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Summary 
Periconceptional exposure might result in a broad range of expected and unexpected 

effects. In this thesis, the risks and benefits of intrauterine exposure were studied for several 

drugs and drug groups (part A) and possibilities to overcome some limitations of current 

datasets were investigated (part B). Finally, some methods to educate women of 

childbearing age about these risks and benefits were studied (part C). 

 

Part A: Drug use in pregnancy; studies on intrauterine exposure and foetal risk 

To get some insight in the extent of drug use among pregnant women, the kind of drugs 

used during pregnancy and the safety of these drugs, we examined drug use during 

pregnancy in chapter 1. The interpretation of available studies is often hampered because it 

is unclear to what extent women have changed their drug choice in case of pregnancy. We 

therefore described drug use of pregnant women and comparable non-pregnant women 

based on pharmacy data and with reference to the Australian risk classification system. Of 

all prescriptions for non-pregnant women, 35% were safe in pregnancy (Australian 

classification A), of 14% the risk was unknown (B1, B2), 49% were potentially harmful drugs 

(B3, C, D, X), and for 3% no classification was available. For pregnant women these figures 

were 86, 3, 10 and 2%. We conclude that many drugs used by non-pregnant women should 

be avoided in pregnancy, and that pregnant women indeed do so. However, for some drug 

groups the available safe alternatives are limited.  

 Besides increasing risks on birth defects, intrauterine exposure can be beneficial as 

well, as is the case with folic acid (FA). The protective effect of FA on FA-sensitive 

anomalies is studied using data on births from the EUROCAT Northern Netherlands registry 

(NNL) (chapter 2). This study shows a protective effect of FA for the FA-sensitive anomalies 

as a whole group, but this effect is not significant anymore after adjusting for maternal age 

and year of birth. Furthermore, a significant effect is found for the heart anomalies in 

particular and the odds ratios (OR) for neural tube defects (NTD), urinary anomalies and 

limb reduction defects are, although not significant, indicative for a protective effect of FA. 

Therefore this study supports some of the positive findings of the effect of FA in other 

studies. If FA protects against certain birth defects, it is reasonable to assume intrauterine 

exposure to FA antagonists increases the risk on these defects. FA antagonists can be 

divided into dihydrofolate reductase inhibitors and antiepileptic drugs. In the same database 

as the previous study we studied these associations (chapter 3). We found a statistically 

significant effect on FA sensitive defects after exposure to an antiepileptic drug (OR=3.45, 
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95% CI:1.04-11.48) which is in agreement with findings of various other studies on the 

teratogenicity of antiepileptics. An association between dihydrofolate reductase inhibitors 

and FA sensitive defects was not found, nor for FA antagonists all together as one group.   

As shown in chapter 2 as well in many other studies, FA assumedly protects against heart 

anomalies as a group, with conotruncal defects and ventricular septal defects in particular. 

Many children born with Down syndrome (DS) suffer from heart defects, mostly ventricular 

septal defects, atrial septal defects and endocardial cushion defects. In chapter 4, we 

therefore investigated whether FA also shows a protective effect on heart defects in DS 

children. For this study we used data from the Birth Defects Study of the Slone 

Epidemiology Center. After adjustment for many possible confounders, no protective effect 

of FA was found on heart anomalies overall. The four subgroups of heart defects we 

investigated (conotruncal defects, ventricular septal defects, ostium secundum type atrial 

septal defects, and endocardial cushion defects) showed some variation in point estimates, 

but none of the findings was significant.  

 In the last chapter of this part, chapter 5, the association between clomiphene and 

hypospadias was examined. Clomiphene, used to induce ovulation, is chemically related to 

diethylstilbestrol (DES). DES is associated with vaginal cancer and infertility among 

daughters and with hypospadias among second generation offspring. Since clomiphene has 

a long half life, foetal exposure is possible and possible risks of this exposure on the 

occurrence of hypospadias are therefore explored. For penoscrotal hypospadias we found a 

significant increased OR (6.08; 95% CI 1.40-26.33); the ORs for the mild and moderate 

forms of hypospadias were not increased. We concluded that the effect of clomiphene on 

penoscrotal hypospadias is diluted when studying all hypospadias together as a group. 

Therefore, our study stresses the importance of studying birth defects on a detailed level as 

possible.  

 

Part B: Improving data collection for epidemiologic studies on safety of drug exposure during 

pregnancy 

In the second part of the thesis, some methods to improve or to extend current datasets are 

studied. To increase numbers to perform risk studies on, data of comparable registries can 

be combined. Within the EUROCAT network of 40 European registries, the availability of 

drug exposure data was investigated and described in chapter 6. From a questionnaire 

about their data sources on drug exposure and on drug coding, which was sent to all registry 

leaders, it became clear that obstetric records are the most frequently used sources of drug 

information and that most full members use the EUROCAT drug code. Only four registries 
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use the international ATC drug code. Furthermore, the available data on drug exposure 

during the first trimester available in the central EUROCAT database for the years 1996-

2000 was summarised for 15 out of 25 responding full members. Percentages of cases with 

drug exposure (excluding vitamins/minerals) varied from 4.4% to 26.0% among different 

registries. The categories of drugs recorded varied widely between registries. We conclude 

that practices vary widely between registries regarding recording drug exposure information. 

The EUROCAT network has the potential to be an effective collaborative framework to 

contribute to post-marketing drug surveillance in relation to teratogenic effects, but work is 

needed to implement ATC drug coding more widely, and to diversify the sources of 

information used to determine drug exposure in each registry. 

 In chapter 7, the possibilities to collect data on non-malformed births as controls for the 

EUROCAT NNL cases are explored. Because of existing contacts, recruitment of non-

malformed controls via pharmacies was examined first, but both possible methods led to 

selection and were therefore not suitable. As an alternative, recruitment via a midwife 

practice was explored. From this exploration it became clear that this strategy is feasible in a 

midwife practice and that the participating pregnant women were a representative sample of 

the practice. Furthermore, interviews with the participants showed they had a positive 

attitude towards the study. This was only a first step in collecting data on a representative 

sample in the northern Netherlands. Recruitment should be extended to other practices and 

hospital setting should be included as well. Furthermore, internal as well as external validity 

should be explored more thoroughly. Nevertheless, this first exploration gives reasons to be 

optimistic about the possibilities to include non-malformed births in the standard data 

collection in the future.   

 

Part C: Implementing knowledge: folic acid education in pharmacy daily practice 

After gathering new insights, this new knowledge should be communicated with the actual 

target population, e.g. women of reproductive age. To implement strategies to improve 

preconceptional FA use, we first investigated the current status of knowledge and use of FA 

among women that wish to become pregnant. Chapter 8 shows that, of the women that wish 

to become pregnant within six months, 69% knows about the protective effect of FA and 

81% knows to start before conception and 64% knows both. These percentages drop with 

increasing term to wish to become pregnant. Among women planning their pregnancy within 

six months, 59% reports current use of FA compared with 6% among those wishing to 

conceive in 12-24 months. Furthermore, the multivariate model shows FA use is associated 
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with knowledge, a positive attitude and receiving oral information from a health care 

provider. Therefore, interventions to increase FA use should be aiming on these variables.  

A pilot study on the feasibility of implementing FA education via in pharmacies is presented 

in chapter 9. In four pharmacies a core team (one pharmacist and one or two technicians) 

was formed that was responsible for planning an intervention that minimally existed of 

adding a label about FA on the box of oral contraceptives (OC) and handing out a leaflet 

about FA at least once during the intervention period. Adjustments in the intervention were 

made based on experiences of the pharmacy team, on responses in the pharmacy and on 

the results of a questionnaire sent to women one week after they visited the pharmacy with 

an OC-prescription. This six weeks-cycle of planning, action, observation and reflection was 

repeated twice. The minimal intervention was carried out by all four pharmacies. Other 

activities like using posters or a display window, work with age limits or wearing buttons, 

differed per pharmacy. Of the target group, 44% was positive about the received sticker, 

49% was neutral and 4% was negative. Besides, 56% of the target group stated that they 

appreciate the preventive information given through the pharmacy. We concluded that 

working with core teams seems to be a successful strategy and implementation of the 

intervention is feasible. By editing the intervention per research cycle during the core team 

meetings an optimal method can be reached that fits in the existing organisation and 

possible barriers can be overcome. The positive response of the target group motivated the 

core teams enormously. The effect of this intervention on the knowledge and use of FA 

among the target population is subsequently described in chapter 10. Three quarters of 

women in the intervention group reported receiving a sticker about FA and 48.4% said they 

had received a leaflet. Women who received information about FA with their oral 

contraceptives knew more about FA and there were differences in attitudes towards and 

intended use of FA in relation to women in the reference group (three pharmacies in the 

same region). Some of the differences were statistically significant and were particularly 

evident among women who had not previously had a child and those who were intending to 

become pregnant within the next 12 months. We could thus conclude that providing 

information about FA from pharmacies to women using OCs has the potential to increase 

awareness and use of FA among women planning to become pregnant within one year. 
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General Discussion 
As stated in the General Introduction, pre-marketing information about the effects of a drug 

on the foetus originates mostly from animal studies. Consequently, information about the 

effect in humans can only be obtained if the drug is used by pregnant women after 

marketing. Therefore, it is of the utmost importance to monitor and register drug use and 

other environmental factors during pregnancy. Only then, teratogens can be discovered as 

soon as possible.  

 

Some methodological considerations of studying teratogenicity 

The perfect database to study drug-birth defect associations does not exist; every set of 

data has its own strengths and limitations. By knowing and addressing these strengths and 

limitations, the reliability of findings can be discussed openly and one can try to avoid 

obvious pitfalls. Because of the peculiarities of each dataset, it is necessary that 

associations are studied in databases in different populations and with different qualities. If 

the same association is found in different databases, as was the case with folic acid and for 

example heart defects, we can carefully conclude this association might be real. In the 

following paragraphs, some methodological aspects of studying teratogenicity encountered 

in part A of the thesis, are discussed. 

 

Clustering data 

The power to detect a significant finding depends on the number of cases and the exposure 

rate among controls.1 Since specific birth defects are rare and exposure to a specific drug 

among women of childbearing age is often rare as well, studies on teratogenicity can be 

strongly limited by the power to detect a significant association. For example, in chapter 2 

we could not confirm the general accepted protective effect of folic acid on neural tube 

defects due to our small numbers. To increase these numbers, exposure or outcome data 

can be clustered or whole datasets can be collapsed.  Clustering malformations is common 

and mostly based on malformations within the same organ system, like heart defects, 

urogenital defects and so on. In chapters 2 and 3, birth defects were even clustered on a 

larger scale, namely on being sensitive to folic acid. However, despite biological logical 

clusters of defects per organ system or drugs on pharmacological similarities, drug-defect 

associations do not always follow this logic and therefore unexpected associations or lack of 

associations can be found. Furthermore, the risk of diluting an existing effect is increased by 

clustering, even with an already specific malformation as is shown in chapter 5 with 
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hypospadias: only for the severe form penoscrotal hypospadias an effect is found which was 

diluted if all hypospadias cases were investigated together. Therefore, if no effect is found 

after clustering, like the lack of association between dihydrofolate reductase inhibitors and 

folic acid sensitive anomalies (chapter 3), conclusions from the data should be drawn with 

care.    

 If data from several birth defect registries are collapsed, like in the EUROCAT Central 

Database, more possibilities arise to investigate specific exposures-malformations 

associations. On the other hand, data sources, data collection, data handling, and data 

coding, should be as similar as possible in all registries involved to guarantee the reliability 

and validity of studies using these data. Whether this is indeed the case should be subject of 

study itself before using the collapsed data for risk assessment purposes. 

 

Use of pharmacy data for exposure information 

Except for chapter 4, the studies in part A of the thesis use pharmacy dispensing data for 

exposure information. Although Dutch community pharmacy data are an accurate source of 

drug use of non-hospitalized patients,2,3 dispension date and recorded dose are only an 

estimation of actual exposure. However, with EUROCAT NNL, prescription drugs reported 

by pharmacies are presented to women and it is asked whether she actually took the drug, 

in what period, for how long etc. She is also asked why the drug was prescribed. This 

procedure increases the internal validity compared with only pharmacy data.  

 

Recall bias and selection bias -or- issues related to selecting controls 

Since specific birth defects occur rarely, the case-control design is often used in studies on 

teratogenicity. Choosing controls is a big challenge in this design. One can choose between 

malformed controls, i.e. children with other birth defects than the defect of interest in the 

study, and non-malformed controls. The concern that mothers of infants with a birth defect 

recall more events and details about exposure than mothers of a healthy infant is discussed 

extensively in literature,4-8 but these concerns are largely theoretical and difficult to 

investigate because the lack of a golden standard. To minimize the potential recall bias, 

malformed controls can be used.9,10 But if the selected malformed controls also have a 

relation with the exposure, selection bias can occur.11,12 An interesting example of such bias 

did occurr in a study of Lakos and Czeizel.13 In their study with spina bifida and anencephaly 

as controls, no association between antiepileptics and clefts was found. Later studies 

showed a relation between antiepileptics and neural tube defects. This example illustrates 

how selection bias might lead to an underestimation of the actual risk of the exposure under 
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investigation. Since observed risks of drugs under investigation are often small, even a small 

amount of selection bias might produce an estimate close to null leading to dismiss an 

actually existing risk. 

 

Improving data collection methods for drug safety studies 
Discussing limitations of current datasets is only a starter. Subsequently, it should be 

investigated if and how to overcome these limitations. After all, a study can only be as good 

as the database used. If structured data collection is already available, it is important to 

investigate possibilities to improve or extend these.  

 

The EUROCAT Central Database 

Luckily, much effort has been put into data collection in order to study prevalences and 

aetiology of birth defects. A collaboration of over 40 registries as the EUROCAT network 

provides researchers with enormous opportunities to conduct studies in this field. In this 

network, much effort has been made to synchronise collecting and coding of birth defects in 

every registry.14,15 Hence, this database is very suitable for studying prevalences of different 

birth defects in different regions in Europe. Furthermore, it has been shown that etiologic 

studies can also be performed with these data since basic characteristics as maternal age 

and smoking are present in the database or can be collected from the individual registries. In 

chapter 6 we explored if this database is suitable for drug safety studies as well. At the 

moment, drug exposure data vary widely between registries and drugs are coded in drug 

groups instead of using a coding for each individual drug. However, at least half of the 

registries within the network collect information on drug use in the first trimester. Therefore 

the EUROCAT Central Database is a resource for post-marketing drug surveillance since 

the infrastructure of data collection is already there. With the introduction of drug specific 

coding and enlargement of sources of information, performing drug safety studies will be 

possible in the future.    

 

Collecting data on non-malformed births 

Ideally, both malformed and non-malformed controls are available to assure both recall and 

selection bias are dealt with. Currently, EUROCAT NNL only collects data on malformed 

births. But, as shown in chapter 7, it is possible to extend this data collection with non-

malformed births as well. Besides the issue of selection bias, having data on non-malformed 

controls also enables researchers to investigate items that could otherwise not be 

investigated. For example, in etiologic studies, infants with chromosomal anomalies are 
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often selected as controls, but what if these are subject of study and selected as cases? 

Especially with increasing attention for gene-environment interactions, the need for non-

malformed controls will increase as well. After the extension of data collection with the 

parental questionnaire and pharmacy data in 1997,16 the current extension with non-

malformed controls will lead to the availability of a unique dataset with unique and extensive 

data to perform drug safety studies in pregnancy. Therefore it is extremely important that 

EUROCAT NNL is given the opportunity to continue and extend data collection.   

 

Dissemination of knowledge 

Not only should we study safety of intrauterine exposure and publish the results in 

international scientific journals, the scientific society should also take responsibility in 

informing health care providers and the general population about new findings. Strategies to 

do so need to be developed and implemented as soon as possible in order to prevent future 

infants to be exposed unnecessary to potentially harmful drugs or to prevent unnecessary 

termination of a wanted pregnancy after a possible risky exposure.  

 

Tools for health care providers  

To provide health care providers with guidance in the decision whether or not to prescribe a 

certain drug during pregnancy, several classification systems are developed that place 

drugs in risk groups regarding their known or suspected adverse effects on the unborn child. 

Examples of these systems include the FDA (Food and Drug Administration) Classification, 

the Swedish Classification, and the Australian Classification. The drawback is that different 

sources of information are used by these systems and these different sources give different 

results which are translated in different risk categories. In fact, the three risk classification 

systems differ hugely in the classification of drugs: only 26% of the drugs have same 

classification in three systems.17 Furthermore, evidence is often scarce thus many drugs are 

classified as unknown to be safe or harmful,18 which is hardly informative for health care 

providers in terms of advising them what to do. Additionally, for a risk-benefit discussion with 

a patient, health care providers need more sophisticated information than only a 

classification code. With all these limitations, the usefulness of such classification systems is 

doubtful.  

   

Educating the target population 

Last but certainly not least, the target population, i.e. women of childbearing age, should be 

educated about (anti)teratogenic risks. Since the foetus is most vulnerable in the first weeks 
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of pregnancy, when women often are not aware of the existence of the pregnancy, 

educating is difficult in terms of when and who. Ideally, a women informs her health care 

providers she wants to become pregnant. At that moment she can be informed about risks 

and benefits. Although providing preconception counselling by general practitioners in the 

Netherlands is under exploration,19 no widespread and consequent preconception care is 

available in the Netherlands at this moment. Furthermore, not all pregnancies are planned. 

Luckily, in the Netherlands, most patients are only visiting one pharmacy. Pharmacies can 

use this contact to pro-active educate women of childbearing age. This education can be 

given to women who collect their oral contraceptives (chapter 9), or it can be related to other 

drugs used by women of childbearing age. As shown in this thesis, pharmacies are very 

capable to educate women of childbearing age about exposure risks during pregnancy. 

Although pro-active education is relatively new for the pharmacy teams, they have the 

knowledge, the infrastructure and patient contacts to do so. Therefore they should not be 

overlooked but stimulated to play this new role and helped to implement long lasting 

strategies. 

 

Perspectives and final remarks 

From the previous it is clear studying and communicating teratogenic risks will remain an 

issue of great  concern. There is still a huge lack of knowledge about how and why some 

drugs act as a teratogen while others with a comparable chemical structure do not. It is also 

unclear why the risk on a specific defect can be increased by a drug while the risk on other 

defects on the same organ system or originating from the same cells are not. Thus, studying 

teratogenicity of drugs is only just past childhood but still far from adulthood. Nevertheless, it 

is therefore of utmost importance to continue monitoring pregnancies. Resources should 

stay available to continue monitoring. Not only would this increase numbers and thus the 

power and possibilities to investigate rare exposures, also new drugs will come into the 

market and their safety needs to be investigated as well.  

 From this perspective, the change in regulation of drug approval might stimulate future 

continuation of pregnancy monitoring. Strom proposes to, instead of fully approve a drug 

after phase three studies, to conditionally approve a new drug on the market after phase 

three and introduce an compulsory post marketing follow up period before fully approve the 

drug.20 For increase of knowledge about drug safety in pregnancy, this obligation of 

collecting post-marketing data might be a first step in the right direction, although information 

about the safety of a drug during pregnancy requires special attention. Pharmaceutical 

companies follow exposed pregnancies in special pregnancy registries. For this purpose, 
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they can use the guidelines from the European Agency for the Evaluation of Medical 

Products (EMEA) or the FDA on post-authorisation data collection on safety of a drug used 

during pregnancy.21,22 Nevertheless, it would be most useful if, following reasoning of 

obligated post-marketing surveillance, not every drug is investigated separately by its 

producing company. Instead, resources should be combined to invest in central databases 

where knowledge and means are combined and all required variables are collected centrally 

and studies can include not only single drug exposure but also multiple exposures or where 

several drugs in the same therapeutic class can be compared.    

 For educating the target population, i.e. women of childbearing age, about drug safety 

issues during pregnancy, health care providers need information and tools to implement this 

education in their daily practice. Therefore, scientific findings need to be ‘translated’ into 

clinical useful information like guidelines. Unfortunately, scientists are driven to publish 

results, for example because that is how they are rated. Nevertheless, because of the 

possible impact of a publication, they should consider carefully whether a study is indeed 

informative and of high enough quality to be published.  Furthermore, due to the need to 

publish, science is a very competitive field. But because of the scarcity of data, less 

competition and more co-operation is needed in teratogenicity research.  
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