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CHD in different regions may shed light on our understanding of the occur-
rence of CHD and the impact of different risk factors.

Objectives: To examine trends in total and live birth prevalence of nonsyndro-
mic CHD in Europe between the years 2008 and 2015 and to investigate if the
decreasing trend reported by previous studies is continuing.

Methods: Cases of CHD delivered between January 1, 2008 and December
31, 2015 notified to 25 population-based EUROCAT (European Surveillance of
Congenital Anomalies) registries in 14 countries, formed the population-based
case-series. Prevalence (total/live) rates and 95% confidence intervals were cal-
culated as the number of cases per 10,000 births (live and stillbirths). Time
trends in prevalence of all nonsyndromic CHDs and for three CHD severity
groups (very severe, severe, and less severe) were plotted using a Poisson
regression multilevel approach.

Results: The total prevalence of nonsyndromic CHD was 57.1 per 10,000
births (live births and stillbirths) for the 8-year period and remained stable
across the three CHD severity groups while the live birth prevalence was 60.2
per 10,000 births. There was considerable variation in the reported total CHD

prevalence and the direction of trends by registry. A decreasing prevalence of
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1 | INTRODUCTION

Congenital heart defects (CHDs) are the most frequently
occurring group of congenital anomalies in newborns
(Rankin et al., 2005) with a live birth prevalence of
around 7 per 1,000 live births (Rankin et al., 2005). The
total prevalence of CHD varies by region and over time
(Khoshnood, Greenlees, Loane, & Dolk, 2011). The
etiology of CHD remains largely unexplained for approxi-
mately 80% of cases (Rosano, Botto, Botting, &
Mastroiacovo, 2000).

The global prevalence of CHD is difficult to accu-
rately establish due to differences in genetic and environ-
mental factors for CHD between populations. Differences
in ascertainment of CHD between countries may also
contribute to the difficulty in quantifying prevalence
rates (PRs). Van der Linde et al. (2011) showed an
increasing trend in global CHD prevalence between 1930
and 1995 and a stable trend from 1995 until 2009. A
recent systematic literature review by Liu et al. (2019)
suggested that the global prevalence of CHD continued
to increase between the years 1970 and 2017 and identi-
fied regional differences in CHD prevalence. Khoshnood
et al. (2013), using data from the European Surveillance
of Congenital Anomalies (EUROCAT) for 1990-2007,
found that the direction of CHD prevalence trends chan-
ged over time, with the total prevalence having increased
prior to 2004 and reduced thereafter. Similarly, a
population-based study in Norway (Leirgul et al., 2014)
reported that the prevalence of severe CHD (heterotaxia,
conotruncal defect, atrioventricular septal defect [AVSD],
anomalous pulmonary venous return [APVR], left ven-
tricular outflow tract obstruction [LVOTO], right ventric-
ular outflow tract obstruction [RVOTO], or other
complex heart defect) increased from 1994 to 2004 and
decreased thereafter by 3.4% annually from 2004 to 2009.

The aim of this study was to examine trends in total
and live birth prevalence of nonsyndromic CHD in
Europe between the years 2008 and 2015 and to
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CHD was observed for the Norway and England/Wales registries, whereas the
CHD prevalence increased for registries in Italy and Croatia.

Conclusions: The total prevalence of CHD in Europe between the years 2008
and 2015 remained stable for all CHD and across the three CHD severity
groups. The decreasing trend reported by previous studies has not continued.
However, we found significant differences in the total and live birth prevalence

congenital heart disease, European Surveillance of Congenital Anomalies, prevalence rate

investigate if the decreasing trend reported by previous
studies (Khoshnood et al., 2013; Leirgul et al., 2014) is
continuing.

2 | METHODS

EUROCAT is a European network of population-based
registries for the epidemiological surveillance of congeni-
tal anomalies (https://eu-rd-platform.jrc.ec.europa.eu/
eurocat_en). Forty-three registries in 23 countries use
high quality multiple sources to collect data on congeni-
tal anomalies occurring in live births, fetal deaths from
20 weeks gestation and terminations of pregnancy for
fetal anomaly at any gestation (TOPFA). All registries use
the WHO International Statistical Classification of Dis-
eases and Related Health Problems version 9 or
10 (ICD-9 or ICD-10) according to the birth year; from
birth year 2005 the cases must be reported to the Central
Registry of EUROCAT coded in ICD-10, with an addi-
tional digit extension (optional) for the British Paediatric
Association (BPA) revision. For this study, cases with
CHD (ICD-10 codes Q20-26) with a delivery date
between January 1, 2008 and December 31, 2015 notified
to 25 population-based EUROCAT registries (Table 1)
that agreed to participate in this study, formed this
population-based case series. Denominator data (still-
births and live births by registry and year) were provided
by EUROCAT (2013). Cases of CHD occurring with any
other major congenital anomaly, as defined by EURO-
CAT, were classified as associated anomalies.

2.1 | Case exclusion

Minor anomalies as listed in the EUROCAT list of minor
anomalies were excluded because they have lesser medi-
cal, functional, or cosmetic consequences for the child
and their definitions and diagnosis vary considerably


https://eu-rd-platform.jrc.ec.europa.eu/eurocat_en
https://eu-rd-platform.jrc.ec.europa.eu/eurocat_en
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(EUROCAT, 2013). Cases with patent ductus arteriosus
(PDA) associated with preterm birth only, were also
excluded in line with the EUROCAT exclusion list
(EUROCAT, 2013). Cases occurring in multiple pregnan-
cies were excluded from the analysis because twins are
known to be at increased risk of CHD, especially among
monochorionic twins (Best & Rankin, 2015; Tang
et al., 2006). Congenital anomalies due to maternal infec-
tions and teratogenic syndromes were excluded from the
analysis due to a known under-ascertainment of these
conditions (Ardinger et al., 1988; Jones, 1986). Cases of
CHD with amniotic band syndrome were also excluded
as there is clinical evidence of a pathogenetic mechanism
underlying the amniotic band (Cignini et al., 2012).
Finally, we excluded cases of CHD and a chromosomal
anomaly and/or genetic syndrome as chromosomal
anomalies are known to increase the risk of CHD
(Richards & Garg, 2010). All other CHD cases were
included and coded as nonsyndromic where these CHD
occurred without the presence of any other noncardiac
major congenital anomaly.

Total PR of nonsyndromic CHD was defined as: the
total number of CHD cases whether ending in fetal
deaths (pregnancy losses >20 weeks), TOPFAs or live
births per 10,000 total births (live births and stillbirths).
Live birth prevalence was defined as: the number of live
births with CHD per 10,000 live births. Ninety-five per-
cent confidence intervals (CIs) were derived from the
binomial distribution.

Live birth prevalence is essential when considering
service utilization. Different intervention programs can
use live birth prevalence to better understand changes in
the population and for resource allocation.

We plotted time trends for the period 2008-2015 for
both total and live birth PRs of all nonsyndromic CHDs
(from here on referred to as total and live birth preva-
lence of CHD) and for three CHD severity groupings
based on the EUROCAT classification of the severity
(EUROCAT Central Registry University of Ulster, 2009)
as follows:

Severity group I—Very severe (single ventricle, hypo-
plastic left heart syndrome, hypoplastic right heart syn-
drome, Ebstein anomaly, tricuspid atresia); accounted for
approximately 8% of all cases.

Severity group II—Severe (pulmonary valve atresia,
common arterial truncus, AVSD, aortic valve atresia/ste-
nosis, transposition of great vessels, tetralogy of Fallot,
total anomalous pulmonary venous return, coarctation of
aorta); accounted for approximately 21% of cases exclud-
ing cases with coexisting Severity I CHD anomalies.

Severity group III—Less severe (ventricular septal
defect [VSD], atrial septal defect [ASD], pulmonary valve
stenosis); accounted for approximately 65% excluding

cases with coexisting Severity I or Severity II CHD anom-
alies. Cases with different CHDs occurring together were
assigned according to the subtype of greatest severity. For
example, a case with coarctation of aorta and VSD was
included in the Severity II group.Altogether, these groups
accounted for approximately 94% of all cases of CHDs
(Table 1). The other 6% included those with PDA in term
infants and a few other CHD subtypes which are not
included in any of the above severity categories such as
double outlet right ventricle, mitral valve anomalies, aor-
tic atresia/interrupted aortic arch.

We plotted time trends for the period 2008-2015 for
both total and live birth PRs of all nonsyndromic CHDs
and for the three CHD severity groups. As the data from
the different registries were for different time periods, a
simple analysis of CHD prevalence over time might intro-
duce confounding. Thus, a Poisson multilevel regression
approach was used for all nonsyndromic CHDs and for
the three CHD severity groups. The total number of CHD
births per year were nested within registry and modeled
by random-effects models (Poisson regression) with a
random intercept, an offset equal to the log of the
expected number of CHD births, and time (year) as a
continuous predictor. The random component of the
intercept was used to take into account heterogeneity
that may exist across the registry.

All analyses were performed using Stata software
(version 14; StataCorp, College Station, TX) for both
descriptive and multilevel analysis.

3 | RESULTS

A total of 36,695 cases of CHD were reported to the
25 participating EUROCAT registries between 2008 and
2015. The maximum age of diagnosis in our analysis is
up to 1 year for 13 (52%) of the registries, up to 1 month
for 16% and more than 1 year for 28% of registries accord-
ing to the coding of the collected variable on timing of
CA discovery (EUROCAT, 2013). There were 7,504 cases
associated with a chromosomal anomaly and/or genetic
syndromes and/or noncardiac malformations that were
excluded and 26,115 were cases of nonsyndromic CHD
(Figure 1). Specifically, 1,968 cases were classified as
Severity I group, 5,579 cases as Severity II group, and
finally 16,965 cases as Severity III group (Table 1).

Figure 2 shows the total prevalence of CHDs over
time. There was no evidence of a trend in total preva-
lence for all CHDs combined. The total prevalence of
CHD was 57.1 per 10,000 births during the study period.
Table 2 shows the results of the random-effects Poisson
regression models in the total prevalence of CHDs. Esti-
mates showed that the total prevalence of CHDs (for all
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Total number of Cases N= 36,695

’ Nonchromosomal, nongenetic cases N= 26,115 ‘

FIGURE 1 Derivation of the study sample
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Cases Excluded:

-Multiple births N=2,487

-Conjoined twins N=4

-Duplicates N=428

-Teratogenic syndromes with malformations N=139
-Congenital constriction bands/amniotic band N=18
-Chromosomal anomalies N=4,074

-Genetic syndromes and microdeletions N=768

-No cardiac malformations N=2,662
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nonsyndromic CHDs; (b) Severity group I; (c) Severity group II; (d) Severity group III

CHDs combined) remained stable during 2008-2015
(annual PR 1.00, 95% CI 0.99, 1.00).

For the most severe group (Severity group I), the total
prevalence of CHD was relatively stable at 4.3 per 10,000

(Figure 2 and Table 1). Additionally, there was no evi-
dence of a trend in total prevalence for Severity group II
with a total prevalence of 12.2 per 10,000 (Figure 2 and
Table 1) (annual PR 0.99, 95% CI 0.98, 1.00). Similarly,
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q q TABLE 2 Random-effects Poi
Total prevalence Live birth prevalence R hdom (.3 ects 01sso.n
regression of the trends in total and live
Annual PR* 95% CI Annual PR* 95% CI birth prevalence of CHDs (all defects
Overall CHD  1.00 099 100  1.00 099 100 combined) in 25 Eurocat registries,
. 2008-2015
Severity I 1.00 0.98 1.02 1.00 0.98 1.02
Severity II 0.99 0.98 1.00 0.99 0.98 1.00
Severity I1I 1.00 0.99 1.01 1.00 0.99 1.01
#Annual trend in PR over the specific time period (2008-2015).
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FIGURE 3 Time trend in live birth prevalence per 10,000 live births notified to 25 EUROCAT registries, 2008-2015 of (a) all

nonsyndromic CHDs, (b) Severity group I, (c) Severity group II, and (d) Severity group III

for Severity group III (Figure 2 and Table 1), the most
prevalent group, there was no evidence of a trend in total
prevalence, with a total prevalence of 37.1 per 10,000
(annual PR 1.00, 95% CI 0.99, 1.01).

Figure 3 and Table 2 show the time trends for live
birth prevalence for all CHDs combined and for each
CHD severity group between 2008 and 2015. The trends
in live birth prevalence were similar to those for the total
prevalence of CHDs. Figure 4 presents the time trends in
total prevalence of all CHDs separately for the 25 partici-
pating registries. Collapsing the registries of a nation the
trend in total prevalence reached statistical significance

for Norway, England/Wales, Italy, and Croatia (Figure 5
and Table 3).

For Norway (national registry), the overall and Sever-
ity III prevalence (per 10,000) of CHDs decreased from
2008 (annual PR 0.92, 95% CI 0.85, 1.00). Similarly, for
England/Wales (five registries), the overall and Severity
III prevalence of CHDs decreased from 2010 (annual PR
0.95, 95% CI, 0.93, 0.97).

For Italy (two registries), the overall and Severity III
prevalence of CHDs increased from 2008 (annual PR
1.05, 95% CI 1.03, 1.08), while the overall and Severity III
prevalence of CHDs increased from 2009 (annual PR
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FIGURE 4 Time trend in total prevalence per 10,000 live and stillbirths of all nonsyndromic CHDs for the 25 registries, 2008-2015

1.11, 95% CI, 1.07, 1.16) for Croatia (one registry). Similar
results are also presented in the live birth prevalence of
CHDs (Table 3).

4 | DISCUSSION

This study examined trends in prevalence of nonsyndro-
mic CHD in Europe overall and by CHD severity group
between the years 2008 and 2015 and investigated
whether the rates have continued to decline as had been
reported previously (Rankin et al., 2005). Based on data
for 26,115 cases of nonsyndromic CHD from 25 European
population-based registries, we found that both total and
live birth prevalence remained stable overall and across
the three CHD severity groups.

Khoshnood et al. (2013) using EUROCAT data for the
period 1990-2007, found that the direction of trends in
total prevalence of CHD cases not associated with a chro-
mosomal anomaly changed over time with the total prev-
alence having increased prior to 2004 and reduced
thereafter. However, the Khoshnood study found no
trend in total prevalence of the most severe group

(Severity group I), while the prevalence of Severity group
IT increased until 2000 and reduced thereafter. Trends for
Severity group III paralleled those for all CHDs com-
bined. The pattern of time trends reported in the Khosh-
nood study (Khoshnood et al., 2013) was similar to a
population-based study in Norway with an increase from
1990 to 2004 and a decrease thereafter (Van der Linde
et al.,, 2011). However, based on our analysis, this
decreasing trend does not seem to have continued after
2008, except for Norway. Additionally, both Khoshnood
and the Norwegian studies (Khoshnood et al., 2013;
Leirgul et al., 2014) applied substantially similar exclu-
sion criteria, however, differences in classification of the
severity might potentially confound comparisons.

Some variation was found in the reported CHD total
prevalence and direction of trends between different
populations (Rosano et al., 2000). There were consider-
able differences in trends in total and live birth preva-
lence by registry in our study. The total and live birth
prevalence remained stable for most registries apart from
those in Norway, England/Wales, Italy, and Croatia. Spe-
cifically, we found a significant decreasing overall and
Severity III group prevalence of nonsyndromic CHD for
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TABLE 3
England/Wales, and Italy EUROCAT registers, 2008-2015

Random-effects Poisson regression of the trends in total and live birth prevalence of CHDs (all defects combined) in Norway,

Total prevalence Live birth prevalence
Countries Annual PR* 95% CI Annual PR* 95% CI
Norway 0.92 0.85 1.00 0.92 0.85 0.99
England and Wales registers (total number: 5) 0.95 0.93 0.97 0.95 0.93 0.97
Ttaly registers (total number: 2) 1.05 1.03 1.08 1.05 1.03 1.08
Croatia 1.11 1.07 1.16 1.12 1.07 1.16

*Annual trend in PR over the specific time period (2008-2015).

registers from Norway and England/Wales, whereas the
prevalence significantly increased for the Italy and
Croatia registries for all CHDs and for Severity group III.

The decreasing trends in Norway and UK are most
likely because they stopped reporting small muscular
VSDs and followed the EUROCAT recommendation
from 2007 of only including ASD if the defect was open

6 months after birth. There are many preterm and term
born babies that have a neonatal echo with a persistent
foramen ovale coded as ASD without any ASD diagnosis
later in infancy or childhood (Garne et al., 2012).
Another possible explanation that could contribute to
the decreasing trend for the live birth prevalence of non-
syndromic CHD for the Norwegian and UK registries,
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might be the better access to specialized perinatal care
for women whose pregnancies are affected with CHD
and higher prenatal detection rates that might lead to an
increase in termination of pregnancies complicated by
severe CHD over time and resulting decrease in live birth
prevalence.

It is well known that risk factors such as maternal
diabetes and rubella, advanced maternal age and mater-
nal smoking during pregnancy are associated with the
occurrence of CHD (Correa, Levis, Tinker, &
Cragan, 2015; Leirgul et al., 2014; Reethuis et al., 2009).
Therefore, alternative explanations for this decline in
prevalence might include the reduction in these factors
and better management of women with chronic health
conditions such as diabetes (Correa et al., 2015). For
example, the Scandinavian countries and the UK have
greater smoking cessation rates than the rest of Europe
(Pesce et al., 2019). In the past decade, most countries
have experienced a decline in daily smoking rates, how-
ever, the rate of smoking in Norway has almost halved
while the percent decline in daily smoking rates between
2002 and 2012 was 27% for UK (Connelly, 2015). Addi-
tionally, in Norway there was a period (around 1990-
2000) with a significant increase in the proportion of
heavy singleton births (Grundt, Eide, Brantsaeter, Hau-
gen, & Markestad, 2017). There has been speculation
around what might have caused this rise in heavy single-
ton births, and one possible explanation is that it coin-
cided with the increase in consuming sugar-sweetened
soft drinks during pregnancy (Carlsen et al., 2020). How-
ever, this consumption of soft drinks later declined. Inter-
estingly, Dale et al. evaluated the intake of sucrose-
sweetened soft beverages during pregnancy and risk of
CHD, and concluded that this can increase the risk (Dale
et al., 2019). Thus, in Norway, the decrease during these
years may be related to changes in diet.

The increase of cases of CHD from 2008 onwards is
perhaps explained by improvements in case ascertain-
ment. In Tuscany (Italy), an increasing trend for coarcta-
tion of aorta has been observed in the 2008-2017 period.
This increase may be due to the inclusion of the Paediat-
ric Surgery Unit of the Heart Hospital in Massa as a data
source of the registry since 2013 (Kinsner-Ovaskainen,
Morris, Garne, Loane, & Lanzoni, 2020). This change
improved data quality and increased the number of
reported cases, in particular of cardiac cases.

Improved case detection using echocardiography
techniques has increased the prevalence of mild lesions.
Specifically, the use of 2D echocardiography examination
of patients has resulted in the detection of lesions such as
small VSD, ASD, and PDA that may have remained
unnoticed (Bhardwaj et al., 2015).

~  Prevention

The “true” prevalence of a condition depends on the
age distribution of the sample population. For example,
ASDs and VSDs present at different times and some
undergo spontaneous closure, while many less severe
CHDs are diagnosed later in life (American Heart
Association, 2021; Liu et al., 2019). Also, the average age
at diagnosis varies according to the intensity of prenatal
and early neonatal screening and the follow-up that takes
place in each region (Dolk et al., 2011).

In our dataset, the maximum age at diagnosis varies
according to the registry policies of registration (some
registries include anomalies diagnosed up to 1 week, up
to 1 year of after 1 year). This difference in methodology
contributes to the difficulty in comparing prevalence
between registries, especially in the less severe group of
CHDs that can be diagnosed several months after birth
and therefore may not reported in all registries. This is
consistent with the study by Hoffman et al. who reviewed
62 studies and found large variations in the age of diag-
nosis (EUROCAT Central Registry University of
Ulster, 2009).

The main strength of this study is the use of high-
quality population-based data derived from an estab-
lished network of European congenital anomaly regis-
tries where both multisource case ascertainment and
accurate diagnoses are achieved. EUROCAT registries
use similar methodology which enables comparisons
between regions to be made. A further strength is that we
used a multilevel approach method for the analysis of
prevalence that takes into account the effects of variables
at different levels of analysis in addition to the more clas-
sically used individual-level ones.

Our study also had some limitations. First, the results
from one regional EUROCAT registry might not repre-
sent the situation for the entire country as studies have
shown that several risk factors such as socioeconomic,
air-pollution, and environmental exposures might influ-
ence the incidence of CHD in some areas of the countries
(Cignini et al., 2012; Zhang et al., 2016). Thus, some
variations between European countries might be under
or overestimated. Second, some caution should be con-
sidered in interpreting the prevalence outcome of the
trend analysis, as we used 25 registries in comparison
with the Khoshnood et al. 2013 study which included
29 registries.

We found that the decreasing trend in the overall
prevalence of CHD reported by previous studies
(Khoshnood et al., 2013; Leirgul et al., 2014) has not con-
tinued between the years 2008 and 2015 for all registries
combined. However, we report a significant overall
decreasing prevalence for Norway, England/Wales, and
an increasing prevalence for Italy and Croatia which is
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probably attributable to advances in CHD ascertainment,
rather than a true increase in the prevalence of CHD in
the population.

Differences in trends in the CHD prevalence (espe-
cially in severe categories) of different populations con-
firms the importance of regular monitoring of temporal
trends in congenital anomaly prevalence, including
CHDs, in Europe. This could help identify any major
increases in prevalence and differences between coun-
tries/regions and identify modifiable risk factors such as
maternal age and obesity, maternal exposure to environ-
mental factors, socioeconomic factors that contribute to
an increase/decrease in the prevalence of CHD so that
this information can be used to apply relevant public
health measures (Cignini et al., 2012; Egbe, Uppu, Lee,
Ho, & Srivastava, 2014). Thus, future epidemiological
studies are needed in order to take into account possible
confounding factors and to establish the true CHD bur-
den while due to the rarity of specific CHD subtypes,
larger studies with sufficient power are also important
for a more in-depth analysis of CHD phenotypic
subgroups.
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