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Abstract 
 

Objective: The interpretation of the available studies in pregnancy is often hampered 

because it is unclear to what extent women changed their drug choice. Here, we describe 

drug use in pregnancy, and compare drug use of pregnant women with non-pregnant 

women with respect to possible teratogenicity. 

 

Study design: A cross-sectional study based on pharmacy records from 1997-2001 was 

performed. Pregnant women and matched non-pregnant women (same physician and age) 

were identified. Prescriptions were set against the Australian risk classification. 

 

Results: 35% of all prescriptions for non-pregnant women 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%. In non-pregnant women the highest percentages of 

prescriptions for unsafe drugs were for psycholeptics (99% not classified as safe), 

psychoanaleptics (100%), anti-inflammatory/anti-rheumatic products (100%), antihistamines 

(94%), antacids/anti-ulcer drugs (81%), antiepileptics (100%), beta-blockers (100%), 

systemic antimycotics (100%), antiprotozoals (97%), diuretics (100%) and 

immunosuppressives (100%). In pregnant women this pattern was comparable, except for 

antihistamines (22%) and antacids/anti-ulcer drugs (3%). 

 

Conclusion: 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.  
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Introduction 
Since the thalidomide disaster, treatment with drugs during pregnancy has been a reason 

for concern. Potential teratogenic risks of treatment, and potential risks for the mother of no 

treatment have to be weighed each time drug therapy is considered during pregnancy. 

Several surveys suggested that more than 80% of the women use at least one type of drug 

during pregnancy.1-4 Vitamins, iron preparations, analgesics, anti-emetics and antacids were 

the most widely used drugs, but also nervous system drugs, respiratory drugs and 

cardiovascular drugs were sometimes used.1-9 

 Several classification systems 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, Swedish Classification, Australian 

Classification and TERIS risk ratings. Classifications like these may provide guidance to 

health care professionals and patients in the decision whether or not to use a certain drug 

during pregnancy, but may also be used in epidemiological research to study drug choice 

during pregnancy. A study among Danish women showed that 40.9% of all prescriptions 

during pregnancy were for drug classified as safe, 26% as potentially harmful, and of 28.7% 

the risk was unknown.10 Several studies showed that the proportion of women using 

potentially harmful drugs during pregnancy is lower than just before pregnancy. An example 

is a study among Dutch women that showed that more than 75% of the women who used a 

drug classified as potentially harmful before pregnancy did not continue using that drug 

during pregnancy.11 

 These examples clearly show that drug choice is limited for pregnant women. In a 

recent study, 486 drugs approved in the United States by the FDA between 1980 and 2000 

were examined with respect to their teratogenic risks using the TERIS risk rating system. It 

was found that the teratogenic risk was still undetermined for 91.2% of drugs approved in 

this period.12 This means that for most of the examined drugs inadequate information is 

available to determine whether the benefits exceed the teratogenic risks. The interpretation 

of this high proportion of drugs with inadequate information is somewhat hampered, 

however, because it is not clear to what extent these drugs are needed by women at the 

fertile age. To gain more insight in this aspect, we evaluated drug use of pregnant women 

and non-pregnant women, with reference to the Australian classification system. The 

specific aims were to describe drug use in pregnancy, and to compare drug use of pregnant 

women with non-pregnant women with respect to possible teratogenicity. 
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Methods 
Population 

In the Netherlands, people commonly register with one pharmacy, and obtain all their 

medication from that pharmacy, so that a complete medication history of an individual is 

available in the pharmacy dispensing records. Drugs prescribed by specialist doctors to non-

hospitalised patients are supplied by community pharmacies and thus included in the 

dispensing data. Drugs used during hospital stay (inpatients) and over-the-counter 

medication are not included. Previous studies have demonstrated that dispensing data from 

Dutch pharmacies offer a valid survey of the use of prescription drugs.13 This study was 

performed with pharmacy dispensing data from the InterAction database, which is part of the 

collaboration between community pharmacists in the northern part of the Netherlands and 

the University of Groningen.14 The InterAction database comprises prescriptions from 1994 

to 2002, and covered a population of 300,000 people in 2002. Registration is irrespective of 

health insurance (including people that are not insured), and is thus considered 

representative for the general population. For this particular study, the prescriptions of a 

population of approximately 215,000 people were used.  Data from the remaining 

pharmacies could not be used because the address-number used for the identification of the 

mothers was not supported by their computer system. To identify mothers, first all children 

aged 0-5-years in 2001 were selected in the database. Per child, the female person 15-50 

year older than the child with the same address number was considered to be the mother, 

providing there were no other female persons 15-50-year older with the same address 

number. A validation of this method using a 3-year period showed that 65% of all mothers of 

newborns in the region could be identified, with a correctness of 99%.15 

 

Analyses 

All drugs were classified according to the Anatomical Therapeutic Chemical (ATC) 

classification system of the World Health Organization.16 Individual drugs were defined as 

different full ATC-codes (e.g. J01CA04, amoxicillin), drug groups were defined as ATC-

codes at 2nd level (e.g. J01, antibiotics for systemic use). Drug use was examined in two 

groups of women: 1) pregnant women and 2) non-pregnant women randomly 1:1 matched 

by General Practitioner and age (difference ≤ 5 years). Period of pregnancy was defined as 

the period from birth minus 270 days till birth17, and was divided in trimesters of 90 days. 

Non-pregnant women were defined as women who where not identified as pregnant in any  
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Table 1: The Australian categorisation of risk of drug use during pregnancy  

Category Description 

A Taken by a large number of women without any proven increased risk on the foetus. 

B1 Taken by a limited number of women without any proven increased risk on the foetus. 

Animal studies haven not shown an increased risk. 

B2 Taken by a limited number of women without any proven increased risk on the foetus. 

Studies in animals are inadequate or may be lacking, but available data show no 

evidence of an increased risk of foetal damage. 

B3 Taken by a limited number of women without any proven increased risk on the foetus but 

animal studies have shown an increased occurrence of foetal damage the significance of 

which is considered uncertain in humans. 

C Drugs which may have harmful effects on the human foetus or neonate without causing 

malformations. These effects may be reversible.  

D Drugs which have caused or are expected cause, an increased risk of human foetal 

damage. These drugs may also have adverse pharmacological effects.  

X Should not be used during pregnancy or when pregnancy is possible. 

 

 

part of the corresponding pregnancy period of the corresponding pregnant woman. For each 

non-pregnant woman the period of analysis was equal to the period of pregnancy of the 

matched pregnant woman. The extent of drug use was expressed as the prevalence rate, 

and calculated as the number of women per 100 women to whom at least one prescription 

of the drug or drug group was dispensed in pregnancy, or in the corresponding study period 

for the matched non-pregnant women.  

 To compare the use of drugs between pregnant women and non-pregnant women in 

relation to teratogenic risks, drugs were classified according to the risk categories of the 

Australian Drug Evaluation Committee (see table 1).18 The Australian Classification was 

chosen because this classification is internationally well-known, and the Australian Drug 

Evaluation Committee has a current version of the classification available online. For all 

drugs not included in the Australian classification, for instance drugs that are not on the 

market in Australia, the risk classification of the Health Base Foundation, the Netherlands, 

was consulted.19 Next, the following groups were constructed: safe drugs (class A), drugs 

with an undetermined risk (B1 and B2), potentially harmful drugs (B3, C, D, and X) and 

drugs that were not included in the classification. For the 35 drug groups that were most 

widely used by non-pregnant women, the proportion of prescriptions for safe, undetermined, 

potentially harmful and unclassified drugs was determined both for non-pregnant women 
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and pregnant women. We used the 35 drug groups most widely used by non-pregnant 

women as a starting point because these are the drug groups that women at the fertile age 

are likely to use if there are no limitations for drug use. Oral contraceptives and ovulation 

stimulating drugs were excluded from these analyses. 

 

Results 
Between 1995 and 2001 7500 pregnant women could be identified in the database. Table 2 

shows the prevalence of drug use by these pregnant women: 85.6% had used at least one 

drug during pregnancy. If folic acid, iron preparations and vitamins were not taken into 

account this figure was 69.2%. More than half of all women used between 1 and 3 different 

types of drugs during pregnancy and 16.0% used 5 or more different types. 

 As can be seen in table 3, drug use increased with trimester: 45.3% of all pregnant 

women used drugs in the first trimester, 57.1% in the second, and 70.3% in the third. Folic 

acid was the most widely used drug in the first trimester (8.4%), but was also used in other 

trimesters. Meclozine/cyclozine (3.6%) was a top-10 drug in the first trimester only. The use 

of iron preparations (7.7, 30.6 and 44.4%) and antacids (2.2, 9.5, and 18.5%) both strongly 

increased with duration of pregnancy. Other top-10 drugs include dermatologicals, 

gynaecological preparations, lactulose, salbutamol and paracetamol; the use of these drugs 

remained approximately constant during pregnancy. 

 For 6489 of the 7500 pregnant women it was possible to find a non-pregnant woman in 

the same age group with the same GP. Table 4 shows drugs used by both non-pregnant 

women and pregnant women, with reference to the Australian classification system. In the  
 

Table 2: Prevalence of drug use during pregnancy (n=7500 women) 

 % of women (number) 

All pregnant women in the study 100 (7500) 

  

Pregnant women using drugs1 85.6 (6423) 

     1 type of drug 23.2 (1742) 

     2 types of drugs 21.2 (1588) 

     3 types of drugs 14.5 (1091) 

     4 types of drugs 10.7 (803) 

     5 or more types of drugs 16.0 (1199) 
1Type of drug defined as full ATC-codes (e.g. J01CA04, amoxicillin)  
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Table 3: Ten most widely used drugs per trimester (n=7500 women) 

Trimester 1  Trimester 2  Trimester 3 

Drug 

% of women 

(n)  Drug 

% of women 

(n)  Drug 

% of women 

(n) 

Folic acid 8.4 (632)  Iron preparations 30.6 (2298)  Iron preparations 44.6 (3343) 

Iron preparations 7.7 (579)  Antacids 9.5 (716)  Antacids 18.5 (1391) 

Amoxicillin 3.8 (286)  Amoxicillin 6.2 (463)  Amoxicillin 7.9 (595) 

Meclozine with 

cyclozine 

3.6 (270)  Folic acid 5.2 (393)  Folic acid 7.9 (590) 

Miconazole (gyn) 3.0 (224)  Miconazole (gyn) 4.8 (360)  Miconazole (gyn) 4.9 (368) 

Antacids 2.2 (162)  Clotrimazole (gyn) 2.7 (200)  Clotrimazole (gyn) 2.8 (211) 

Miconazole (derm) 1.8 (137)  Lactulose 1.9 (146)  Lactulose 2.6 (197) 

Triamcinolone 

(derm) 

1.5 (114)  Miconazole (derm) 1.9 (142)  Miconazole (derm) 2.1 (158) 

Lactulose 1.5 (113)  Emollients and 

protectives 

1.6 (122)  Lidocaine 

(antihemorrhoidal) 

1.6 (118) 

Salbutamol 1.4 (108)  Salbutamol 1.4 (103)  Paracetamol 1.5 (110) 

        

Any drug 45.3 (3395)  Any drug  57.1 (4282)  Any drug 70.3 (5273) 

gyn = gynaecological; derm = dermatological 

 

 

majority of drug groups the percentage of safe drugs was higher among pregnant women 

than among non-pregnant women. Overall, 35% of all prescriptions for non-pregnant women 

were classified as safe for use in pregnancy (Australian classification A), 14% were 

classified as drug with an unknown risk (B1,B2), 49% were potentially harmful drugs 

(B3,C,D,X), and for 3% the drug was not included in the classification. Among pregnant 

women these figures were 86, 3, 10 and 2% respectively, or 77, 5, 15 and 3% when folic 

acid, iron preparations and vitamins were not taken into account. Taking women as unit of 

analysis instead of prescriptions results in a comparable pattern: 37% of all non-pregnant 

women received at least one drug classified as safe, 17% risk unknown, 62% potentially 

harmful, and 5% not classified, compared to 83%, 9%, 21% and 6% of the pregnant women 

(data not shown). 

 Also shown in table 4 is that in non-pregnant women drug groups with the highest 

percentages prescriptions for unsafe drugs were psycholeptics (99% of the prescriptions not 

classified as safe), psychoanaleptics (100%), anti-inflammatory and anti-rheumatic products 

(100%), systemic antihistamines (94%), drugs for acid related disorders (81%), antiepileptics 
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Table 4: Drugs used by non-pregnant women (n=6489) and pregnant women (n=7500), with reference 

to the Australian classification system (contraceptives and ovulation stimulation drugs excluded) 

  Non-pregnant women  Pregnant women 

ATC Drug group 

N of 

women 

N of 

presc 

% 

A 

% 

B1 

B2 

% 

B3, 

C,D, 

X 
%  

NC  
N of 

women

N of 

presc 

% 

A 

% 

B1 

B2 

% 

B3, 

C,D, 

X 
%  

NC 

N05 Psycholeptics1 534 2778 1 14 85 0  227 540 2 4 94 0 

N06 Psychoanaleptics2 322 1835 0 16 84 1  99 367 0 11 89 0 

M01 Anti-inflammatory and 

anti-rheumatic products 

(incl NSAIDs) 935 1690 0 1 99 0  197 268 0 0 100 0 

J01 Antibacterials for 

systemic use 1038 1635 37 11 51 0  1545 2237 82 5 12 0 

N02 Analgesics 420 1006 52 2 46 0  323 448 89 0 10 0 

D07 Dermatological 

corticosteroids 577 994 85 0 15 1  643 973 93 0 7 0 

R03 Anti-asthmatic drugs 269 967 44 7 49 0  291 912 54 3 43 0 

R06 Systemic 

antihistamines  421 839 6 84 10 1  614 1145 78 12 10 0 

R01 Nasal preparations 364 686 46 5 48 0  413 658 55 1 43 1 

A02 Drugs for acid related 

disorders 202 572 19 33 48 0  1829 5119 97 2 1 0 

D01 Dermatological 

antifungals  332 509 71 27 0 2  598 762 83 13 0 4 

D02 Emollients and 

protectives 246 483 97 0 0 3  372 807 99 0 0 1 

S01 Ophthalmologicals 263 431 70 2 14 15  259 400 70 2 12 17 

G01 Gynaecological 

antiinfectives / 

antiseptics 293 397 91 6 0 3  1184 1811 97 1 0 2 

R05 Cough and cold drugs 289 384 86 13 0 2  324 386 84 16 0 0 

A06 Laxatives 145 376 94 0 3 2  473 905 92 0 1 7 

A03 Drugs for functional 

gastrointestinal 

disorders 199 363 50 48 0 2  114 145 60 40 0 0 

N03 Antiepileptics 54 356 0 3 97 0  19 92 0 7 93 0 

C07 Beta blocking agents 124 341 0 1 99 0  49 130 0 0 100 0 

B03 Antianemic 

preparations 165 335 100 0 0 0  4303 12561 100 0 0 0 

A10 Drugs used in diabetes 38 265 65 0 35 0  47 244 100 0 0 0 
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Table 4 (continued): Drugs used by non-pregnant women (n=6489) and pregnant women (n=7500), with 

reference to the Australian classification system 

  Non-pregnant women  Pregnant women 

ATC Drug group 

N of 

women 

N of 

presc 

% 

A 

% 

B1 

B2 

% 

B3, 

C,D, 

X 
%  

NC  
N of 

women

N of 

presc 

% 

A 

% 

B1 

B2 

% 

B3, 

C,D, 

X 
%  

NC 

H02 Systemic 

corticosteroids  126 219 100 0 0 0  74 127 100 0 0 0 

H03 Thyroid therapy 40 218 89 0 11 0  83 423 95 0 5 0 

D06 Dermatological 

antibiotics  162 201 32 32 36 0  135 154 38 25 36 0 

D10 Anti-acne preparations 96 191 60 5 6 30  72 98 62 4 0 34 

A01 Stomatological 

preparations 139 175 75 0 0 25  129 143 72 0 0 28 

J02 Systemic antimycotics  110 170 0 0 100 0  21 21 0 0 100 0 

S02 Otologicals 93 158 62 0 0 38  98 127 62 0 0 38 

A11 Vitamins 48 139 100 0 0 0  68 113 100 0 0 0 

A07 Antidiarrheals and 

intestinal anti-

inflammatory agents 69 128 37 0 61 2  73 162 20 0 65 15 

J07 Vaccines 106 125 58 42 0 0  58 64 56 44 0 0 

P01 Antiprotozoals 89 114 3 81 17 0  40 49 8 80 12 0 

C03 Diuretics 34 107 0 0 100 0  13 16 0 0 100 0 

L04 Immunosuppressive 

agents 9 102 0 0 100 0  5 23 0 0 100 0 

D11 Miscellaneous 

dermatologicals 59 91 10 11 2 77  70 107 14 0 1 85 

 Other drug groups 501 1181 33 25 32 10  994 2118 57 10 22 11 

               

 All drug groups 4535 20561 35 14 49 3  6423 34655 86 3 10 2 

N means number, presc means prescriptions. Letters denote the Australian risk categorisation (see table 1), NC means no classification 

available. Due to rouding percentages do not always add up to 100%. 
1  Psycholeptics include antipsychotics, anxiolytics, hypnotics and sedatives 
2  Psychoanaleptics include antidepressants and psychostimulants 
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(100%), beta blocking agents (100%), systemic antimycotics (100%), antiprotozoals (97%), 

diuretics (100%) and immunosuppressive agents (100%). In pregnant women this pattern 

was comparable, except for systemic antihistamines (22%) and drugs for acid related 

disorders (3%).  

 

Discussion 
The main findings of this study are that pregnant women tend to use safer drugs than non-

pregnant women (overall 86% and 35% of all prescriptions  were classified as safe, 

respectively), but that for several drug groups nearly all prescriptions for both pregnant and 

non-pregnant women were unsafe. 

 The major strengths of this study are the population based coverage, the prospective 

recording of pharmacy dispensing data, and the completeness of pharmacy data in 

comparison with other data sources, such as registration of general practitioners. An 

important limitation of our study design is that our exposure definition is based solely on the 

day of dispensing the drug from the pharmacy, and we have no information about actual 

drug use. Other weak points of the study are the absence of over-the-counter and 

medication used during hospital stay. In addition, it is likely that there has been some 

misclassification of pregnant women (identified pregnant women were not truly pregnant), 

and of non-pregnant women (women identified as non-pregnant were pregnant). A validation 

of our identification method showed that 99% of the pregnant women were correctly 

identified, suggesting the first type of misclassification will be rather small.15 However, 

because our identification method is only able to identify 65% of all pregnant women in a 

region - thus leaving 35% unidentified - it is likely that there will have been pregnant women 

classified as non-pregnant. Another type of misclassification will occur because many 

pregnancies will last 1-2 weeks shorter or longer than the 270 days we assumed; a 

prescription issued in the first week of pregnancy according to our database, for example, 

could be issued just before pregnancy in the actual situation. All types of misclassification 

mentioned above will result in a underestimation of a possible difference between pregnant 

women and non-pregnant women. Finally, because we used pharmacy data to identify 

pregnant women, selection towards drug-using women might be expected; the validation of 

the identification method showed that this selection was limited, however.15 

 The usefulness and reliability of systems for the classification of drugs for teratogenic 

risk is currently a topic of debate.20-22 The major classification systems are the Swedish 

system, the Australian system and the FDA system. These systems use almost the same 
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codes (A, B, C, D and X), but with different contents and sense; the FDA category B, for 

example, is to a certain extent comparable with Australian and Swedish category C, which 

obviously easily leads to confusion. Moreover, in a recent study Addis et al showed that only 

26% of the drugs common to all three systems were placed in the same risk category.20 

Although risk classification systems were set up to facilitate drug prescribing for pregnant 

women, the use of different categories of drugs have been proven to be ambiguous and 

difficult to evaluate, both for professionals and patients.22 Therefore it is currently 

recommended that ratings of drugs for use in pregnancy should be replaced by narrative 

statements that summarise and interpret the available studies, and provide estimates of 

teratogenic risks.21,22 These proposed narrative statements are suitable for counselling at 

individual level, but not for assessing and comparing risks at group level. For describing 

drug utilisation patterns at an aggregated level, therefore, the risk classification systems are 

still of great value. 

 Overall 86 percent of all pregnant women used at least one drug during pregnancy. As 

demonstrated in table 3 the most widely used drugs during pregnancy were for presumably 

ordinary conditions like anaemia, nausea and infections. The predominant use of vitamins, 

iron preparations, analgesics, antiemetics and antacids was also found in previous   

studies.1-9 The folic acid use in the first trimester may seem low (8.4%), but it has to be kept 

in mind that folic acid is also available over-the-counter, and our database includes only 

prescribed folic acid. Analyses like these are useful to gain insight in drug use during 

pregnancy. However, by studying pregnant women only, it is not possible to determine to 

what extent women are hampered in their drug choice by pregnancy. As can be seen in this 

and other studies, pregnant women tend to avoid potentially harmful drugs, and therefore it 

is necessary to include non-pregnant women in the study as well.11 A number of surveys 

have included the trimester prior to conception in their analysis, but as at least a part of the 

pregnancies is planned (80% in the Netherlands), also this period is likely to be biased by an 

altered drug choice behaviour.6,10,11,23 

 The fact that only 35% of the prescriptions used by non-pregnant women are 

considered safe in pregnancy clearly indicates that many women have to reconsider the 

choice of their drugs in case of a pregnancy. Indeed 86% of all prescriptions for pregnant 

women were for safe drugs, indicating that pregnant women choose other drugs. Several 

problems are connected to this shifting, however. First, not for all situations safer 

alternatives will be available. On the assumption that pregnant women will choose a safe 

drug when available, the low percentages of prescriptions for safe drugs in the groups of 

psychotropic medication, anti-inflammatory and anti-rheumatic drugs, antiepileptics and 
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several cardiovascular drug groups suggest that these groups are problematic. Second, the 

alternatives might not always be fully therapeutic equivalent. In the group of systemic 

antibiotics for example, drugs may not be interchangeable due to different microbiological 

spectra. Third, pregnant women may be denied relatively new drugs. In the group of acid 

related disorders, for example, non-pregnant women frequently used proton pump inhibitors 

such as omeprazole or pantoprazole (both classified as B3, undetermined risk), whereas 

pregnant women almost exclusively used ordinary salt combinations (all classified as A, 

safe). These examples illustrate that shifting does not always offer a perfect solution. It is not 

inconceivable that for some drug groups the problems described above are of such 

magnitude that women decide not to become pregnant. 

 It should be noted that the category potentially harmful does not mean that these drugs 

are definitely not safe; a suspicion of possible adverse effects is enough to classify a drug as 

potentially harmful. It is evident that observational studies may be of great value to gain 

more insight in the safety of these drugs. The finding that 14% of prescriptions used by 

pregnant women were not classified as safe shows that, if we put enough effort in the 

registration of exposure and outcomes, these drugs are used frequently enough to gain 

some new safety information. It is promising that this is done increasingly often, for instance 

in the case of omeprazole, metoclopramide, venlafexine and fluoroquinolones.24-27 

  We conclude that many drugs used by non-pregnant women should be avoided in 

pregnancy, and that pregnant women indeed do so. Our findings suggest, however, that for 

a number of drug groups, under which psychotropic medication, anti-inflammatory and anti-

rheumatic drugs, antiepileptics and several cardiovascular drug groups, the available safe 

alternatives are limited.  
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