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ABSTRACT Previous studies have demon- 
strated that periconceptional folic acid/multivita- 
min supplementation reduced the occurrence of 
neural tube defects. A case control analysis has 
been conducted in the dataset of the Hungarian 
Case Control Surveillance of Congenital Abnor- 
malities, 1980-1 991. In the study period, 54.9% of 
30 663 pregnant women who had healthy babies 
(negative control group) were supplemented with 
high doses (in general 2 x 3 mg) of folic acid per 
day. In those 17,300 pregnant women who had 
offspring with congenital abnormalities, the rate of 
folic acid supplementation was 50.4%. Exposure 
histories: preconceptional, I, 11, 1 1 1 ,  and IV-IX post- 
conceptional months were determined by record 
reviews and questionnaire assessment. The case 
control pair analysis showed a significant protec- 
tion after folic acid supplementation during the crit- 
ical period of cardiovascular defects, neural tube 
defects, cleft lip with or without cleft palate and 
posterior cleft palate. 0 1996 Wiley-Liss, Inc. 

Macrocytosis is a common late finding in folic acid 
deficiency, and it usually coincides with moderate to 
severe anemia. Macrocytosis is most common during 
pregnancy, mainly in the third trimester. Folic acid 
has been used in the treatment of human macrocytic 
anemias a t  doses ranging from 0.05 to 15 mglday by 
either the oral or parenteral route (Czeizel, '95). In ad- 
dition, the intervention study of Smithells et al. ('80, 
'89) showed that periconceptional folic acid-containing 
multivitamin supplementation was very effective in 
the reduction of neural tube defect (NTD) recurrence. 
However, it was difficult to exclude selection bias in 
this nonrandomized study, therefore MRC organized a 
multinational randomized study. The MRC Vitamin 
Study ('91) indicated the beneficial effect of a pharma- 
cological dose (4 mg) of folic acid in the reduction of 
NTD recurrence. In addition, a randomized double- 
blind-controlled Hungarian study provided evidence 
that the periconceptional use of a multivitamin, includ- 
ing a physiological dose of folic acid (0.8 mg) was suf- 
ficient for the reduction of the first occurrence of NTD 
(Czeizel and Dudds, '92; Czeizel et al., '94). The Hun- 
garian study also indicated a significant reduction in 

the total rate of major structural birth defects, i.e., con- 
genital abnormalities (CAs) (Czeizel, '93) mainly due to 
the lower occurrence of cardiovascular CAs and uri- 
nary tract CAs (renal agenesis and obstructive urinary 
CAs) (Czeizel, '96). 

The Hungarian Case Control Surveillance of Con- 
genital Abnormalities (HCCSCA) was established in 
1980 based partly on the available data from the Hun- 
garian Congenital Abnormality Registry (HCAR) 
(Czeizel and Mcz, '90). The objective of HCCSCA is to 
obtain etiological information from the mothers and 
from case notes immediately after the notification of 
index cases to the HCAR to help identify causes and to 
assist in prevention of CAs in the future. In this paper, 
the data of folic acid supplementation from the 
HCCSCA, 1980-1991 are evaluated. In Hungary one 
product of folic acid (Folsav, Alkaloidal was available 
through prescription during the study period and this 
tablet contains 3 mg. 

METHODS 
The method and material of the HCAR was described 

previously (Czeizel, '88). The procedure of the HCCSCA 
included the following steps. The first step was the 
identification of index cases and positive controls from 
the database of the HCAR. The majority of cases with 
CAs (about 92%) were notified to the HCAR within 1-3 
months of birth. Index cases with isolated CAB and un- 
identified multiple CAs were included into the mate- 
rial of the HCCSCA. Some mild CAs (e.g., congenital 
dislocation of hip based on Ortolani click, congenital 
inguinal hernia, hemangiomas), minor variants, and 
CA-syndromes of known origin were excluded. Positive 
controls were equal to cases with Down syndrome (be- 
cause drug taking during pregnancy was considered to 
be irrelevant to their origin), and they were also iden- 
tified from the HCAR. 

The second step was to ascertain appropriate nega- 
tive controls to each index case. Newborn infants with- 
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out CAs were matched to every index case according to 
sex, birth week, and district of parents' residence from 
the national birth registry of the Central Statistical 
Office. Until 1988, two, later three, matched negative 
controls were selected for each index case. 

The third step was to obtain necessary data. A reply- 
paid questionnaire with an explanatory letter and a 
list of drugs and diseases were mailed to the parents of 
the index cases and of the negative and positive con- 
trols. The questionnaire requested information on 
drugs taken, diseases, pregnancy complications, and 
occupational exposures during gestation according to 
gestational weeks, as well as data on employment, so- 
cial class, and family history. In order to standardize 
the answers, mothers were asked to read the enclosed 
lists of drugs and diseases before they replied. Further- 
more, mothers were requested to send us the prenatal 
care logbook and every medical document concerning 
the child's CA. In the group of index cases and positive 
controls, regional district nurses were asked to visit 
nonrespondent families and to obtain the necessary 
data. However, district nurses did not participate in 
the evaluation of nonrespondent negative controls at- 
tributable to ethical reasons. Only those cases and con- 
trols where medical documentation was adequate were 
included in the analyses. Thus, complete information 
was available on 82% (73% due to reply, 9% due to 
visit) of index cases and on 81% (71% due to reply and 
10% due to visit) of positive controls in 1980-1991, 
respectively. The data of confounding factors obtained 
due to reply and visit did not show significant dif- 
ferences. The response rate for negative controls was 
65%. 

The fourth step was the evaluation of drug intake in 
five different aspects. 

1. Source of information: Three groups were differ- 
entiated: (1) only prenatal care logbook (prenatal care 
physicians are obliged to record all drug uses during 
pregnancy in the logbook); (2) only questionnaire 
(drugs used for treatment of conditions unrelated to 
pregnancy prescribed by general practitioners or other 
physicians as well as drugs taken by the personal 
choice of pregnant women); (3) both prenatal care log- 
book and questionnaire. 

2. Type of treatment: At multiple use of different 
drugs, each drug was coded independently. However, 
only folic acid and combined (folic acid and other drugs) 
groups were separated in the analysis. Pregnant 
women who used folic acid-containing multivitamins 
were included into the folic acid group. 
3. Gestational time interuals: In general, four were 

considered: (1) first month of pregnancy-before the 
critical period for development of CAs (the gestational 
time is calculated from the first day of the last men- 
strual period; thus, approximately the first 2 weeks of 
gestation are before conception and the second 2 weeks 
involve the preimplantation period); (2)  the second and 
third months of gestation, which involve the most sen- 
sitive, the so-called critical period for major CAs; (3)  

IV-IX months of gestation; only those pregnant women 
who began taking folic acid after the third month of the 
gestation were classified in this time category; if preg- 
nant women were supplemented twice or several times 
by folic acid, only one treatment was evaluated in the 
following order: II-111, I, IV-IX; (4) cases with drug use 
at unknown gestational time; in the analysis of folic 
acid supplementation, a fifth time interval, the so- 
called "preconceptional" intake, i.e., before the first 
month of pregnancy was also considered. Drugs were 
classified into groups according to the internationally 
accepted classification. 
4. Dose: It was not mentioned in all cases. The usual 

dose of folic acid supplementation during pregnancy 
was two 3 mg tablets per day due to  the Hungarian 
obstetrical recommendation. However, the great ma- 
jority of few preconceptional supplementations in- 
volved one tablet (3 mg) per day. 

5 .  Confounding factors: Data of maternal age, birth 
order, proportion of threatened abortion and preterm 
birth, maternal disorders and familial cases were also 
evaluated. 

At the analysis of data, first the frequency of folic 
acid use in the total negative control group was com- 
pared with the figures of 24 CA-groups in the function 
of gestational months, using x2 test for statistical anal- 
ysis. Here, the data of index case-matched control pair 
analysis are presented. Index cases were compared 
with one of their matched controls in each CA group. In 
general, a t  least one of the negative controls was avail- 
able. If two or three matched controls were available, 
only one control was selected randomly for any one 
case. The McNemar test was used for statistical eval- 
uation. In addition, data of case control pairs were eval- 
uated in the function of gestational months. Finally, 
odds ratio and 95% confidence interval for the binomial 
parameter were also calculated (Pearson and Hartley, 
'66). 

RESULTS 
The dataset according to the start of folic acid sup- 

plementation in gestation months in the three groups 
studied is shown in Table 1. The group of negative con- 
trols involved 30,663 healthy infants, and 16,847 
(54.9%) of their mothers used folic acid during preg- 
nancy. "he study period included 1,572,727 total births 
in Hungary, hence the group of negative controls rep- 
resents 1.95% of the Hungarian pregnant population. 
Of 17,300 index cases with CA, 8,726 (50.4%) had 
mothers with folic acid supplementation during preg- 
nancy. Of 607 positive controls (Down syndrome cases), 
291 (47.9%) were supplemented with folic acid in the 
study pregnancy of their mothers. The difference in the 
rate of total folic acid supplementation is significant 
between index cases and negative controls (x21 = 94.4; 
P<O.OOl), but not between index cases and positive 
controls (x21 = 1.5; P=0.23). 

The use of folic acid supplementation during preg- 
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TABLE 1. Gestation month according to the start of folic acid supplementation in the three 
PTOUDS studied 

Index cases Neeative controls Positive controls 
Months No 
Preconceptional period 132 
Postconceptionaf period (month) 
I 407 
I1 959 
III 1826 
IV 
V 

1536 
1215 

VI 634 
VII 428 
VIII 261 
IX 76 
Subtotal 7474 
Unknown time supplementation began 1252 
Total exposed pregnant women 8726 
Unexposed women 8574 

% N;, % No % 
1.8 248 1.7 6 2.3 

5.4 
12.8 
24.4 
20.6 
16.3 
8.5 
5.7 
3.5 
1.0 

100.0 
(7.2) 
(50.4) 
(49.6) 

942 
2123 
3842 
3114 
2111 
1186 
837 
424 
129 

14956 
1891 
16847 
13816 

6.3 
14.2 
25.7 
20.8 
14.1 
7.9 
5.6 
2.8 
0.9 

100.0 
(6.2) 
(54.9) 
(45.1) 

7 
39 
65 
63 
36 
23 
14 
7 
0 

260 
31 
291 
316 

2.7 
15.0 
25.0 
24.2 
13.9 
8.8 
5.4 
2.7 
0.0 

100.0 
(5.1) 
(47.9) 
(52.1) 

Grand total 17300 (100.0) 30663 (100.0) 607 (ioo.0) 

nancy increased in the 1980s, the maximum was found 
in 1990 in the negative control and index case groups 
and in 1989 in the positive control group (Fig. 1). 

Only 62 (0.37%), 22 (0.25%), and 1 (0.34%) pregnant 
women used only folic acid, i.e., without any other 
drugs during pregnancy in the negative control, index 
case and positive control groups, respectively. Thus, 
the analysis was performed on the combination of preg- 
nant women with only folic acid and folic acid plus 
other drugs. The source of information concerning folic 
acid supplementation showed a similar pattern in the 
negative control and index case groups (both logbook 
and questionnaire: 30.3% vs. 32.3%; only logbook: 8.5% 
vs. 9.0% and only questionnaire: 61.2% vs. 58.7%, re- 
spectively). 

The start of folic acid supplementation according to 
the month of gestation indicates only a few women 
(about 2%) began folic acid supplementation in the pre- 
conception period (Table 1). Another 3-6% of women 
started with folic acid supplementation at the time of 
conception (i.e., in the first gestation month), probably 
parallel with their decision to achieve conception. It is 
surprising to recognize a significant increase of folic 
acid supplementation in the second month of gestation 
because the majority of women do not visit prenatal 
care clinics until this time period. This may reflect the 
proportion of pregnant women with early visits in the 
prenatal care clinic or women who spontaneously 
started folic acid supplementation after the recognition 
of their pregnancy. The maximum rate of folic acid 
supplementation is seen in the third month of gestation 
because it is prescribed by prenatal care physicians at  
the first visit in the prenatal care clinic. It is indicated 
by the daily 2 tablets as well. However, several preg- 
nant women started folic acid supplementation in the 
fourth or fifth months. This may be explained by a 
delay of the visit to the prenatal care clinic or folic acid 
supplementation began 1 or 2 months after the pre- 
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Fig. 1. Annual distribution of folic acid supplementation during 
pregnancy in the three groups studied. 

scription. In the majority of pregnant women, supple- 
mentation was continued until the end of gestation. In 
the last four months of gestation, folic acid supplemen- 
tation is less frequently started. This trend was similar 
in the three study groups. Nevertheless, there was a 
significant difference in the numerical distribution of 
gestational months between index cases and negative 
controls (xZ9= 42.9; P<O.Ol). The proportion of un- 
known gestation time showed significant difference be- 
tween index case and negative control groups 
(x21 = 20.7; P<O.OOl) ,  and between index case and pos- 
itive control (xZ1 = 4.01; PC0.05) but not between neg- 
ative control and positive control (xZ1 = 1.2; P =  0.28) 
groups. 
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TABLE 2. Some demographic and maternal risk factors in the groups of index cases, negative and positive 
controls, HCCSCA, 1980-1991 

Threatened Threatened Maternal disorders 
Maternal age Birth - orders abortion preterm birth during pregnancy 

Groups X S.D. X S.D. (%I (%I (%I 
Index cases 25.4 5.4 1.78 1.18 15.7 16.3 67.1 
Negative controls 25.4 4.9 1.76 0.98 14.4 17.1 
Positive controls 28.9 7.5 2.16 1.50 17.3 15.8 

67.8 
66.9 

Mean maternal age and birth order did not show 
significant difference between the index case and neg- 
ative control groups (Table 2). The proportion of threat- 
ened abortion was higher (xZ1 = 6.58; P = 0.011, the 
proportion of threatened preterm birth was lower 
(xZ1 = 4.01; P = 0.05) in the index case group than in the 
negative control group, while there was no difference in 
the rate of maternal disorders between these two groups 
(xZ1 = 0.34; P>O.lO) The mean maternal age and birth 
order, in addition the rate of threatened abortion were 
higher in the positive controls than in the other two 
groups. Positive controls due to their relative low num- 
ber and different confounding factors are omitted from 
further analysis. 

McNemar analysis of index case-matched control 
pairs (Table 3) showed significant difference in any 
time of the folic acid supplementation during preg- 
nancy in four CA groups (according to the order of xZ1 
values): cardiovascular CAs (0.86; 95% CI: 0.77-0.961, 
NTD (0.77; 95% CI: 0.63-0.951, cleft lip with or with- 
out cleft palate (0.81; 95% CI: 0.67-0.98) and posterior 
cleft palate (0.74; 95% C I  0.67-0.98) (odds ratios with 
95% confidence interval were shown in brackets). Mul- 
tiple CA group including many cases with oral clefts 
and cardiovascular malformations associated with 
other CAs did not show any difference in folic acid use 
during pregnancy. 

The data of folic acid supplementation during the 
periconceptional period and mainly during the critical 
period of the above four CAs in index case negative 
control pairs are shown (Table 4). First, the cumulative 
number of pregnant women who had folic acid supple- 
mentation during the critical period of CA studied was 
evaluated. If a pregnant woman started folic acid sup- 
plementation preconceptionally or in the first month of 
gestation, they followed it in the next months; thus, the 
cumulative number seemed appropriate a t  the calcula- 
tion of pregnant women with folic acid exposure during 
the critical period. The cumulative number of mothers 
with folic acid supplementation during the critical pe- 
riod of NTD was significantly higher in matched con- 
trols than in index cases. This difference was more ob- 
vious in the three other groups of CAs, particularly in 
cardiovascular CAs and cleft lip with or without cleft 
palate. The difference remained significant in the 
group of cleft lip with or without cleft palate (xZ1 = 5.32; 
P= 0.02) and posterior cleft palate ( x * ~  = 6.11; P= 0.01) 
if only the first 2 postconceptional months were evalu- 

ated. There was a significant protection for the group of 
cardiovascular CAs after folic acid supplementation in 
the first 3 months gestation (xZ1 = 5.02; P = 0.025). 
There was no significant difference in folic acid expo- 
sure deficit after the critical period of NTD and poste- 
rior cleft palate between index cases and matched con- 
trols. However, the rate of folic acid supplementation 
was significantly lower after the critical period of cleft 
lipkpalate and cardiovascular CAs in matched controls 
compared to index cases. 

DISCUSSION 
This paper presents the occurrences of index cases 

with CAs and matched healthy controls born to women 
who were supplemented by high (3-6 mg) doses of folic 
acid per day during pregnancy. The benefits of the 
HCCSCA's dataset are (1) large number of index cases 
and negative controls from a population-based cohort, 
(2) the matching of index cases and their controls, (3) 
the prospective and medically documented data of folic 
acid supplementation based on prenatal care logbooks 
in nearly half of cases and controls, and (4) known ges- 
tational age at  the start and duration of folic acid sup- 
plementation. However, this database also has draw- 
backs (1) most women with folic acid supplementation 
were treated with other drugs as well; however, this 
proportion was similar in the three groups studied; and 
(2) 4.4% of women used also multivitamins (Czeizel and 
SusBnszky, '94); however, in the 1980s only one multi- 
vitamin (Polyvitaplex 10) containing 0.1 mg of folic 
acid was marketing; (3) the database for about 60% of 
the women with folic acid supplementation is based on 
only retrospective information of women; thus, supple- 
mentation was not medically documented and recall 
bias can therefore not be excluded. However, in gen- 
eral, it is stronger in the negative control group; (4) 
there was also not information collected concerning di- 
etary intakes of the women in the three groups, how- 
ever, there is no reason to suppose their deviation from 
the dietary habit of the general pregnant population 
(Czeizel and Susanszky, 94); (5) there was a lower re- 
sponse rate in the negative controls (65%) than in the 
index cases (71%), which was compensated by the use 
of two (since 1989, three) matched controls. In addition, 
the data were obtained due to a visit in further 10% of 
index cases; however, confounding factors were not dif- 
ferent between the two subgroups of index cases; and 
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TABLE 3. McNemar analysis of index cases (IP) and matched controls (MC) concerning with folic acid 
supplementation (Yes) or  without (No) at any time during pregnancy 

IP-MC IP-MC IP-MC IP-MC Odds ratio 
C A - ~ ~ ~ U P S  No-No Yes-No No-Yes Yes-Yes Total (95% CI) x21 P= 
Neural-tube defects (NTD) 293 168 217 266 944 
Cleft lip * palate 
Posterior cleft palate 
Limb deficiencies 
Pol ydact yl ylsyndacty 1 y 
Exomphalos/gastroschisis 
Oesophageal atresialstenosis 
Anal atresialstenosis 
Microcephal y 
Hydrocephaly 
Eye CAs 
Ear CAS 
Cardiovascular CAs 
Diaphragmatic defects 
Pyloric stenosis 
Intestinal atresialstenosis 
Renal agenesis 
Cystic kidney 
CAs of genital organ 
Hypospadias 
Undescended testis 
Club foot 
Other CAs 
Multiple CAs 

228 
121 
95 

287 
46 
33 
36 
32 
56 
13 
57 

785 
61 
59 
22 
8 

22 
20 

548 
309 
464 
198 
336 

189 
78 
84 

237 
32 
37 
32 
13 
48 
12 
41 

582 
37 
50 
27 
8 

15 
10 

422 
289 
340 
196 
229 

233 
106 
99 

265 
36 
36 
42 
23 
69 
19 
48 

681 
45 
43 
32 
15 
22 
15 

478 
326 
380 
207 
236 

290 
130 
117 
396 
52 
49 
39 
14 
66 
19 
97 

928 
54 
42 
33 
12 
14 
18 

616 
454 
543 
333 
332 

~~ 

940 
435 
395 

1185 
166 
155 
149 
82 

239 
63 

243 
2976 
197 
194 
114 
43 
73 
63 

2064 
1378 
1727 
934 

1133 

0.77 (0.63,0.95) 
0.81 (0.67,0.98) 
0.74 (0.55,0.99) 
0.85 (0.63, 1.14) 
0.89 (0.75, 1.06) 
0.89 (0.55, 1.43) 
0.76 (0.48, 1.21) 
0.76 (0.48, 1.21) 
0.56 (0.29, 1.12) 
0.70 (0.48,l.OO) 
0.63 (0.31, 1.30) 
0.85 (0.56, 1.30) 
0.86 (0.77,0.96) 
0.82 (0.53, 1.27) 
1.16 (0.77, 1.75) 
0.84 (0.51, 1.41) 
0.53 (0.23, 1.26) 
0.68 (0.35, 1.31) 
0.67 (0.30,1.48) 
0.88 (0.78, 1.01) 
0.89 (0.76, 1.04) 
0.90 (0.77, 1.04) 
0.95 (0.78, 1.15) 
0.97 (0.81. 1.16) 

5.98 
4.38 
3.96 
1.07 
1.45 
0.13 
0.00 
1.09 
2.25 
3.42 
1.16 
0.40 
7.60 
0.60 
0.39 
0.27 
1.57 
0.97 
0.64 
3.36 
2.11 
2.11 
0.25 
0.08 

0.01 
0.04 
0.04 
0.30 
0.25 
0.70 
0.99 
0.28 
0.12 
0.06 
0.28 
0.50 
0.001 
0.40 
0.55 
0.60 
0.21 
0.35 
0.36 
0.06 
0.08 
0.08 
0.60 
0.92 

Total - 4129 3176 3673 4914 15892 0.86 (0.83; o.gij 36.07 0.00 

TABLE 4. Number of periconceptional folk acid supplementation in index case (IP) and matched control (MC) 
pairs in the function of gestation time and mainly in the critical wriod of CAs studied 

Folic acid 
Folic acid supplementation 

Study groups No. Pre- Postconceptional supplementation after the 
(critical period of concep- months during critical period 
of CAs studied) pairs Pairs tional I I1 111 No CNO" x21 p= No x p =  
Neural-tube defects 944 IP 7 21 50 (81) 78 113 4.33 0.04 866 1.64 0.20 
(11) MC 14 22 58 (99) 94 144 850 
Cleft lip k palate 940 IP 7 27 48 (94) 82 123 8.23 0.004 858 5.50 0.02 
(11) MC 9 37 67 (110) 113 168 827 
Posterior cleft palate 435 IP 2 7 21 53 83 124 5.72 0.02 352 2.00 0.16 
(111) MC 1 7 40 52 100 157 335 
Cardiovascular CAs 2976 IP 19 80 169 290 558 944 11.91 0.001 2418 7.03 0.01 
(II-III) MC 19 94 185 342 640 1070 2336 

"cumulative number of pregnant women with folic acid supplementation during the critical period of CAs studied 

critical eriod 2 

(6) positive controls, i.e., Down syndrome cases were 
omitted from the final analysis because of their signif- 
icantly different confounding factors and small num- 
ber. 

The NTD cases of the HCCSCA overlap with the par- 
ticipants of the MRC Vitamin Study ('91) because the 
great majority of NTD cases were also recruited for 
the MRC study from the material of the HCAR to check 
the efficacy of periconceptional multivitamidfolic acid 
supplementation in the reduction of recurrent NTDs. 
In the MRC Vitamin Study, 43% of participants had 
Hungarian origin. However, the overlapping between 
the database of the HCCSCA and the study material of 
the Hungarian randomized double-blind-controlled 

trial for the study the efficacy of a folic acid-containing 
multivitamin in the reduction of the first occurrence of 
NTD (Czeizel and Dudas, '92, Czeizel et al, '94) is min- 
imal. The multivitamin group had 33 major CAs in the 
Hungarian trial, which is 0.2% of the HCCSCA mate- 
rial. (It was not attempted to identify the cases of the 
Hungarian trial in the HCCSCA.) 

The analysis of the HCCSCA dataset showed that 
folic acid supplementation during the critical period of 
NTD caused a significant reduction in the rate mainly 
the first occurrence of this CA-group. This finding is in 
agreement with the results of our previous interven- 
tion studies (Czeizel and Dud&, '92; Czeizel et al, '94). 

A significant reduction was also found in the rate of 
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cleft lip with or without cleft palate and posterior cleft 
palate after the folic acid supplementation during the 
critical period of these CAs or early (I and 11) postcon- 
ceptional months in the dataset of the HCCSCA. In an 
animal experimental study in 1955, Nelson et al. ('55) 
were able to obtain cleft lip in more than 90% of the rat 
offspring subjected to a transitory folic acid deficiency 
due to an antimetabolite during days 9-11 of gestation. 
Tolarova ('82) and Tolarova and Harris ('95) reported a 
protective effect of multivitamins including folic acid 
for cleft lips. This finding was not confirmed in the 
Hungarian intervention trial (Czeizel and Dud& '92; 
Czeizel, '95). The explanation for discrepancies in two 
Hungarian studies may be the dose. During the early 
1980s, Tolarova ('82) used a multivitamin that in- 
cluded an extremely high dose of folic acid (10 mg per 
day). The HCCSCA evaluated the use of the available 
tablet which contains 3 mg of folic acid and the usual 
daily recommendation is 2 tablets per day. By contrast, 
the Hungarian trial used a multivitamin including 0.8 
mg of folic acid. Thus, it is possible that only pharma- 
cological dose of folic acid has protective effect on cleft 
lip. However, Shaw et al. ('95) investigated whether 
the use of multivitamins including the usual dose 
(about 0.4 mg) of folic acid in the periconceptional pe- 
riod was associated with a reduced risk of oral clefts in 
the California Birth Defects Monitoring Program, 
1987-1988. Telephone interviews were conducted with 
mothers of 731 cleft cases (83.6%), and 734 nonmal- 
formed control cases (78.2%). The unadjusted odds ratio 
for any folic acid vitamin use was 0.58 (95% CI: 0.45- 
0.75) for all cases combined. The odds ratio for isolated 
(0.50; 95% C I  0.37-0.68) and for nonisolated (syndro- 
mic) (0.62; 95% CI: 0.37-1.0) cleft lip with or without 
cleft palate, and for isolated (0.73; 95% CI: 0.47-1.1) 
and nonisolated (0.64; 95% CI: 0.36-1.1) cleft palate 
did not show a significant difference in spite of the 
different etiology of isolated and syndromic cases. 

The database of the HCCSA showed the highest re- 
duction in the rate of cardiovascular CAs after the high 
dose of folic acid supplementation during the critical 
period of this CA group or the first three postconcep- 
tional months. Cardiovascular CAs were induced by 
pteroylglutamic acid deficiency during gestation in rat 
fetuses (Baird et al., '54; Monie and Nelson, '63). The 
Hungarian intervention study indicated a significant 
reduction in the occurrence of sporadic cardiovascular 
CAs (Czeizel'96). Shaw et a1 ('94) examined whether a 
woman's reported use of a folic acid-containing vita- 
mins was associated with a reduced risk for conotrun- 
cal cardiovascular CAs. Data were derived from a pop- 
ulation-based case control study of fetuses and babies 
among a 1987-1988 cohort of 341,839 births ascer- 
tained by the California Birth Defects Monitoring Pro- 
gram. Telephone interviews were conducted with 
mothers of 239 conotruncal cases (84.2%) and 481 non- 
malformed control cases (76.2%). The unadjusted odds 
ratios for any folic acid-containing vitamin use from 

one month before conception through to 2 months post- 
conception were 0.65 (95% CI: 0.44-0.96) for conotrun- 
cal CAs. Both et al. ('96) also studied the role of peri- 
conceptional use of multivitamin in the prevention of 
conotruncal cardiovascular CAs (transposition of the 
great arteries, tetralogy of Fallot and truncus arterio- 
sus) in the population-based Atlanta Birth Defects 
Case Control Study. 158 case infants and 3,026 unaf- 
fected and 4,246 dected control infants born from 
1968-1980 were compared. Their results suggested 
that periconceptional use of folic acid-containing mul- 
tivitamin was associated with about a 40% reduction in 
risk for conotruncal cardiovascular CAs. The effect was 
strongest for isolated conotruncal CAs (0.41; 95% C I  
0.20, 0.84) and particularly for transposition of the 
great arteries (0.36; 95% CI: 0.15-0.89). 

There are two general and important biological ef- 
fects of folic acid (Czeizel, '95). First, folic acid acts as a 
cofactor for enzymes involved in DNA and RNA bio- 
synthesis, because folic acid provides one-carbon units 
for the de novo synthesis of DNA bases (guanine, ade- 
nine, and thymine). Tetrahydrofolic acid (THF) accepts 
single carbons from a variety of donors (mainly from 
serine) forming a pool of interchangeable cofactors 
such as 5,10-methylene-THF, 5,10-methenyl-THF, and 
10-formyl-THF. THF requirements increase dramati- 
cally during the periods of rapid growth of the embryo. 
Thus, with folic acid deficiency, DNA synthesis is in- 
hibited and cells are unable to manufacture enough 
DNA for mitosis, leading to limited and/or imbalanced 
cell growth, followed by cell death. Second, folic acid is 
involved in the supply of methyl groups to the methyl- 
ation cycle. The methyl group of 5-methyl-THF is used 
by methionine synthase, a vitamin B,,-dependent en- 
zyme, to recycle homocysteine back to methionine. A 
disturbance in this process causes hyperhomocysteine- 
mia (Steegers-Theunissen et al., '91) and the shortage 
of methionine, therefore, cells are not able to methylate 
important compounds such as proteins, lipids, and my- 
elin. In addition, the embryotoxicity of L-homocysteine 
in rat embryos was shown mediated by catalysis of the 
spontaneous oxidation of L-homocysteine to the less 
toxic L-homocystine. Thus, a hypothesis was developed 
that L-homocysteine embryotoxicity is explained by the 
inhibition of transmethylation reactions by increased 
embryonic 5-adenosylhomocysteine level (Vanaerts et 
al., '94). Thus, folic acid deficiency and/or genetically 
rooted error in folic acid metabolism can cause devel- 
opmental defects through disturbances of DNA biosyn- 
thesis and/or the methylation cycle and this effect does 
not seem to  be specific for NTDs. 

In conclusion, our data are important in two aspects 
concerning the primary prevention of CAs by folic acid 
or folic acid-containing multivitamins in the pericon- 
ceptional period or more exactly during the critical pe- 
riod of CAs. First, this method is effective not only for 
NTD but for three other groups of CAs as well. Second, 
the question is whether the reduction of the above CAs 
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is due to the folic acid supplement (i.e., a causal effect) 
or may be connected with lifestyle habits of women. It 
seems to be a reasonable hypothesis that a causal effect 
can be supposed if the folic acid exposure deficit exists 
only during the critical period of folic acid preventable 
CA-groups. On the contrary, if the higher rate of folic 
acid supplementation can be observed independent of 
the critical period of CAs, it may indicate an indirect 
effect, probably attributable to lifestyle habit. This 
study showed a protective effect of folic acid supple- 
mentation only during the critical period. Thus, it con- 
firms the causal effect of folic acid supplementation in 
the reduction of NTD, oral clefts and cardiovascular 
CAs. 
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