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SUMMARY
The aim of this study was to assess the risk factors in the origin of lethal or surgically corrected isolated atrial septal defect secundum. The 

population-based Hungarian Case-Control Surveillance of Congenital Abnormalities (conducted between 1980 and 1996) comprised 472 atrial 
septal defect secundum cases, 678 matched controls and 38,151 available controls without any defects; in addition, 21,022 malformed controls 
with other isolated defects. Medically recorded chronic disorders in the prenatal maternity logbook were evaluated, while acute maternal dis-
eases, drug treatments and pregnancy supplements were analyzed on the basis of both prospective medically recorded data and retrospective 
maternal information. Acute pelvic inflammatory disease, paroxysmal supraventricular tachycardia and phenolphthalein treatment due to severe 
constipation of mothers were shown to contribute to the development of atrial septal defect secundum of their children. High doses of folic acid 
in early pregnancy had positively influenced a minor part of isolated atrial septal defect secundum in foetuses. In conclusion, the obvious genetic 
predisposition for atrial septal defect secundum is connected with maternal paroxysmal supraventricular tachycardia and triggered by acute pelvic 
inflammatory diseases and phenolphthalein treatment, while the manifestation of atrial septal defect secundum can be reduced by high doses of 
folic acid supplementation in early pregnancy.
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INTRODUCTION

Structural birth defects, i.e. congenital abnormalities (CAs), 
represent a special category of disorders due to their very early 
onset and defect condition, in general, without chance for com-
plete recovery. CAs of heart and great vessels, i.e. congenital heart 
defects (CHDs), represent the most prevalent and severe group 
of CAs. Among 1,000 live-births, 4–50 are affected by CHD in 
diverse studies; a relatively high variance in birth prevalence 
derives from the different age at examination and the sensitivity 
of the examination technique (1–5). In a Hungarian population-
based study of 2,259 children, based on the paediatric cardiologic 
examination and/or the evaluation of autopsy of each child, 10.2 
per 1000 birth prevalence of CHDs was found (6).  

There are both good and bad news in the medical field of 
CHDs. The good news is that the care of infants/children with 
CHD has been revolutionized over the last decades with a much 
better chance for their survival (7). The bad news is that the un-
derlying causes of CHDs are still obscured. Without identifying 
the risk factors, prevention strategies cannot be developed. Recent 
progress in human genetics has resulted in the rapid identifica-
tion of genes causing CHDs (8), however, the role of possible 

environmental factors in the origin of CHDs is unclear in the vast 
majority of patients (9). 

Among CHDs, atrial septal defect (ASD) belongs to the most 
frequent CHD-groups with the birth prevalence 0.74 per 1,000 
in Hungary (1). Studies in other countries estimated the birth 
prevalence of ASD 1 per 1,500 live-births explaining about 
10% of CHDs (7). However, ASD comprises several anatomic 
types (10–12): CA of the ostium secundum is in the position of 
the foramen ovale, thus this CA represents true absence of the 
septal tissue. This ostium secundum (fossa ovalis) ASD, i.e. ASD 
secundum is abbreviated as ASD-II. The ostium primum defect 
of ASD is a communication in the lower part of the septum; this 
endocardial cushion type of ASD is called septum primum type 
of ASD and considered a partial form of atrioventricular septal 
defects. ASD may occur posteriorly between the right atrium and 
the sinus venosus, some right pulmonary veins may carry arte-
rialized blood directly into the right atrium in this sinus venous 
ASD type. The complete absence of the entire atrial septum may 
also occur and it is called single or common atrium. ASD-II is 
the most frequent type of ASD, representing 85% of all ASD (7).

Our study included only patients with isolated surgically cor-
rected ASD-II, in order to evaluate cases affected with ASD-II 
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as homogenous as possible in the population-based Hungarian 
Case-Control Surveillance of Congenital Abnormalities. The aim 
of the previous study was the evaluation of birth outcomes of 
patients with ASD-II (13) while the objective of this study is to 
estimate the possible causal risk factors in the origin of ASD-II.

MATERIALS AND METHODS

The Hungarian Case-Control Surveillance of 
Congenital Abnormalities (HCCSCA)

HCCSCA (14) is based on the comparison of exposures be-
tween the mothers of patients with CA and controls without CA 
during pregnancy.

Patients with CA, i.e. cases including ASD-II in the HCCSCA 
were selected from the Hungarian Congenital Abnormality Regis-
try (HCAR) (15). Reporting of CA cases to HCAR is mandatory 
for physicians, and most cases are reported by obstetricians and 
paediatricians. Autopsy was mandatory for all infant deaths and 
pathologists sent a copy of the autopsy report to HCAR if defects 
were identified in infant deaths. Since 1984 prenatal diagnostic 
centers have been asked to report malformed foetuses diagnosed 
prenatally with or without termination of pregnancy to HCAR. The 
recorded total (birth + foetal) prevalence of cases with CA was 35 
per 1,000 informative offspring (live-born infants, stillborn foetuses 
and electively terminated malformed foetuses) between 1980 and 
1996 (15) and about 90% of major CA were recorded in HCAR (16). 

Only those cases reported to HCAR in the first 3 months after 
birth or elective termination of pregnancy were selected from 
HCAR records for HCCSCA. These cases represent 77% of cases 
recorded in HCAR (23% of cases had mainly mild CA). In addi-
tion, cases with CA-syndromes caused by gene mutations or chro-
mosomal aberrations with preconception origin were excluded. 

Controls were defined as newborn infants without diagnosed 
CAs. The source of these controls for HCCSCA was the National 
Birth Registry of the Central Statistical Office. In general, two 
controls were matched to every case according to sex, birth week 
when the infant was born and district of parents’ residence. 

There were three sources of exposure data in HCCSCA:
1. Prospective medically recorded data. A letter was mailed 

continuously to the address of cases’ and controls’ mothers imme-
diately after their selection for HCCSCA to explain the purposes 
of HCCSCA, and to request the prenatal maternity logbook, 
discharge summary of their delivery and every medical record 
concerning their diseases during pregnancy and their child’s CAs. 
(These documents were sent back within 4 weeks.) Prenatal care 
for pregnant women in Hungary has been mandatory since 1951, 
thus nearly 100% of pregnant women visited prenatal care, on 
average 7 times during their pregnancy. The first visit was between 
the 6th and 12th gestational week calculated from the first day of 
the last menstrual period. Obstetricians in prenatal care recorded 
all pregnancy complications, maternal diseases and related me-
dicinal products in women during pregnancy in the logbook. 

2. Retrospective maternal self-reported information. A struc-
tured questionnaire with a list of drugs and diseases and a printed 
informed consent form were also mailed to cases’ and controls’ 
mothers. The questionnaire requested information on, among oth-
ers, maternal diseases and medicine (drug and pregnancy supple-

ment) intakes during pregnancy according to gestational month. In 
order to standardize the answers, mothers were asked to read the 
enclosed lists of medicinal products and diseases before they filled-
in the questionnaire and send it back with signed informed consent. 

The mean ± S.D. time elapsed between the end of pregnancy 
and return of the “information package” (including logbook, 
discharge summary, questionnaire, and informed consent) in our 
prepaid envelope was 3.5 + 2.1 and 5.2 ± 2.9 months in cases and 
controls, respectively.

3. Supplementary data collection. Regional district nurses were 
asked to visit all case mothers who did not respond and help them 
to fill-in the same questionnaire and evaluate the available medical 
documents. Unfortunately district nurses could visit only 200 non-
respondent (17) and 600 respondent control mothers (18) as a part 
of two validation studies, because the ethics committee considered 
this follow-up to be disturbing for the parents of all healthy children. 

Thus exposure information was available for 96.3% of cases 
(84.4% from replies and 11.9% from visits) and 83.0% of controls 
(81.3% from replies and 1.7% from visits). Signed informed 
consent was sent back by 98% of mothers, the name and address 
were deleted in 2% of subjects without signed informed consent.

The method of data collection changed in 1997. Since then all 
cases’ and controls’ mothers have been visited and questioned at 
home by regional nurses. These data have not yet been validated, 
therefore, only the 17 years’ data set of HCCSCA (1980–1996) 
is evaluated in this study.

Study Design of Cases with ASD-II
The major evaluation problem of CHDs was that, in general, 

cases with CA were reported immediately after birth to HCAR and 
about 50% of cases with CHD were reported as unspecified CHDs, 
because the exact diagnosis of CHDs needed further examinations. 
Medical data of cases with CA were collected in HCCSCA 3.5 + 2.1 
months later thus we were able to get specified CHD diagnoses 
in further 20% of cases. However, 30% of our CHD cases had no 
specified diagnosis in HCCSCA. Most live-born cases with CHD 
were cared or had surgical intervention in the paediatric cardio-
logic institutions in Hungary, therefore, one of the authors of this 
paper – Melinda Csáky-Szunyogh visited these cardiologic in- and 
outpatients clinics in 2008. Medical records were reviewed and the 
previous diagnosis of specified CHDs was checked (and corrected 
if necessary), unspecified CHDs were modified to specified CHD 
diagnoses. If cases with unspecified CHD diagnosis were not found 
in the records of paediatric cardiologic institutions, we correspond 
with their mothers to clarify the fate and/or diagnosis of these cases 
in 2009 and 2010. However, if these cases were not found or moth-
ers refused the collaboration, they were excluded from the study.

At the evaluation of ASD-II there were 4 selection steps:
I. Cases with syndromic ASD due to major mutant genes such 

as CA-syndromes (e.g. Holt-Oram) or chromosomal aberrations 
(e.g. Down syndrome) and unclassified multiple CAs including 
ASD were excluded from the study.

II. Complex CHDs including ASD, e.g. specified Lutembacher 
syndrome (ASD associates with stenosis of mitral valve), or the 
combinations of ASD with other CHD, e.g. ventricular septal 
defect, were also excluded from the study. 

III. Among ASD cases, only ASD-II was included into the 
study as mentioned above. 



44

IV. The clinical severity of ASD-II is wide. Many children 
have no symptoms, thus seem to be healthy, while large ASD-II 
is permitting a huge amount of blood to pass through to the right 
side of heart, the right atrium, right ventricle and lung will become 
overworked and pulmonary hypertension with right heart dilata-
tion and atrial arrhythmia in later life may be lethal. On the other 
hand, some patients have spontaneous closure of ASD-II. Thus, 
finally, only ASD-II cases with lethal outcome or surgically cor-
rected were included to the study, therefore, our cases represent a 
homogeneous group of severe manifestation of isolated ASD-II.

The onset of the closure of foramen ovale is after birth; 
however, missing of the closure is connected with pathological 
condition of atrial septum in the early phase of embryological 
development (19). The possible association of ASD-II with 
teratogenic factors was found mainly between the 6th and 9th 
postconception week, thus, we considered the critical period of 
ASD-II between the 8th and 11th gestational week, i.e. second 
and third gestational months. 

Controls were divided into two groups: controls without CA 
matched to cases with ASD-II; and all population controls without 
CA in the dataset of HCCSCA. However, we had a third control 
group including cases with other isolated non-cardiac CAs, as 
malformed controls.

Statistical Analysis
SAS version 8.02 (SAS Institute, Cary, North Carolina, USA) 

was used for statistical analysis of data. First, we compared mater-
nal characteristics to select confounders such as age, birth order and 
employment status as the indicator of socio-economic status (20). 
These data were reported in our previous paper (13). Conditional 
logistic regression models were used to estimate the relative risk 

(odds ratio: OR) with 95% confidence intervals (CI) of ASD-II 
associated with maternal exposures during pregnancy in the group 
of cases compared with their matched controls. At the comparison 
of different maternal exposures during pregnancy in the group of 
cases with ASD-II and population controls or malformed controls, 
unconditional logistic regression model was used. 

RESULTS

Our population-based data set included 472 cases with ASD-II, 
in addition, 678 matched controls and 38,151 all controls without 
CA as well as 21,022 malformed controls with other isolated 
CA. Of 472 cases, one stillborn foetus occurred with specified 
ASD-II diagnosis. 

Among acute maternal diseases, including influenza, com-
mon cold with secondary complications, respiratory and diges-
tive system, urinary tract and genital organs, only one specified 
group of genital organs’ diseases showed a higher occurrence 
during the second and/or third gestational month in case mothers 
than in control mothers. Acute pelvic inflammatory diseases (all 
prospectively and medically recorded in the prenatal maternity 
logbook) occurred during this time window in mothers of 8 cases 
with ASD-II (1.7%), while the incidence of it was 0.0% (none in 
mothers), 0.1% (31 mothers, OR with 95% CI: 21.2, 9.7–46.4) 
and 0.0% (8 mothers, 45.3, 19.9–121.2) in the groups of matched, 
all control and malformed controls. 

All chronic maternal diseases evaluated in the study were 
medically recorded in the prenatal logbook (Table 1). Two dis-
orders showed an association with the higher risk of ASD-II. Of 
10 mothers with conduction disturbance in heart, 8 had parox-
ysmal supraventricular tachycardia while one was affected with 

Maternal diseases
Case mothers 

(N=472)
Matched control mothers 

(N=678)
Population control mothers 

(N=38,151)
Malformed control mothers 

(N=21,022)

No. % No. % OR, 95% CI* No. % OR, 95% CI* No. % OR, 95% CI*
Epilepsy 3 0.6 3 0.4 1.44, 0.29–7.16 90 0.2 2.71, 0.85–8.58 87 0.4 1.54, 0.49–4.88
Migraine 9 1.9 7 1.0 1.86, 0.69–5.04 725 1.9 1.00, 0.52–1.95 518 2.5 0.77, 0.40–1.50
Panic disorder 4 0.8 2 0.3 2.89, 0.53–15.84 210 0.6 1.54, 0.57–4.17 203 1.0 0.88, 0.32–2.37
Diabetes mellitus 3 0.6 4 0.6 1.08, 0.24–4.84 229 0.6 1.06, 0.34–3.32 140 0.7 0.95, 0.30–3.01
Hyperthyroidism 3 0.6 0 0.0 NA 142 0.4 1.71, 0.54–5.39 75 0.4 1.79, 0.56–5.69
Hypertension, essential 19 4.0 32 4.7 0.85, 0.47–1.51 1,592 4.2 0.96, 0.61–1.53 939 4.5 0.90, 0.56–1.43
Hypotension, essential 13 2.8 29 4.3 0.63, 0.33–1.23 1,265 3.3 0.83, 0.47–1.44 505 2.4 1.15, 0.66–2.01
Conduction disorders in heart 
and cardiac dysrhythmias 10 2.1 1 0.1 14.65, 1.87–114.86 156 0.4 5.27, 2.76–10.06 89 0.4 5.09, 2.63–9.85

Varicose veins of lower legs 8 1.7 7 1.0 1.65, 0.60–4.59 566 1.5 1.14, 0.57–2.31 298 1.4 1.20, 0.59–2.43
Thrombophlebitis 10 2.1 17 2.5 0.84, 0.38–1.85 978 2.6 0.82, 0.44–1.54 313 1.5 1.43, 0.76–2.71
Hemorrhoids 23 4.9 30 4.4 1.11, 0.63–1.93 1,624 4.3 1.15, 0.76–1.76 734 3.5 1.42, 0.93–2.17
Asthma bronchiale 3 0.6 11 1.6 0.39, 0.11–1.40 486 1.3 0.50, 0.16–1.55 213 1.0 0.62, 0.20–1.96
Constipation, severe 17 3.6 10 1.5 2.50, 1.13–5.50 799 2.1 1.75, 1.07–2.85 420 2.0 1.83, 1.12–3.00
Adverse allergic drug reaction 4 0.8 3 0.4 1.92, 0.43–8.63 187 0.5 1.74, 0.64–4.69 81 0.4 2.21, 0.81–6.06

*Adjusted for the age, parity (birth order), employment status of mothers
Bold numbers show significantly higher prevalence

Table 1. Prevalence rate of medically recorded chronic diseases at least in 3 case mothers, matched control mothers, popula-
tion control mothers, and malformed control mothers
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Wolff-Parkinson-White syndrome and another pregnant woman 
was recorded with unspecified atrioventricular block. Of 17 case 
mothers with severe constipation, all were treated by drugs: 9 by 
senna, 7 by phenolphthalein and 1 woman by lactulose.

The drugs used at least by 3 case mothers during the criti-
cal period of ASD-II were evaluated on the basis of medically 
recorded data in the logbook. Of 43 drugs, one: phenolphthalein 
showed association with the higher risk of ASD-II. Of 472 case 
mothers, 7 (4, 0.8%), of 678 matched control mothers, 1 (1, 0.1%; 
OR with 95% CI: 5.7, 1.3–62.9), of 38,151 population control 
mothers, 274 (47, 0.1%; 35.5, 1.8–14.2) and of 21,022 malformed 
controls, 191 (58, 0.3%; 2.1, 1.1–8.8). OR was calculated for the 
critical period of ASD-II and phenolphthalein was used for the 
treatment of severe constipation.

Finally, the periconceptional use of folic acid and folic acid-
containing multivitamins was evaluated (Table 2). Only one kind 
of tablets containing 3 mg of folic acid was available during the 
study period. Hungarian obstetricians recommended 1−3 tablets 
for pregnant women during the study period, thus, the daily dose 
of folic acid was between 3–9 mg, but about 60% of women used 
6 mg. The dose of folic acid was between 0.1 and 1.0 mg in the 
frequently used multivitamins, in general, one tablet was used 
daily. The lowest proportion of folic acid supplementations dur-
ing pregnancy was found in mothers of cases with ASD-II, and 
this pattern was seen after the use of folic acid during the first 
trimester. Nearly half of these women started to use folic acid in 
preconception period. The protective effect of medically recorded 
folic acid use in the prenatal maternity logbook for ASD-II was 
confirmed at comparison of case mothers with matched control 
mothers and population control mothers. This protective effect 
did not reach the level of significance at the comparison of case 
mothers and malformed control mothers.

The use of folic acid containing multivitamin supplementa-
tions showed a similar trend but significant protective effect was 
seen only when case mothers and matched controls mothers were 
compared. However, OR were 0.42, 0.57 and 0.83 at the compari-
son of medically recorded multivitamin supplementation in early 
pregnancy between case mothers and matched, population and 

malformed controls mothers, but CI was wide due to the limited 
number of pregnant women.

DISCUSSION

The aim of the study was to estimate the possible association 
between maternal exposures and birth prevalence of cases with 
ASD-II. Three risk factors: acute pelvic inflammatory diseases, 
chronic paroxysmal supraventricular tachycardia and phenol-
phthalein use showed association with a higher risk of ASD-II. 
Furthermore, this study was the first to show the protective effect 
of high doses of folic acid alone for a certain part of ASD-II.

Pelvic inflammatory diseases include the inflammatory 
conditions of ovary, fallopian tube, pelvic cellular tissue, and 
peritoneum, frequently associated with endometritis, cervitis 
and/or vulvovaginitis. Both acute and chronic manifestations 
of this disease-group are known, however, only acute diseases 
were evaluated in the study with 3 main symptoms: bilateral 
adnexal and cervical motion tenderness, cervical discharge 
and fever; in addition, laboratory tests show elevated count of 
white blood cell and sedimentation rate (21). A large number 
of microorganisms have been implicated as the cause of pelvic 
inflammatory diseases such as Chlamydia trachomatis, Neis-
seria gonorrhoeae, endogenous anaerobic and aerobic bacteria, 
genital mycoplasma etc. (22). This finding confirmed the results 
of our previous study (23) based on the same HCCSCA data set. 
The Baltimore – Washington Infant Study found an association 
of maternal urinary tract infections with some types of CHDs 
such as ASD (24). 

Our previous study showed an association of paroxysmal 
supraventricular tachycardia with higher risk of septal defects 
in the heart (25). This study confirmed the association between 
this cardiac dysrhythmia and ASD-II indicating that some de-
velopmental disturbance in the septum may be a subthreshold 
manifestation of ASD-II in mothers. This finding is in agreement 
with the previous reports on familial atrial septal defect with 
prolonged atrioventricular conduction (26, 27).  

Pregnancy 
supplements

Case mothers 
(N=472)

Matched control 
mothers 
(N=678) OR, 95% CI*

Population control 
mothers 

(N=38,151) OR, 95% CI*

Malformed control 
mothers 

(N=21,022) OR, 95% CI*

No. % No. % No. % No. %
Folic acid 230 48.7 372 54.9 0.78, 0.62–0.99 20,775 54.5 0.79, 0.66–0.95 10,418 49.6 0.97, 0.81–1.16

I–III month 115 24.4 206 30.4 0.74, 0.57–0.96 11,179 29.3 0.78, 0.63–0.96 5,458 26.0 0.92, 0.74–1.14
Folic acid ** 120 25.4 247 36.4 0.59, 0.46–0.77 13,632 35.7 0.61, 0.50–0.76 4,472 21.3 1.26, 1.02–1.56

I–III month** 63 13.3 130 19.2 0.65, 0.47–0.90 7,315 19.2 0.65, 0.50–0.85 2,372 11.3 1.21, 0.93–1.58
Multivitamin 29 5.7 70 10.3 0.57, 0.36–0.89 2,509 6.6 0.93, 0.64–1.36 1,233 5.9 1.05, 0.72–1.54

I–III month 14 3.0 50 7.4 0.38, 0.21–0.70 1,645 4.3 0.68, 0.40–1.16 772 3.7 0.80, 0.47–1.37
Multivitamin** 15 3.2 34 5.0 0.62, 0.33–1.15 1,356 3.6 0.89, 0.53–1.49 526 2.5 1.28, 0.76–2.15

I–III month** 6 1.3 20 2.9 0.42, 0.17–1.06 844 2.2 0.57, 0.25–1.28 323 1.5 0.83, 0.37–1.86

Table 2. Frequency of pregnancy supplement uses in the mothers of cases, matched and population controls, in addition 
malformed controls

*Adjusted for sex of cases/controls, in addition to the age, parity (birth order), employment status of mothers
**Supplementation was medically recorded prospectively in the prenatal maternity logbook.
Bold numbers show negative (“protective”) associations
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There was another chronic disease, namely severe constipation 
that showed an association with higher risk of ASD-II. However, 
the detailed analysis of pregnant women showed that this associa-
tion can be explained by the concomitant treatment of phenol-
phthalein, a frequently used laxative drug. Of 17 pregnant women 
with constipation, 4 had medically recorded phenolphthalein 
treatment during the critical period of ASD-II. Apart from these 
pregnant women, chronic constipation did not show association 
with higher risk of ASD-II.

The teratogenic potential of phenolphthalein was previously 
evaluated (28), and a higher risk of CAs was found (OR with 
95% CI: 1.3, 1.0–1.5). Of 4,479 cases with CHD, 33 (0.7%) 
had mothers with phenolphthalein treatment during pregnancy 
but this association was not significant (OR with 95% CI: 1.8, 
0.8–4.0), however, different CHD-entities were not analyzed 
separately. This study shows the specific teratogenic potential of 
phenolphthalein in the origin of ASD-II.

Our study did not reveal the teratogenic potential of other 
drugs in the origin of ASD-II though previous studies found slight 
association of specified drugs such as antidepressant paroxetine 
with a higher risk of CHDs in general (29) or maternal drug use 
in general with the higher risk of ASD (OR with 95% CI: 1.24, 
1.04–1.48) (30). Other chemical exposures were not revealed in 
the mothers of cases with ASD-II (31).

Our data did not show an association between overt diabetes mel-
litus and ASD-II found in previous studies e.g. Ferencz et al. (12).

Finally, our data showed some preventive effect of high doses 
of folic acid alone for ASD-II during early pregnancy. The Hun-
garian randomized controlled trial (32–34) and cohort controlled 
trial (35) indicated previously the preventive effect of folic acid 
(0.8 mg) containing multivitamin supplementation during the 
periconception period beyond neural-tube defects for CHDs 
and VSD in particular. These findings were confirmed in some 
observational studies using multivitamins (36, 37). The possible 
preventive effect of folic acid alone for CHDs in early pregnancy 
was also shown in observational studies (38, 39). However, this 
is the first study that showed the preventive effect of high doses 
of folic acid alone for ADS-II in early pregnancy. 

This study also showed some protective effect of folic acid-
containing multivitamins for ASD-II and confirmed the previously 
found preventive effect of this new primary preventive method 
for CHDs (32–37). However, this protective effect was less ob-
vious due to the limited number of pregnant women with early 
multivitamin supplementation and heterogeneous components/
doses of multivitamins in the study.

Most ASD-II occur sporadically though moderate familial 
cluster of ASD-II was found in previous studies (40). Thus the 
multifactorial threshold model is the most plausible explanation 
for the origin of isolated ASD-II (41). Acute pelvic inflammatory 
disease and phenolphthalein may have a triggering effect for the 
genetic predisposition of ASD-II while the higher occurrence of 
paroxysmal supraventricular tachycardia in mothers may be con-
nected with the genetic predisposition for ASD-II. Finally high 
doses of folic acid and folic acid-containing multivitamin in early 
pregnancy can suppress the genetic predisposition of ASD-II. 

The strengths of the study are the large population-based 
data set of HCCSCA including 472 cases with ASD-II, 678 
matched and 38,151 population controls without CAs and 21,022 
malformed controls with other isolated CAs in the ethnically 

homogeneous Hungarian (Caucasian) population. Cases with 
CA were reported by medical doctors and reported diagnoses 
were critically checked in HCAR (15). In addition the validity 
of CHD-diagnoses has been improved due to the information of 
parents and available medical records some months after the birth 
in the HCCSCA data set (14) and finally due to the follow-up of 
our cases in cardiologic institutes and correspondence with moth-
ers. We did our best to work with homogeneous ASD-II cases, 
therefore, cases with syndromic and complex CA including ASD, 
others types of ASD and ASD cases without surgical correction 
were excluded from the study. The collection of exposure data 
was based on multiple sources including prenatal maternity log-
book which provided prospective medically recorded data. The 
exposure time and potential confounders were known. 

However, there were some weaknesses of the study: the 
diagnosis of CHDs was accomplished during the study period 
(1980–1996), i.e. mainly before the spectacular improvement 
of medical technology particularly echocardiography, and the 
diagnosis of ASD-II was limited to the infancy period (7). The 
study cases with ASD-II were selected until the end of third post-
natal months and later surgically corrected, that nearly all cases 
with most severe ASD-II cases were ascertained. Some part of 
exposure information was based on maternal information only. 
Since the birth of an infant with CA is a serious traumatic event 
for most mothers, they try to find a causal explanation, such as 
drug use during pregnancy. This is not the case after a birth of 
healthy babies and it may result in recall bias. Recall bias regard-
ing drug use during pregnancy may lead to overestimation of 
the risk by up to a factor of 1.9 (42). Nevertheless, we can limit 
the recall bias by three approaches: First, the critical period of 
ASD-II was highlighted because we expected an underreporting 
of exposure in both critical and non-critical periods of ASD-II in 
the mothers of healthy babies (i.e. in the control group without 
CA). Second, the prospective and medically recorded data may 
serve as an independent reference standard. The separate analysis 
of only medically recorded exposure confirmed the previously 
mentioned associations. Third, the mothers of malformed controls 
had experienced similar traumatic events like the mothers of cases 
with ASD-II, thus this approach helps us to estimate the recall 
bias of control mothers. Therefore, we accepted association of 
ASD-II with medically recorded exposures, if it was found in the 
comparison with cases and malformed controls as well. 

In conclusion, our findings showed an association of higher risk 
of ASD-II with acute pelvic inflammatory diseases, paroxysmal 
supraventricular tachycardia and phenolphthalein treatment as 
well as the preventive effect of high doses of folic acid in early 
pregnancy.
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