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Abstract  
Since the protective effect of folic acid (FA) on birth defects is well known, it is reasonable to 

assume intrauterine exposure to FA antagonists increases the risk on these defects. We 

have therefore performed case-control analyses to investigate the risk of intrauterine 

exposure to FA antagonists, using data on births from the EUROCAT Northern Netherlands 

registry from 1997-2002. Of the 815 cases, 11 were exposed to a FA antagonist compared 

to 16 of the 1,402 controls. For FA sensitive defects as a group the study showed no effect 

after exposure to a FA antagonist (OR=1.18, 95% CI: 0.55-2.57). We found no effect after 

exposure to a dihydrofolate reductase inhibitor (DHFRI) (OR 0.44, 95% CI: 0.12-1.54) but 

we did find a statistically significant effect after exposure to an antiepileptic drug (OR=3.45, 

95% CI:1.04-11.48). This study supports the findings of various other studies on the 

teratogenicity of antiepileptics. An association between DHFRIs and FA sensitive defects 

was not found.  
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Introduction 
Experimental as well as observational studies have shown a protective effect of folic acid 

(FA), alone or in a multivitamin, on neural tube defects (NTDs)1,2 and other defects like heart 

anomalies,3,4 orofacial clefts,5,6 limb reduction defects,3,5 urinary tract anomalies,5,7 

omphalocele,8 and anal atresia.9 If FA decreases the risk of having a child with one or more 

of these congenital anomalies, it is reasonable to assume that intrauterine exposure to a FA 

antagonist increases this risk. Two studies have been published on this association by 

Hernandez-Diaz et al.10,11 They found an increased risk of NTDs, heart anomalies and 

orofacial clefts after exposure to FA antagonists. A study by Werler et al describes the 

possible teratogenicity of folic acid antagonists among other drug exposures, in an 

Australian population.12 Unfortunately, their numbers were too small to distinguish between 

different groups of folic acid antagonists.   

 It is very important to reproduce epidemiological studies in databases with different 

characteristics and compare the findings, especially in this case since trimethoprim, one of 

the folic acid antagonists, is regarded safe during pregnancy. Therefore, the aim of this 

study was to investigate whether intrauterine exposure to a FA antagonist in the first weeks 

of pregnancy is associated with an increased risk of FA sensitive birth defects within the 

EUROCAT Northern Netherlands database. 

 

Materials and Methods 
Study population 

In January 2004, we selected live births, stillbirths and abortions from 1997 to 2002 from the 

EUROCAT Northern Netherlands registry. In this registry, live births, stillbirths and abortion 

data with congenital anomalies are registered since 1981. Until 1996, information about the 

pregnancy outcome and the mother’s condition, diseases and drug use was collected 

through the physician or midwife who reported the birth. Since 1997, parents have been sent 

a questionnaire in order to collect information about their characteristics like age, education, 

and family history. A request for access to their pharmacy data was included as well. After 

receiving the pharmacy data, mothers were asked by phone if drugs reported by the 

pharmacy were actually used and in which time period the drugs were used. Data about 

Over- the-Counter (OTC) drugs, illness during pregnancy, and life style aspects like smoking 

and alcohol consumption were provided by the parents as well. Information about the 

anomaly was provided by physicians, midwives, clinical geneticists and pathologists.  
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 No age limits for discovering an anomaly were applied, which means that besides 

anomalies leading to abortions and anomalies discovered at birth, anomalies discovered 

even years after birth are recorded as well.  

 Of the in total 2,658 births from the selected years, 441 (16.4%) were excluded since 

data on drug exposure were missing. The mothers of these subjects did not fill out the 

questionnaire and therefore data of the pharmacy were not collected. The remaining 2,217 

births were either case or control. In total 120,214 children were born in the northern 

Netherlands from 1997 to 2002.13   

 

Cases and controls  

Cases were defined as having a FA sensitive defect, including NTDs, congenital heart 

anomalies, orofacial clefts, limb reduction defects, urinary tract anomalies, omphaloceles 

and anal atresias (N=815). Births with chromosomal or monogenic defect with a FA sensitive 

defect as well were not defined as cases, unless the FA sensitive anomaly is not part of the 

chromosomal defect. For example, a Down syndrome with a neural tube defect is a case 

since a neural tube defect is not part of the syndrome. A Down syndrome with a heart 

anomaly is not a case. Controls were all births not defined as cases (N=1,402) including 401 

chromosomal or monogenic defects.  

 

Exposure assessment 

We considered a foetus to have been exposed if the mother reported using a FA antagonist 

any time during the first 10 weeks after her last menstrual period. FA antagonists can be 

divided into two groups: the dihydrofolate reductase inhibitors (DHFRIs) and compounds 

that interact with other enzymes in folate metabolism, mainly antiepileptics. Dihydrofolate 

reductase is the enzyme that converts the inactive form of FA into active metabolites. 

Examples of DHFRIs are methotrexate, sulfasalazine, triamterene, pyrimethamine, and 

trimethoprim. The antiepileptics that influence folate metabolism are carbamazepine, 

phenobarbital, phenytoin, primidone, valproic acid, and lamotrigine.  

 If the numbers allowed it, the use of FA was included in the analyses. Exposed to FA 

was then defined as having used FA during all 10 weeks after the last menstrual period. 

Other use of FA  was defined as not exposed. 

 

Data analysis 

P-values were calculated, with chi square tests or t tests where applicable, to compare the 

cases and controls. Trend analyses were performed for ordinal data. Logistic regression was 
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used to determine odds ratios (ORs) and 95% confidence intervals (95%CIs). If the numbers 

allowed, subanalyses were made per group of anomalies and per drug group.  

  
Table 1: Characteristics of the cases and controls 

 cases (n=815) controls 

(n=1,402) 

 

mean age mother (sd) 30.28 (4.639) 30.44 (4.511) p=0.425 

Type of birth (n, %) 

  live birth 

  died after birth 

  miscarriage 

  induced abortion 

  stillbirth 

 

632 

118 

6 

36 

23 

 

77.5 

14.5 

0.7 

4.4 

2.8 

 

1,195 

78 

16 

87 

26 

 

85.2 

5.6 

1.1 

6.2 

1.9 

p<0.001 

Gender (n, %) 

  male 

  female 

  could not be determined 

 

475 

340 

0 

 

58.3 

41.7 

0 

 

765 

635 

2 

 

54.6 

45.3 

0.1 

p=0.140 

First pregnancy (n, %) 

  no 

  yes 

 

466 

267 

 

63.6 

36.4 

 

697 

544 

 

54.8 

42.8 

p=0.001 

Education mother (n, %) 

  low 

  middle 

  high 

 

220 

350 

195 

 

28.8 

45.8 

25.5 

 

314 

662 

350 

 

23.7 

49.9 

26.4 

p=0.033  

trend p=0.067 

Chronic illness mother (n, %) 

  no 

  yes 

 

675 

105 

 

86.5 

13.5 

 

1,186 

173 

 

87.3 

12.7 

p=0.628 

Smoking (n, %)  

  never smoked 

  stopped when pregnant 

  smoked during pregnancy 

 

555 

76 

157 

 

70.4 

9.6 

19.9 

 

985 

137 

235 

 

72.6 

10.1 

17.3 

p=0.320 

trend p=0.175 

Folic acid 0-10 weeks after lmp (n, %) 

  yes 

  no 

 

187 

628 

 

22.9 

77.1 

 

339 

1,063 

 

24.2 

75.8 

p=0.510 

Total numbers per column can vary due to missing values. P-values were calculated with chi square tests or t tests, where applicable. 

Trend analysis was carried out for ordinal data. 
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Results 
In table 1, the characteristics of 815 cases and 1,402 controls are shown. These groups 

differ in type of birth, gravidity, and education of the mother. Among the controls, more live 

births, miscarriages, and induced abortions occurred. For the mothers of the controls, this 

pregnancy was more often the first one. A low level of educational attainment was slightly 

more frequent among case mothers and a middle education level more frequent among 

control mothers although the p value of the trend analysis was not statistically significant 

(p=0.067). In the case group, more males were born compared to the control group, but this 

difference was not statistically significant. 

 Of the 815 cases, 11 (1.3%) were exposed to a FA antagonist in the first 10 weeks after 

the last menstrual period; three of these (0.4%) were exposed to a DHFRI (all three to 

trimethoprim) and eight (1.0%) to an antiepileptic drug (two to carbamazepine, four to 

valproate, one to carbamazepine+valproate and one to carbamazepine+valproate+ 

primidone). Of the 1,402 controls, 16 (1.1%) were exposed to a FA antagonist of which 12 

(0.8%) to a DHFRI (seven to trimethoprim, two to trimethoprim+sulfoxamide and three to 

sulfasalazine) and four (0.3%) to an antiepileptic drug (one to carbamazepine, two to 

valproate and one to carbamazepine+valproate). None of the cases or controls were 

exposed to a DHFRI as well as to an antiepileptic drug. 

 Table 2 shows the ORs, and 95% CIs of the analyses with all FA antagonists, the 

DHFRIs, and the antiepileptics in relation to the group with all FA sensitive birth defects and  

 
Table 2: Odds ratios and confidence intervals for folic acid sensitive defects after exposure to a folic 

acid antagonist in general or a dihydrofolate reductase inhibitor or an antiepileptic drug in specific.  

  all folic acid antagonists  DHFRI antiepileptics 

 

non- 

exp. 

(n) 

exp 

(n) OR (95% CI) 

exp 

(n) OR (95% CI) 

exp 

(n) OR (95% CI) 

controls  1,386 16 ref.  12 ref.  4 ref.  

all fa-defects 804* 11 1.18 (0.55-2.57) 3 0.44 (0.12-1.54) 8 3.45 (1.04-11.48) 

heart anomalies 363 5 1.19 (0.43-3.28) 0   5 4.77 (1.28-17.86) 

neural-tube defects 75 2 2.31 (0.52-10.23) 0   2 9.24 (1.67-51.25) 

clefts 187 3 1.39 (0.40-4.81) 3 1.85 (0.52-6.63) 0   

urinary tract defects 170 1 0.51 (0.07-3.87) 0   1 2.04 (0.23-18.34) 

limb reduction 

defects 48 2 3.61 (0.81-16.14) 0   2 14.4 (2.58-80.75) 

anal atresia 33 0   0   0   

omphalocele 15 0   0   0   

* a case can have more than one folic acid sensitive defect; therefore the sum of the cases with the specific defects will be more than 804 
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to the groups with specific defects. No cases with anal atresia or omphalocele were 

exposed. In the group with exposure to all FA antagonists, the ORs for NTDs and limb 

reduction defects were increased but not statistically significantly. Adjustment for the use of 

FA in the analysis with all FA defects had no effect on the OR (ORadj=1.18; 95%CI 0.55-

2.56).  

 After restriction to the DHFRIs all three exposed cases had an orofacial cleft: one cleft 

palate and two cleft lips (+/-palate). The OR was 1.85, but not statistically significant (95% 

CI: 0.52-6.63). None of the three cases or 12 controls exposed to DHFRIs was exposed to 

FA as well. Therefore, for this subgroup no adjusted OR was calculated. For the analyses of 

the antiepileptics, we found an overall OR of 3.45 (95% CI: 1.04-11.48). There were no 

clefts exposed to antiepileptics. For the groups of specific defects, we found statistically 

significant increased ORs for heart anomalies, NTDs, and limb reduction defects. The OR 

for urinary tract defects was increased as well, but not statistically significant. Of the 8 cases 

exposed to an antiepileptic drug, 4 were also exposed to FA compared with 1 of the 4 

exposed controls. However, the OR did not change after adjusting for FA use (ORadj=3.50; 

95%CI 1.05-11.67).  

  

Discussion 
In this study we found no significantly increased risks of having a FA defect affected 

pregnancy after analysing the FA antagonists as a group. Although the effect was not 

statistically significant, our results are indicative for an increased risk for clefts after 

exposure to DHFRIs. Furthermore, we did find significantly increased risks for heart 

anomalies, neural tube defects, limb reduction defects, and all FA sensitive defects as a 

group after intrauterine exposure to antiepileptics. These results support the findings of the 

effect of antiepileptics of many other studies,14-19 which indicates the validity of our data.  

 For the analyses with all FA antagonists as a group, we found an OR of 2.31 for NTDs 

and an OR of 3.61 for limb reduction defects which can be an indication for an increased 

risk; nevertheless, neither was statistically significant. Possibly, this group as a whole does 

not increase the risk. On the other hand, there might be an increased risk we could not 

detect due to the lack of power (small numbers). 

 The effect of DHFRIs as a group were previously examined by Hernandez-Diaz et 

al.10,11 Their findings suggest that DHFRIs may increase the risk of NTDs, heart anomalies, 

and orofacial clefts. Since all cases exposed to a DHFRI were clefts, we could only calculate 

this OR and the OR for the group as a whole. Our OR for the whole group FA defects does 
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not support these findings; however, they are based on three exposed clefts only. Our 

results for the clefts are indicative for an increased risk although the CI does not include 

one, probably due to small numbers. Difference in time periods of exposure might also 

explain the dissimilar findings of us compared to Hernandez-Diaz et al. In the US, 

trimethoprim is mostly used for 7-10 days, while in the Netherlands the standard is 3, 

sometimes 5 days. Probably, length of exposure time is correlated with its influence on the 

folate levels; this in contrast to the antiepileptics, which are normally used chronically. 

 Including FA in the analyses did not influence the OR for the antiepileptics. This is in 

accordance with the findings of Hernandez-Diaz et al. Since none of the subjects exposed to 

a DHFRI was also exposed to FA, we could not confirm nor disclaim their findings that 

simultaneously use of FA with DHFRI reduces the possible harmful effect of DHFRIs.  

 The difference in type of birth between cases and controls can be explained by the 

definition of cases and controls: among the cases are more anomalies with a low survival 

rate after birth, like NTDs and severe heart defects. Therefore, the percentage live births is 

lower among cases and the percentage subjects that died after birth is higher among cases, 

compared with controls. We could not account for the difference in gravidity between the 

cases and controls, nor for the difference in education of the mother. From the latter we 

would like to remark that the trend analysis was not statistically significant, thus case mother 

are not systematically higher educated than mothers of controls or vice versa.   

 Having malformed births as controls is a strength as well as a limitation of this study. By 

having only malformed controls, we can not generalise our findings directly to the whole 

population. Another drawback of using malformed controls might be that FA has an until now 

unknown protective effect on some of the defects included as control in this study. For 

example, polymorphisms of folate metabolising enzymes have been linked to Down 

syndrome20 although no association between folic acid consumption and Down syndrome is 

established. If indeed subjects now classified as controls turn out to be cases, 

misclassification has occurred in our study. In that case, this misclassification will bias the 

ORs towards unity thus we might underestimate a possible association in this study. On the 

other hand, by using malformed controls, recall bias is avoided. 

 A strength of this study is the availability of pharmacy data and the knowledge of actual 

use of the reported drugs. Therefore, exposure data are as complete as possible. Still, since 

the numbers in this study were very small, we suggest that further studies are to be 

conducted in order to be able to confirm these findings. Especially trimethoprim is of interest, 

since it is considered to be safe during pregnancy and possible harmful effects should be 

established before causing unnecessary fear among women and their physicians.  
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