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 Abstract 

 

Purpose 

Low dose folic acid supplementation (0,5 mg) taken during pregnancy has been 
associated with an increased risk for childhood asthma. The effect of high dose 
folic acid (5 mg) advised to women at risk for having a child with a neural tube 
defect, has not been assessed so far. Our aim was to investigate the effect of 
dispensed high dose folic acid during pregnancy and asthma medication in the 
offspring. 

Methods 

We used data from the pregnancy database IADB.nl, which contains pharmacy-
dispensing data of mothers and children from community pharmacies in The 
Netherlands from 1994 until 2011. The dispension of asthma medication in 
children exposed in utero to high dose folic acid was compared to children who 
were not exposed to this high dose. Incidence Rate Ratio’s (IRR) with 95% 
confidence intervals (CI) were calculated. 

Results 

In 2.9% (N= 913) of the 39,602 pregnancies in the database the mother was 
dispensed high dose folic acid. Maternal high dose folic acid was associated with an 
increased rate of asthma medication among children: recurrent asthma medication 
IRR=1.14 (95%CI: 1.04-1.30), recurrent inhaled corticosteroids IRR=1.26 (95%CI: 
1.07-1.47). Associations were clustered on the mother and adjusted for maternal 
age, maternal asthma medication and dispension of benzodiazepines during 
pregnancy. 

Conclusion 

Almost 3% of the children were prenatally exposed to high dose folic acid. This 
study suggests that supplementation of high dose folic acid during pregnancy 
might increase the risk of childhood asthma. 
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 Introduction 

 

Women are advised to increase their intake of folic acid 4 weeks before conception 
until 8 weeks after by taking a supplement. Although folic acid supplementation 
during this period has been shown to decrease the occurrence of neural tube 
defects (NTDs) and other birth defects [1,2], there have been concerns about the 
long term health effect for the offspring [3-6]. A health outcome that has been 
linked to prenatal folic acid supplementation is childhood asthma. Children 
exposed to maternal folic acid supplementation during prenatal life may have an 
increased risk to develop asthma during childhood. Observational studies in 
humans showed an increased risk for asthma symptoms in young children after 
prenatal exposure to maternal folic acid supplementation [7-9], but not all studies 
confirmed this [10-12]. These observations were paralleled by an experimental 
study in mice that suggested a more severe allergic lung inflammation in offspring 
of mice that had been exposed to a maternal diet high in folic acid compared to 
non-exposed mice [13]. These adverse effects of folic acid are thought to be 
caused by epigenetic modifications, because folic acid plays a key role in DNA 
methylation [14]. Epigenetic modifications do not change the DNA sequence, but 
refer to alterations in the accessibility of the DNA and thereby gene expression.  

The current evidence regarding the effect of folic acid on the development of 
childhood asthma is based on studies using a normal dietary intake or prenatal folic 
acid supplement use of the regular dose (0.4-0.5 mg). No studies so far 
investigated the asthma risk among children exposed to high dose folic acid 
supplementation of 4-5 mg during pregnancy, which is indicated in specific 
subgroups of women. According to international and Dutch guidelines, women 
who previously had a child with a NTD or were born with a NTD themselves are 
recommended to take this high dose of folic acid [15,16]. In addition, women using 
folic acid antagonists, like antiepileptic drugs, women at risk for developing 
anaemia and women who have developed anaemia may receive a prescription for 
high dose folic acid [16-18]. While folic acid supplements of a regular dose are 
available over the counter, supplements containing a high dose folic acid are 
obtained by a prescription from a medical doctor. In the Netherlands and other 
countries within the EU there is no mandatory fortification of foods with folic acid. 

Children of mothers who used a tenfold increased folic acid supplementation 
during pregnancy may in particular be at risk for the adverse effect of prenatal 
exposure to folic acid, but there is hardly any information about the dispension of 
this high dose folic acid during pregnancy.  

Therefore, in this study we will assess the prevalence and determinants of high 
dose folic acid dispension among pregnant women and investigate the incidence of 
asthma medication among children of mothers who filled a prescription for high 
dose folic acid supplementation during pregnancy.   
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 Methods 

 

Study population 

For this study, we used data from the IADB.nl, a population based pharmacy 
prescription database [19]. This database contains pharmacy-dispensing data from 
about 55 community pharmacies in the Netherlands. Because Dutch patients 
usually register at a single community pharmacy an almost complete medication 
history of a subject’s prescribed drugs is available [20]. The use of over the counter 
drugs and in-hospital prescriptions are not included. The database covers a 
population of approximately 500,000 persons from 1994 until 2011 and has been 
used before in this type of prevalence and association studies [21]. The IADB.nl 
contains a separate pregnancy database where the medication history of a mother 
can be linked to the pharmacy record of her child, by linking a child in the database 
to the only women aged 15-50 years with the same address code. Fathers can be 
linked to the child this way as well. A validation study showed that by this method 
65% of the mothers could be identified, with 99.4% of them linked correctly [22]. 
Since gestational age at birth is unknown, the theoretical pregnancy period was 
estimated by subtracting 273 days (3 trimesters of 91 days) from a child’s date of 
birth.  

Since high dose folic acid supplements are obtained by a prescription of a medical 
doctor, it is recorded in this database. Every child has been allocated a personal 
number and this also applies for twins, triplets etc. When there is a multiple 
pregnancy, the pregnancy itself can be counted as one, but the mother-child 
relations can also be assessed separately for analyses. For this study, all mother-
child relations from the pregnancy database from 1994 until 2011 were used to 
assess the association between high dose folic acid dispension during pregnancy 
and the dispension of asthma medication  in the offspring. For the calculation of 
the prevalence of dispensed high dose folic acid and the development in time, 
pregnancies with a date of birth from 1998 until 2009 were used, because for the 
earlier years little data was available and for the later years not all pregnancies 
have been identified yet.  

We calculated the prevalence of dispensed high dose folic acid for the three 
months before pregnancy, the three trimesters of pregnancy, the first three 
months after pregnancy and the period of 3-6 months after pregnancy. Because 
only de-identified and pre-existing data were used, ethical approval was not 
needed for this study. 
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Exposure and outcome definition 

Exposure to maternal high dose folic acid was defined as: at least one dispension of 
high dose folic acid during pregnancy (coded according to the WHO classification 
system with the anatomical therapeutically chemical (ATC) code: B03BB01 and 
based on preparation dispensed (folic acid 5 mg) or the number of defined daily 
doses prescribed and the number of days prescribed for). The reference group 
consisted of all women who were not dispensed high dose folic acid during 
pregnancy.  

Dispension of asthma medication for the child was taken as a proxy for childhood 
asthma. A list of all asthma medication dispensed to children in the IADB.nl 
pregnancy database is shown in Supplementary Table 1 (Appendix 4). Four 
outcome parameters were defined: 1) at least one dispension of any asthma 
medication (ATC-code R03), 2) at least two dispensions of any asthma medication, 
3) at least one dispension of an inhalation corticosteroid (ICS, ATC-code R03BA) 
and 4) at least two dispensions of inhalation corticosteroids. 

  

Statistical analyses 

The prevalence of dispensed high dose folic acid was calculated by taking the 
number of pregnancies where the mother was dispensed high dose folic acid at 
any time during pregnancy compared to the total number of pregnancies. The 
incidence rate (IR) for the four defined outcome parameters was calculated by 
determining the number of cases per time at risk (in years). Time at risk was 
defined as the period from day of birth until either the first dispension date or the 
last date the child was registered in the database, whatever occurred first. Crude 
and adjusted incidence rate ratio’s (IRR) and 95% confidence intervals (CI) were 
calculated for the exposure compared to the reference group. As possible 
confounders we took into account: age of the mother, single or multiple 
pregnancy, maternal asthma medication and paternal asthma medication. In 
addition confounding by medication associated with high dose folic acid 
supplementation was evaluated.  

We assessed dispension of iron supplements, anti-folate medication (antiepileptics, 
sulphonamides and trimethoprim), antidepressants, antihypertensives, 
antidiabetics and benzodiazepines during pregnancy, because prenatal exposure to 
these drugs or to the underlying condition might possibly be related to the 
development of childhood asthma and may confound the association [23]. The 
IRRs were adjusted for all factors (listed in Table 1) that were significantly different 
for women that were dispensed high dose folic acid during pregnancy and women 
that were not and for children with and without dispensed asthma medication. 
Since part of the mothers were present in the database with more than one 
pregnancy, analyses were clustered on the mother. 
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Table 1: Differences in study characteristics for exposure vs no exposure to high dose folic 
acid during pregnancy and childhood asthma medication fill vs no asthma medication fill (N 
children=35604). 

 High dose 

folic acid 

during 

pregnancy 

(n=1308) 

No  

high dose 

folic acid 

during 

pregnancy 

(n=34,296) p-

value 

Children 

with 

asthma 

medication 

(n=11,780) 

Children 

with no 

asthma 

medication 

(n=28,848) 

p-

value Variable n(%) n (%) n (%) n (%) 

Gender child  
(% female) 

710  

(48.6) 

18,828 

(48.1) 

0.91 4,826 

(41.0) 

14,712 

(51.0) 

<0.001 

Mean maternal age (sd) 31.0 (4.7) 30.4 (4.7) <0.001 30.1 (4.6) 30.5 (4.7) <0.001 

Multiple pregnancy 618 (42.3) 1,398 (3.2) <0.001 558 (4.7) 1,458 (5.1) 0.18 

Dispension of asthma 
medication mother in the 
year before or during 
pregnancy 

116 (7.9) 2,581 (6,6) 0.04 1,191 

(10.1) 

1,506 (5.2) <0.001 

Dispension of asthma 
medication to the father 

173* 

(18.4) 

4,200** 

(18.7) 

0.81 1764*** 

(23.7) 

15,984**** 

(16.3) 

<0.001 

Prescription of iron 
supplements during 
pregnancy 

1,193 

(81.7) 

12,963 

(33.1) 

<0.001 4,071 

(34.6) 

10,084 

(35.0) 

0.45 

Prescription 
antiepileptics during 
pregnancy 

62 (4.2) 82 (0,2) <0.001 41 (0.3) 103 (0.4) 0.89 

Prescription antifolate 
antibiotics during 
pregnancy 

20 (1.4) 651 (1.7) 0.39 249 (2.1) 422 (1.5) <0.001 

Prescription of anti-
hypertensives during 
pregnancy 

150 (10.3) 829 (2,1) <0.001 289 (2.5) 690 (2.4) 0.71 

 

Prescription of 
antidepressants during 
pregnancy 

60 (4.1) 735 (1.9) <0.001 240 (2.0) 555 (1.9) 0.45 

Prescription of 
antidiabetics during 
pregnancy 

22 (1.5) 326 (0.8) 0.006 99 (0.8) 249 (0.9) 0.82 

Prescription 
benzodiazepines during 
pregnancy 

88 (6.0) 1,098 (2.8) <0.001 390 (3.3) 796 (2.8) <0.01 

*Ntotal = 829; **Ntotal = 19,633; ***Ntotal = 7437; ****Ntotal = 15984 

 

ATC-codes used to determine exposure are listed in Supplementary Table 2 
(Appendix 4). Differences between the exposed and reference group were tested 
at a level of significance of 0.05, using the students t-test for maternal age and the 
Pearson’s Chi-squared test for the other possible confounding factors.  
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Analyses were stratified on maternal asthma medication, maternal iron 
supplements during pregnancy and maternal age (30 years of age and younger vs 
over 30 years of age) and tested the interaction with high dose folic acid 
prescription by adding the interaction term to the regression model used to assess 
the possibility of effect modification by these characteristics. To investigate the 
influence of exposure period on the association between high dose folic acid and 
childhood asthma , we assessed the association between high dose folic acid and 
the outcomes separately for the first trimester, the third trimester and the first 
three months after pregnancy. Since the diagnosis of asthma is difficult in young 
children and the diagnosis becomes more certain at school age, IRRs were also 
calculated for children aged 8 years and older as a sensitivity analyses. All analyses 
were performed using SPSS 18.0 (SPSS, Chicago, IL) or R 3.0.2. 
 

 Results 

 

Prevalence and determinants of high dose folic acid supplement prescription 

Our study population consisted of 39,602 pregnancies, containing 38,612 single 
and 990 multiple pregnancies, leading to 40,628 identified children born between 
1994 and 2011. For prevalence calculation 32,016 pregnancies with birth date 
from 1998 - 2009 were included. In 2.9% (N=913) of all pregnancies high dose folic 
acid was dispensed at any time during pregnancy. Prevalences are presented in 
Table 2.  

 

Table 2: Prevalence of high dose folic acid prescription between 1998 - 2009 (N 
pregnancies=32016) 

 Prevalence in study population 
Variable   %    n 

High dose folic acid prescription during 
pregnancy 

2.85 913 

Being: Single pregnancies  73.6  672 
       Women prescribed antiepileptics       8.3       56 
 Multiple pregnancies  26.4  241 
       Women prescribed antiepileptics       0.8       2 
      
Timing of high dose folic acid prescription   No folic acid in periods before 
Three months before pregnancy 0.52 165  
First trimester 0.87 277 167 (60.2%) 
Second trimester 1.25 401 278 (69.3%) 
Third trimester 1.99 638 352 (55.2%) 
First three months after pregnancy 3.84 1229 1095 (89.1%) 
Three to six months after pregnancy 0.15 47 9 (19.1%) 
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The dispension of high dose folic acid increased with the progression of pregnancy 
with a peak just after pregnancy . In 88.2% (N=1081) of pregnancies with dispensed 
high dose folic acid in the three months after pregnancy, prescription took place in 
the first week after birth. In the three months before pregnancy folic acid was 
dispensed in 0.5% (N=165) of pregnancies. No change in the prevalences of high 
dose folic acid dispension was observed from 1998 to 2009 (data not shown). 

 
Figure 1: Percentage of pregnancies from 1998 - 2009 where the mother was dispensed 
high dose folic acid per trimester and per user group. 

 

 

In Figure 1 percentages of high dose folic acid dispension per trimester are 
displayed separately for single pregnancies, multiple pregnancies and pregnancies 
with prescriptions for antiepileptics. While in single pregnancies dispension of high 
dose folic acid has its peak after pregnancy, in multiple pregnancies high dose folic 
acid is dispensed predominantly in the second and third trimester. Antiepileptics 
were dispensed in 0.4% (N=117) of pregnancies. 23.9% (N=28) of these women 
started with high dose folic acid before pregnancy with a peak of 38.5% (N=45) in 
the first trimester of pregnancy. 

 

Association between maternal high dose folic acid prescription and offspring 
asthma medication 

Table 3 shows the crude and adjusted IRRs with 95%CIs for the four different 
outcome parameters in relation to high dose folic acid dispension during 
pregnancy. The IRR attenuated only slightly after clustering and adjustment for 
confounding factors. The risk for asthma medication after exposure to maternal 
high dose folic acid during pregnancy increased up to 26% for the recurrent 
dispension of ICS (adjusted IRR=1.26, 95%CI=1.07-1.47).  
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In all strata the increase in risk was apparent (data  are shown in Supplementary 
Table 3, Appendix 4). No significant interaction between folic acid dispension and 
maternal asthma medication, maternal iron supplements, maternal age and 
single/multiple pregnancies respectively was detected. Timing of folic acid use 
during pregnancy did not seem to have a significant effect on the associations 
studied. High dose folic acid only dispensed in the first trimester of pregnancy 
(n=176) and high dose folic acid only dispensed in the third trimester (n=563) 
versus no dispension, both showed an increased but non-significant risk for 
recurrent ICS, respectively IRR=1.37, 95%CI=0.91-2.06 and IRR=1.27, 95%CI=0.99-
1.63.  

High dose folic acid only dispensed in the first three months after delivery versus 
no dispension also showed an increased asthma risk, but only among women with 
no additional iron supplementation: IRR=1.44, 95%CI=1.19-1.76. When only 
children aged 8 years and older were included in the analyses, the adjusted IRR 
clustered on the mother for maternal high dose folic acid was 1.34 (95%CI=1.07-
1.68) for any asthma medication, 1.36 (95%CI=1.05-1.75) for recurrent asthma 
medication, 1.39 (95%CI=1.05-1.83) for any ICS and 1.36 (95%CI=1.00-1.85) for 
recurrent ICS. 

 

Table 3: Association between maternal high dose folic acid prescription and asthma 
medication for the child (N=35604). 

No prescription high dose folic 
acid during pregnancy 

Prescription high dose folic 
acid during pregnancy 

Crude  
association 

Adjusted 
and 

clustered 
association* 

% n 
TAR** 
(years) IR# % n 

TAR** 
(years) IR# IRR# 

95% 
CI IRR# 

95% 
CI 

Any prescription asthma medication 

29.0 11344 196986 0.058 31.6 436 7148 0.061 1.06 1.96-
1.17 

1.03 0.92-
1.16 

Recurrent prescription any asthma medication 

19.6 7674 201997 0.036 21.9 320 7622 0.042 1.15 1.03-
1.29 

1.14 1.00-
1.30 

Any prescription ICS§ 

16.7 6552 220024 0.030 19.6 286 7898 0.036 1.22 1.08-
1.37 

1.22 1.06-
1.40 

Recurrent prescription ICS§ 

12.1 4721 227869 0.021 14.7 215 8208 0.026 1.26 1.10-
1.45 

1.26 1.07-
1.47 

* Adjusted for: maternal age, dispension of benzodiazepines during pregnancy, and maternal 
dispension of asthma medication. 
** Time at risk 
# IR=Incidence Rate; IRR=Incidence Rate Ratio; 95%CI=95% Confidence Interval 
§ Inhalation corticosteroids 
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 Discussion 

 

The results of this study show that 2.9% of Dutch pregnant women with a child 
born between 1998 -2009 were dispensed high dose folic acid at any time during 
pregnancy. Children of women were dispensed high dose folic acid had a 
significantly higher risk for dispensed asthma medication during childhood. The risk 
for recurrent dispension of inhalation corticosteroids increased with 26%.  

The prevalence of the observed high dose folic acid dispension (N=913) well 
exceeded the number of mothers that previously had a child affected by an NTD.  

According to EUROCAT NNL, the registry on congenital birth defects that covers 
approximately the same area as the IADB.nl, the prevalence of isolated NTDs in the 
Northern Netherlands from 2000-2009 was 0.1%, which corresponds to about 17 
children per year [24]. Another reason for prescribing high dose folic acid is the use 
of antiepileptic medication. If a woman on antiepileptic medication wishes to 
become pregnant, it is recommended that her blood folate level is tested and folic 
acid 5 mg is only to be prescribed when blood folate levels are low [16]. Our data 
shows that 43.3% of the women on antiepileptic medication in the first trimester 
of pregnancy were dispensed high dose folic acid. We have no data on whether 
these women were tested on low blood folate.  

High dose folic acid may also be prescribed for treatment of anaemia [17]. This 
could explain the increase in prescription prevalence among single pregnancies 
with progression of pregnancy and the peak just after delivery for women losing an 
excess of blood during childbirth. Women at risk for developing anaemia, i.e. 
women pregnant with multiple children, may also receive a prescription for high 
dose folic acid for the prevention of anaemia. Although this preventive measure is 
not advocated in the guidelines it appears to be common practice based on our 
results. 

Since the IADB.nl database contains follow-up data for over 39,000 mothers and 
children, the database is well suited and has sufficient power to study the effect of 
an exposure with a low prevalence like high dose folic acid prescription. An 
important limitation of a prescription database is that it is not known whether and 
for how long a prescribed drug was actually taken, possibly leading to an 
overestimation of high dose folic acid use and underestimation of the actual effect 
on asthma. We do not have information about the indication for the prescription 
of asthma medication and have no information on asthma symptoms, therefore we 
will not be able to estimate the amount of possible misclassification. However, 
recurrent prescription of ICS is indicative for serious respiratory complains and is 
often prescribed for treatment of childhood asthma. Since the IRR increased with a 
more stringent outcome definition and was also increased among children from 8 
years of age, we interpret our data so that the outcomes resemble asthma and not 
just respiratory symptoms caused by viral infection.  
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Since we do not have information about actual gestational age at birth and 
estimated a theoretical gestational age, some misclassification of the pregnancy 
period and the different trimesters may have occurred. The IADB.nl does not 
contain information about maternal characteristics like smoking, socio-
demographic factors or maternal diseases. Since we could not take possible 
confounding by these factors into account some residual confounding may be 
present, although we have no indication that these factors are related to high dose 
folic acid prescription. 

Another constraint is that the IADB.nlhas no information about medication 
prescribed during hospitalization. A pregnancy may have been missed because a 
pregnancy is only identified when the child is dispensed a prescribed drug. 
Although these limitations may have led to an underestimation of medications 
prescribed, the results are probably not affected since the missing data are not 
related to high dose folic acid prescription. Dispensions at another pharmacy than 
the one a patient is registered in first instance will have an effect on the prevalence 
rates found, but in the Netherlands, patients usually register at a single community 
pharmacy and collect all their medication there. We have no indication that this 
will have any effect on the association found. 

Confounding by indication is an important bias to consider. As stated before, the 
IADB.nl has no information about maternal disease. We can only use dispensed 
medication as a proxy for maternal disease as described in the methods. Adjusted 
associations and stratified analyses showed very similar findings, but residual 
confounding cannot be excluded.  

The observation that folic acid supplementation in the direct period after child 
birth increased the risk for asthma medication, but only in women without 
additional iron supplementation, is remarkable. We hypothesize that this increased 
asthma risk is caused by confounding by complications during delivery, because 
these have been associated with an increased asthma risk [25]. A prescription for 
high dose folic acid without iron supplement could refer to women at risk for 
anaemia due to excessive blood loss caused during child birth but who are still 
immobile and have defecation problems or haemorrhoids. Since we do not have 
medical information on delivery, the association between the prescription of high 
dose folic acid after birth without iron supplementation and complications during 
child birth could not be confirmed.  

We found no evidence that high maternal folic acid intake is transmitted to the 
child by an increase in the level of folic acid in human milk. Moreover, maternal 
blood folate levels in women supplemented with low dose folic acid (up to 1 mg a 
day) did not correlate with human milk folate level [26,27].  

Our findings on the effect of high dose folic acid on asthma medication are in line 
with evidence from cohort studies on the regular dose of folic acid (0.5 mg) [7-9].  
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These adverse effects of folic acid are thought to be caused by epigenetic 
modification [14]. The process of DNA methylation plays a major role in the 
prenatal development in general [28] and in particular in the early development of 
the immune system [29,30], therefore the level of folic acid that the child is 
exposed to prenatally could well affect the early development of asthma. Maternal 
intake of folic acid determines serum levels of folic acid and is associated with the 
level of DNA methylation in offspring [13,31]. Our findings may reflect one of the 
unknown effects of prenatal folic acid exposure by DNA methylation on future 
health of the children [6]. 

In our study the reference group consisted of mothers who used no folic acid 
supplementation or used the regular dose of 0.5 mg. The regular dose of folic acid 
supplementation is available over the counter and is not registered in the IADB.nl. 
A recent study about the use of periconceptional folic acid in the Northern 
Netherlands showed that 85% of women used a folic acid supplementation at any 
time during the recommended period of 4 weeks before until 8 weeks after 
conception [32]. We can assume that the majority of the mothers in our reference 
group took a folic acid supplement during pregnancy. The observed increased risks 
therefore show the additional risk of high dose folic acid supplementation, not the 
effect of the regular dose of folic acid supplementation. The impact of dietary folic 
acid intake will be marginal, because the mean intake in the Netherlands is less 
than 0.2 mg per day [33]. 

High dose folic acid has shown to prevent recurrent NTDs [34] and is possibly 
beneficially for women with low blood folate levels due to a current disease or 
medication use [35], but currently only little is known about the adverse effects on 
long term childhood health [6]. This drug dispensing database study suggests that 
high dose folic acid use during pregnancy increases the risk of childhood asthma. 
Additional research based on other data sources is recommended to confirm the 
association found. 
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