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Abstract
Introduction: Folic acid (FA) deficiency in
pregnancy
may
profoundly
affect
fetal
cardiovascular morphogenesis.

Introduction
The incidence and types of congenital heart disease
(CHD) vary among countries1. The incidence of
CHD is approximately 0.5%-0.8% of live births
and is higher in spontaneous abortions, stillborns
and preterm babies2,3. Aetiology of most CHD is
unknown and combined genetic and environmental
factors may be involved2. Recent studies show that
consumption of folic acid (FA) in the
periconceptional period may play an important role
in cardiac morphogenesis4. A water soluble vitamin
B complex, FA is available in green leafy
vegetables. It is converted to dihydrofolates and
tetrahydrofolates in the liver and takes an active
part in cell division, synthesis, repair, methylation
of deoxyribonucleic acid (DNA) and as cofactor of
other vital functions5,6.

Objectives: To evaluate the protective role of FA
consumption during pregnancy on genesis of
congenital heart disease (CHD).
Method: In this case-control study, 50 children
having CHD (cases group) were compared with 99
healthy children (controls group) with regard to
history of maternal consumption of supplemented
FA during pregnancy. All data about consumption
of supplemented FA with duration during antenatal
period were obtained based on in-person interviews
with both parents. Finally data were analysed and
compared between groups.

Objectives
To evaluate the protective role of FA consumption
during pregnancy on the occurrence of CHD.

Results: The commonest CHD in this study was
ventricular septal defect (VSD). There was no
difference between supplemented FA consumption
during pregnancy between the two groups. Study
also shows that FA supplementation in pregnancy
significantly decreases the incidence of VSD in the
cases group.

Method
This is a hospital based, observational, case-control
study conducted in ESIC-PGIMSR & ESIC
Medical College and Hospital, Joka, Kolkata,
India, a tertiary care hospital, from 01/02/2019 to
31/01/2020, where 50 children with CHD (Cases
group) were compared with 99 healthy children
without CHD (Control group) in terms of FA
consumption of mother during pregnancy. It was a
random selection from the children attending
paediatric outpatient department (OPD). After
taking written informed consent from parents that
their participation in the study was voluntary, these
children were examined clinically for any
congenital heart defect which was subsequently
confirmed by echocardiography by a single
paediatric cardiologist (to avoid individual
variations). Children having congenital heart
defects were the “Cases” and children found to
have no cardiac disease clinically or by
echocardiography were the “controls”.

Conclusions: The study reveals that supplemented
FA consumption during pregnancy significantly
reduces the risk of CHD.
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Exclusion criteria for both ‘Cases” and “Controls”
included the following:
1. Parents not willing to participate by
providing informed consent
2. Children having valvular heart disease,
genetic disorder, cardiomyopathy, single
umbilical artery or cardiac rhythm defect.
3. Children having anomalies which are
known to be associated with folic acid
deficiency like neural tube defect.
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4.

Children having acquired heart disease
like Rheumatic heart disease.

pregnancy and continued another 6 months
postpartum. In case mother is anaemic, the dose to
be doubled i.e. one tablet after lunch and one after
dinner. So folic acid is taken with iron in
pregnancy’

The subject of the study was explained to the
parents in simple colloquial language and written
consent was obtained from them. The results of
echocardiography were recorded. The semistructural interview was conducted with both
parents and the interviewer was blinded for the two
groups in obtaining information about FA
consumption from mothers and parents. Period of
FA consumption during pregnancy and in the preconceptional period, if any, was recorded.
Availability of FA (Govt. dispensary/ health
worker/chemist shop) and iron +folic acid or only
folic acid were both considered as folic acid
consumption and included in the study.

Statistical analysis: The study specific data were
collected in a case record form (CRF). The data
from the CRF were transcribed onto an Excel
database and analysed using R statistical software
(Language) version 3.6.1 and R Studio version
1.0.136 (R foundation). Categorical variables were
analysed by using Fisher’s exact test. Differences
between the groups for numerical variables were
analysed using ANOVA. The level of significance
was set at 5% for all comparisons.
Ethical issues: Ethical approval was obtained from
the Institutional Ethics Committee of ESICPGIMSR AND ESIC Medical College, Joka,
Kolkata, India (No. 412. DEAN-JOKA/IEC/201415/Vol I). All parents were informed about the
research method. Written informed consent was
obtained from the parents of the participants.

Under the protocol of National Iron + initiative,
iron and folic acid supplements were given to
pregnant mothers, lactating women and adolescent
girls at health facilities and outreach activities free
of cost by health workers. The present protocol
recommends giving oral iron and folic acid tablets
to all the pregnant mother during 2nd and 3rd
trimesters. The recommended prophylactic dose is
one tablet, containing 100 mg elemental iron + 0.5
mg folic acid, once daily preferably after morning
meal/ lunch for a period of 6 months during

Results
The frequency of congenital cardiac anomalies in
the Cases group is shown in Table 1.

Table 1: Frequency of congenital cardiac anomalies in Cases group
Frequency (%)
Type of cardiac lesion
Ventricular septal defect (VSD)
16 (32)
VSD with patent ductus arteriosus (PDA)
12 (24)
Atrial septal defect (ASD)
09 (18)
ASD with PDA
10 (20)
Tetralogy of Fallot
02 (04)
d-Transposition of great arteries
01 (02)
The commonest congenital cardiac defect was
ventricular septal defect (VSD). In our case group,
out of 50 children 28 had VSD either as a solitary
defect or in combination with patent ductus
arteriosus (PDA).

Characteristic

A summary of the Cases and Control groups is
shown in Table 2.

Table2: Summary of the Cases and Control group
Cases (A) (n=50)
Controls (B) (n=99)

Gender
Female – n (%)
Male - n (%)
Age in months - Mean ( SD)
Folic acid used
After 12 weeks - n (%)
Before 12 weeks - n (%)
Never - n (%)

17 (34%)
33 (66%)
16.2 (12.8)

49 (49.5%)
50 (50.5%)
24.0 (18.1)

18 (36.0%)
15 (30.0%)
17 (34.0%)

49 (49.5%)
26 (26.3%)
24 (24.2%)

There was no significant difference in gender
frequency of the 2 groups as shown in Table 2. No
significant difference has been noted among the
folic acid users before and after 1st trimester (12

p value
0.105
0.03

0.264

weeks) in the 2 groups as shown in Table 2
(p>0.05).
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The period of folic acid consumption and cardiac
anomalies distribution is shown in Figure 1.

VSD was the commonest cardiac defect in nonusers of folic acid during pregnancy as shown in
Figure 1.

The age distribution of cardiac defects is shown in
Table 3. There was no significant difference in age
distribution among cardiac defects (p>0.05).

The significance of folic acid consumption periods
and cardiac defects is shown in Table 4.

Table3: Age distribution of cardiac defects
ASD (n=9)
Others (n=3) SD +PDA (n=22)
VSD (n=16)
p -overall
Age in months Mean (SD)
19.9 (18.1)
09.0 (08.2)
16.2 (11.2)
15.6 (12.6)
0.644
ASD: atrial septal defect, PDA: patent ductus arteriosus, VSD: ventricular septal defect, SD: shunt defect (ASD/VSD)
Table 4: Significance of folic acid consumption periods and cardiac defects
After 12 weeks (n=18)
Before 12 weeks (n=15)
Never (n=17)
ASD
06 (33.3%)
03 (20.0%)
0 (0.00%)
Others
0 (0.00%)
0 (0.00%)
03 (17.6%)
03 (17.6%)
PDA with VSD/ASD
10 (55.6%)
09 (60.0%)
Lesion

p -overall

<0.001

VSD
02 (11.1%)
03 (20.0%)
11 (64.7%)
ASD: atrial septal defect, PDA: patent ductus arteriosus, VSD: ventricular septal defect

Incidence of VSD was more in the group where
mother never used folic acid supplementation and it
is statistically significant (p<0.001 by Fisher’s
exact test). The same was not apparent in other
congenital heart defects.

and 2 population based case control studies in the
United States of America14,15. The Hungarian RCT
showed that supplementation of 800µg of FA was
associated with about 50% reduction of the risk of
a
broad
range
of
congenital
cardiac
malformations4,8,16. In the Atlanta PCC study,
periconceptional folic acid supplementation was
associated with 24% decrease of CHD [OR-0.76
(95%CI 0.60 -0.97)] and this study concluded that
periconceptional use of folic acid supplementation
significantly
reduces
congenital
heart
malformations2,14. Our study also shows that
significant risk of congenital heart defects (VSD)
was associated with the nonusers of supplemented
folic acid during pregnancy (Table 4). Czeizel AE
in RCT study revealed that CHD (mainly VSD)
was reduced by 58% [OR 0.42 (95%CI 0.19-0.98)]

Discussion
This study shows that the risk of CHD among
supplemented FA users during pregnancy is less
than among nonusers. In recent studies, there have
been both positive and negative associations
regarding preventive effects of FA supplementation
during pregnancy and the risk of CHD in
offspring1,7-11. Evidence that supplemented FA
taken in the antenatal period will significantly
reduce the risk of CHD is supported by data from
the Hungarian randomized control trial (RCT)12,13
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if folic acid was supplemented in the antenatal
programme compared to others who received only
trace elements but not folic acid8,12. VSD is also the
commonest cardiac defect in our study. Further, a
large population based case control study in
Netherlands showed that 20% reduction of any
congenital heart defects among supplemented FA
users either alone or combined with multivitamins
compared with nonusers [OR 0.62 (95%CI 0.470.82)]17.
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Indirect evidence for use of FA to reduce CHD was
shown by Hernandez-Diaz S, et al18, where
periconceptional use of medications acting as antifolates, double the risk of VSD and other cardiac
defects [OR 2.2(95%CI 1.4-3.5)]. The precise role
of FA in cardiac morphogenesis is not known, but
recent methylation hypothesis shows that FA
prevents cardiac defects by stimulating cellular
methylation reaction19. Animal experiment studies
also revealed that folic acid supplementation can
reduce incidence of congenital heart defects20,21.
There are also other studies where no definite
relationship was found in occurrence of CHD
among the users and nonusers of supplemented FA
in pregnancy22. Werler MM, et al23 in their hospital
based case control study, showed that there was no
effect on the risk of VSD [OR 1.2 (95%CI 0.8-1.8)]
and other cardiac defects associated with
periconceptional use of multivitamins containing
FA. Similar observations have been made by
Scanlon22 in
outflow tract defects [OR 0.97
(95%CI 0.6-1.6)]. Nobakht M, et al24 did not find
any significant difference in cardiac defects
between the two groups regarding supplemented
FA consumption in periconceptional period
(p>0.05).
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