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 Abstract 

 

Purpose  

A case–control study is the most powerful design to test the risk of specific 
congenital malformations associated with a specific drug. However, malformation 
registries often lack non-malformed controls. For the Dutch EUROCAT, we 
collected a non-malformed control group: the ‘Healthy Pregnant’. The aim of this 
study was to evaluate the representativeness of this control group for the general 
pregnant population in the northern part of the Netherlands. 

Methods  

The Healthy Pregnant data set includes data from two midwife practices. The 
baseline characteristics of mother and child including smoking status, drinking 
status, body mass index, maternal age, educational level, exposures to several 
drugs for chronic diseases and pregnancy related symptoms were evaluated. 

Results 

Compared with the general population, mothers in the Healthy Pregnant group 
(n = 556) were from either low or high education level, were more likely to have a 
body mass index  >25 kg/m2 (26% versus 22%, p = 0.08) or to smoke (19% versus 
10%, p < 0.01) but were less likely to consume alcohol (20% versus 29%, p  < 0.01). 
The use of drugs for chronic conditions was lower in the Healthy Pregnant group. 
Furthermore, drugs for occasional use were prescribed less frequently, and a 
significant underreporting of children with a low birth weight and a short duration 
of gestation was found. 

Conclusion 

The Healthy Pregnant data set was not representative for the general pregnant 
population in the northern part of the Netherlands. Specifically, the exposure to 
(chronic) drugs was underestimated, possibly a result of second-line care on the 
basis of medical indication. Thus, continuous investigation of options for 
improvement of the Healthy Pregnant database is required.   
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 Introduction 

 

Case–control studies that were designed to test the teratogenicity of drugs using 
chromosomal or other malformed controls are often criticised for the validity of 
the control group [1,2]. In particular, these control groups were generally derived 
from the same data sources and were collected and validated using the same 
methods as those for the malformed cases. One advantage of such an approach is 
that malformed controls might give the opportunity to (partially) correct for 
potential recall bias because both mothers could feel ‘guilty’ and therefore tend to 
remember more about drug exposure, especially drugs used for a short period [3-
5]. However, the debate remains because it cannot be assured that there is no 
association between the malformations in a ‘malformed control group’ and the 
drug under study. If there is an association, it would cause an underestimation of 
the effect size [2]. 

Because registries of congenital malformations often lack information about non-
malformed subjects, the use of an external non-malformed control group could be 
an appropriate alternative. Ideally, the non-malformed control group and 
malformed cases would originate from the same population. However, there are 
also limitations associated using external control groups. These include data 
collection methods that are (slightly) different, study populations that are not 
(exactly) the same (smaller region, different years), less detailed data or registered 
controls that are only composed of a population sample. Furthermore, the 
collection of data on population-based control groups that cover the same total 
population as the malformed group is generally labour intensive and therefore 
costly.  

To address criticisms in the literature, we collected data for a non-malformed 
control group for use in case–control studies with the Dutch EUROCAT, a data set 
including pregnancy outcomes with congenital malformations. The aim of this 
study was to evaluate representativeness of a non-malformed control group from 
the northern part of the Netherlands to the general Dutch pregnant population. 

 

 Methods 

 

EUROCAT 

EUROCAT is a European network of population-based pregnancy outcome 
registries collecting data on malformations for epidemiologic surveillance 
purposes. Since 1981, the Dutch EUROCAT registry has collected data on major 
congenital malformations in the northern part of the Netherlands.  
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After the birth of an infant diagnosed with a malformation or termination of 
pregnancy after prenatal diagnosis of a malformation, parents were asked to give 
consent for registration in the EUROCAT database. A written questionnaire was 
filled out by the parents, and the pharmacy history of the mother was collected. 
Answers to the questionnaire and data on drug use were verified in a phone 
interview with the mother. Hospital data were used mainly for the classification of 
the malformation (International Classification of Diseases code). Because both 
pregnancy outcome and drug exposure history were well registered, the data were 
considered suitable for use in a case–control monitoring system. However, detailed 
population-based data were available only for major congenital malformed 
pregnancy outcomes and not for non-malformed pregnancy outcomes. 

 

‘Healthy Pregnant’ 

The ‘Healthy Pregnant’ (Gezond Zwanger in Dutch) database was started in 2004. 
Starting with a midwifery practice in a rural small city, Veendam (28 000 
inhabitants), the programme was later extended to include a midwifery practice 
located in the university hospital of Groningen in 2008. Data collection procedures 
were consistent with the EUROCAT way of working. Pregnant women were asked 
by the midwife for consent at the beginning of their pregnancy (during their first or 
second consult). Women were included via the midwife practices because all 
women were expected to start prenatal care in a primary care setting. After birth, 
the verification of any malformations was conducted by the midwife. If there was 
no diagnosis of malformations, the parents were asked to fill out a written 
questionnaire and the pharmacy history of the mother in addition to a list of 
symptoms and possible use of over-the-counter drugs was sent to the mother for 
confirmation. The questionnaires for both Healthy Pregnant and EUROCAT 
databases were similar, resulting in the collection of the same information for both 
data sets. Initially, the collected data were verified by a phone interview 
comparable with the interview used in EUROCAT registry procedure. However, 
because hardly any new information was obtained with these time-consuming 
interviews, verification by phone was discontinued in June 2007. 

 

Baseline characteristics 

To compare the Healthy Pregnant with the general pregnant population, we 
evaluated the following baseline characteristics: gender of the child, age of the 
mother, body mass index (BMI; weight in kg/m2) of the mother before pregnancy, 
smoking status and alcohol consumption during pregnancy, educational level of the 
mother, folic acid use of the mother and use of any specific medication. The 
classification of drugs was based on the Anatomical Therapeutic Chemical (ATC) 
code, which is comparable with the classification used in an earlier study using the 
IADB.nl database [6].  
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The IADB.nl is a pharmacy prescription database covering the prescriptions of 
about half million people located in the same area as the EUROCAT registry. In this 
study, we focused on four types of chronic therapies, that is, antidiabetics (A10), 
antiepileptics (N03), antipsychotics or antidepressants (N05A excl. N05AB04, N06a) 
and antiasthmatics (R03), and some short-term or pregnancy-related therapies, 
that is, antacids (A02A), antiemetics (A03FA01, A04A, N05AB04, R06AD and 
R06AE), iron preparations (B03A), gynecological anti-infectives and antiseptics 
(G01), ovulation stimulants (G03G) and antibiotics (J01). 

The baseline characteristics listed in the previous paragraph were gathered from 
several sources. The pregnancy database of the IADB.nl, which covers the 
pharmacy data of pregnancies in the same area as EUROCAT, was used to compare 
the age of the mother and the use of drugs during pregnancy [7]. All pregnancies 
with a delivery between 1 January 2004 and 31 July 2009 were selected from the 
IADB.nl database. In total, 5517 pregnancies were covered by the IADB.nl in this 
period. Data from the Central Bureau of Statistics (Dutch Statistics) based on Dutch 
women aged 25 to 35 years were used as a comparator for the BMI of mothers 
included in the study [8]. The results of a folic acid monitoring study in the 
northern part of the Netherlands—including 515 pregnant women in 2009—were 
used to compare folic acid use [9]. A survey of approximately 14 500 pregnant 
women in the Netherlands (not specific from the northern part) in 2001 to 2007 
was used to compare the smoking status, the alcohol consumption and the 
educational level of the mother [10]. Furthermore, data of more than 70 000 births 
reported in the Perinatal Registry Netherlands in 2004 to 2007 were used for the 
comparison of gender, duration of gestation and birth weight of the child [11]. The 
Perinatal Registry Netherlands data set included almost all births in the 
Netherlands. 

 

Analyses and statistics 

Statistical analysis was conducted using the Statistical Package for the Social 
Sciences (version 16.0; SPSS Inc., Chicago, IL), R.2.10.1 and Excel 2003 by 
performing chi-square tests with Yate's correction or t-tests and by calculating 
confidence intervals. 

 

 Results 

 

Five-hundred and fifty-six children who were born between 16 December 2004 and 
30 July 2009 were registered in the Healthy Pregnant database.  
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Table 1: Descriptive frequencies of the characteristics of mother and child for ‘Healthy 
Pregnant’ and the reference groups. 

 ‘Healthy 
pregnancy’* Reference* 

p-
value 

sex of the child 
  male (%) 

n=531 
49.7% 

n=710,282† 
51.3% 

 
0.701 

duration of gestation 
  < 32 weeks (%)   
  < 37 weeks (%) 
  ≥ 41 weeks (%) 

n=556 
0.5% 
4.1% 

24.8% 

n=703,839† 
1.6% 
7.9% 

22.6% 

 
0.073 
0.003 
0.294 

birth weight 
  < 2000 gram (%) 
  < 2500 gram (%) 
  ≥ 4000 gram (%) 
  ≥ 4500 gram (%) 

n=527 
1.1% 
3.2% 

18.2% 
3.6% 

n=688,756† 
3.0% 
7.1% 

16.0% 
2.9% 

 
0.019 
0.001 
0.262 
0.398 

mean age at birth  
  1st child (years, standard deviation) 
  all children together (years, standard deviation) 

n=556 
28.7 (4.2) 
29.9 (4.4) 

n=5,517‡ 
29.1 (5.1) 
30.0 (4.8) 

 
0.463 
0.694 

body mass index (BMI) mother 
  underweighted                 BMI <18.5 (%)  
  intermediate                     BMI 18.5-25 (%) 
  over weighted or obese  BMI ≥ 25 (%) 
  obese,                                BMI ≥ 30 (%) 

n=515 
2.1% 

58.3% 
26.2% 
13.4% 

n=NA$ 
3.2% 

65.9% 
21.9% 
9.0% 

 
0.237 
0.105 
0.079 
0.003 

smoking during pregnancy 
  yes (%) 

n=528 
18.9% 

n=14553** 
9.7% 

 
<0.001 

alcohol consumption during pregnancy 
  yes (%) 

n=529 
20.2% 

n=1839** 
28.6% 

 
0.004 

folic acid 
  correct (min. 4wks<conception>8wks) (%) 
  some (%) 
  no (%) 

n=486 
46.4% 
42.2% 
11.4% 

n=509 †† 
51.6% 
33.7% 
14.6% 

 
0.358 
0.074 
0.219 

educational level 
  lower vocational training (%) 
  intermediate vocational training (%) 
  higher vocational training/university (%) 

n=508 
48.4% 
9.4% 

42.1% 

n=13944** 
22.4% 
40.1% 
37.5% 

 
<0.001 
<0.001 
<0.001 

medication for chronic use in the 1st trimester‡‡ 
  antidiabetics 
  antiepileptics 
  antipsychotics and antidepressants 
  antiasthmatics 

n=556 
0 
0 

5.4 
36.0 

n=5517‡ 
5.4 
2.5 

27.6 
30.8 

 
0.156 
0.470 
0.003 
0.606 

medication use of other drug in pregnancy‡‡ 
  antacids 
  antiemetics 
  iron preparations 
  gynecological anti-invectives and antiseptics 
  ovulation stimulants 
  antibiotics 

n=556 
54.0 
54.0 
30.6 

152.9 
14.4 

178.1 

n=5517‡ 
120.2. 
91.7 

236.2 
188.3 
21.0 

213.3 

 
<0.001 
0.007 

<0.001 
0.096 
0.380 
0.124 

* n= total number available for analysis for this characteristic. Not all variables include all women as 
not all information was available for each of them. 
Reference group used: † Perinatal Registry Netherlands, ‡ IADB.nl, $ CBS, ** Survey, Lanting et al,  
†† Folic acid monitor [7-11].  
‡‡ for all subgroups presented as prevalences per 1000 pregnancies 
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Eighty-five percent of all registered pregnancies were taken care of by the 
midwifery practice in Veendam, and the other 15% was derived from the midwifery 
practice in Groningen. The descriptive frequencies of the characteristics of mother 
and child for both the Healthy Pregnant and the reference group are presented in 
Table  1. For both groups, the age of the mothers and the gender distributions of 
the newborns were similar. However, the Healthy Pregnant mothers were more 
often obese, tended to smoke more and reported less alcohol consumption and 
the educational level was either high or low. In the Netherlands, approximately 
40% of all women in the fertile age finished an intermediate vocational training. 
However, in our data set, less than 10% had an intermediate training as the highest 
completed education. 

After stratification on educational level (comparing low or intermediate, with high), 
it was found that a lower educational level is associated with significant higher 
smoking status (26% versus 11%), less alcohol consumption (12% versus 34%), 
higher risk for a BMI ≥25 kg/m2 (47% versus 28%), less frequent use of folic acid 
during the advised period of at least 4 weeks before conception until 8 weeks into 
pregnancy (40% versus 55%) and younger age of the mother at birth of the child 
(Table  2). 

 

Table 2: Smoking, alcohol consumption, body mass index (BMI), folic acid use and maternal 
age stratified by educational level among women in ‘Healthy Pregnant’. 

 Low or intermediate 
educated women High educated women p-value 

smoking - yes 26% 11% <0.001 
alcohol - yes 12% 34% <0.001 
BMI >25 47% 28% <0.005 
folic acid use - correct 40% 55% 0.063 
mother’s age <25 yr 
mother’s age <30 yr 

14% 
53% 

4% 
38% 

<0.001 
0.004 

 

A lower educational level is also associated with a lower socioeconomic status, 
which is known to increase the prevalence of smoking. Since we did find an 
increased prevalence of smokers, we stratified our data according smoking status 
during pregnancy to investigate if the proportion of smokers was different from 
the general population for different education levels (Table  3). We found 
significantly more higher-educated women who smoked during pregnancy in the 
Healthy Pregnant group compared with the general population (23% versus 14%). 
We also observed that non-smokers reported more alcohol consumption (19% 
versus 9%). However, we did not find associations between smoking and alcohol 
consumption or duration of gestation and smoking status. 
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Table 3: Educational level, alcohol consumption and gestational duration, stratified by 
smoking status among women in ‘Healthy Pregnant’ compared with the general population. 

 Smokers Non-smokers 
 ‘Healthy 

Pregnant’ 
refe-
rence 

p-
value 

‘Healthy 
Pregnant’ 

refe-
rence 

p-
value 

educational level -  low/intermediate 
educational level -  high 

77% 
23% 

86% 
14% 

0.520 
0.050 

53% 
47% 

60% 
40% 

0.172 
0.087 

alcohol consumption - yes 
alcohol consumption - no 

26% 
75% 

18% 
82% 

0.273 
0.658 

19% 
81% 

9% 
91% 

<0.001 
<0.001 

duration of gestation <32 wks 
duration of gestation <37 wks 
duration of gestation ≥37 wks 

1% 
3% 

96% 

2% 
7% 

91% 

0.764 
0.210 
0.776 

0% 
4% 

96% 

1% 
5% 

94% 

0.980 
0.489 
0.901 

 

 

Figure 1: Prevalence of first trimester exposure to drugs used for chronic indications among 
women in ‘Healthy Pregnant’  compared with the general population.  

 
 

Figure 2: Prevalence of exposure to drugs used for occasional symptoms during pregnancy 
among women in ‘Healthy Pregnant’ compared with the general population.        
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Except for anti-asthmatics, the exposure to drugs for chronic indications during the 
first trimester of pregnancy (and also during the entire pregnancy) was lower 
among women in Healthy Pregnant compared with the general pregnant 
population (Figure 1). None of the women were exposed to antiepileptics or 
antidiabetics, and we did not identify women with pregnancy diabetics. The 
exposure to antipsychotics or antidepressants was significantly lower for the 
Healthy Pregnant compared with the general population with 5.4 per 1000 versus 
27.6 per 1000, respectively. Several commonly used drugs for occasional 
symptoms were less often prescribed to women in Healthy Pregnant (Figure 2). In 
particular, the most significant difference was found for iron preparations (3% 
versus 24%), but antacids, antiemetics and gynecological anti-infectives and 
antiseptics were also prescribed less often in the Healthy Pregnant women. 

 

 Discussion 

 

The Healthy Pregnant database is not representative for the general pregnant 
population in the northern part of the Netherlands. In particular, we found higher 
BMI, more smokers, less alcohol consumption and differences in educational level. 
Moreover, the exposure to (chronic) drugs is underrepresented, which could be 
due to direct referral to the gynaecologist on the basis of medical indication. 

In Healthy Pregnant database, we only included information of pregnancies taken 
care of by the midwife. High-risk pregnancies were cared for by gynaecologists and 
were therefore missing in our data set. However, women who were referred to the 
gynaecologist after a consult with the midwife were included because the midwife 
provided the checks after birth. According to the current data, having a chronic 
disease like diabetes, epilepsy, depression or psychotic diseases is considered to be 
enough reason to start with second-line care. On the other hand, the use of anti-
asthmatic or ovulation-stimulating drugs does not always result in direct second-
line care. For these drugs, prevalence of use was comparable between the two 
groups. 

We also observed an underrepresentation of low birth weight and duration of 
gestation. Both factors are associated with high-risk pregnancies and, 
consequently, are more likely to be cared for by a gynaecologist. In the Healthy 
Pregnant group, it was found that women from both low and high education levels 
were overrepresented whereas women of intermediate education were 
underrepresented.  
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Educational level is often used as a proxy for the socioeconomic status. From the 
literature, it is generally known that women with a lower socioeconomic status 
smoke more, consume less alcohol (but if they do, the amount consumed is 
generally larger), are more frequently overweight (or even obese), are less likely to 
use folic acid during the entire advised period and have children at a younger age 
[12-15]. When the analyses were stratified for educational level, the results 
confirmed the abovementioned trends (Table  2). The percentage of women who 
smoke during pregnancy in the Healthy Pregnant group is twice that of the 
reference group (Table  1). After stratification on smoking status, it was found that 
for the lower educated women, smoking status was similar between the two 
groups. However, for women with higher education, smoking during pregnancy 
was observed more often in the Healthy Pregnant group, which was an unexpected 
result. 

A limitation of our evaluation is the relative small sample of pregnancies included 
in the Healthy Pregnant group. For example, the use of drugs for chronic 
indications during pregnancy was generally not very prevalent. Therefore, our 
confidence limits were quite wide, and although we do not have any pregnancy 
with exposures to antiepileptics or antidiabetics, there was still no significant 
difference observed. We are not convinced that there is no underrepresentation of 
drug use and decided not to use Healthy Pregnant as a control group in our 
research until now.  

The use of different data sources as comparator could be conceived as an 
additional limitation. Specifically for BMI, maternal age and birth-weight, we 
compared data that were derived on the basis of different methods. Although 
these comparisons are not perfect, these aspects are not likely to affect the 
current results and thus would lead to essentially similar conclusions. If we had 
used the Healthy Pregnant data set as a control group in a case–control study for 
assessing the risk for drug use on specific congenital malformations, it would result 
in an overestimation of the risk. In the case of a protective effect study, the 
opposite would be true with an underestimation of the protective effect. Especially 
in case of risk factors, it is important not to unnecessarily raise patient worries. 

Exposure to drugs in our control sample is reported correctly (and is derived from 
the same source). However, the use is not comparable and therefore not 
representative for the use in the population covered by EUROCAT. In the literature, 
several examples can be found of this type of selection bias in studies using 
external control groups [16]. Not all of these groups were validated on 
representativeness before they were used as a control group. Another option 
might be the use of controls with genetic disorders. In 2007, a study was published 
comparing the maternal drug use of pregnancy outcomes with genetic disorders 
and the maternal drug use in the general pregnant population [17]. Once adjusted 
for maternal age, the use of all tested drug groups with the exception for 
antimigraine drugs was comparable between both groups.  
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An advantage of these controls with genetic disorders is that it may reduce both 
recall and selection bias. However, as for malformed controls, the translation to 
the general population is not easy because the influence of drugs on genetic 
outcomes cannot be ruled out [18,19]. Regardless, we believe that in the absence 
of a representative non-malformed control group, a genetic disorder control group 
should be considered as an appropriate solution. 

For the choice of our control groups, it is more important that exposures to drugs 
are representative than the fact that the control group consists of non-malformed 
pregnancy outcomes, especially considering that malformed controls can be used 
to help reduce recall bias, which is often a problem with retrospective studies like 
case–control studies. Ideally, one should use both a malformed and a non-
malformed control group. For future research, we aimed to identify a better non-
malformed control group either by linking to existing data sets or by collecting a 
new group using another method. However, the results of this evaluation 
strengthened our belief that a control group is not good simply because it is a non-
malformed group. 
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