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Birth prevalence of congenital heart defects in
Norway 1994-2009—A nationwide study
Elisabeth Leirgul, MD, a,b Tatiana Fomina, PhD, a Kristoffer Brodwall, MD, a,c Gottfried Greve, MD, PhD, b,d

Henrik Holmstrøm, MD, PhD, e Stein Emil Vollset, MD, DrPH, a,f Grethe S. Tell, MPH, PhD, a,f and
Nina Øyen, MD, MPH, DrMed a,g Bergen, and Oslo, Norway

Background The reasons for decreasing birth prevalence of congenital heart defects (CHDs) in several European
countries and Canada are not fully understood. We present CHD prevalence among live births, stillbirths, and terminated
pregnancies in an entire nation over a period of 16 years.

Methods Information on all births in the Medical Birth Registry of Norway, 1994-2009, was updated with information on
CHD from the hospitals' Patient Administrative Systems, the National Hospital's clinical database for children with heart
disease, and the Cause of Death Registry. Individuals with heart defects were assigned specific cardiac phenotypes.

Results Among 954,413 births, 13,081 received a diagnosis of CHD (137.1 per 10,000 births, 133.2 per 10,000 live
births). The prevalence per 10,000 births was as follows: heterotaxia, 1.6; conotruncal defects, 11.6; atrioventricular septal
defects, 5.6; anomalous pulmonary venous return, 1.1; left outflow obstructions, 8.7; right outflow obstructions, 5.6; septal
defects, 65.5; isolated patent ductus arteriosus, 24.6; and other specified or unspecified CHD, 12.7. Excluding preterm patent
ductus arteriosus, the CHD prevalence was 123.4 per 10,000; per year, the prevalence increased with 3.5% (95% CI 2.5-4.4) in
1994-2005anddeclinedwith 9.8% (−16.7 to−2.4) from2005onwards. SevereCHDprevalencewas30.7per 10,000; per-year
increase was 2.3% (1.1-3.5) in 1994-2004, and per-year decrease was 3.4% (−6.6 to −0.0) in 2004-2009. Numbers included
severe CHD in stillbirths and terminated pregnancies.

Conclusions The birth prevalence of CHD declined from around 2005. Specifically, the prevalence of severe CHD was
reduced by 3.4% per year from 2004 through 2009. (Am Heart J 2014;168:956-64.)

Congenital heart defects (CHDs) are the most common
birth defects, reported to affect 5 to 10 per 1,000 live
births.1-5 These cardiac anomalies vary from minor
lesions without clinical significance to severe conditions
requiring extensive health care and with impaired
physical capacity and life expectancy. There is substantial
variation in the reported CHD prevalence by year of birth
and in different populations.5 Reliable prevalence esti-
mates are important tools in health care planning, as

follow-up through adulthood is necessary for many
children with CHD and repeated surgical procedures
are often required. Because the etiology of CHD is largely
unknown, time trends and changing prevalence in
different populations might also give clues to differences
in risk factors.6

During the 1980s and 1990s, the recorded birth
prevalence of CHD increased substantially.3,5,7 Improved
diagnostic tools, such as high-quality ultrasound technol-
ogy, may have led to increased detection of the mild
anomalies in this time period. Although the septal defects
accounted for the largest proportion of the overall
increase in CHD prevalence,3,7,8 several studies also
reported an increased prevalence of severe heart
defects.3,4,6 However, recent studies have reported that
the CHD trend is changing. In Quebec, Canada,6 the
prevalence of severe heart defects started to decrease
from 1999. The authors suggested a preventive effect of
mandatory folic acid fortification of cereal products
introduced in Canada in 1998. In Atlanta, GA, however,
where folic acid fortification of flour was introduced at
the same time as in Canada, the CHD prevalence
continued to increase until 2005.7 Interestingly, in
European countries where there has been no mandatory
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food fortification with folic acid,9 a study based on the
European Surveillance of Congenital Anomalies (EURO-
CAT) registries 1990-20074 found a downward trend in
heart defect birth prevalence from 2004 onwards. A shift
from severe CHD in live births to severe CHD in
terminated pregnancies because of increasing availability
of prenatal diagnostics4 could also have contributed to
the drop in live birth prevalence of severe heart defects.
Norway's national health registers afford us the

opportunity to conduct a nationwide study of prevalence
and time trends of CHDs in live births, stillbirths, and
terminated pregnancies.

Methods
Data sources
The Norwegian Population Register has since 1965

registered demographic data and vital status on all
residents. The unique personal identification number
enables linkage of data between national registries and
other data sources.
The Medical Birth Registry of Norway (MBRN) was

established in 1967 and has since then recorded
information on all births (live births and stillbirths from
16th week of gestation, from 1999 also including
terminated pregnancies, and from 2002 all births from
12th week of gestation),10,11 including medical informa-
tion of the mothers' health before and during pregnancy,
the course of delivery, and the health of the newborn
child. The MBRN contains information on CHDs diag-
nosed shortly after birth based on reports from maternity
and pediatric wards.
The National Hospital's clinical database for children

with heart disease contains informationon all childrenwith
a heart condition who have been examined by a pediatric
cardiologist or have received surgery or intervention at the
National Hospital since 1992.12 The National Hospital
conducted about 80% of congenital heart surgeries in
Norway before 2004 and virtually all thereafter.13

The multipurpose research project Cardiovascular
Disease in Norway14 established in collaboration be-
tween the University of Bergen and the Norwegian
Knowledge Centre for the Health Services has retrieved
information on cardiovascular diseases including CHDs
from the electronic Patient Administrative System (PAS)
of all somatic hospitals in Norway, 1994-2009.15 Up to 20
discharge diagnoses for each hospital stay, as well as
information about diagnostic and surgical procedures, are
included in the database.
The Cause of Death Registry contains information about

the underlying cause of death and up to 6 contributing
causes of death, as recorded from the death certificate.

Study population
All births in Norway registered in The Medical Birth

Registry from 1994 through 2009 were followed until

31 December 2009 for information on CHDs registered in
the hospitals' PAS and until 31 December 2010 for the
Medical Birth Registry, the National Hospital's clinical
database for children with heart disease, and the Cause of
Death Registry.

Case ascertainment and classification of CHDs
Information on individuals with CHD was ascertained

from 4 data sources: (1) the National Hospital's clinical
database for children with heart disease by van Mierop
codes 100, 110, 120, 200, 210, 1002 to 744216,17 and
International Classification of Diseases 10th Revision

(ICD-10) codes Q20.0 to Q26.9, Q89.3; (2) the PAS by
ICD-9 codes 745.0 to 747.4, 759.3 from 1994 through
1998, and ICD-10 codes Q20.0 to Q26.9, Q89.3 from 1999
onwards; (3) the Medical Birth Registry by ICD-8 codes
746.0 to 747.4, 759.0 from 1994 through 1997, and ICD-
10 Q20.0 to Q26.9, Q89.3 from 1997 onwards; and (4)
the Cause of Death Registry by ICD-9 745.0 to 747.4,
759.3 from 1994 through 1995, and ICD-10 Q20.0 to
Q26.9, Q89.3 from 1996 onwards.
According to this procedure, we identified 16,365

children with codes for CHD. Among them, we excluded
heart conditions likely to be physiologically normal, such
as 1,727 cases with untreated isolated patent ductus
arteriosus (PDA) without mention of the diagnosis after 6
weeks postnatal age; 1,061 untreated isolated atrial septal
defects (ASDs) without recording of the diagnosis after 6
weeks (likely persistent foramen ovale); 151 isolated
valvular pulmonary stenoses (vPS) without the diagnosis
after 6 weeks (likely normal high flow in the pulmonary
artery), and 344 cases with a combination of these
conditions, leaving 13,082 children with CHD for
phenotype classification.
Most children with CHD were registered in several data

sources: 36.5% in 2 sources, 14.9% in 3 sources, and 1.2%
in 4 sources. When assigning fetuses or children with
CHD into cardiac phenotypes, diagnosis codes were first
selected from the National Hospital's clinical database
(48.0% of the children), then the first entry in the PAS
(36.1%), with the priority for diagnoses from the
university hospitals with facilities for pediatric cardiac
surgery and invasive procedures, the Medical Birth
Registry (15.2%), and the Cause of Death Registry (0.7%).
Children with CHD codes were classified into cardiac

phenotypes as used by Botto et al,2,18,19 Øyen et al,2 and
recently by Liu et al,20 listing the diagnoses in order of
priority as follows: heterotaxiawith or without any other
heart defect; conotruncal defect (d-transposition of the
great arteries [TGA] or tetralogy of Fallot [ToF] with or
without atrioventricular septal defect [AVSD], double
outlet right ventricle [DORV], conoventricular ventricle
septum defect [VSD], pulmonary atresia [PA], or valvular
pulmonary atresia [vPA] with VSD [regarded as ToF
anatomy], truncus arteriosus, interrupted aortic arch
[IAA] type B or type C); AVSDwith or without anomalous
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pulmonary venous return (APVR); APVR including total
or partial APVR; left ventricle outflow tract obstruction

(LVOTO) (coarctation of aorta [CoA] or aortic valve
stenosis [vAS] with or without VSD, hypoplastic left heart
syndrome [HLHS]); right ventricle outflow tract obstruc-

tion (RVOTO) (hypoplastic right heart syndrome [HRHS],
tricuspid atresia, Ebstein anomaly, PA or PvA with intact
ventricular septum, and vPS with or without septal
defects]; septal defects (VSD only, ASD only and recorded
from postnatal age 6 weeks, VSD and ASD only); other
complex heart defect (single ventricle, congenital cor-
rected transposition of the great arteries); PDA at
postnatal age N6 weeks or with surgical correction, in
live births with gestational age ≥37 weeks, or with
gestational age b37 weeks (preterm PDA); other specified
heart defect (eg, isolated valvular malformations not
classified as LVOTO or RVOTO and venous malforma-
tions); and unspecified heart defect. To the last category,
we added 89 children who had been registered with
diagnosis codes for lethal conditions and alive at age 2
years, but without registered heart surgery or invasive
procedure, assuming the heart defect was misclassified.
Severe CHD was defined as heterotaxia, conotruncal

defect, AVSD, APVR, LVOTO, RVOTO (except valvular
pulmonary stenosis), or other complex heart defect. In a
subanalysis, VSDs were divided into those corrected with
a percutaneous or surgical procedure and those without
such procedures.
Information on chromosome aberrations was retrieved

using ICD codes (eighth revision 759.3-759.5, ninth
revision 758.0-759.9, 10th revision D82.1, Q90.0-Q99.9)
and van Mierop codes (8000-8004, 8009-8025, 8072) in all
data sources. In addition, we searched for notes
indicating chromosomal disorders in text entry fields in
the National Hospital's clinical database for children with
heart disease, and Down syndrome registered in the
Medical Birth Registry of Norway. The CHD children with
extracardiac malformations were identified by ICD codes
(eighth revision 740.0-745.9, 748.0-756.9, 759.8-759.9,
ninth revision 740.0-744.9, 748.0-756.9, 759.0-759.9, 10th
revision Q00.0-Q18.9, Q30.0-Q89.9) and van Mierop
codes (8041-8053, 8066, 8074-8076, 8079, 8099), in
addition to selected congenital malformations registered
in MBRN. The categories chromosomal aberrations and
extracardiac malformations were not mutually exclusive.
The age at diagnosis was set to 0 day if the cardiac

defect was reported from the maternity ward, otherwise,
the age at the first hospitalization reporting CHD, or the
age at a cardiac procedure.

Statistical analysis
Birth prevalence was reported as number of persons

affected with CHD per 10,000 births (live births,
stillbirths, and terminated pregnancies) for the entire
period 1994-2009. Then, the prevalences of severe
defects combined, VSD, ASD, and PDA were calculated

by year of birth. Next, we modeled annual CHD
prevalence with The National Cancer Institute's Joinpoint
Regression Program version 4.0.47,21 to estimate annual
percent change (APC) with 95% CIs using the best fitting
model. And finally, the yearly prevalence of severe
defects was stratified on type of birth, that is, live birth
(singleton or multiple birth) with isolated severe heart
defect, live birth with severe heart defect and extra-
cardiac defect, stillbirth with severe heart defect, and
terminated pregnancy with diagnosed severe heart
defect. The median age at diagnosis was calculated for
the period 1994-2009 for severe CHD, ASD, and VSD.
Cumulative percentile curves for diagnosis were calcu-
lated at age 1, 7, 30, 180, 365, and 730 days for severe
CHD, and VSD, for the period 2004-2008. The data
linkage and all calculations were performed with SAS
(version 9.3; SAS Institute Inc, Cary, NC).

Results
Among 954,413 births registered in the Medical Birth

Registry 1994-2009, we identified 13,081 individuals with
one or more CHDs; the overall birth prevalence was
137.1 per 10,000 (Table I). After excluding isolated PDA
in preterm births (gestational age b37 weeks), the birth
prevalence of CHD was 123.4 per 10,000. Congenital
heart defects were more frequent in girls, with birth
prevalence of CHD 136.2 per 10,000 (excluding preterm
PDA 123.3 per 10,000), compared to 131.1 per 10,000
(excluding preterm PDA 116.6 per 10,000) in boys (P b
.05). Severe CHD was found in 2,930 births, with an
overall prevalence of 30.7 per 10,000 births and 28.3 per
10,000 live births.
The most common cardiac defects were isolated septal

defects; the birth prevalencewas 65.5 per 10,000 (Table I).
Around three-quarters of these were VSDs, with 48.4
per 10,000 births. The prevalence of conotruncal defects
was 11.6 per 10,000; the most frequent was TGA, 3.5,
and ToF, 2.7 per 10,000. Left ventricular outlet tract
obstructions accounted for 8.7 per 10,000, including
HLHS, 2.6, vAS, 3.0, CoA, 3.0, and IAA type A, 0.1 per
10,000, and right ventricular outlet tract obstructions 5.6
per 10,000, among these HRHS, 0.9, Ebstein anomaly,
0.7, and vPS, 3.6 per 10,000. The prevalence of AVSDwas
5.6, of APVR 1.1, and of heterotaxia 1.6 per 10,000 births.
Other complex heart defects were found in 0.2 per
10,000. Isolated PDA had a prevalence of 24.6 per
10,000. In term births, prevalence of isolated PDA was
10.9 per 10,000. Other specified CHD was found in 6.6,
and unspecified CHD in 6.1 per 10,000 births.
The live birth prevalence of CHD was 133.2 per 10,000

and excluding preterm PDA 119.4 per 10,000, whereas
the prevalence of CHD among stillbirths or pregnancies
terminated for medical reasons was more than 3 times as
high, with a prevalence of 478.1 per 10,000 (Table I).
Specific cardiac phenotypes, such as heterotaxia,
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conotruncal defects, AVSD, and HLHS, showed very high
prevalence in stillbirths/terminated pregnancies.
In Table II, the distribution of cardiac phenotypes was

shown for multiple birth pregnancies, in children with a
chromosomal aberration, and in children with extracar-
diac birth defects. Among all births with CHD, 8.6% was
part of a multiple-birth pregnancy, 10.6% had been
diagnosed with a chromosomal aberration, and 21.0%
had extracardiac defects. For example, chromosomal
aberrations were frequent with AVSD, and extracardiac
defects with heterotaxia and conotruncal defects.
In Figure 1, the prevalences of severe CHD, ASD, VSD,

PDA, and the remaining defects (vPS, other specified CHD,

and unspecified CHD) were presented by year of birth.
From 1994 until the beginning of the 2000s, all defects
increased in prevalence. Ventricular septal defects had the
most marked increase, with roughly doubled prevalence
from 1994 to 2007. The prevalence of repaired VSD was
stable with a mean prevalence of 5.5 per 10,000
throughout the entire study period 1994-2009 (not
shown in figure). Median age at diagnosis for ASD was
323 days; whereas for VSD, PDA, and severe CHD, it was 0
days, that is, diagnosed before leaving the maternity ward.
TheVSDdiagnosiswas registered before age 30days in 92%
of the cases, before 6 months in 97%, and within the first
year of life in 98% of the VSDs. For severe defects, the

Table I. Prevalence of CHDs in Norway, 1994-2009

Heart defect
phenotype

All births n = 954413 Live births n = 943871

Stillbirths/terminated
pregnancies
n = 10542

n Prevalence⁎ n Prevalence† n Prevalence‡

Any CHD 13081 137.1 12577 133.2 504 478.1
CHD excl. preterm PDA 11776 123.4 11272 119.4 504 478.1
Heterotaxia 149 1.6 133 1.4 16 15.2
Conotruncal defect 1110 11.6 1040 11.0 70 66.4

TGA 331 3.5 308 3.3 23 21.8
ToF 258 2.7 243 2.6 15 14.2
DORV 79 0.8 66 0.7 13 12.3
Other conotruncal§ 442 4.6 423 4.5 19 18.0

AVSD 530 5.6 492 5.2 38 36.0
APVR 107 1.1 107 1.1 0 0.0
LVOTO 830 8.7 722 7.6 108 102.4

HLHS 244 2.6 154 1.6 90 85.4
CoA 288 3.0 273 2.9 15 14.2
Valv. aortic stenosis 290 3.0 287 3.0 3 2.8
IAA A 8 0.1 8 0.1 0 0.0

RVOTO 532 5.6 506 5.4 26 24.7
HRHS 82 0.9 66 0.7 16 15.2
Ebstein 64 0.7 57 0.6 7 6.6
vPS 348 3.6 347 3.7 1 0.9
Other RVOTO∥ 38 0.4 36 0.4 2 1.9

Septal defect, isolated 6248 65.5 6113 64.8 135 128.1
ASD 1350 14.1 1342 14.2 8 7.6
VSD 4620 48.4 4506 47.7 114 108.1
VSD + ASD 189 2.0 179 1.9 10 9.5
Unsp. septal defect 89 0.9 86 0.9 3 2.8

Other complex CHD 20 0.2 20 0.2 0 0.0
Isolated PDA¶ 2345 24.6 2345 24.8 0 0.0

At term gestation 1040 10.9 1040 11.0 0 0.0
Preterm gestation 1305 13.7 1305 13.8 0 0.0

Other specified CHD 632 6.6 597 6.3 35 33.2
Unspecified CHD 578 6.1 502 5.3 76 72.1
Associations:

Conotruncal + AVSD 16 0.2 15 0.2 1 0.9
Septal + LVOTO 79 0.8 78 0.8 1 0.9
Septal + RVOTO 99 1.0 99 1.0 0 0.0

⁎ Prevalence per 10,000 births (live births, stillbirths, terminated pregnancies) registered in the Medical Birth Registry.
† Prevalence per 10,000 live births.
‡ Prevalence per 10,000 stillbirths and terminated pregnancies.
§ Truncus arteriosus, conotruncal VSD, aortopulmonary window, IAA type B or C.
∥Valvular pulmonary atresia, arterial pulmonary atresia.
¶ PDA recorded after 6 weeks of age or surgically treated.
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corresponding cumulative percentages for ages at diagno-
sis were 85%, 94%, and 95%, respectively.
In Figure 2, we plotted the prevalence of any type CHD

(excluding preterm PDA), severe CHD, VSD, and ASD for
all births, including stillbirths and terminated pregnan-
cies. Using the Joinpoint Regression Program, the best fit
for time trend change was identified. Among all births,
the annual increase in total CHD prevalence was 3.5%
(95% CI 2.5-4.4) until 2006; thereafter, the prevalence
decreased with 9.8% per year (−16.7 to −2.4). Severe
CHD prevalence showed an annual increase of 2.3% (1.1-
3.5) until 2004 and an annual decrease of 3.4% (−6.6 to
0.0) thereafter. The prevalence of ASD increased with
5.7% (3.2-8.3) per year until 2005 and then decreased
with 12.0% (−21.3 to −1.9) per year. Ventricular septal

defect prevalence increased with 5.4% (4.0-6.8) per year
until 2007 and then showed a marked but nonsignificant
annual decrease of 18.6% (−36.7 to 4.6) the last 2 years of
follow-up. Among live births only (not shown in the
figure), the APC for any type CHDwas 3.5% (2.4-4.7) until
2005 and −7.5% (−12.2 to −2.4) thereafter; and for severe
CHD, the APC was 1.8% (0.2-3.4) until 2003 and −4.6%
(−7.3 to −1.8) thereafter. The time trend curve for
severe CHD in live births only did not differ much from
the severe CHD time trend in all births.
In Figure 3, the annual birth prevalence of severe CHD

in Figure 2 was classified into combinations of birth type,
plurality (singletons, multiples), and the presence of
extracardiac birth defects and/or chromosomal aberra-
tions. The live birth prevalence of singletons with severe

Table II. Multiple birth and extracardiac defects in children with CHD, Norway 1994-2009⁎

Heart defect
phenotype

All births Multiple birth
Chromosomal
aberrations

Extracardiac
malformations

n n (%) n (%) n (%)

Any CHD 13081 1123 (8.6) 1389 (10.6) 2746 (21.0)
CHD excl. preterm PDA 11776 688 (5.8) 1365 (11.6) 2487 (21.1)
Heterotaxia 149 7 (4.7) 17 (11.4) 135 (90.6)
Conotruncal defect 1110 45 (4.1) 172 (15.5) 349 (31.4)

TGA 331 4 (1.2) 21 (6.3) 66 (19.9)
ToF 258 15 (5.8) 50 (19.4) 89 (34.5)
DORV 79 2 (2.5) 12 (15.2) 38 (48.1)
Other conotruncal† 442 24 (5.4) 89 (20.1) 156 (35.3)

AVSD 530 23 (4.3) 299 (56.4) 134 (25.3)
APVR 107 4 (3.7) 7 (6.5) 33 (30.8)
LVOTO 830 50 (6.0) 89 (10.7) 176 (21.2)

HLHS 244 9 (3.7) 18 (7.4) 47 (19.3)
CoA 288 25 (8.7) 42 (14.6) 70 (24.3)
Aortic stenosis 290 16 (5.5) 28 (9.7) 58 (20.0)
IAA A 8 0 (0.0) 1 (12.5) 1 (12.5)

RVOTO 532 31 (5.8) 35 (6.6) 125 (23.5)
HRHS 82 4 (4.9) 6 (7.3) 26 (31.7)
Ebstein 64 0 (0.0) 3 (4.7) 9 (14.1)
vPS 348 25 (7.2) 24 (6.9) 82 (23.6)
Other RVOTO‡ 38 2 (5.3) 2 (5.3) 8 (21.1)

Septal defect, isolated 6248 390 (6.2) 582 (9.3) 1048 (16.8)
ASD 1350 110 (8.1) 183 (13.6) 326 (24.1)
VSD 4620 264 (5.7) 317 (6.9) 641 (13.9)
VSD + ASD 189 10 (5.3) 77 (40.7) 75 (39.7)
Unsp. septal defect 89 6 (6.7) 5 (5.6) 6 (6.7)

Other complex CHD 20 0 (0.0) 1 (5.0) 6 (30.0)
Isolated PDA§ 2345 473 (20.2) 81 (3.5) 471 (20.1)

At term gestation 1040 38 (3.7) 57 (5.5) 212 (20.4)
Preterm gestation 1305 435 (33.3) 24 (1.8) 259 (19.8)

Other specified CHD 632 65 (10.3) 37 (5.9) 128 (20.3)
Unspecified CHD 578 35 (6.1) 69 (11.9) 141 (24.4)
Associations:

Conotruncal + AVSD 16 0 (0.0) 6 (37.5) 6 (37.5)
Septal + LVOTO 79 8 (10.1) 18 (22.8) 25 (31.6)
Septal + RVOTO 99 5 (5.1) 7 (7.1) 29 (29.3)

⁎All live births, stillbirths, and terminated pregnancies registered in the Medical Birth Registry.
† Truncus arteriosus, conotruncal VSD, aortopulmonary window, IAA type B or C.
‡Valvular pulmonary atresia, arterial pulmonary atresia.
§ PDA recorded after 6 weeks of age or surgically treated.
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CHD but without extracardiac defects or chromosomal
disorders was around 15 per 10,000 births, with a
decreasing trend from around 1999 (blue color). Next,
the live birth prevalence of twins or triplets with isolated
CHD constituted a very small fraction of the total severe
CHD prevalence (purple color). The prevalence of live
births with severe CHD and extracardiac defects/
chromosomal disorders ranged 10 to 14 per 10,000 (red
color). Finally, the prevalences for severe CHD in
stillbirths and terminated pregnancies increased from
0.9 per 10,000 total births in 1994-1997 to 1.6 in 1998-
2001, 3.2 in 2002-2005, and 5.1 in 2006-2009; the overall
severe CHD prevalence was 2.7 per 10,000 births (green
color). The proportion of terminated pregnancies and
stillbirths in births with severe CHD increased from 1994
through 2009; among the total numbers of severe CHD,
affected stillbirths and terminated pregnancies combined
(n = 257) constituted 8.8%: 3.0% in 1994-1997, 5.0% in
1998-2001, 9.8% in 2002-2005, and 16.9% in 2006-2009 (P b
.001).

Discussion
In this nationwide study of CHDs, we identified

N13,000 individuals with a CHD among 954,500 live
births, stillbirths, and terminated pregnancies registered
in the Medical Birth Registry of Norway from 1994 to
2009, yielding a national CHD prevalence of 137.1 per

10,000. There was a significant increase in the prevalence
of CHD until 2005, followed by a significant decrease in
prevalence, both for total CHD and for severe CHD.
The overall prevalence of CHD in the present study was

higher than that reported in similar studies from
Denmark, other European countries, and Atlanta,
GA.3,4,7 In the Danish study,3 the overall prevalence
excluding isolated PDA in preterm infants was 103.2 per
10,000 live births versus 123.4 in our study. It is primarily
the prevalence of septal defects, particularly VSD, that
was higher in the present study, whereas the overall
prevalence of severe defects was similar to our findings.
The Danish study also reported an increasing prevalence
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of severe heart defects from 1977 to 2005, like the present
study. A Canadian study,6 which included children born in
Quebec with selected severe CHDs (ToF, endocardial
cushion defects, univentricular hearts, truncus arteriosus,
transposition complexes) in the period 1990-2005, report-
ed a prevalence of 15.7 per 10,000 births, which is similar
to the prevalence of the corresponding defects in our study
and in Denmark. However, the study from EUROCAT,
covering 29% of the European birth population, reported
considerably lower prevalence of the severe CHD (single
ventricle, HLHS, HRHS, Ebstein anomaly, tricuspid atresia,
vPA, truncus arteriosus, AVSD, ToF, vAS, TGA, TAPVR,
CoA), 17.7 per 10,000,4 as compared to the present study,
30.7 per 10,000. Although the severe CHD prevalence was
lower in the EUROCAT study, the pattern of time trends
was similar to the present studywith an increase from1990
to 2004 and a decrease thereafter. The study from Atlanta7

also reported lower birth prevalence of total CHD and
severe CHD, 67.7 and 24.9 per 10,000, respectively, in the
period 1978-2005.

As suggested in the previous studies,3,7,8 the increasing
prevalence of minor CHD may be partly explained by
improved diagnostic equipment. This applies primarily to
the period before year 2000. The continued increase of
both minor and severe CHD until 2006, however, has
most likely other explanations. We cannot rule out that
the CHD prevalence increase could partially be explained
by improved reporting of birth defects. In 1999, the
Medical Birth Registry implemented a revised notification
form, which may have led to higher quality of birth defect
reporting, including both mild and severe CHD. Manda-
tory reporting to MBRN of terminated pregnancies was
implemented: from 1999 to 2001 for pregnancies after
16th gestational week and from 2002 after 12th
gestational week.11 This can explain some of the increase
in severe CHD from 1994 to 2004.
After the mid-2000s, the prevalence of CHD declined,

most markedly for VSD; but also severe defect prevalence
declined. The prevalence of CHD could have been
underestimated in the last period because of shorter
follow-up time. However, VSD demonstrates a distinct
murmur usually detected at the maternity ward or the
child health clinic, also reflected in our study; 94% of the
VSDs had been diagnosed before age 6 months. The large
VSD decline the last 2 years of the study period likely
represented a true decrease. Most severe defects are
symptomatic in early life; in the present study, 94% were
diagnosed before 6 months of age. Therefore, the
declining prevalence of severe CHD from 2005 through
2009 cannot be fully explained by incomplete case
ascertainment due to a shorter follow-up of births in the
late period. We acknowledge that ASD, with a median age
at diagnosis of 323 days, could have been underestimated
in the last period.3

At present, the reasons for the decline of CHD
prevalence in Norway from the mid-2000-ies are un-
known. One explanation for the recent decrease in CHD
prevalence in Norway, as in other European countries
and Canada, could be an increased intake of folic acid in
fertile women. In 1998, food fortification of folic acid was
introduced in both Canada and Atlanta, GA, whereas in
the European countries, including Norway, official
authorities only recommended intake of folic acid
supplements for women planning a pregnancy and
early in pregnancy.22 Prenatal vitamin supplementation
policy in our study population has been unchanged since
1999. However, the uptake of the recommendations,
reflected by an increasing use of preconception folic acid
supplementation in Norway, from 5% to 26% in the
period 1999-2007,23 could explain the temporal decrease
in CHD prevalence reported in our study, assuming a
causal association between folic acid intake and CHD.24

In Canada, the decreasing prevalence of severe CHD from
1999 coincided with the implementation of food
fortification of folic acid. Interestingly, the severe CHD
reduction was delayed in Europe starting from the mid-
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2000s, which could be explained by a gradual increase of
intake of supplements containing folic acid among
women in Europe from the end of the 1990s.4,22

However, in Atlanta, GA, the severe defect prevalence
continued to increase until 20057 despite the mandatory
folate fortification of staple food beginning in 1998.
Alternative explanations for the recent decreasing

prevalence of severe CHD in Canada and Europe could
be other preventive factors, for example, cessation of
maternal smoking,25 or better monitoring of women with
diabetes26 or other chronic diseases, or maybe a
reduction in consanguineous marriages,27 which are
known to be associated with increased birth defect risk.
However, in the present study, the births among first-
generation immigrants with a high proportion of first-
cousin marriage28 amounted only to 1.1% of all births,
with an overall CHD prevalence of 165.8 per 10,000
births. Therefore, a change in consanguineous marriages
cannot explain the declining prevalence of CHD in
Norway. Finally, we cannot rule out the possibility of
random fluctuation; surveillance of CHD remains impor-
tant in the future.
A limitation of the present study was a possible

misclassification of diagnosis codes for CHD because
reviewing the medical records for 13,000 patients was
not feasible. Besides, we were not allowed by the Ethics
Committee to investigate individual medical records.
However, almost half of the cases and nearly all the
severe defect cases were retrieved from the National
Hospital's clinical database for children with heart disease
(NHCD). Senior pediatric cardiologists have regularly
entered and updated codes for heart defect diagnoses and
procedures into this clinical database, which has
minimized the possibility of misclassification of severe
defects. Furthermore, in the PAS, we selected diagnosis
codes from the university hospitals with facilities for
pediatric cardiology surgery and invasive procedures.
Finally, we cross-checked diagnosis codes in all 2,999
individuals notified with lethal conditions against their
survival status at age 2 years and surgery or procedure
codes, and identified only 89 (2.8%) misclassified severe
defect cases, which we placed in the unspecified CHD
category. Congenital heart defects with chromosomal
aberrations and/or extra-cardiac defects could have been
missed if the cardiac defect was not coded, for example,
in stillbirths or terminated pregnancies. However, the
proportions of chromosomal aberrations (10.6%) and
extracardiac defects (21.0%) were comparable to findings
from Denmark (7.0% and 22.3%).3 There was a risk of
including physiological heart conditions notified shortly
after birth. To avoid this, untreated ASD, PDA, and vPS
only recorded the first 6 postnatal weeks were excluded.
Some minor CHDs could have been missed because
outpatient clinics' data were only included from the
National Hospital's clinical database for children with
heart disease. Considering the high prevalence of minor

heart defects in the present study, as compared with
previous studies, we consider the possible missing
outpatient minor defects of little importance.
The strength of the present study was the virtually

complete registration of both severe and minor CHD,
including cardiac defects in terminated pregnancies,
ascertained through 4 national health and administrative
registers. This is possible due to the unique personal
identification number given shortly after birth, allowing
follow-up through life. Because medical care for children
is free in Norway and health care is highly developed,
nearly all children with CHD are diagnosed at an early
age. Finally, the hierarchical structure of our classification
system assigning individuals with multiple heart defects
to only one cardiac phenotype precluded counting these
individuals several times, thus avoiding an overestimation
of the total prevalence.
In conclusion, in the present population-based study,

we found increasing prevalence of severe CHD from
1994 until 2005 and decreasing prevalence thereafter,
corresponding to findings in European and Canadian
studies. Although there was an increasing practice of
pregnancy termination of fetuses with severe CHD, this
contributed little to the time trends in CHD prevalence in
Norway. The reasons for the downward change in time
trends of CHD and severe CHD from the mid-2000s are
unknown but seem related to factors not only changing in
Norway. Suggested changes in maternal risk factors, such
as an increasing use of folic acid supplementation, or
better follow-up of pregnant women with chronic
diseases like diabetes has been proposed. Further
investigation is required to determine the effect of
possible risk factors, as this can provide a basis for
treatment, lifestyle advice, or public health interventions.
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Abstract

Background: The birth prevalence of congenital heart defects (CHDs) has decreased in Canada and Europe. Recom-
mended intake of folic acid in pregnancy is a suggestive risk-reducing factor for CHDs. We investigated the
association between periconceptional intake of folic acid supplements and infant risk of CHDs.
Methods: Information on maternal intake of folic acid supplements before and during pregnancy in the Medical
Birth Registry of Norway 1999–2009 was updated with information on CHD diagnoses from national health
registers and the Cardiovascular Diseases in Norway Project. The association between folic acid intake and infant
risk of CHD was estimated as relative risk (RR) with binomial log linear regression.
Results: Among 517 784 non-chromosomal singleton births, 6200 children were identified with CHD and 1153 with
severe CHD. For all births, 18.4% of the mothers initiated folic acid supplements before pregnancy and 31.6%
during pregnancy. The adjusted RR for severe CHD was 0.99 [95% confidence interval [CI] 0.86, 1.13] comparing
periconceptional intake of folic acid with no intake. Specifically, RR for conotruncal defects was 0.99 [95% CI 0.80,
1.22], atrioventricular septal defects 1.19 [95% CI 0.78, 1.81], left ventricular outflow tract obstructions 1.02 [95% CI
0.78, 1.32], and right ventricular outflow tract obstructions 0.97 [95% CI 0.72, 1.29]. Birth prevalence of septal
defects was higher in the group exposed to folic acid supplements with RR 1.19 [95% CI 1.10, 1.30].
Conclusions: Periconceptional folic acid supplement use showed no association with severe CHDs in the newborn.
An unexpected association with an increased risk of septal defects warrants further investigation.

Keywords: Norway, cohort study, folic acid supplementation, congenital heart defects, epidemiology.

Introduction

Congenital heart defects (CHDs) are among the most
common birth defects and represent an important
cause of infant morbidity and mortality, affecting 5–13
per 1000 births worldwide.1–3 After decades of increas-
ing prevalence of CHDs believed to be explained by
improved diagnostics and reporting,4,5 several studies
have shown a changing time trend with decreasing
prevalence in Canada and Europe after 1999,6,7 and

also in Norway from 2005.3 This decline in CHDs has
been partly explained by the concurrent introduction
of folic acid food fortification or the increasing use of
periconceptional folic acid supplements. Folic acid is
the synthetic form of folate, which is necessary in
DNA, RNA, and protein synthesis, and therefore
important during fetal development. Periconceptional
intake of folic acid has been shown to reduce the risk
for neural tube defects,8,9 and women worldwide have
been recommended to take folic acid supplements
before conception and in the beginning of pregnancy.
More than 70 countries have also implemented folic
acid fortification of grain products,5,6 whereas health
authorities in Norway have refrained from such forti-
fication and recommended periconceptional use of
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folic acid supplements.10 A possible protective effect
of folic acid supplements on CHDs is, however, con-
troversial. While some studies have reported reduced
risk of CHDs in children whose mothers have taken
multivitamins with folic acid11,12 or pure folic acid sup-
plements,13,14 or after folic acid food fortification,6

other studies have reported no effect on CHDs of folic
acid food fortification.15,16

In the Medical Birth Registry of Norway, informa-
tion on the use of folic acid and multivitamin supple-
ments has been recorded for all women giving birth
since 1999.17 We have taken advantage of Norway’s
national health registries and the Cardiovascular
Disease in Norway project (CVDNOR) to investigate
infant risk of specific types of CHDs among mothers
using folic acid supplements in the periconceptional
period.

Methods

Data sources

The Norwegian National Registry contains demo-
graphic data and vital status on all residents since
1965. Every resident’s unique personal identification
number enables linkage of data between national reg-
istries and other data sources. The Medical Birth Reg-
istry of Norway has since 1967 recorded information
on all births (livebirths and stillbirths, since 1999 ter-
minated pregnancies for fetal reasons, and since 2002
all births from 12th week gestation) on the birth noti-
fication form, including information on the mother’s
health, the course of the pregnancy and delivery, and
the health of the newborn.17 Oslo University Hosp-
ital’s clinical registry for children with heart disease
has registered all children with a heart defect admit-
ted to Oslo University Hospital since 1992.18 The mul-
tipurpose research project CVDNOR19 includes
information on discharge diagnoses retrieved from
the electronic Patient Administrative Systems of all
somatic hospitals in Norway 1994–2009.19 The Cause of
Death Registry records contributing causes of death
from death certificates. Statistics Norway provides
demographic data for all residents, including educa-
tional level, occupation, income, and marital status.20

Case ascertainment and classification of congenital
heart defects

Information on CHD diagnoses was retrieved from
the four data sources mentioned above, as published

previously,3 where each child was assigned a cardiac
phenotype with priority corresponding to the timing
of presumed errors in fetal heart development2,3:
heterotaxia; conotruncal defects [d-transposition of the
great arteries (TGAs), tetralogy of Fallot (ToF), double
outlet right ventricle, conoventricular ventricle septal
defect (VSD), common arterial trunk, interrupted
aortic arch (IAA) type B or C]; atrioventricular septal
defect (AVSD); anomalous pulmonary venous return
(APVR); left ventricle outflow tract obstruction (LVOTO)
[coarctation of the aorta (CoA), aortic valve stenosis
(vAS), hypoplastic left heart syndrome (HLHS)]; right
ventricle outflow tract obstruction (RVOTO) [hypoplastic
right heart syndrome (HRHS), tricuspid atresia,
Ebstein anomaly, pulmonary atresia (PA) or atresia of
the pulmonary valve with intact ventricular septum,
valvular pulmonary stenosis (vPS)]; septal defect [VSD
only, atrial septal defect (ASD) only and recorded
from postnatal age 6 weeks or with surgical or percu-
taneous correction, VSD and ASD only]; other complex
heart defect [single ventricle, congenital corrected
transposition of the great arteries (ccTGA)]; patent
ductus arteriosus (PDA) at postnatal age > 6 weeks or
with surgical correction, in livebirths with gestational
age 37 weeks or more (term PDA), or with gestational
age < 37 weeks (preterm PDA); other specified heart
defect; and unspecified heart defect. Severe CHD was
defined as heterotaxia, conotruncal defect, AVSD,
APVR, LVOTO, RVOTO (except valvular pulmonary
stenosis), or other complex defect.

Information on chromosome aberrations and
genetic conditions associated with CHD was retrieved
using ICD codes [8th revision 759.3–759.5, 9th revi-
sion 758.0–759.9, 10th revision D82.1, Q87.1, Q87.2,
Q90.0-Q99.9], van Mierop codes [8000–8004, 8009–
8025, 8072], and by searching the free text fields for
specific disorders (e.g. Down’s syndrome, William’s
syndrome, Noonan’s syndrome).

Folic acid and multivitamin supplementation

Since 1999, the Medical Birth Registry of Norway has
registered maternal intake of periconceptional vita-
mins by using five check boxes on the Birth Registry
notification form from maternity units; for regular use
of folic acid or multivitamins before pregnancy or
during pregnancy, or for no supplement use. The
embryonic cardiac development is 3–7 weeks after
conception, and includes the time period when the
mother likely recognises her pregnancy, with subse-
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quent initiation of folic acid supplementation. We
therefore decided to report risk estimates for CHD by
any use of folic acid before pregnancy and/or during
pregnancy, with or without multivitamin intake,
referred to as periconceptional use of folic acid. Risk
analyses were also performed for the other combina-
tions of folic acid and multivitamin exposure
(Table 1). Over-the-counter folic acid supplements in
Norway contained 0.4 mg folic acid and multivitamin
tablets 0.0–0.2 mg folic acid during the study period
1999–2009.

Other variables

We included the following covariates as confounders
of the association between folic acid intake and infant
CHD risk in the multivariable model; year of birth
(each year), maternal age (<20, 20–24, 25–29, 30–34
and >34 years), parity (0, 1 or ≥2 previous pregnan-
cies), maternal education (≤10, 11–13, 14–16, ≥17 years,
missing (7.8%)), marital status (married/cohabitant,
single/other), maternal smoking (regular/occasional,
non-smokers, did not consent to register smoking
information, missing (2.8%)), and family income
(quartiles of mean income of the adults in the family).
In initial analyses, we evaluated maternal diabetes
(pregestational or gestational) as a confounder;
however, diabetes did not affect the association
between folic acid and CHD, and was not included in
the final adjustment model.

Study population

In the period 1999–2009, 652 977 births were regis-
tered in the Medical Birth Registry of Norway. We

excluded births with chromosomal disorders
(n = 2245), multiple births (n = 23 815), births from in
vitro fertilisation (n = 15 791), and births with mater-
nal epilepsy (n = 4978), in total 41 292 (6.3%) births.
Among the remaining 611 685 births, we excluded
93 901 (15.4%) births without information of folic acid
or multivitamin supplementation (which included the
1442 pregnancies terminated for fetal reasons), leaving
517 784 livebirths and stillbirths for analyses.

Statistical analysis

The association between maternal periconceptional
folic acid supplement use and infant risk of CHD was
reported as relative risk (RR); the risk of CHD among
the exposed divided by the risk of CHD among the
unexposed. Births without maternal intake of folic
acid or multivitamin supplements were used as refer-
ence group. Crude and adjusted relative risks (aRR)
with 95% confidence intervals [CI] were estimated
using binomial log linear regression models with a
log-link function using stata version 13 (Stata Corp.,
Texas, USA).

Results

Among 517 784 individuals, 6200 children had any
type of CHD and 1153 had a severe CHD; the birth
prevalence was 119.7 per 10 000 births and 22.3 per
10 000 births, respectively. In the period, the birth
prevalence increased for total CHD until 2004, and
decreased thereafter (Figure 1). The prevalence for
severe CHD decreased from 2005. Overall, 95 509
(18.4%) mothers had initiated folic acid supplements

Table 1. Maternal use of folic acid or multivitamin supplements before and during pregnancy in 517 784 births, Medical Birth Registry
of Norway, 1999–2009a

Supplement use during pregnancy

Folic acid No folic acid

Supplement use before pregnancy
Multivitamin

No. (%)
No multivitamin

No. (%)
Multivitamin

No. (%)
No multivitamin

No. (%)

Folic acid Multivitamin 32 477 (6.3) 2196 (0.4) 1172 (0.2) 1538 (0.3)
No multivitamin 16 485 (3.2) 36 725 (7.1) 1419 (0.3) 3497 (0.7)

No folic acid Multivitamin 18 539 (3.6) 2572 (0.5) 12 496 (2.4) 1986 (0.4)
No multivitamin 62 170 (12.0) 80 205 (15.5) 28 959 (5.6) 215 348 (41.6)

aLivebirths and stillbirths registered in the Medical Birth Registry with information on supplement use, excluding multiple births, births
from in vitro fertilisation, children with chromosomal disorders, and with maternal epilepsy.
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before pregnancy, 163 486 (31.6%) had started during
pregnancy, 43 441 (8.4%) used only multivitamins in
the periconception period, while 215 348 (41.6%) did
not use any folic acid or multivitamin supplements
(Tables 1 and 2). Initiation of folic acid before preg-
nancy increased from 5.5% of all births in 1999 to
29.1% in 2009, while any periconceptional use of
folic acid increased from 21.7% in 1999 to 74.2% in
2009.

In Table 2, initiation of folic acid supplements
before pregnancy or during pregnancy, use of multivi-
tamins only, and no use of any supplements are

shown by year of birth and maternal characteristics.
Shorter education, younger age, smoking, previous
births, single status, and lower family income were
more frequent in mothers who did not use any folic
acid or multivitamin supplements.

Maternal periconceptional use of folic acid was not
associated with infant risk of severe CHD; the aRR
was 0.99 [95% CI 0.86, 1.13] comparing pregnancies
exposed to folic acid with non-exposed pregnancies
(Table 3). Specifically, aRR for conotruncal defects was
0.99 [95% CI 0.80, 1.22], aRR for AVSD 1.19 [95% CI
0.78, 1.81], aRR for LVOTO 1.02 [95% CI 0.78, 1.32],
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Figure 1. Periconceptional use of folic acid supplements and birth prevalence of severe CHD (heterotaxia, conotruncal defect, AVSD,
APVR, LVOTO, RVOTO except valvular pulmonary stenosis, CoA, other complex heart defect) and any CHD except preterm PDA, by
year of birth, in 517 784 livebirths and stillbirths registered in the Medical Birth Registry of Norway, 1999–2009, excluding multiple
births, births from in vitro fertilisation, children with chromosomal disorders, and with maternal epilepsy. APVR, anomalous pulmo-
nary venous return; AVSD, atrioventricular septal defect; CHD, congenital heart defect; CoA, coarctation of the aorta; LVOTO, left
ventricle outflow tract obstruction; PDA, patent ductus arteriosus; RVOTO, right ventricle outflow tract obstruction.
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Table 2. Birth characteristics according to use of folic acid before or during pregnancy in Norway, 1999–2009

Characteristics
Total birthsa

517 784

Preconceptional
folic acidb

95 509 (18.4%)

Postconceptional
folic acid onlyc

163 486 (31.6%)

Multivitamins
onlyd

43 441 (8.4%)

No use of
supplementse

215 348 (41.6%)

No. % of Births No. (%) No. (%) No. (%) No. (%)

Year of birth
1999 46 520 (9.0) 2563 (5.5) 7558 (16.2) 5783 (12.4) 30 616 (65.8)
2000 48 472 (9.4) 3458 (7.1) 9080 (18.7) 4960 (10.2) 30 974 (63.9)
2001 46 693 (9.0) 4018 (8.6) 10 410 (22.3) 4532 (9.7) 27 733 (59.4)
2002 44 226 (8.5) 4475 (10.1) 11 202 (25.3) 4293 (9.7) 24 256 (54.8)
2003 43 749 (8.4) 6379 (14.6) 12 782 (29.2) 3900 (8.9) 20 688 (47.3)
2004 44 464 (8.6) 8376 (18.8) 13 992 (31.5) 3206 (7.2) 18 890 (42.5)
2005 44 614 (8.6) 9649 (21.6) 15 145 (33.9) 2957 (6.6) 16 863 (37.8)
2006 46 215 (8.9) 12 101 (26.2) 17 444 (37.7) 3523 (7.6) 13 147 (28.4)
2007 48 617 (9.4) 13 946 (28.7) 20 162 (41.5) 3661 (7.5) 10 848 (22.3)
2008 51 142 (9.9) 15 110 (29.5) 21 795 (42.6) 3386 (6.6) 10 851 (21.2)
2009 53 072 (10.2) 15 434 (29.1) 23 916 (45.1) 3240 (6.1) 10 482 (19.8)

Maternal education, y
≤10 98 808 (19.1) 10 038 (10.2) 27 673 (28.0) 10 228 (10.4) 50 869 (51.5)
11–13 167 510 (32.4) 25 160 (15.0) 52 171 (31.1) 13 961 (8.3) 76 218 (45.5)
14–16 129 257 (25.0) 32 425 (25.1) 46 113 (35.7) 8317 (6.4) 42 402 (32.8)
≥17 81 713 (15.8) 23 618 (28.9) 27 933 (34.2) 4657 (5.7) 25 505 (31.2)
Missing data 40 496 (7.8) 4268 (10.5) 9596 (23.7) 6278 (15.5) 20 354 (50.3)

Maternal age, y
<20 12 940 (2.5) 402 (3.1) 3475 (26.9) 1640 (12.7) 7423 (57.4)
20–24 79 284 (15.3) 7390 (9.3) 25 824 (32.6) 7940 (10.0) 38 130 (48.1)
25–29 172 574 (33.3) 31 139 (18.0) 56 181 (32.6) 14 050 (8.1) 71 204 (41.3)
30–34 169 622 (32.8) 38 081 (22.5) 52 764 (31.1) 12 798 (7.5) 65 979 (38.9)
>34 83 348 (16.1) 18 494 (22.2) 25 238 (30.3) 7010 (8.4) 32 606 (39.1)
Missing data 16 (0.0) 3 (18.8) 4 (25.0) 3 (18.8) 6 (37.5)

Maternal smoking
No 357 552 (69.1) 75 196 (21.0) 115 748 (32.4) 28 762 (8.0) 137 846 (38.6)
Yes 94 429 (18.2) 9382 (9.9) 30 093 (31.9) 9777 (10.4) 45 177 (47.8)
No consent 59 007 (11.4) 9911 (16.8) 15 937 (27.0) 4420 (7.5) 28 739 (48.7)
Missing data 6796 (1.3) 1020 (15.0) 1708 (25.1) 482 (7.1) 3586 (52.8)

Parity
0 209 839 (40.5) 39 570 (18.9) 75 789 (36.1) 17 871 (8.5) 76 609 (36.5)
1 186 530 (36.0) 38 025 (20.4) 56 236 (30.1) 14 290 (7.7) 77 979 (41.8)
≥2 121 415 (23.4) 17 914 (14.8) 31 461 (25.9) 11 280 (9.3) 60 760 (50.0)

Marital status
Married/cohabiting 476 209 (92.0) 92 043 (19.3) 150 887 (31.7) 38 861 (8.2) 194 418 (40.8)
Single/other 41 575 (8.0) 3466 (8.3) 12 599 (30.3) 4580 (11.0) 20 930 (50.3)

Family income(quartiles)
1 128 127 (24.7) 12 598 (9.8) 36 160 (28.2) 14 376 (11.2) 64 993 (50.7)
2 130 934 (25.3) 21 176 (16.2) 41 621 (31.8) 10 899 (8.3) 57 238 (43.7)
3 129 512 (25.0) 27 615 (21.3) 42 493 (32.8) 9393 (7.3) 50 011 (38.6)
4 124 504 (24.0) 33 706 (27.1) 42 472 (34.1) 8105 (6.5) 40 221 (32.3)
Missing data 4707 (0.9) 414 (8.8) 740 (15.7) 668 (14.2) 2885 (61.3)

aLivebirths and stillbirths registered in the Medical Birth Registry with information on supplement use, excluding multiple births, births
from in vitro fertilisation, children with chromosomal disorders, and maternal epilepsy.
bInitiation of folic acid supplementation before pregnancy, with or without use of multivitamins.
cInitiation of folic acid supplementation during pregnancy, with or without use of multivitamins.
dMultivitamin supplements before and/or during pregnancy, with no use of folic acid.
ePregnancies with no use of folic acid or multivitamin supplements as reference group.
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and aRR for RVOTO 0.97 [95% CI 0.72, 1.29]. Septal
defects (i.e. ASD, VSD, other septal defects) and term
PDA were associated with increased risk in infants
whose mothers used folic acid, as compared to non-
users; aRRs were 1.19 [95% CI 1.10, 1.30] P < 0.0001
and 1.23 [95% CI 1.01, 1.50] P = 0.04, respectively.

The increased infant risk of septal defects among
folic acid users were similar in categories of maternal
education (≤10 years, aRR 1.26 [95% CI 1.05, 1.52];
11–13 years, aRR 1.09 [95% CI 0.95, 1.26]; 14–16 years,
aRR 1.36 [95% CI 1.15, 1.61]; ≥ 17 years, aRR 1.07 [95%
CI 0.88, 1.30]), year of birth (1999–2002, aRR 1.24 [95%

Table 3. Congenital heart defects according to use of folic acid before and/or during pregnancy in 517 784 births in Norway, 1999–2009a

Heart defect phenotype

Births Any use of folic acidb RR crudec RR adjustedd

No. No. % RR 95% CI aRR 95% CI

Any CHD 6200 3166 (51.1) 1.05 (0.99, 1.10) 1.10 (1.03, 1.16)
CHD excl. preterm PDA 5695 2928 (51.4) 1.07 (1.01, 1.13) 1.13 (1.06, 1.20)
Severe CHD 1153 546 (47.4) 0.89 (0.79, 1.01) 0.99 (0.86, 1.13)
Heterotaxia 71 28 (39.4) 0.69 (0.42, 1.13) 0.80 (0.45, 1.42)
Conotruncal defect 502 240 (47.8) 0.92 (0.77, 1.11) 0.99 (0.80, 1.22)

TGA 179 91 (50.8) 1.07 (0.78, 1.45) 1.10 (0.77, 1.57)
ToF 100 44 (44.0) 0.80 (0.53, 1.20) 0.90 (0.57, 1.44)
Other conotruncale 223 105 (47.1) 0.87 (0.66, 1.15) 0.95 (0.70, 1.30)

AVSD 118 60 (50.8) 0.96 (0.66, 1.39) 1.19 (0.78, 1.81)
APVR 52 21 (40.4) 0.76 (0.42, 1.37) 0.78 (0.40, 1.52)
LVOTO 312 149 (47.8) 0.89 (0.70, 1.12) 1.02 (0.78, 1.32)

HLHS 78 40 (51.3) 0.98 (0.62, 1.55) 1.15 (0.69, 1.94)
CoA + IAA type A 109 53 (48.6) 0.92 (0.62, 1.36) 1.05 (0.67, 1.63)
vAS 125 56 (44.8) 0.80 (0.56, 1.16) 0.92 (0.61, 1.39)

RVOTO 258 120 (46.5) 0.89 (0.69, 1.15) 0.97 (0.72, 1.29)
HRHS 31 17 (54.8) 1.41 (0.65, 3.09) 1.43 (0.59, 3.42)
Ebstein 34 18 (52.9) 1.07 (0.53, 2.15) 0.91 (0.41, 1.99)
vPS 169 75 (44.4) 0.83 (0.60, 1.15) 0.96 (0.67, 1.38)
Other RVOTOf 24 10 (41.7) 0.64 (0.28, 1.46) 0.67 (0.26, 1.74)

Septal defect, isolated 3280 1747 (53.3) 1.16 (1.08, 1.25) 1.19 (1.10, 1.30)
ASD 647 345 (53.3) 1.16 (0.99, 1.37) 1.30 (1.08, 1.56)
VSD 2595 1378 (53.1) 1.15 (1.06, 1.25) 1.16 (1.06, 1.27)
Other septal defect 37 23 (62.2) 1.74 (0.85, 3.57) 1.97 (0.89, 4.38)

Other complex CHDg 9 3 (33.3) 0.50 (0.12, 2.09) 0.70 (0.15, 3.36)
Isolated PDA 1074 543 (50.6) 1.00 (0.88, 1.13) 1.02 (0.88, 1.17)

At term gestation 569 305 (53.6) 1.16 (0.98, 1.38) 1.23 (1.01, 1.50)
Preterm gestation 505 238 (47.1) 0.85 (0.71, 1.02) 0.82 (0.67, 1.01)

Other specified CHD 285 147 (51.6) 1.03 (0.81, 1.31) 1.17 (0.89, 1.53)
Unspecified CHD 239 108 (45.2) 0.80 (0.62, 1.04) 0.84 (0.62, 1.14)

aLivebirths and stillbirths registered in the Medical Birth Registry, excluding multiple births, births from in vitro fertilisation, children
with chromosomal disorders, and with maternal epilepsy.
bPreconceptional or postconceptional initiation of folic acid, with or without use of multivitamins.
cBirths with no periconceptional use of folic acid or multivitamin supplements as reference group.
dRelative risk adjusted for year of birth, parity, family income, mother’s age, education, marital status, and smoking.
eCommon arterial trunk, double outlet of the right ventricle (not ToF anatomy), conotruncal VSD, aortopulmonary window,
supravalvular AS, IAA type B or C.
fValvular or arterial pulmonary atresia.
gSingle ventricle or ccTGAs.
APVR, anomalous pulmonary venous return; ASD, atrial septal defect; AVSD, atrioventricular septal defect; CHD, congenital heart
defect; CoA, coarctation of the aorta; HLHS, hypoplastic left heart syndrome; HRHS, hypoplastic right heart syndrome; IAA, inter-
rupted aortic arch; LVOTO, left ventricular outflow tract obstructions; PDA, patent ductus arteriosus; RVOTO, right ventricular outflow
tract obstructions; TGA, transposition of the great arteries; ToF, tetralogy of Fallot; vPS, valvular pulmonary stenosis; VSD, ventricular
septal defect.
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CI 1.09, 1.42]; 2003–2006, aRR 1.19 [95% CI 1.05, 1.35];
2007–2009, aRR 1.10 [95% CI 0.92, 1.32]), and gesta-
tional age (<37 weeks, aRR 1.16 [95% CI 0.94, 1.43];
≥37 weeks, aRR 1.23 [95% CI 1.12, 1.34]).

In Table 4, the aRRs of the main CHD phenotypes
are shown by initiation of folic acid supplementation
before pregnancy (preconception) and during
pregnancy (postconception). For preconceptional or
postconceptional initiation of folic acid, the RRs were
similar for severe defects (aRR 1.10 and aRR 0.97,
respectively) and for septal defects (aRR 1.18 and aRR
1.19, respectively).

Finally, we estimated RR for CHD by various com-
binations of folic acid/multivitamin supplement expo-
sures (folic acid only, folic acid and/or multivitamin
supplement use before pregnancy, before and during
pregnancy, or during pregnancy only) with similar
results to those presented above (results not shown).

Comment

In this nationwide study of 517 784 births and 6200
children with CHD, 50% of the mothers had used folic

acid supplementation in the periconceptional period.
Maternal intake of folic acid supplements was not
associated with infant risk of severe CHD, such as
conotruncal defects, AVSD, LVOTO, and RVOTO.
For septal defects, there was approximately 20%
increased risk in children whose mothers had taken
periconceptional folic acid supplements.

From mid-2000s there has been a decreasing preva-
lence of both severe and non-severe CHD in Norway,
as in other European countries.3,7 This downward time
trend has been suggested explained by the increasing
intake of periconceptional folic acid and multivita-
mins from 1999 to 2009.10 In Quebec, Canada, the dis-
tinct decreasing prevalence of severe CHD from 1999
coincided with implementation of folic acid fortifica-
tion of grain products from 1998.6 In Alberta,
Canada,15 there was a reduction in LVOTO (mainly
CoA) in the post folic acid fortification period, but no
change in the overall CHD prevalence. There was no
corresponding reduction in CHD in Atlanta, Georgia,5

despite a similar food fortification policy. Such corre-
lating time trends of folic acid supplement use or
food fortification and the birth prevalence of CHD in

Table 4. Congenital heart defects according to use of folic acid before and/or during pregnancy in 517 784 births in Norway, 1999–2009a

Heart defect phenotype

Births
Preconceptional

folic acidb (18.4%)
Postconceptional folic

acid onlyc (31.6%)

No. aRRd 95% CI aRRd 95% CI

CHD excl. preterm PDA 5695 1.14 (1.05, 1.24) 1.12 (1.04, 1.20)
Severe CHD 1153 1.10 (0.91, 1.33) 0.97 (0.83, 1.12)
Heterotaxia 71 1.14 (0.52, 2.49) 0.75 (0.39, 1.44)
Conotruncal defect 502 1.30 (0.99, 1.71) 0.90 (0.71, 1.14)
AVSD 118 1.07 (0.59, 1.96) 1.18 (0.75, 1.86)
APVR 52 0.70 (0.27, 1.83) 0.82 (0.42, 1.40)
LVOTO 312 0.93 (0.64, 1.36) 1.06 (0.80, 1.12)
RVOTO 258 0.98 (0.65, 1.47) 0.94 (0.68, 1.25)
Septal defect, isolated 3280 1.18 (1.06, 1.32) 1.19 (1.09, 1.31)
Other complex CHD 9 1.52 (0.24, 9.67) 0.44 (0.05, 3.90)
Isolated PDA at term GA 1074 1.16 (0.88, 1.52) 1.24 (1.00, 1.54)
Other specified CHD 285 1.39 (0.96, 2.01) 1.05 (0.77, 1.42)
Unspecified CHD 239 0.67 (0.43, 1.03) 0.91 (0.65, 1.27)

aLivebirths and stillbirths registered in the Medical Birth Registry, excluding multiple births, births from in vitro fertilisation, children
with chromosomal disorders, and with maternal epilepsy.
bInitiation of folic acid supplementation before pregnancy, with or without use of multivitamins.
cInitiation of folic acid supplementation during pregnancy, with or without use of multivitamins.
dRelative risk adjusted for year of birth, parity, family income, mother’s age, education, marital status and smoking. Births with no
periconceptional use of folic acid or multivitamin supplements as reference group.
APVR, anomalous pulmonary venous return; AVSD, atrioventricular septal defect; CHD, congenital heart defect; GA, gestational age;
LVOTO, left ventricular outflow tract obstructions; PDA, patent ductus arteriosus; RVOTO, right ventricular outflow tract obstructions.
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populations should be interpreted with caution, since
the two events do not necessarily show a causal
relationship.

Only a few studies have reported individual level
information of maternal folic acid supplement use and
infant risk of CHD. A Californian case-control study
from 1995,11 based on telephone interviews with the
mothers of 207 children with conotruncal heart
defects and 481 randomly selected infants without
malformations, reported reduced risk for conotruncal
heart defects in children of mothers who had taken
multivitamins or folic acid fortified cereals. A registry-
based case-control study from the Northern Nether-
lands 1996–2005,13 including 611 children with CHD,
and two control groups; 2401 supposedly non-folate-
related birth defects, and 3343 pregnant women par-
ticipating in previous cross-sectional studies, reported
a reduced risk for CHD, mainly septal defects, in off-
spring of women using periconceptional folic acid
supplements. In these studies, the folic acid content
was similar to the presumed dose in our study
(0.4 mg/d). In a case-control study from Hungary,14

however, much higher doses were used; the estimated
average dose was 5.6 mg/d. This Hungarian study
compared 598 children with CHD born in 1980–1996
with 902 matched controls, 20 896 children with other
malformations, and 38 151 children without birth
defects, and reported a reduced risk for conotruncal
heart defect in the group exposed for folic acid sup-
plements. In a Hungarian randomised controlled
trial,12 multivitamin supplements with 0.8 mg folic
acid were compared to supplements with other trace
elements. There was significantly reduced risk for
CHD in the group receiving vitamins with high-dose
folic acid, but the numbers were small, with only
10 vs. 20 CHD cases in the exposed and unexposed
group, respectively.

A possible risk reduction of CHD by intake of folic
acid or multivitamin supplements is likely deter-
mined by the extent of dietary vitamin insufficiency
in the population. The dietary folate intake reported
in pregnant Norwegian women, around 300 μg per
day,21 could be sufficient for fetal cardiac develop-
ment, as opposed to certain Chinese provinces with a
high prevalence of folate deficiency, where the risk of
CHD has been significantly reduced when mothers
had used periconceptional folic acid supplements.22

Alternatively, the dose of folic acid supplement in
the present study, 400 μg per day, is too small to
prevent cardiac malformations, although plasma

folate has been found to be significantly higher in
women reporting folic acid supplement use.23

However, no risk reduction was found, even in
the group with both folic acid and multivitamin sup-
plements before and during pregnancy (approxi-
mately folic acid dose of 0.6 mg/d), suggesting the
use of folic acid supplements does not prevent CHD
in the Norwegian population. Changes in other risk
factors may explain the recent decrease in CHD
prevalence.

To our surprise, we found a significantly increased
risk for both ASD and VSD if the mother had used
folic acid supplements in the periconceptional period,
which has not been reported previously. The
increased risk of septal defects was not modified by
year of birth, maternal education, or prematurity. The
positive association between folic acid supplements
and risk of septal defects in the present study is
unlikely a chance finding but could be caused by an
unknown residual confounding. A biological factor
cannot be ruled out; in studies of pregnant mice, a
moderate to high intake of folic acid had adverse
effects on offspring cardiac development. Mikael et al.
found that mice fed with a diet containing 10 times
the recommended rodent folic acid intake showed an
increased risk for VSDs and thinner ventricular walls
than the control group.24

The strengths of our nationwide study were the
cohort design, linkage of comprehensive and compul-
sory registries with reliable information, and minimal
loss to follow-up. Ascertainment of CHD cases
through four national administrative and clinical reg-
istries enabled a virtually complete registration of
both severe and minor CHD.3 A weakness may be
related to the validity of the exposure variable, mater-
nal intake of folic acid or multivitamins, as we had no
information on dose or duration of intake. However,
the only folic acid tablets sold in Norway during the
study period contained the recommended daily dose
of 0.4 mg folic acid, and the maximum folic acid
content in multivitamins was 0.2 mg. Although a
large proportion of women started folic acid supple-
mentation during pregnancy in the present study, we
know from another Norwegian study in the same
period that almost all folic acid users had imple-
mented supplementation at 4 to 5 gestational week,
corresponding to 2 to 3 weeks post conception (85 000
pregnancies in the Norwegian Mother and Child
Cohort Study, 2001–2008),25 which should cover most
of the heart development period ranging from 3 to 7
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weeks post conception. All combinations of folic acid
or multivitamin intake before pregnancy or during
pregnancy showed consistent findings; the associa-
tion between folic acid or multivitamin supplement
use and severe CHD was null, and for septal defects,
there was a slightly increased risk after folic acid
supplement use. Other concerns might be lack of
details on additional confounders of the association
between maternal supplementation and maternal/
offspring outcome, such as other dietary nutrients, or
maternal pre-pregnancy weight. We did not have such
information. Information on supplement use was
missing in 15% of all births; these births were
excluded from the study population. However, the
prevalence of severe defects and septal defects
were similar among births with missing folic acid
information and the study population, except for the
terminated pregnancies (0.2% of all births). The preva-
lence of CHD was increased in all terminated preg-
nancies (144 per 1000), but the proportion of
terminated pregnancies among all births with any
CHD (2.7%) or severe CHD (9.3%) was low, and
amounted to a relatively small part of the births with
CHD.

In conclusion, periconceptional use of folic acid or
multivitamin supplements was not associated with
risk of severe CHDs in infants. The association with a
20% increased risk of septal defects may be due to
unknown common factors for folic acid use and CHD
risk, or an adverse effect from folic acid, and warrants
further investigation.
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