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 Abstract 

 

Objective  

To evaluate the association of folic acid (FA) antagonists and the development of 
FA sensitive birth defects and the effect of FA on this association.   

Methods  

For this case-control study we used the Eurocat NNL database. Cases were all 
children/fetuses having FA sensitive birth defects. Controls were all births with a 
chromosomal or genetic disorder and no birth defect that could also be FA 
sensitive. When numbers allowed, the effects of two subgroups of FA antagonists, 
antiepileptic drugs and dihydrofolate reductase inhibitors on the different FA 
sensitive births defects were investigated separately.  

Results 

We Identified 2259 cases and 3153 controls.  An increased OR was only found for 
first trimester use of antiepileptic drugs and the occurrence of NTDs (OR: 3.76, 
95%CI: 1.09-12.98). 

Conclusion 

We were able to confirm the established association between first trimester use of 
antiepileptic drugs and NTDs but other associations found in literature as well as 
any protective effect of concurrent FA supplementation could not be confirmed. In 
general, numbers were too low to calculate ORs or to draw conclusions. 
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 Introduction 

 

Folate, a water-soluble B-vitamin has an important role in DNA synthesis and cell 
proliferation and is therefore critical for fetal development. The increased demand 
of folate during pregnancy must be met by dietary intake and folate is present as 
polyglutamate in several foods.  

Folate is available as a supplement in its synthetic form, folic acid (FA). FA 
supplementation has shown to reduce the risk of having a child with a neural tube 
defect (NTD). A protective effect on other defects like cardiovascular anomalies, 
urinary tract anomalies, oral clefts, limb reduction defects, omphalocele and anal 
atresia has also been suggested [1,2]. 

To meet the recommended amount of folate during pregnancy of 600 mcg per day, 
several countries like the United Stated fortify grain products with FA. In the 
Netherlands pregnant women are advised to take a supplement of 400 mcg FA a 
day, from at least 4 weeks before conception until 8 weeks after.   

After consumption, folate is metabolized by dihydrofolate reductase (DHFR) to its 
bioactive form 5-methyltetrahydrofolate (5-MTHF). 5-MTHF is the main form of 
folate in the blood circulation and is transported in the cells where it acts as a 
methyl-acceptor or -donor in important biochemical reactions like pyrimidine 
synthesis and DNA methylation [3]. This folate metabolism can be disturbed by 
several drugs (Table 1). Two groups of FA antagonists can be distinguished. One 
group consists of the DHFR inhibitors and includes methotrexate, sulfasalazine and 
trimethoprim. The second group contains the drugs that intervene with other 
reactions of folate metabolism, by antagonizing other enzymes, impairing 
absorprion or increasing degradation.  This group mainly contains antiepileptic 
drugs, like valproic acid and carbamazepine [1,3]. 

To evaluate the effects of FA antagonists on the development of FA sensitive birth 
defects, the Eurocat NNL database can be used. We conducted a case-control 
study to investigate any increased risk on the development of FA sensitive birth 
defects after first trimester exposure to FA antagonists. Sub-analyses were 
performed to determine whether the concomitant intake of FA affects the 
development of these birth defects. 
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 Methods 

 

For this case-control study we used the EUROCAT NNL database, a population-
based birth defects registry in the Northern Netherlands, covering approximately 
10% of all births in the Netherlands. Cases are provided by health care workers and 
hospitals in the region or actively collected by searching hospital files and include 
live-births, stillbirths, miscarriages and termination of pregnancies. Registration 
takes place after consent of the parents; the response rate is approximately 80%. 
Malformations are coded from medical files using the International Classification of 
Diseases (ICD9/ICD10). Socio-demographic characteristics, details of pregnancy, 
prenatal screening methods and diagnostic tests, and exposure to possible risk 
factors are asked to the parents by a mailed questionnaire. Information about 
dispensed medications three months before and during pregnancy is obtained 
from pharmacy records after maternal permission. Actual use of the prescribed or 
any over-the-counter medication is verified in a telephone interview. 

All fetuses and children in the database from 1997-2011 with complete data on 
prescription drugs were selected. Cases are all children/fetuses having FA sensitive 
birth defects, including NTDs, orofacial clefts, heart anomalies, limb reduction 
defects, omphaloceles, anal atresias and urinary tract anomalies. When numbers 
allowed, the effect of FA antagonists on the several births defects were 
investigated separately. Controls are all births with a chromosomal or genetic 
disorder. Births with a FA sensitive birth defect together with other congenital 
malformations, being part of a chromosomal or genetic disorder or any other 
syndrome, were not defined as cases neither as controls. 

A birth was considered to be exposed when a FA antagonist is reported to be used 
anywhere during the first trimester of pregnancy (the first 13 weeks after the last 
menstrual period). Subanalyses were made for exposure to antiepileptic drugs and 
exposure to DHFR inhibitors. For the entire group of FA antagonists and both 
subgroups, exposure to FA was also evaluated. Exposure to FA was defined as the 
reported use of FA (at least 400 mcg a day) somewhere in the recommended 
period from 4 weeks before until 8 weeks after conception. Table 1 shows the FA 
antagonists that were identified and investigated.  

Maternal characteristics that were compared between cases and controls were age 
of the mother when giving birth, BMI, educational level, smoking, use of alcohol 
and folic acid use. A T-test was used for continuous variables and a Chi square for 
categorical variables.  

Odds Ratios (ORs) and 95% confidence intervals (CIs) were calculated for all FA 
sensitive malformations and cases/controls and exposure to FA antagonist, and for 
exposure to antiepileptics, DHFR inhibitors and other FA antagonists. ORs and 
95%CIs were also calculated for cases/control and exposure to one of these groups 
together or without exposure to FA. 
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Table 1: Folic acid antagonist identified in literature [3]. 

ATC code name ATC code name 
 antiepileptics  DHFR-inhibitors 
N03AA02 phenobarbital A07EC01 sulfasalazine 
N03AA03 primidone C03DB02 triamterene 
N03AB02 phenytoin C03EA01 hydrochlorothiazide + amiloride 
N03AF01 carbamazepine C03EA03 epitizide + triamterene 
N03AG01 valproic acid J01EA01 trimethoprim 
N03AX09 lamotrigine J01EE01 trimethoprim + sulfonamide 
  L04AX03 methotrexate 
 other N03AX09 lamotrigine 
A10BA02 metformin P01BD01 pyrimethamine 
A10BD02 oral antidiabetic combinations   
C10AC01 colestyramine   
C10AD02 nicotinic acid   
L04AD01 ciclosporin   

 

 Results 

 

Within Eurocat NNL, 7839 children were registered with a date of birth from 1997-
2011. In 5912 (74.2%) of these births prescription data were available. We 
Identified 2259 cases with any of the FA sensitive birth defects defined, including  
150 cases with a NTD, 397 with a cleft, 1209 cases with a heart defect, 460 cases 
with an urinary tract defect , 83 cases with a limb reduction defect, 27 cases with 
omphalocele, 52 cases with an anorectal defect and 3153 controls.  

In total, 73 births (1.3%) were exposed to an FA antagonist during the first 
trimester of pregnancy. For the mothers of the cases identified, the mean age 
when giving birth was 30.4 years, which is significantly lower (p=0.003) than the 
mean age of the mothers of our controls (30.8). The mean BMI of the mothers of 
cases (24.5) was significantly higher (p<0.001) than the mean BMI of the mothers 
of controls (24.0). There was no difference in education, smoking, alcohol use or 
periconceptional use of folic acid between cases and controls.  

Table 2 shows the number of controls and cases exposed to FA antagonist and 
both subgroups of antiepileptics and DFHR-inhibitors, with calculated ORs and 
95%CIs. ORs calculated for associations with less than 3 cases exposed to the 
exposure investigated are considered to be less accurate due to low numbers and 
will not be taken into account when considering possible risks. For reduction 
defects, omphaloceles and anorectal defects we had no cases in our dataset, for 
these malformation groups no ORs could be calculated. 
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Table 2: Numbers of controls and cases exposed with Odds Ratios and 95% Confidence 
Intervals. 

controls (n=3153) all FA-sensitive defects (n=2259) 
n n                                    OR (95%CI) 

Exposure   
 no exposure 3111 2228 reference 

exposed to all FA-inhibitors 42 31 1.03 (0.65-1.64) 
exposed to antiepileptics 17 11 0.90 (0.42-1.93) 
exposed to DHFR inhibitors 23 14 0.85 (0.44-1.66) 
other FA-inhibitors 5 5 1.40 (0.40-4.83) 
Exposure with or without the use of FA     

 no exposure and no FA use 800 609 reference 
no exposure and FA use 2258 1583 0.92 (0.81-1.04) 
exposed to all FA-inhibitors and FA use 33 24 0.95 (0.56-1.63) 
exposed to all FA-inhibitors and no FA use 9 5 0.73 (0.24-2.18) 

  
Exposure                                             controls (n=3153) NTDs (n=150) 

 no exposure 3111 146 reference 
exposed to all FA-inhibitors 42 4 2.03 (0.72-5.74) 
exposed to antiepileptics 17 3 3.76 (1.09-13.00) 
exposed to DHFR inhibitors 23 1 0.93 (0.12-6.91) 
other FA-inhibitors 5 0 

 Exposure with or without the use of FA     
 no exposure and no FA use 800 48 reference 

no exposure and FA use 2258 100 0.74 (0.52-1.05) 
exposed to all FA-inhibitors and FA use 33 5 2.50 (0.94-6.78) 
exposed to all FA-inhibitors and no FA use 9 0   

  
Exposure                                             controls (n=3153) clefts (n=397) 

 no exposure 3111 391 reference 
exposed to all FA-inhibitors 42 6 1.14 (0.48-2.69) 
exposed to antiepileptics 17 0 

 exposed to DHFR inhibitors 23 4 1.38 (0.48-4.02) 
other FA-inhibitors 5 2 1.59 (0.19-13.66) 
Exposure with or without the use of FA     

 no exposure and no FA use 800 101 reference 
no exposure and FA use 2258 291 1.02 (0.80-1.30) 
exposed to all FA-inhibitors and FA use 33 5 1.20 (0.46-3.14) 
exposed to all FA-inhibitors and no FA use 9 0   
    
Exposure                                             controls (n=3153) heart defects (n=1209) 
no exposure 3111 1193 reference 
exposed to all FA-inhibitors 42 16 0.99 (0.56-1.77) 
exposed to antiepileptics 17 7 1.07 (0.44-2.60 
exposed to DHFR inhibitors 23 7 0.79 (0.34-1.85) 
other FA-inhibitors 5 2 1.04 (0.20-5.38) 
Exposure with or without the use of FA       
no exposure and no FA use 800 328 reference 
no exposure and FA use 2258 831 0.90 (0.77-1.04) 
exposed to all FA-inhibitors and FA use 33 12 0.89 (0.45-1.74) 
exposed to all FA-inhibitors and no FA use 9 3 0.81 (0.22-3.02) 
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Table 2 – continuation. 

controls (n=3153) urinary tract defects (n=460) 
Exposure n    n OR (95%CI) 
no exposure 3111 454 reference 
exposed to all FA-inhibitors 42 6 0.98 (0.41-2.32) 
exposed to antiepileptics 17 1 0.40 (0.05-3.04) 
exposed to DHFR inhibitors 23 3 0.89 (0.27-2.99) 
other FA-inhibitors 5 2 2.74 (0.53-14.17) 
Exposure with or without the use of FA     

 
no exposure and no FA use 800 122 reference 
no exposure and FA use 2258 326 0.95 (0.76-1.19) 
exposed to all FA-inhibitors and FA use 33 4 0.79 (0.27-2.36) 
exposed to all FA-inhibitors and no FA use 9 2 1.44 (0.31-6.75) 

 

 

 Discussion 

 

In this case-control study into the development of FA sensitive birth defects after 
first trimester exposure to FA antagonists we did not find an increased OR for folic 
acid sensitive birth defects after first trimester use of a FA antagonist. Investigating 
the subgroups of FA sensitive births defects, an increased OR was only found for 
first trimester use of antiepileptic drugs and the occurrence of NTDs (OR: 3.76, 
95%CI: 1.09-12.98).  

The association between maternal use of antiepileptic drugs, especially valproic 
acid, and the occurrence of NTDs [4-6] as well as the association between FA and 
the prevention of NTDs [8,9] are well established. The potential of FA to prevent 
NTDs with maternal first trimester use of antiepileptic drugs is still to be clarified 
since scientific literature is inconclusive [1,10,11]. We had no NTD-cases exposed to 
antiepileptic drugs during the first trimester of pregnancy without FA 
supplementation anywhere during the recommended period, therefore we could 
not investigate the preventive effect of FA for women using antiepileptic drugs. 

Associations between first trimester use of antiepileptic drugs and oral clefts, heart 
defects or urinary tract defects have also been reported in literature [1,12,13]. In 
our study we did not find an increased OR for heart defects after first trimester use 
of antiepileptic drugs (OR: 1.07, 95%CI: 0.44-2.60). For oral clefts we had no 
exposed cases and for urinary tract defects we only had one case exposed to 
antiepileptic drugs.  
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In their research at FA antagonists and the risk of birth defects, Hernández-Díaz et 
al found an increased risk for heart defects and oral clefts after first trimester use 
of DHFR inhibitors [1]. Associations between maternal use of trimethoprim (in 
combination with sulfonamides), by far the most commonly used DHFR inhibitor, 
with NTDs, heart defects or multiple birth defects have also been identified 
[14,15]. We did not find an increased risk for the development of any FA sensitive 
birth defects after first trimester use of DHFR inhibitors (OR: 0.85, 95%CI: 0.44-
1.66), nor for oral clefts (OR: 1.38, 95%CI: 0.48-4.02), heart defects (OR: 0.79, 
95%CI: 0.34-1.85) or urinary tract defects (OR: 0.89, 95%CI: 0.27-2.99). For NTDs, 
we only had one case exposed. We did not find an association between DHFR 
inhibitors and any of the malformation groups while taking exposure in the three 
months before pregnancy together with exposure in the first trimester (data not 
shown). In the Netherlands trimethoprim with or without sulfonamides is usually 
only prescribed for 3-5 days. This period might be too short to cause low blood 
folate levels endangering organogenesis of the fetus.  

The OR for the risk of NTDs after the use of FA supplement anywhere during the 
recommended period was 0.74, for heart defects the OR was 0.90, both nearly 
reaching significance (upper limit 95%CI respectively 1.05 and 1.04). These values 
are in line with the established protective effect of FA on the development of NTDs 
and heart defects [8,9,16].  

Women who had taken FA only during part of the recommended period might still 
have had low folate levels during organogenesis, diluting the protective effect of 
taking FA supplementation.  

Investigating the protective effect of FA for women taking FA supplementation 
during the entire recommended period compared to women not taking any FA 
during pregnancy at all gave similar results (data not shown). This might indicate 
that folate levels during the first weeks of pregnancy of women reporting FA 
supplementation during part of the recommended period and women reporting FA 
supplementation during the entire recommended period did not differ 
substantially. 

It is suggested that the concurrent intake of folic acid while using a FA antagonist 
can lower possible risks of other folate sensitive congenital malformations as well 
[14,15]. In our study we did not find a significant protective effect of the use of FA 
supplementation when using a FA antagonist during the first trimester of 
pregnancy.  

Malformed controls are often point of discussion in case-control studies. It is never 
completely sure that the exposure under study has no effect on the outcome. By 
taking chromosomal and genetic disorders as controls, that have their origin before 
development of the fetus and excluding all births with an accompanying defect 
that could also be FA sensitive, the chances of misclassification are very low. And 
by using malformed controls recall bias is avoided. 
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Age of the mother effects the occurrence of congenital malformations. Especially 
chromosomal defects are more common in children carried by older women. This 
explains the older age of the mothers in our control group. Congenital 
malformations are more common in obese women, explaining the difference in 
mean BMI between mothers of cases and controls. Because of the low numbers in 
many of the case groups studied, we did not control for possibly confounding 
factors. 

For risk assessment studies looking at birth defects, and especially birth defects 
that are rare, acquiring an adequate number of cases is a challenge. For many of 
the associations studied numbers were too low to calculate ORs or to draw 
conclusions. Yet, our study does not support the hypothesis that the use of FA 
antagonists in general before and during the first weeks of pregnancy is a risk 
factor for the development of FA sensitive birth defects. We were able to confirm 
the established association between first trimester use of antiepileptic drugs and 
NTDs but other associations found in literature as well as any protective effect of 
concurrent FA supplementation could not be confirmed. We recommend to 
investigate the relation between FA antagonists and FA sensitive birth defects and 
the possible effect of additional FA in other large databases with data on birth 
defects and medication use. 
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