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ABSTRACT
Background  Congenital anomalies (CAs) increase the 
risk of death during infancy and childhood. This study 
aimed to evaluate the accuracy of using death certificates 
to estimate the burden of CAs on mortality for children 
under 10 years old.
Methods  Children born alive with a major CA between 
1 January 1995 and 31 December 2014, from 13 
population-based European CA registries were linked to 
mortality records up to their 10th birthday or 31 December 
2015, whichever was earlier.
Results  In total 4199 neonatal, 2100 postneonatal and 
1087 deaths in children aged 1–9 years were reported. 
The underlying cause of death was a CA in 71% (95% 
CI 64% to 78%) of neonatal and 68% (95% CI 61% to 
74%) of postneonatal infant deaths. For neonatal deaths 
the proportions varied by registry from 45% to 89% and 
by anomaly from 53% for Down syndrome to 94% for 
tetralogy of Fallot. In children aged 1–9, 49% (95% CI 42% 
to 57%) were attributed to a CA. Comparing mortality in 
children with anomalies to population mortality predicts 
that over 90% of all deaths at all ages are attributable to 
the anomalies. The specific CA was often not reported on 
the death certificate, even for lethal anomalies such as 
trisomy 13 (only 80% included the code for trisomy 13).
Conclusions  Data on the underlying cause of death 
from death certificates alone are not sufficient to evaluate 
the burden of CAs on infant and childhood mortality across 
countries and over time. Linked data from CA registries 
and death certificates are necessary for obtaining accurate 
estimates.

BACKGROUND
The contribution of congenital anomalies 
(CAs) to causes of early death is increasing as 
mortality from other causes declines globally.1 
The Global Burden of Disease study estimated 
that, worldwide in 2010, CAs accounted for 
6.4% of neonatal deaths, 2.2% of postneo-
natal and 2.5% of deaths in children under 5 

years of age.2 In comparison, in Europe from 
2000 to 2015, CAs were estimated to account 
for 26% of all deaths in infants, 16% in chil-
dren aged 1–4 and 9% in children aged 5–9.3

The above estimates of the burden of 
disease in populations have all been derived 
from data on the underlying cause of death 
recorded on death certificates. Such data are 
often used to monitor any changes in primary 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Infant and child mortality is a public health concern, 
and congenital anomalies (CAs) contribute signifi-
cantly to this mortality.

	⇒ In Europe, CAs account for 26% of deaths in infants 
and over 10% of deaths in children aged under 10 
years.

	⇒ Data on cause of death on death certificates are fre-
quently analysed to estimate the burden of disease 
in populations.

WHAT THIS STUDY ADDS
	⇒ The recording of codes for CAs on European death 
certificates underestimates the proportion of deaths 
due to CAs by up to 30% in infants.

	⇒ Only 70% of deaths in infants with CA had a CA re-
corded as the underlying cause of death.

	⇒ Children aged 1–9 years with CA were less likely to 
have underlying cause of death recorded as a CA 
(49%).

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This information should improve interpretation of 
mortality rates routinely reported for children with 
CAs in Europe.

	⇒ Linkage of death certificates with CA registries 
should be used to evaluate the burden of CAs more 
accurately in future research.
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and secondary prevention over time1 4 5 and for interna-
tional comparisons.6 7 However, the accuracy of cause of 
death on death certificates has often been questioned, 
and a US study concluded that linking CA registries to 
death certificates was necessary to provide a compre-
hensive picture of the full burden of CAs on mortality in 
infants and children.8 This EUROlinkCAT study linked 
live births with a major CA reported to 13 (European 
Surveillance of Congenital Anomalies, EUROCAT) 
(European network for the epidemiological surveillance 
of CAs) registries9 to national/regional databases on vital 
statistics/mortality up to their 10th birthday. The aim was 
to determine what the children with CAs died from and 
whether their CA was mentioned anywhere on the death 
certificate. This information should improve interpre-
tation of mortality rates routinely reported for children 
with CAs in Europe.

METHOD
Thirteen population-based EUROCAT CA registries 
from eight countries linked their data on live born chil-
dren with a major CA, born between 1 January 1995 and 
31 December 2014, to mortality records up to the child’s 
10th birthday or to 31 December 2015, whichever was 

earlier (table  1). Ten registries linked to vital statistics 
containing civil registrations data (eg, births, deaths and 
emigrations) but three were able to link to death registra-
tions only. Both deterministic and probabilistic linkage 
methods were used. Linkage rates were high, with eight 
registries linking over 95% of cases and only one registry 
linking less than 90% of the births. Additional details 
evaluating the linkage are provided elsewhere.10 11

Classification of anomalies
The EUROCAT guide 1.4 specifies the coding of all 
major CAs into specific CA subgroups using ICD-10 
(International Classification of Diseases, tenth revision) 
or ICD-9 (ninth revision) with the BPA (British Paediatric 
Association extension).12 A child is defined as having 
an isolated CA if (s)he has a CA in one organ system 
only or as part of a known sequence (eg, renal agenesis 
with pulmonary hypoplasia). A EUROCAT computer 
algorithm was used for classification of major CAs into 
isolated anomalies, multiple anomalies or genetic anom-
alies without a manual clinical review of the identified 
potential multiple CAs.13 The severe congenital heart 
defect (CHD) subgroup includes types of CHD’s selected 
due to their high mortality.14 Forty-six CA subgroups were 
analysed, including anomalies likely to be recorded as an 

Table 1  Number of deaths and percentage by age at death in children with a major congenital anomaly reported by 
participating EUROCAT registries and databases

Participating 
registries

Included birth 
years

No of 
livebirths

% of all 
live births 
linked

Only underlying 
cause of death 
provided

No of 
deaths

Percentage of deaths (%)

Infants
<28 days

Infants 
28–364 
days

Children 1–9 
years

Denmark, Funen* 1995–2014 2 425 100.0 150 58 30 11

Finland 1995–2014 42 921 99.9 1 770 61 24 15

Italy, Emilia 
Romagna

2008–2014 5 589 91.4 204 52 39 9

Italy, Tuscany 2005–2014 4 312 87.2 Yes 148 48 36 16

Malta 1995–2014 2 718 91† 241 69 20 11

Northern 
Netherlands*

1995–2014 8 605 96.7 Yes 620 66 21 13

Norway 1999–2014 27 201 100.0 1 034 58 27 15

Spain, Basque 
Country

1995–2014 5 904 94† Yes 411 52 37 11

Spain, Valencian 
Region

2007–2014 7 389 95† Yes 416 58 30 13

UK, Thames 
Valley*

2005–2013 3 988 96.5 295 56 30 14

UK, EMSY* 2003–2012 11 587 97.3 910 52 32 16

UK, Wessex* 2004–2014 4 729 91.7 330 51 33 15

UK, Wales* 1998–2014 18 188 99.7 845 50 32 18

Total 7 386 57 28 15

*Numbers of deaths rounded to nearest multiple of 5 due to disclosure requirements.
†Estimated proportion as linkage was to mortality records only and completeness could not be directly estimated.
EMSY, East Midlands and South Yorkshire; EUROCAT, European Surveillance of Congenital Anomalies.
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underlying cause of death (such as trisomy 13 or 18) and 
anomalies less likely to be recorded on a death certificate 
(such as limb reduction defects or hypospadias).

Classification of cause of death
All causes of death were recorded using ICD-10 or ICD-9. 
Four registries were able to provide only the underlying 
cause of death. Other registries were able to report in 
addition to the underlying cause of death the primary/
immediate cause of death, contributing cause of death 
and any other causes of death.

Deaths were categorised into neonatal (0–27 days), 
postneonatal (28–364 days) and child (365–3651 days). 
In England and Wales, the underlying cause for neonatal 
deaths was not specified and each cause was classified as 
related to infant, mother or either15; main causes were 
listed before other (secondary) causes. For this study, in 
Wales, the first cause of death related to the infant was 
taken to be the underlying cause of death. In England, 
the first mention of a CA (if present) was taken to be the 
underlying cause.

Seven categories of cause of neonatal and post-neonatal 
deaths, based on a modified version of the UK Office for 
National Statistics’ (ONS) classification of neonatal and 
postneonatal causes of death15 were used in this study 
(see online supplemental appendix A). The ‘All other 
conditions’ group was very heterogeneous. It included 
neoplasms, metabolic disorders, jaundice and endocrine 
disorders, and external causes.

Similarly, the classification of cause of death for chil-
dren aged 1–9 in this study was based on the UK ONS 
classification of causes of death15 and was divided into 13 
categories (see online supplemental appendix B).

To determine the accuracy of the CA recorded on death 
certificates, two paediatricians agreed a set of ICD-10 and 
ICD-9 codes corresponding to an ‘exact match’ for the 
child’s anomaly and a larger set of codes that were consid-
ered as an ‘acceptable match’ (see online supplemental 
appendix C). For example, for a child with spina bifida 
(ICD-10 code-Q05), if Q05 was on the death certificate 
this was considered an exact code; if there were codes 
for other neural tube defects Q00 (anencephaly) or Q01 
(encephalocele) they were considered as acceptable 
codes. All the available causes of death were searched to 
determine if any exact or acceptable anomaly codes had 
been specified.

Statistical analysis
The analysis variables from each of the 13 registries were 
mapped and recoded to a common data model (full 
details are given in Morris et al10) and analysed locally 
using common Stata syntax scripts. Aggregate data from 
each registry were submitted to a Central Results Repos-
itory based at Ulster University, UK using a secure portal 
where they were merged and uploaded to the study team 
for analysis.

The predicted proportions of deaths in children with a 
CA attributable to that anomaly was estimated from the 

population mortality rate (published by WHO) for chil-
dren in the eight countries and the observed mortality 
rate for children with the specific CA (from an earlier 
EUROlinkCAT study16 as equal to (CA mortality—popu-
lation mortality)/CA mortality. For example, if the 
mortality rate in children with anomalies is 10 times 
greater than that in the population, then for every 10 
deaths in a group of children with anomalies you would 
expect only one death in a similar group of children 
without anomalies. Therefore, it could be said that the 
excess 9 deaths (10–1) were attributable to the anomaly, 
or 90% when expressed as a proportion of all deaths in 
children with anomalies (9/10). These were underesti-
mates as the population mortality included children with 
CAs.

To estimate the overall proportion of each cause of 
death specified as the underlying cause of death, multi-
level multinomial models were fitted with registry as 
a random effect. The models were fitted in Stata using 
the generalised structural equation model estimation 
command (gsem) for each CA separately. The observed 
information matrix was used to obtain the variance–cova-
riance matrix of the estimates as it is the default method. 
The same models were used to estimate the overall propor-
tion of death certificates with the exact and appropriate 
CA codes. For the group of all anomalies, the proportion 
of all neonatal deaths with CA as an underlying cause of 
death was compared across the different registries in a 
figure to illustrate the variation between registries, with 
the exact method used to estimate the 95% CIs.

RESULTS
The 13 registries varied considerably in size due to the 
differences in populations covered and years of data 
available, from 1770 deaths in Finland to only 148 in 
Tuscany (table  1). The majority of deaths reported 
(57%) occurred in the neonatal period. Overall, 71% 
(95% CI 64% to 78%) of neonates who died had a CA 
coded as the underlying cause of death. However, this 
varied significantly according to registry from 89% in 
Malta to 45% in Tuscany (Italy) and 46% in Wales (UK) 
(figure 1). Registries providing only one cause of death 
had a lower proportion specifying a CA as the underlying 
cause of death. All registries, except for Wales, had under 
7% or deaths attributed to immaturity. Wales had 15% 
of such deaths, which together with the low proportion 
of CAs, may be due to the Welsh coding of infant death 
certificates (see the Methods section).

Figure 2 shows that the percentage of deaths with the 
underlying cause of death coded as a CA was slightly 
lower in the postneonatal period, 68% (95% CI 61% to 
74%), and decreased to 49% (95% CI 42% to 57%) for 
children who died between the ages of 1 and 9. Variations 
by registry for the postneonatal period and for children 
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aged 1–9 were similar to those in figure 1 in the neonatal 
period (see online supplemental appendix D)

Table 2 provides the underlying cause of death for chil-
dren with specific CAs. Deaths in neonates with severe 
CAs were likely to have the CA coded; for example, over 
90% of deaths in neonates with trisomy 13, 18 or gastro-
schisis had an anomaly as the cause of death. Over 90% 
of births with cleft lip with or without cleft palate who 
died had CA as the cause of death, reflecting that these 
children were likely also to have had more severe anom-
alies, such as trisomy 13 or trisomy 18. For neonates with 
Down syndrome, 53% had an anomaly specified and 
10% of deaths were due to immaturity. The pattern was 
similar for all infant deaths. For children aged 1–9, other 
causes of death were more prominent: for several anom-
alies, over 10% of deaths were due to infections. For chil-
dren with Down syndrome, 17% of deaths were due to 
neoplasms. Table 2 also shows the predicted proportion 

of deaths attributable to the anomalies as estimated by 
comparing the mortality in these children to the popu-
lation mortality. These proportions were above 90% for 
all anomalies apart from for deaths in neonates with a 
ventricular septal defect, cleft lip with or without cleft 
palate or Down syndrome, and deaths in infants with a 
cleft lip with or without cleft palate or multicystic renal 
dysplasia.

Figure 3 shows the results for all causes (including 
underlying causes) of death to determine if any 
exact/acceptable CA codes were recorded for deaths 
up to age 10 years. As expected, no CA code indi-
cating a limb reduction defect was provided for any 
of the 165 deaths among children with these anom-
alies. Five severe conditions (anencephaly, gastro-
schisis, diaphragmatic hernia, trisomy 13 and trisomy 
18) had over 75% of exact codes recorded as cause of 
death. For other severe CAs (particularly CHDs), few 

Figure 1  For neonates with a major congenital anomaly (CA): comparison of percentage of all neonatal deaths with ‘CA’ as 
the underlying cause of death on the death certificate by registry.
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deaths were attributed to the anomaly. For example, 
tetralogy of Fallot had an exact or acceptable code 
recorded for just 50% of deaths. There were also 
coding issues with several CAs, such as bilateral renal 
agenesis and atresia of bile ducts, resulting in over 
30% of codes being ‘acceptable codes’ rather than 
exact codes.

DISCUSSION
This study found that only 70% of infants dying with a 
major CA had the underlying cause of death recorded 
as a CA, with higher percentages for those with anom-
alies known to be associated with high mortality, 
such as 86% for infants with severe CHD. Children 
aged 1–9 years with a major CA were less likely to 
have underlying cause of death recorded as a CA 
(49%) with other causes such as infections, trauma 
and cancer being more prominent.17 By comparing 
the mortality rate for children with anomalies from 
an earlier EUROlinkCAT study16 to published popu-
lation rates it was possible to estimate that over 90% 
of deaths in children with anomalies are attribut-
able to their anomaly. These results are consistent 
with the estimates for infant deaths in other studies, 
but estimates have not been reported for deaths in 
later childhood.8 18 19 Our results show that if only 

the underlying cause of death on death certificates 
is analysed, the impact of CAs on mortality is consid-
erably underestimated for all ages and all anomalies.

Under-reporting is to be expected as it is not always clear 
if the CA is the underlying cause of death. For example, 
a child may die from an infection and it is difficult to 
distinguish if the CA is the underlying cause or not as 
the CA does increase the risk of severe infections, making 
infection either more likely or more severe.20 Similarly, 
many anomalies are associated with an increased risk of 
preterm birth. However, all registries apart from Wales, 
appeared to be consistent in assigning cause of death as 
the CA rather than the morbidity associated with being 
born preterm. Similar under-reporting of mortality and 
morbidity for children with chronic conditions has also 
been reported from healthcare databases.17 21–24

In addition to the under-reporting on death certif-
icates, estimating the full burden of CAs will require 
including data on stillbirths, miscarriages and termina-
tions of pregnancy for CAs.25

Another important finding was that if a CA was 
mentioned on the death certificate, it may not have been 
the exact code. For example, for CHDs a general code 
indicating a heart defect was often provided rather than 
the code for the specific cardiac defect. Care must be 
taken when analysing data from death certificates if there 

Figure 2  The distribution of causes of death in children with a major congenital anomaly (CA) according to the recorded 
underlying cause of death by age at death.
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is no method of independently verifying the coding of 
the anomaly. A study in the USA, using information from 
death certificates, estimated that trisomy 18 and CHD 
were the two most common causes of infant death due to 
CAs in term born infants, accounting for 11% and 15% 
of CA deaths, respectively.6 In our study, the comparable 
figures using the diagnosed anomalies of the infants (not 
the anomalies recorded on the death certificates) are 
8% for trisomy 18 and 32% for severe CHD. Inaccura-
cies on death certificates are expected with the accuracy 
depending on the person completing the form.26 27 The 
60% of exact codes for children with a CHD in our study 
is similar to the 70% recorded by a recent study from the 
USA on deaths in infants with CHD.28 The occurrence of 
infections and neoplasms as underlying causes of death 
in infants with Down syndrome reflects their known 
increased risk of infections and leukaemia.29

Malta was the country most likely to record a CA as 
the underlying cause of death. This may be due to the 
fact that terminations of pregnancy for foetal anomaly is 
illegal in Malta, and therefore, more babies are born with 
severe life-threatening anomalies than in other countries 
where terminations are legal and the anomaly is likely to 
be detected by the prenatal screening.30 The Nordic coun-
tries (Denmark, Finland and Norway) were more likely to 
record CA as the underlying cause of death compared 
with the other European countries. In Denmark and 
Finland, the death certificates are completed online by 
using predefined ICD10 codes. Adopting this policy of 
standardised reporting in other countries may improve 
the accuracy and comparability of the data.

Strengths
The strength of this study is that it included data from 13 
population-based CA registries in eight European coun-
tries. The analysis of linked cases enabled direct compar-
isons of the recorded anomaly codes on the death certifi-
cates with the CA diagnosis reported in the CA registries, 
assumed to be the gold standard. Earlier analyses of 
EUROlinkCAT data enabled attributable proportions to 
be estimated for the same CAs.

Limitations
A limitation of the study is that a child may have several 
anomalies and the one of interest may not be the under-
lying cause of death. Another limitation was the cause of 
death for infants was categorised into only seven catego-
ries resulting in the ‘all other conditions’ being heter-
ogeneous including neoplasms, metabolic disorders, 
jaundice and endocrine disorders and external causes. 
This unfortunately limits the interpretation of the deaths 
in this category. As the study was conducted by standard-
ising the data in all registries and then providing syntax 
scripts to analyse it, it was not possible to redefine more 
meaningful categories. In addition, four registries were 
only able to provide one cause of death, which may not 
have been the underlying cause of death.A
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CONCLUSION
Data on the underlying cause of death from death certif-
icates alone are not sufficient to evaluate the burden of 
CAs on infant and childhood mortality across countries 
and over time. Linked data from CA registries and death 
certificates are necessary for obtaining accurate estimates.
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