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Abstract
Aim: The aim is to examine the risk of cerebral palsy, seizures/epilepsy, visual-  and 
hearing impairments, cancer, injury/poisoning and child abuse in children with and 
without a congenital anomaly up to age 5 and 10 years.
Methods: This is a population- based data linkage cohort study linking information 
from the European Surveillance of Congenital Anomalies network (EUROCAT) and 
birth registries to hospital discharge databases. We included 91 504 live born children 
with major congenital anomalies born from 1995 to 2014 from nine EUROCAT regis-
tries in five countries and 1 960 727 live born children without congenital anomalies 
(reference children). Prevalence and relative risk (RR) were estimated for each of the 
co- morbidities using Kaplan–Meier survival estimates.
Results: Children with congenital anomalies had higher risks of the co- morbidities 
than reference children. The prevalences in the reference children were generally 
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1  |  INTRODUC TION

Congenital anomalies are structural defects that occur during in-
trauterine life, thus referring to defects that exist before birth.1 
Congenital anomalies represent a continuum, with severity ranging 
from the less severe anomalies with minimal clinical significance to 
severe malformations incompatible with life. In Europe, it has been 
estimated that congenital anomalies account for 26% of all infant 
deaths, 17% of deaths of children aged 1–4 years and 9% of deaths 
of children aged 5–9 years.2 As such they are a major contributor 
to childhood mortality. Improvements in survival may be attributed 
to optimised surgical management strategies and pharmacological 
treatment.3–5 However, a similar decrease in mortality observed in 
the background population suggests that multiple factors impact 
this trend.2 With research focused predominantly on mortality, less 
attention has been given to the morbidity associated with congenital 
anomalies.

Population- based studies have shown that children with congen-
ital anomalies are more frequently hospitalised and that, on average, 
they spend more time in hospital than children without congenital 
anomalies.6 Similarly, these children were prescribed more cardio-
vascular medication7 and were 80 times more likely to receive a gas-
trostomy feeding tube than children without congenital anomalies.8 
A higher risk of cancer has been consistently found in children with 
congenital anomalies, and especially in children with chromosomal 
anomalies.9–12 Congenital anomalies have been reported to be a 
leading cause for severe childhood visual impairment in high- income 
countries in Europe13 and congenital cerebral anomalies have been 
reported as risk factors for seizures and epilepsy.14 Cerebral palsy 
serves as a comprehensive descriptor for non- progressive condi-
tions involving motor impairments, and about 12%–32% of children 
diagnosed with cerebral palsy have a congenital anomaly.15

In addition to the physical health challenges associated with con-
genital anomalies, it is crucial to consider the broader psychosocial 
impacts these conditions may have on affected children and their 
families. Among these, the potential for increased risk of child abuse 
is a particularly sensitive yet important area of investigation. Families 
of children with congenital anomalies may experience higher levels 
of stress, financial strain, and caregiving burden. These factors can, 
unfortunately, increase the risk of familial tension and conflict, po-
tentially leading to higher instances of child abuse.

Previous studies on co- morbidities were often based on non- 
representative samples, such as children with congenital anomalies 
referred for surgery at a tertiary hospital. Also, previous research 
has often been focused on individual defects only, for example, hy-
poplastic left heart syndrome or gastroschisis, or broader categories 
from a single organ system, for example, cardiac or gastrointestinal 
defects.

There is currently limited data from population- based studies 
on co- morbidities in cohorts of children with congenital anomalies, 
which is necessary in order to evaluate the total burden of disease. 
In this European multicentre study, we aimed to examine the follow-
ing co- morbidities in children with major congenital anomalies as a 
whole up to 10 years of age in a European population- based setting: 
cerebral palsy, seizures/epilepsy, visual-  and hearing impairments, 
cancer, injuries/poisonings and child abuse.

2  |  METHODS

2.1  |  Study design and study population

This is a European, population- based data- linkage cohort study 
involving registries from the European surveillance of congenital 
anomalies network (EUROCAT). The EUROCAT network is a consor-
tium of population- based registries for the surveillance of congenital 

very low. The RR was 13.8 (95% CI 12.5–15.1) for cerebral palsy, 2.5 (95% CI 2.4–2.6) 
for seizures/epilepsy, 40.8 (95% CI 33.2–50.2) for visual impairments, 10.0 (95% CI 
9.2–10.9) for hearing loss, 3.6 (95% CI 3.2–4.2) for cancer, 1.5 (95% CI 1.4–1.5) for 
injuries/poisoning and 2.4 (95% CI 1.7–3.4) for child abuse.
Conclusion: Children with congenital anomalies were more likely to be diagnosed with 
the specified co- morbidities compared to reference children.

K E Y W O R D S
cerebral palsy, congenital anomalies, epilepsy, injuries and poisoning

Key notes

• This study addresses the gap in understanding the full 
spectrum of health challenges faced by children with 
congenital anomalies.

• Findings revealed significantly higher risks of cerebral 
palsy, seizures/epilepsy, visual and hearing impairments, 
cancer, injury/poisoning, and child abuse in children 
with congenital anomalies compared to their peers.

• The results underscore the need for comprehensive 
healthcare strategies that encompass both medical 
and psychosocial support for these children and their 
families.
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anomalies, which covers a wide geographical area across Europe. 
Each registry collects comprehensive data on all live births, foetal 
deaths from 20 weeks of gestation, and terminations of pregnancy 
for foetal anomaly occurring within a well- defined geographic area, 
for example, a region or a whole country. This ensures that the reg-
istry contains data on all children born with congenital anomalies in 
their area. The registries adhere to a standardised protocol for data 
collection and classification of congenital anomalies, which ensures 
consistency and comparability of data across different regions. In 
EUROCAT, information is mainly collected up to a baby's first year of 
life, and very few registries collect information on children without 
congenital anomalies.

In the project Establishing a linked European Cohort of Children 
with Congenital Anomalies (EUROlinkCAT), all children registered 
in the participating EUROCAT registries as well as children without 
congenital anomalies born in the same period and from the same 
population covered by each registry (reference children) were in-
cluded. All children were linked to regional or national databases 
on mortality, hospital discharge, prescription and educational data-
bases up to age 5 or 10 years.16

This study was based on the part of the EUROlinkCAT proj-
ect where children were linked to information from hospital 
discharge databases.17 The necessary data were available from 
nine EUROCAT regions in five European countries (Table 1). We 
included all live born children with major congenital anomalies 
(EUROCAT children) as well as reference children born between 
01 January 1995, or the first year of the EUROCAT registry if later, 
and 31 December 2014, or the last available year if before. The 
Tuscany registry from Italy included a 10% random sample of the 
reference population matched based on the child's birth year and 
sex. Individual- level data on reference children were not available 
for the three English registries: East Midlands & South Yorkshire, 
Thames Valley and Wessex.

To identify and include all relevant cases, we linked the records 
of all EUROCAT and reference children to multiple administrative 
databases. These databases included not only hospital discharge re-
cords but also vital statistics, such as census data and death records, 
prescription databases and outpatient records. This linkage process 
was conducted for periods both within and beyond the scope of 
our study. Children who were successfully matched to any of these 
databases at any point during or after the study period, including 
after their 10th birthday, were classified as matched children and 
included in our study population. Conversely, children who could 
not be matched to any hospital discharge or other administrative 
databases, either during or outside the study period, were consid-
ered missed linkages and were excluded from our study population. 
This exclusion criterion was particularly pertinent for children who 
were recorded in EUROCAT as dying at least 1 day after birth but 
had no recorded matches in any database. The rationale behind this 
exclusion was based on the expectation that childhood deaths are 
generally preceded by hospital admissions, barring exceptional cir-
cumstances such as sudden infant death, murder, or accidents. By 
applying these criteria, we aimed to ensure the completeness and TA
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accuracy of our study cohort, thereby enhancing the reliability of 
our findings. This has previously been described in detail.6,17

2.2  |  Congenital anomalies

We included all children with any major congenital anomaly 
(EUROCAT children) in the registries according to EUROCAT defi-
nitions.18 The EUROCAT children may have isolated or multiple 
congenital anomalies, where an isolated congenital anomaly were 
defined as a congenital anomaly in one organ system only and with-
out an associated genetic diagnosis.19 Results for specific subgroups 
of isolated congenital anomalies are included in the Supplementary 
Tables.

2.3  |  Data on diagnoses

Individual level data on the EUROCAT children and reference chil-
dren were linked electronically to routinely collected data on diag-
noses in hospital discharge databases. Outpatient visits were not 
included in this study. Each registry created a data set using a com-
mon data model to ensure that all the relevant variables were coded 
identically. A detailed description of the study methodology, includ-
ing the linkage methodology and common data model of standard-
ised variables has been published elsewhere.6,17 Data on diagnoses 
were included up to the child's 10th birthday or the end of 2015, 
whichever came earlier, to ensure at least 1 year of follow- up after 
birth for all children.

For Finland, Funen in Denmark, Tuscany in Italy and the three 
English regions, the hospital databases covered diagnoses covering 
the whole country. For Wales, the hospital database covered hos-
pital stays in both Wales and England. For the Valencian Region in 
Spain and Emilia- Romagna in Italy, the hospital databases covered 
the same region as the EUROCAT registry. All primary and supple-
mentary or secondary diagnosis codes given at discharge from inpa-
tient hospital admissions were included. In Denmark, Finland, Wales 
and the three English regions, the diagnosis codes were based on the 
International Classification of Diseases (ICD) version 10 and in Italy 
and Spain, the ICD- 9- CM version was used.

Seven co- morbidities were included: cerebral palsy, seizures/ep-
ilepsy, visual impairments and blindness, hearing loss, cancer, any in-
jury/poisoning and child abuse. See Table S1 for details on ICD codes 
for each co- morbidity.

2.4  |  Statistics

We calculated the proportion of children with congenital anoma-
lies (EUROCAT children) and those without (reference children) 
who were diagnosed with each co- morbidity in each registry 
using Kaplan–Meier survival estimates to take into account the 
varying follow- up times due to censoring at the end of the study, TA
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at emigration or at death. The registry- specific Kaplan–Meier 
estimates and 95% confidence intervals (CIs) were combined 
to estimate the overall prevalence of each co- morbidity. The 
registry- specific CIs were calculated using the ln(−ln(S(t))) trans-
formation and the Kaplan–Meier estimates and CIs were com-
bined in a random- effects inverse- variance meta- analysis using 
the ln(−ln(S(t))) transformation. The I2 statistic was used to assess 
between- registry heterogeneity. If there were less than 10 chil-
dren in total with a co- morbidity, the proportion of children with 
the morbidity was calculated as the total number of children with 
the morbidity divided by the total number of children, which did 
not take into account registry or censoring. The CI of this propor-
tion was calculated as a Wilson confidence interval.

We then aimed to determine how much more likely children with 
a congenital anomaly were diagnosed with certain co- morbidities 
compared to children without such anomalies. To do this, in each 
registry the estimated proportions of EUROCAT children who were 
diagnosed with a co- morbidity was divided by the estimated pro-
portion of reference children who were diagnosed with the same 
co- morbidity. This estimated the relative risk (RR) of being diagnosed 
with a co- morbidity in children with an anomaly compared to those 
without in each registry. A meta- analysis was then performed com-
bining these RRs using the Mantel Haenszel method based on the 
inverse variance.

The prevalences were estimated in two overlapping age groups; 
0–4 years and 0–9 years. Six registries had insufficient data on chil-
dren after 5 years of age and were not included in the analysis of 
0–9 years. RRs were estimated for the age group 0–4 years. Due to 
restrictions on releasing small numbers, pooled estimates based on 
less than five children were not provided.

Analyses were performed using Stata statistical software: 
Release 15 (2017). College Station, TX: StataCorp LLC, USA.

3  |  RESULTS

In total, 91 504 EUROCAT children and 1 960 272 reference children 
were included in the study (Table 1). The linkage success between 
databases was 97.5% for the EUROCAT children and 95.2% for ref-
erence children.

Table 2 shows the prevalence of each of the seven co- morbidities 
in EUROCAT children and reference children. The prevalence of each 
co- morbidity was considerably higher in EUROCAT children than 
in reference children for both age groups. Among EUROCAT chil-
dren, 10.2/1000 children had a hospital diagnosis of cerebral palsy, 
4.6/1000 children had a hospital diagnosis of visual impairments/
blindness, and 16.1/1000 children had a hospital diagnosis of hearing 
loss before age 5 years. Cancer was diagnosed in 3.7/1000 children 
of EUROCAT children before age 5 years compared to 1/1000 chil-
dren of the reference children. The proportion with a hospital diag-
nosis of seizures/epilepsy was twice as high for EUROCAT children 
compared to reference children (56.4/1000 children compared to 
21.0/1000 children). A hospital diagnosis of injury/poisoning in the 

age group 0–9 years was given to 121.4/1000 children of EUROCAT 
children and 87.1/1000 children of reference children. The propor-
tion of diagnoses of child abuse was very low for all children and age 
groups (<1/1000 children), but twice as high for EUROCAT children 
compared to reference children.

Figure 1 shows the RR of each co- morbidity at ages 0–4 years. 
The RR was higher for EUROCAT children compared to the refer-
ence children for all co- morbidities: 13.8 (95% CI 12.5–15.1) for ce-
rebral palsy, 2.5 (95% CI 2.4–2.6) for seizures/epilepsy, 40.8 (95% CI 
33.2–50.2) for visual impairments, 10.0 (95% CI 9.2–10.9) for hearing 
loss, 3.6 (95% CI 3.2–4.2) for cancer, 1.5 (95% CI 1.4–1.5) for inju-
ries/poisoning and 2.4 (95% CI 1.7–3.4) for child abuse.

There was a considerable degree of between- registry heteroge-
neity in the prevalence of specific morbidities, apart from cancer, but 
the magnitude of these differences in prevalence was small when 
compared to the differences in prevalence between EUROCAT and 
reference children (Table 2).

Tables S2, S3 and S4 show results for subgroups of specific iso-
lated congenital anomalies. As many anomalies are rare and some of 
the co- morbidities are rare, only some results were available due to 
small numbers.

4  |  DISCUSSION

We conducted a population- based European study of more than 
90 000 children with congenital anomalies (EUROCAT children) and 
almost 2 million reference children. The prevalence of EUROCAT 
children with an inpatient hospital diagnosis of the specific co- 
morbidities was considerably higher than for reference children. 
The most frequent type of co- morbidity was seizures/epilepsy af-
fecting 56 per 1000 children with congenital anomalies and 21 per 
1000 reference children, ages 0–4 years. In general, the RRs for all 
co- morbidities were significantly higher for children with congenital 
anomalies than for reference children.

The worldwide prevalence of cerebral palsy, based on 49 stud-
ies including children at different ages, mostly around 4–8 years of 
age,20 was reported to be 2.1 per 1000 (95% CI 2.0–2.3 per 1000). 
In our study, the prevalence of reference children with a cerebral 
palsy diagnosis was 0.6 per 1000 (95% CI 0.5–0.8 per 1000) before 
age 5 years and 1.1 per 1000 (95% CI 0.8–1.5 per 1000) before age 
10 years. For children with congenital anomalies, we found that 10.2 
per 1000 (95% CI 8.3–12.5 per 1000) had a hospital diagnosis of ce-
rebral palsy before age 5 years and 14.8 per 1000 (95% CI 9.0–23.0 
per 1000) before age 10 years. The very low prevalence for refer-
ence children suggests that not all children with cerebral palsy have 
been hospitalised with an inpatient diagnosis of cerebral palsy and 
that the results from this study may have underestimated the risk of 
cerebral palsy.

Febrile seizures are common in small children and affect 20–50 
per 1000 children under 5 years of age.21 This study found that 
21 per 1000 (95% CI 14.4–29.8) reference children had a hospital 
diagnosis of seizures/epilepsy at ages 0–4 years, indicating good 
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6  |    URHOJ et al.

reporting of these diagnoses in our study as not all children with 
febrile seizures are hospitalised. The prevalence among EUROCAT 
children of a diagnosis of seizures/epilepsy was 56.4 per 1000 (95% 
CI 47.7–66.2) at ages 0–4 years. A population- based study from 
Canada showed that congenital cerebral anomalies was a significant 
risk factor for epilepsy in childhood.14

The prevalence of a hospital diagnosis of visual impairments 
was low for reference children at 0.1 per 1000 (95% CI 0.1–0.1 per 
1000) at 0–4 years and 4.6 per 1000 (95% CI 2.4–8.3 per 1000) for 
the EUROCAT children. The leading cause of visual impairments in 
young children are optic nerve anomalies and cortical blindness and 
this explains the high prevalence of visual impairment found in our 
study for children with congenital hydrocephaly (Table S2).3,22,23

Our study showed that 16.1 per 1000 EUROCAT children (95% 
CI 9.3–26.0 per 1000) had a hospital diagnosis of hearing impairment 
in both age groups. This indicates that the hearing impairment was 
diagnosed early in childhood. For reference children the prevalence 
was 0.8 per 1000 (95% CI 0.4–1.6 per 1000) at 0–4 years and 1.8 per 
1000 (95% CI 0.4–5.9 per 1000) at 0–9 years indicating that a higher 
prevalence of reference children had acquired hearing impairments, 
that is, increasing prevalence with age. In the United Kingdom, the 
prevalence of hearing impairment up to age 5 years was found to be 
1.33 per 1000 live births, which is comparable to our results.24

Despite the large number of children included in our study, we 
were not able to report results for cancer in many of the included 
isolated congenital anomaly subgroups due to small numbers. As 
reviewed in detail by Johnson et al.9 most case–control studies re-
ported increased relative risks of 2–4.5 for childhood cancer in chil-
dren with congenital anomalies aligning with our findings (Figure 1).

To our knowledge, no other studies have specifically looked at 
the risk of accidental injuries or poisoning in children with congeni-
tal anomalies. Unintentional injuries are the leading cause of death 
in children aged 5–14 years in Europe25 and changes in risk profile 
for these types of events are therefore of importance. In our study, 
the number of children with a diagnosis of injury/poisoning was 
much greater than the other co- morbidities. In both age groups, the 
relative risk of injury was approximately doubled for children with 
congenital anomalies. A previous study looked at the association 
between congenital anomalies and child mortality and found a four-
fold increased risk of death from external causes/injuries.26 Children 
with congenital anomalies may also be more likely to have an inpa-
tient diagnosis of an injury while a similar injury may just require 
outpatient treatment for children without congenital anomalies.

The prevalence of children with a hospital diagnosis of child 
abuse was extremely low for both children with congenital anomalies 
and reference children, although it was twice as high for EUROCAT 
children. It is well known that child abuse is under- reported.27 The 
actual prevalence is uncertain, but it appears to have been decreas-
ing over the last decades.28 From our results, it is not possible to tell 
if the higher prevalence for children with congenital anomalies was 
because these children were seen at hospital more often and, as a 
result, there was a higher likelihood of child abuse being picked up, 
or if there was an actual higher risk for child abuse, for example, due 
to the increased stress on these parents.

This study showed that the prevalence of all co- morbidities anal-
ysed in this study were higher among children with congenital anom-
alies than reference children. Part of the higher risk for the EUROCAT 
children may be because children with congenital anomalies were 

F I G U R E  1  Relative risk of each co- morbidity for EUROCAT children compared to reference children in the age group 0–4 years. Estimates 
are based on data from the six registries with reference children. Numbers in brackets show upper and lower confidence intervals.
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more often hospitalised6 and thus were more often examined by 
health care professionals at hospitals. Due to the descriptive nature 
of the study, the results should be interpreted as exploratory as we 
are not able to clarify if the underlying mechanisms are based on 
common causes or if specific congenital anomalies predisposed the 
child toward the included measures of co- morbidity.

4.1  |  Strengths and limitations

The main strengths of our study included the large population- based 
cohort of children across five European countries with standard-
ised ascertainment, classification and registration of the congeni-
tal anomalies in the EUROCAT registries. Moreover, as part of the 
EUROlinkCAT study, hospital data were standardised to a common 
data model and syntax scripts were developed enabling the pos-
sibility to combine analytical results. The linkage success was high 
with 97.5% of the EUROCAT children and 95.2% of the reference 
children included in the study. An important limitation of this study 
was the use of data from administrative hospital databases not col-
lected for research purposes. Due to differences in the national 
and regional health information systems, we were not able to use 
disease- specific registers, such as cancer registers29 or registers of 
visual impairment.30 Moreover, outpatient data were not available, 
so we were only able to include diagnoses from in- patient hospital 
admissions. As a consequence, we have likely underestimated some 
of the co- morbidities. This was especially true for visual-  and hearing 
impairments, as these children were more likely to be seen in otorhi-
nolaryngology outpatient departments. Though we included more 
than 90 000 children with congenital anomalies, the statistical preci-
sion was limited for specific combinations of congenital anomalies 
and types of co- morbidities. Moreover, we were not able to publish 
the prevalence in several congenital anomaly subgroups due to low 
numbers. We followed the children until their 10th birthday at the 
latest which may have resulted in an underestimation of some of the 
co- morbidities as some diagnoses may occur later in life, for exam-
ple, cancer diagnoses.

5  |  CONCLUSION

In this population- based European study, we found a higher prev-
alence of children with congenital anomalies with the specified 
co- morbidities compared to reference children. This is important 
information for the clinicians taking care of these children, to aid in 
early diagnosis and counselling of parents whose children have been 
diagnosed with a congenital anomaly. Our results may also be used 
for strategies for prevention of these co- morbidities.
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