] 0 (0.0) 0 (0.0) 1.00

M – mean; SD – standard deviation.
a Marginal totals for some variables may be different because of missing values.
b All values statistically insignificant.
Statistical significance for pairwise comparisons between the groups of cases was evaluated with the Student’s t-test (or Cochran-Cox correction where 
appropriate) for continuous variables; the Mann-Whitney U test for ordered categorical variables; the Chi2 test for unordered categorical variables.

Table 4. Demographic and socio-economic characteristics of the cases with isolated gastroschisis (Q79.3) in the cluster 
of Dolnośląskie voivodeship compared to Wielkopolskie voivodeship (reference) in the years 1998–2008 – cont.
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Using the Kulldorff’s scan statistic, we identified a sta-
tistically significant spatial cluster of isolated gastros-
chisis (Q79.3) in Dolnośląskie voivodeship – it com-
prised 68 administrative sub-regions (p = 0.023). No-
tably, in 1999 a spatio-temporal cluster of the increased 
prevalence of isolated cleft lip and palate was identified in 
the same area [26]. Clusters of gastroschisis and isolated 
cleft lip and palate overlapped by 67.6% (46 administra-
tive districts).
As we mentioned before, several exogenous factors in-
creasing the risk of a birth of a child with gastroschisis 
have been studied previously. Therefore, we performed 
a comprehensive comparison of demographic characteris-
tics of the children born with gastroschisis (Q79.3) and of 
their mothers within the cluster with those who were born 
in the reference region of Wielkopolskie voivodeship. We 
detected no significant differences in these factors.
These findings may suggest the effect of yet unidentified 
factors in the area of the detected cluster. Further research 
will be needed to define the exact nature of the harmful 
exposure, but several important facts about these regions 
need to be discussed. Most notably, both Dolnośląskie 
and Śląskie regions have the highest levels of urbanization 
and industrialization in Poland. In Dolnośląskie voivode-
ship, urban and industrial areas comprise 71% of the total 
voivodeship area, and in Śląskie voivodeship this percent-
age is even higher – 79%. In contrast, the urban/industrial 
area of Wielkopolskie voivodeship constitutes 57% of 
the region, and for other voivodeships that number 
ranges 41–69% [22]. Some of the prior studies have sug-
gested urban areas as high risk areas for gastroschisis, for 
example, including Finland [27], the United States [28], 
and northern areas of Great Britain [29,30]. Moreover, 
these 2 regions rank as the top polluters, with some of 
the highest shares of industrial waste generated in Poland 
and estimated at 27.6% for Dolnośląskie and 33.3% for 
Śląskie voivodeship. For comparison, the percentage waste 
for the remaining voivodeships ranges 0.7–5.5% [31].

data from this voivodeship was used as a reference for 
comparison of other regions.
To further reduce heterogeneity of the studied defects, 
we excluded those children in whom the malformations 
occurred as a consequence of chromosomal abnormali-
ties, or in the setting of recognized syndromes or mul-
tiple malformations. Proper classification of abdominal 
wall defects is often challenging [25]. Although the diag-
noses of abdominal wall defects were made by qualified 
neonatologists and verified by 2 clinical geneticists, we 
recognized that in some cases false positive reports might 
have occurred (e.g., classifying a ruptured omphalocele 
as gastroschisis). However, despite those limitations our 
study detects a significant cluster of isolated gastroschisis 
in Dolnośląskie voivodeship.
In many highly developed countries a mother’s young 
age (< 20) was a risk factor of gastroschisis [5,7,8]. This 
association may reflect a number of lifestyle and behav-
ioral factors that increase the risk of malformations during 
pregnancy. Our previous study has confirmed that not only 
maternal age, but also young paternal age constituted an 
independent risk factor of the occurrence of isolated gas-
troschisis [9]. Considering the known effects of parental 
age, our analyses required standardization according to 
a mother’s age, and thus, our conclusions should be robust 
to this potential confounder.
Although our data on the prevalence of gastroschi-
sis in the area of 10 voivodeships may have been in-
complete, in 9 out of 10 voivodeships, the standard-
ized prevalence coefficients were higher compared to 
Wielkopolskie voivodeship. Most significantly higher 
standardized prevalence coefficients were found in 
Dolnośląskie voivodeship (1.7 per 10 000 births) and 
Śląskie voivodeship (1.9 per 10 000 births). Consider-
ing that the passive registration system may miss some 
cases, we can conservatively assume that the real prev-
alence of gastroschisis in those areas is even higher 
than the reported one.
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23:29–40, http://dx.doi.org/10.1111/j.1365-3016.2008.00979.x.

10. Rittler M, Castilla EE, Chambers C, Lopez-Camelo JS. Risk 
for gastroschisis in primigravidity, length of sexual cohabita-
tion, and change in paternity. Birth Defects Res A Clin Mol 
Teratol. 2007;79:483–7, http://dx.doi.org/10.1002/bdra.20364.

11. Hackshaw A, Rodeck C, Boniface S. Maternal smoking 
in pregnancy and birth defects: A systematic review based 
on 173 687 malformed cases and 11.7 million controls. Hum 
Reprod Update. 2011;17:589–604, http://dx.doi.org/10.1093/
humupd/dmr022.

12. Mac Bird T, Robbins JM, Druschel C, Cleves MA, Yang S, 
Hobbs CA. Demographic and environmental risk factors for 
gastroschisis and omphalocele in the National Birth Defects 
Prevention Study. J Pediatr Surg. 2009;44:1546–51, http://
dx.doi.org/10.1016/j.jpedsurg.2008.10.109.

13. Stoll C, Alembik Y, Dott B, Roth MP. Risk factors in con-
genital abdominal wall defects (omphalocele and gastros-
chisi): A study in a series of 265 858 consecutive births. 
Ann Genet. 2001;44:201–8, http://dx.doi.org/10.1016/S0003-
3995(01)01094-2.

14. Werler MM, Sheehan JE, Mitchell AA. Maternal medi-
cation use and risks of gastroschisis and small intestinal 
atresia. Am J Epidemiol. 2002;155:26–31, http://dx.doi.org/ 
10.1093/aje/155.1.26.

15. Waller DK, Gallaway MS, Taylor LG, Ramadhani TA, Can-
field MA, Scheuerle A, et al. Use of oral contraceptives in 
pregnancy and major structural birth defects in offspring. 
Epidemiology. 2010;21:232–9, http://dx.doi.org/10.1097/
EDE.0b013e3181c9fbb3.

16. Suita S, Okamatsu T, Yamamoto T, Handa N, Nirasawa Y, 
Watanabe Y, et al. Changing profile of abdominal wall 
defects in Japan: Results of a national survey. J Pediatr 
Surg. 2000;35:66–72, http://dx.doi.org/10.1016/S0022-3468 
(00)80016-0.

CONCLUSIONS
Our cluster analysis clearly narrows the high risk area 
to 68 administrative districs of Dolnośląskie voivodeship, 
facilitating further studies aimed at identification of spe-
cific teratogenic factors within the cluster.
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