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“A desire to take medicine is, perhaps, 
the greatest feature 

which distinguishes man from other animals.” 
 

Sir William Osler MD (1849-1919), 

Feb 22, 1891
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“EACH person in the world creates a Book of Life.  
This Book starts with birth and ends with death.  
Its pages are made up of the records of the principal events in life.  
Record linkage is the name given to the process of assembling the 
pages of this Book, into a volume.” 
 

HALBERT L. DUNN, M.D., Chief, National Office of Vital Statistics, U. S. Public 

Health Service, Federal Security Agency, Washington, D.C. (1946)
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“The various facts concerning an individual which in any modern 
society are recorded routinely would, if brought together, form an 
extensively documented history of his life. In theory at least, an 
understanding might be derived from such collective histories 
concerning many of the factors which operate to influence the 
welfare of human populations, factors about which we are at 
present almost entirely in ignorance.” 
 

Newcombe HB, Kennedy JM, Axford SJ, James AP. (1959)
3
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Abstract 

 

Background and Aims 

The thalidomide tragedy of the 1950s serves as a warning that surveillance should be a 

critical part of monitoring and reporting the use of prescribed medicines in pregnancy. 

Current knowledge of factors affecting pregnancy outcomes in relation to prescription 

medicines in Australia is limited. National dispensing data for subsidised prescription 

medicines have recently been approved for linkage to the population-based health 

datasets in Western Australia (WA), creating the capacity to monitor how these 

medicines are used and their impact on pregnancy outcomes.  

 

The aims of this thesis are: 

• to quantify, for the first time, the spectrum of medicines dispensed under the 

national Pharmaceutical Benefits Scheme (PBS) to pregnant women in WA; 

• to describe PBS medicines dispensed to pregnant women in WA, in terms of 

sociodemographic characteristics of the women, trimester of pregnancy, by 

medicine classification, and by the Australian categorisation of risk of drug use in 

pregnancy; 

• to determine whether known or suspected teratogens dispensed during pregnancy 

can be detected when administrative records of medicines dispensed in pregnancy 

are record-linked to a birth defects registry; 

• to investigate dispensing patterns and pregnancy outcomes of women dispensed a 

specific class of medicine, selective serotonin reuptake inhibitors (SSRIs), as a 

surveillance case study; and, 

• to determine whether linking PBS data with WA’s population-based health 

administration data such as hospital morbidity, midwives’ records, births, deaths 

and birth defects, is a useful contributor to the postmarketing surveillance and 

research of teratogenic effects and other adverse pregnancy outcomes. 
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Data sources and study population 

Pregnancy events were identified in the Hospital Morbidity Data System from 2002 to 

2005 (N=164,278 admissions; N=98,265 women) and linked to the Western Australian 

Midwives’ Notification System, the Western Australian Registry of Births and Deaths, 

the Western Australian Birth Defects Registry and the Pharmaceutical Benefit Scheme. 

Dispensing records were extracted for each pregnancy event (N=1,276,084 dispenses). 

For each woman with a pregnancy event, her previous obstetric hospital admissions 

were also included. Each of these previous pregnancy events was also linked to the 

four State-based datasets to determine previous pregnancy outcomes. 

 

The dispensing data provided the dispensing date and the medicine’s item number as 

listed in the Pharmaceutical Benefit Schedule. More detailed information related to 

each medicine was sourced from the public domain to determine each medicine’s 

generic name, co-payment amount, World Health Organization Anatomical 

Therapeutic Chemical (WHO ATC) classification code, and Australian categorisation of 

the risk of drug use in pregnancy. As these may vary over time, the dispensing date 

was used as the reference date. 

 

Results 

Medicines were dispensed during pregnancy to 28.0% of women with a pregnancy 

event – to 19.5% of women in their first trimester. Multiple birth pregnancies were 

50% more likely to be dispensed a medicine in the first trimester. As parity increased, 

so did the likelihood of a medicine being dispensed in pregnancy. During the first 

trimester, medicines from the Australian high risk categories (D or X) were dispensed 

to 2.1% of all pregnancy events. The WHO ATC ‘Psychoanaleptics’ category 

represented 18.1% of all dispenses to pregnant women and was dispensed to 4.7% of 

all women with a pregnancy event. 

 

For medicines with a reasonable number of exposed pregnancies, there was a possible 

association with the specific birth defects commonly reported in the literature and for 

some birth defects; the magnitude of the increase was also similar to that reported. 
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When the dispenses of the specific drug class of antidepressants, SSRIs, were analysed, 

previous findings related to SSRI use were confirmed with an increased risk of 

cardiovascular defects and preterm birth. New findings requiring confirmation include 

an increased risk of vesico-ureteric reflux with the use of citalopram. 

 

Conclusions 

The recent approval to link national data from the Pharmaceutical Benefits Scheme to 

datasets held in the Western Australian Data Linkage System provides new and 

valuable opportunities to examine birth outcome profiles of prescription medicines 

used during the preconception period and pregnancy. This thesis shows that the 

linkage of dispensing data to pregnancy events for postmarketing surveillance is 

feasible and would be a major public health resource for assessing the safety of 

medicine use in pregnancy. 
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 General introduction CHAPTER 1:  

 

1.1   The need for medicines safety surveillance in pregnancy 

Until the 1940s it was widely believed that the uterus provided a perfect environment 

for the fetus and served as a shield from the external environment.4 This was 

completely overturned by the findings of an Australian ophthalmic surgeon, Sir 

Norman McAlister Gregg, who reported that maternal rubella infection during the first 

trimester of pregnancy could result in cataracts, congenital heart disease and 

deafness.5 His findings stimulated research in the field of ‘teratology’ – the study of 

structural, behavioural, functional, and metabolic disorders present at birth.6 Two 

decades later, the thalidomide disaster demonstrated that medicines, too, could be 

teratogenic.7-9 

 

In the post-war period of the 1950s, use of sleeping pills was not uncommon. In many 

countries like West Germany, the United Kingdom, Australia and Japan, thalidomide 

was marketed as a safer product to have in the home than existing sedatives such as 

barbiturates, as it wasn’t toxic to young children if they accessed the family medicine 

cabinet.10 Thalidomide was available over the counter (OTC) in pharmacies in West 

Germany, where it was first marketed in 1956. It was the most widely used medicine 

on the market and there were estimates that over one million people in Germany were 

taking thalidomide daily by 1959. In pregnancy, thalidomide was commonly given to 

women in the first three months to combat morning sickness or sleeplessness. The first 

affected child was a girl born on 25 December, 1956 in the town where thalidomide 

was manufactured. The father, who was working for the pharmaceutical company, 

received samples of the new pill for his wife.11 The first two cases were presented by 

Kosenow and Pfeiffer at the German Pediatric Meeting in Kassel in 1960.12,13  

 

Failure of information exchange between researchers, and between regulators was 

illustrated by the fact that on epidemiological grounds, Weicker first suspected a link 

between thalidomide and birth defects in August 1961, but had obtained the 
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erroneous information that the drug was already being marketed in the United States 

of America (US).14 Since inquiry to several US centres maintaining birth records 

revealed no apparent increase in the incidence of phocomelia in the US, it was 

assumed that thalidomide could not be at fault.  

 

In November 1961, two medical practitioners reported their concerns relating to 

thalidomide and a series of children born with phocomelia. On 8 November, it 

occurred to Dr Widukind Lenz, a paediatric geneticist, that thalidomide (known in 

Germany as Contergan) was probably responsible for the catastrophic outbreak of 

phocomelia. On 15 November he contacted the pharmaceutical company that 

marketed thalidomide in Germany and it was withdrawn from the market on 21 

November. On 20 November, Lenz reported his findings at the Dusseldorf Pediatric 

Meeting.13 Dr William McBride, an obstetrician/gynaecologist in Australia, sent a letter 

to the UK journal, the Lancet, with details of three cases of children with phocomelia 

he had delivered over the previous six months whose mothers had taken thalidomide 

in early pregnancy. His letter was published on 16 December, 1961.7 

 

In the US in September 1960, a junior officer who had commenced with the Food and 

Drug Administration (FDA) one month earlier, Dr Frances O. Kelsey, was given her first 

drug approval to review – Richardson-Merrell pharmaceutical company applied to sell 

thalidomide as an OTC medicine.15 At that time, new drugs were cleared for marketing 

on the basis of safety claims alone. The agency had 60 days to reach a decision that 

safety data were adequate or to notify the sponsor of observed deficiencies in the 

application. Failure to communicate by the 60th day would result in automatic 

approval of the drug. Safety evaluation involved review of submitted data by a 

chemist, a pharmacologist, and a medical officer.16 Kelsey was concerned over the lack 

of detailed animal studies in early pregnancy, that there was no assessment of long-

term risk, and the level of evidence of safety in the papers filed by the company 

promoting thalidomide in the US.17 She showed great professional courage in refusing 

to submit to the pressure applied from those wishing to market thalidomide in the US.  

Dr Kelsey believes it was the disclosure of the widespread distribution of this 

unapproved drug and the lack of regulatory control during investigative drug trials that 

http://en.wikipedia.org/wiki/Widukind_Lenz


3 
 

created the greatest impact on the regulators. A reporter for the Washington Post, 

Morton Mintz, interviewed her to understand more of the issues involved and his story 

was published on the paper’s front page on 15 July 1962, producing a major public 

outcry. This swiftly prompted the passing of the 1962 Food and Drug Administration 

Act in August 1962, giving much greater power to the FDA to control the medicines 

marketed in the US. Drug companies were required to provide evidence of well-

controlled clinical trials and not rely on anecdotal evidence. The FDA was to have free 

access to all trial data. Generally speaking, investigational drugs were not to be given 

to a woman of child-bearing age unless animal reproduction studies on at least one 

species and teratology studies on at least two species had been carried out.16  

 

Amendments were proposed to require the consent of human subjects in such trials, 

and requiring that investigational drugs be tested in animals before being used in 

human subjects. Other safety provisions included a provision for the immediate 

removal from the market of a new drug shown to be a hazard to health and the 

requirement of record keeping by pharmaceutical companies of the side effects of 

drugs.  

 

There were about 3,000 children affected by thalidomide in West Germany, with a 

total world-wide estimated to be around 8,000. Due to Dr Kelsey’s stand on the 

marketing of thalidomide in the US, the only US children affected were those whose 

mothers received free samples of thalidomide from their general practitioner or 

obstetrician during her pregnancy (approximately 17 children).  

 

There are various ways that the thalidomide story was a watershed, directly 

influencing the approval and regulation of drugs around the world. These include: 

• It showed that medicines can be safe for the mother but disastrous for the fetus. 

• Animal models were of limited value. Animal studies needed to be far more 

rigorous with a wider range of species used. Similar reactions to thalidomide 

exposure were not observed in all the animal species tested. Studies on rats and 

mice revealed some reproductive abnormalities but it wasn’t until thalidomide was 
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tested on the New Zealand white rabbit in 1962,18 and then rhesus monkeys in 

196319 and 1964,20 that the teratogenicity of the medicine mimicked that in human 

pregnancies. 

• More transparency of clinical trials was required – early trials of thalidomide had 

shown peripheral neuropathy might occur but it was not widely reported.16,21-24 

• Lenz’ study with 20 cases and 20 controls showed the strength of a case-control 

methodology in studies of teratogenicity where the incidence is high. His 

interviews with parents found at least 50% of the mothers admitted to taking 

thalidomide early in their pregnancy.13 

• The story not only highlighted the shortcomings of the drug approval process in the 

US and elsewhere but also pointed to the need for greater exchange of drug 

information both nationally and internationally and the need for improved 

methods for safety evaluation of drugs.16 In 1963 the World Health Organization 

(WHO) recommended the establishment of adverse drug event reporting centres 

and established the Drug Monitoring Centre to coordinate the reports from the 

centres in 1968. Drug registries were promoted by the WHO in 1969. 

• Detailed review of many of the cases showed that teratogenicity from exposure to 

thalidomide had very specific timing. Thalidomide does not produce known 

malformations if only taken before the 34th day after the last menstruation and 

usually no malformation if taken only after the 50th day.25 Within the sensitive 

period from day 35 to day 49, there is the following sequence:26 

 35th-37th day absence of the ears and deafness 

39th-41st day absence of arms 

43rd-44th day phocomelia with three fingers 

46th-48th day thumbs with three joints 

If thalidomide has been taken throughout the sensitive period, the consequence 

may be severe defects of ears, arms and legs and of internal malformations, which 

often led to early death. About 40% of thalidomide victims died before their first 

birthday.26 
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1.2   Known pathways of teratology 

The development of the human fetus is now known to be a dynamic process involving 

interactions with the mother and the placenta. It is influenced by a wide range of 

exposures which have been classed as either ‘maternal limitations’ or ‘environmental 

agents’.27,28 

 

Maternal limitations include: 

• structural abnormality of the mother’s reproductive tract, (e.g. an abnormally 

shaped uterus);  

• functional abnormality (e.g. incompetent cervix, ABO blood group incompatibility);  

• faulty implantation of a blastocyst resulting in a suboptimal position of the 

placenta; and, 

• maternal nutrition and diseases (e.g. diabetes mellitus, sickle cell disease, epilepsy, 

iodine deficiency, chronic hypertension).  

 

Environmental agents include:  

• maternal exposures to: 

- infectious agents (e.g. rubella, cytomegalovirus, herpes simplex virus, 

varicella, human immunodeficiency virus (HIV), toxoplasmosis, congenital 

syphilis, listeriosis); 

- radiation, heat; 

- occupational; 

- medical (diagnostic e.g. x-rays, or therapeutic e.g. radiotherapy); 

- drugs, including over the counter medications (e.g. nicotine, alcohol, 

thalidomide, vitamin A (isotretinoin), diethylstilboestrol, dilantin); and, 

- chemicals (e.g. mercury, polychlorinated biphenyls (PCBs), lead). 

• paternal influences (e.g. cumulative exposures resulting in DNA damage and new 

dominant mutations).29 
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The effect of these exposures will depend upon the following factors:  

• timing of exposure – critical periods in embryonic development 

- during the first 2 weeks of development, teratogens are thought to usually kill 

the embryo; 

- during the organogenetic period, teratogenic agents disrupt development and 

may cause major congenital anomalies; 

- during the fetal period, teratogens may produce morphologic and functional 

abnormalities, particularly of the brain and eyes 

• dose e.g. intrauterine growth restriction (IUGR) and smoking 

• efficiency with which the mother metabolises the agent 

• placental transfer 

• vulnerability of fetal tissues e.g. limb buds and thalidomide 

• ability of the fetus to metabolise and degrade the agent e.g. 5 to 10% of embryos 

exposed to the anticonvulsant phenytoin, for example, develop the fetal hydantoin 

syndrome, one-third develop only some of the associated congenital anomalies 

and more than half of the embryos exposed are unaffected.28,30,31 

 

The annual report for 2007, Perinatal Statistics in Western Australia,32 highlighted 

several specific birth outcomes as a proportion of all pregnancies in WA including: 

stillbirth (0.6%), multiple birth (2.9%), low birth weight (6.8%) and preterm birth 

(8.5%). From approximately 25,000 births in WA each year, around 6.5% of children 

are born with a birth defect that is diagnosed by six years of age.33 There is imperfect 

knowledge of the causal pathways to these events.34 The part played by medicines is 

thought to be small. It has been estimated that for all birth defects: 25% are of genetic 

or chromosomal origin; 10% are of environmental origin, including medicine exposure; 

and 65% are of unknown aetiology.35 

 

1.3   Medicines in pregnancy 

During the development of a new medicine, it is not ethical to study its effects on 

particular sub-groups of the population including children, the elderly, and pregnant or 
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lactating women.36 Medicines registered for use in Australia through the Therapeutic 

Goods Administration (TGA), a division of the Australian Department of Health and 

Ageing (DoHA), have not usually been subjected to population-based studies. From 

October 1999, a set of European Union guidelines generated by the Committee for 

Proprietary Medicinal Products/International Conference on Harmonisation 

(CPMP/ICH) was adopted by the TGA for use in Australia as part of the Australian 

Regulatory Guidelines for Prescription Medicines. These included CPMP/ICH/291/95, 

“Note for Guidance on General Considerations for Clinical Trials,” which states that ‘in 

general, pregnant women should be excluded from clinical trials where the drug is not 

intended for use in pregnancy.37  

 

Medications are taken during pregnancy as a medical necessity (e.g. anticonvulsants, 

antihypertensives, asthma medications) or because it is highly desirable to relieve 

symptoms (e.g. cough/cold preparations, nausea, pain medications); however, the 

safety of these medicines on the developing fetus is not always assured. Dramatic 

physiological changes occur during pregnancy, including a 50% increase in glomerular 

filtration rate, a 40–45% increase in blood volume, and alterations in serum-binding 

proteins, all of which may affect the dosage requirements in pregnancy.29,38 Whilst 

there has been substantial laboratory research on teratogens and pregnancy in 

animals, the thalidomide tragedy cast doubt on the validity of animal testing for some 

human medicines. Although thalidomide was first marketed in Germany in 1957, it was 

not until congenital anomalies were reported by Lenz39 and McBride7 in 1961 that 

reproductive studies on animals were attempted to reproduce the ‘Thalidomide 

syndrome’ reported in humans.  

1.4   The early history of reporting of adverse drug reactions 

An adverse drug reaction (ADR) is described by the WHO as,  

“a response to a drug which is noxious and unintended, and which occurs at a 

dose normally used in humans for the prophylaxis, diagnosis or therapy of 

disease, or for a modification of physiological function.”40   
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The WHO definition of a “serious adverse event” is any event that: 

• is fatal; 

• is life-threatening; 

• is permanently/significantly disabling; 

• requires or prolongs hospitalisation; 

• causes a congenital anomaly; or, 

• requires intervention to prevent permanent impairment or damage.41 

 

The beginnings of an adverse reporting system for suspected ADRs appear to date back 

to 1893 in England.42,43 In January 1848, a 15-year-old girl had a routine general 

anaesthetic before treatment of an in-grown toenail. The anaesthetic agent, 

chloroform, had only been introduced into clinical practice a year earlier, since it 

produced less nausea and vomiting than ether. Unfortunately, she died during the 

anaesthetic from what was, in more recent times, thought to be an episode of 

ventricular fibrillation. Due to the continuing concerns of the public and the profession 

about the safety of anaesthesia, the journal, The Lancet, set up a commission which 

invited doctors in Britain and its colonies to report anaesthesia-related deaths. These 

findings were subsequently published in the journal in 1893.44 

  

Following the reports of Gregg, Lenz and McBride, there were several more examples 

of a clinician identifying a human teratogen through observation rather than through a 

formal epidemiological approach.45 In 1968, Meadow46 reported 6 children who were 

exposed to anticonvulsant medication in utero showing orofacial clefts, which in 4 

cases were accompanied by other dysmorphic facial features and congenital heart 

disease – this observation resulted in numerous studies on the teratogenic effect of 

anticonvulsants. Robert and Guibaud worked in a birth defects monitoring centre in 

France and, when interviewing women who had infants with spina bifida, noted a very 

high rate of valproic acid use, an observation which was soon verified and expanded to 

show that the drug had other teratogenic properties.47 Although astute clinicians and 

adverse drug reaction reports have identified many human teratogens, a variety of 

systematic methods of identification of teratogenesis has been investigated. 
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1.5   Pharmacovigilance 

Pharmacovigilance is defined by the WHO as  

“the science and activities relating to the detection, assessment, understanding 

and prevention of adverse effects or any other medicine-related problem.”48  

 

For almost 30 years it has been recognised that medicine safety in clinical practice 

cannot depend solely upon pre-marketing data.49,50 Not everything is known about a 

medicine when it receives its licence for marketing. The merits of a new medicine, 

balancing its beneficial and its untoward effects only become established after 

sufficient experience has been gained from its use in clinical practice, as randomised 

trials are usually too small or too short to identify most risks.51 

 

As well, such trials usually exclude pregnant women, so the potential for teratogenesis 

is usually uncertain when new drugs are introduced. A review of the teratogenicity of 

medicines in pregnancy from 1980 to 2000 in the US concluded that inadequate 

information was available for pregnant women and their physicians to determine 

whether the benefits exceed the teratogenic risks for 91.2% of the 468 medicines 

approved between 1980 and 2000.52 Furthermore, it took an average of 6.0 ± 4.1 years 

after FDA approval to discover that a drug treatment was associated with a teratogenic 

risk in human pregnancy and even longer (an average of 9.1 ± 4.5 years) to determine 

that a treatment was unlikely to be associated with such risk. This study was done 

again for the 172 medicines approved by the FDA between 2000 and 2010.53 This time 

the proportion of medicines where the expert panel were unable to determine the 

teratogenic risk in pregnancy was 97.7%. The authors concluded that a more active 

approach to postmarketing surveillance for teratogenic effects is necessary. 

 

As around 50% of pregnancies are unplanned,54,55 unborn children may be unwittingly 

exposed to a range of medicines, particularly during the early embryogenesis period 

when a woman may be unaware she is pregnant. Although the part played by 

medicines as a cause of birth defects appears to be small, it is important because the 

adverse outcomes are potentially preventable. As well, there are known teratogenic 
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medicines (such as folate antagonists for epilepsy and vitamin A analogues prescribed 

for acne) for which postmarketing surveillance would assist in determining whether 

they have been prescribed appropriately. Improved data on teratogenic risk will 

provide better advice on risk for pregnant women or those who may become 

pregnant. 

 

‘Pharmacoepidemiology’ is defined by the International Society for Pharmaco-

epidemiology (ISPE) as the study of the utilisation and effects of drugs in large 

numbers of people. Thus, pharmacoepidemiology can be regarded as a bridging 

science spanning both pharmacology and epidemiology. It can also be defined as the 

application of epidemiological methods to pharmacological issues.56 

Pharmacovigilance is a type of continual monitoring for unwanted effects and other 

safety-related aspects of drugs that are already on the market. In practice, 

pharmacovigilance refers almost exclusively to the spontaneous reporting systems 

which allow health care professionals and others to report adverse drug reactions to a 

central agency. The central agency can then combine reports from many sources to 

produce a more informative safety profile for the drug product than could be done 

based on one or a few reports from one or a few health care professionals.56 

 

Pharmacovigilance is needed in every country, because there are differences between 

countries (and even between regions within countries) in the occurrence of adverse 

drug reactions and other drug-related problems. This may be because of differences in: 

• drug production; 

• distribution and use (e.g. indications, dose, availability); 

• genetics, diet, traditions of the people; 

• pharmaceutical quality and composition (excipients) of locally produced 

pharmaceutical products; and, 

• the use of non-orthodox drugs (e.g. herbal remedies) which may pose special 

toxicological problems, when used alone or in combination with other drugs.57 
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The teratogenic nature of thalidomide was recognised only because the medicine 

produced a rare and rather specific combination of defects. If it had produced a more 

common type of defect, such as cleft palate, it probably would not have been 

suspected clinically.58 Population-based datasets may provide an opportunity to 

investigate the effect of medicines on more common defects, they are more likely to 

have the statistical power that is lacking in many Phase III clinical trials to detect rare 

side-effects51 and they can provide some data to assess the effects of medicines in 

subgroups that may have been excluded from these trials. Record linkage studies 

provide a rich resource for following individuals and their health care utilisation 

through time59-61 and may be a feasible and relatively cost-effective means of 

investigating the effects of medicine use in pregnancy. 

 

Medicare Australia compiles information on the supply of prescription medicines in the 

community. The information comes from prescriptions subsidised by the 

Pharmaceutical Benefits Scheme (PBS). The PBS, which has been in existence since 

1948 and is governed by the National Health Act 1953 (Commonwealth),62 includes 

dispensing in the community, private hospitals and, since late 2004, public hospitals. 

The PBS data have recently been linked to population-based administrative datasets in 

WA and this study is the first to investigate the range of PBS-subsidised medicines 

dispensed to pregnant women, as the initial stage in evaluating data linkage as a tool 

for pharmacovigilance in pregnancy. 

 

Although there are various methods in place for reporting adverse medicine events in 

pregnancy, there are very few that allow linkage of prescription medicines to 

pregnancy outcomes and none in Australia. The only previous study of overall 

medicine use in pregnancy in Australia was in South Australia in 1999 where 140 

pregnant women attending an antenatal clinic were surveyed.63 The study found that 

both prescribed and non-prescribed medicine use was common during all trimesters of 

pregnancy and overall use changed little compared with pre-pregnancy rates. In each 

trimester of pregnancy, around 40% of the women were taking a prescribed medicine. 

Overseas studies have shown that anywhere from 44%64 to 99%65 of pregnant women 

use prescribed medicines66 and this presents an important area for analysis of risk. 
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Prospective pregnancy registries, a method of surveillance that enrols pregnant 

women after they have been taking medicine and before the birth of their child, were 

advocated in Australia in 198667 to study the risks of specific medicines. Pregnancy 

registries of anti-epileptic medicines now exist in North America, Europe, the United 

Kingdom (UK) and Australia.68 Also, medicine manufacturers may perform 

postmarketing cohort studies of prospectively reported exposures, and meta-analyses 

may be undertaken for specific medicines.69 Teratogen Information Services are 

another example where maternal exposure information is obtained from callers and 

then attempts are made to track the women some months later to determine 

pregnancy outcomes.70-73 MotherSafe is a telephone advice and counselling service in 

New South Wales for pregnant or breastfeeding women who have been exposed to 

chemicals, medicines, radiation or infections.74 DoHA recognised the importance of 

support for pregnant women when the department introduced a pregnancy help line, 

“Pregnancy, Birth & Baby Helpline” in July 2010.75 

 

1.6   Aims and objectives of the study 

Population-based pharmacovigilance is an emerging field of research. It has been 

defined as the study of the distribution and determinants of drug-related events in 

populations and the application of this study to efficacious drug treatment.76 A 

technical paper published in March 2006 by the National Centre for Social and 

Economic Modelling77 in Canberra looked at the use of cross-sectional data in 

pharmaceutical health outcomes research. The researchers found the key limitation 

was that in using cross-sectional data it was not possible to show that the groups being 

compared were the same except for the use of medications. It was not possible to 

draw definitive conclusions about the value or benefits to patients of medications 

listed on the Pharmaceutical Benefits Scheme (PBS). They concluded that for future 

work it may be preferable to explore health outcomes using longitudinal patient level 

data. 
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The recent availability of national data from the PBS linkable to datasets held in the 

Western Australian Data Linkage System (WADLS) at a broader population-based level 

provides new opportunities to investigate relationships between prescription 

medicines and pregnancy outcomes, using longitudinal data. 

  

This thesis is, in effect, a feasibility study to determine whether linking PBS data with 

population-based health administrative data such as hospital morbidity and midwives’ 

records, births, deaths and birth defects registries is a useful contributor to the 

postmarketing surveillance and research of teratogenic effects of medicines. It will also 

quantify, for the first time, the spectrum of medicines prescribed under the PBS to 

Western Australian pregnant women. At present in Australia, population surveillance 

of adverse effects of prescribed medicines upon the fetus does not adequately exist. 

 

The aims of this thesis are: 

• to quantify, for the first time, the spectrum of medicines dispensed under the 

national Pharmaceutical Benefits Scheme (PBS) to pregnant women in WA; 

• to describe PBS medicines dispensed to pregnant women in WA, in terms of 

sociodemographic characteristics of the women, trimester of pregnancy, by 

medicine classification, and by the Australian categorisation of risk of drug use in 

pregnancy; 

• to determine whether known or suspected teratogens prescribed during pregnancy 

can be detected when administrative records of medicines dispensed in pregnancy 

are record-linked to a birth defects registry; 

• to investigate dispensing patterns and pregnancy outcomes of women dispensed a 

specific class of medicine, selective serotonin reuptake inhibitors (SSRIs), as a 

surveillance case study; and, 

• to determine whether linking PBS data with WA’s population-based health 

administration data such as hospital morbidity, midwives’ records, births, deaths 

and birth defects registries, is a useful contributor to the postmarketing 

surveillance and research of teratogenic effects. 
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1.7   Organisation of the thesis 

This general introductory chapter provides the setting for the need for surveillance of 

the safe use of medicines in pregnancy. Examples of the major international adverse 

events related to medicines that led to the development of the current postmarketing 

surveillance practices were highlighted. An overview of the existing methods of 

pharmacovigilance in pregnancy in Australia is presented in Chapter 2, showing that 

population-based data linkage may be an additional resource for pharmacovigilance. 

 

Chapter 3 describes the process of data linkage, and describes the data sources and 

the extraction provided by the WA and national data custodians. An explanation of the 

additional information that was necessary to interpret and use the raw data is given. 

Data validation and statistical methods are outlined and a flow chart of the data 

analysis is included. Some examples of the dispensing histories for individual patients 

are shown to highlight the richness of the data. 

 

A validation study is reported in Chapter 4 where medicines already known or 

suspected to cause birth defects are analysed through the data linkage. The records of 

the children born to mothers dispensed a category D or X medicine during the first 

trimester of their pregnancy were linked to the Birth Defects Registry and summaries 

of the birth defects recorded are presented. The range of medicines in these 

categories of medicines dispensed at any time during pregnancy is also presented. 

 

The safety of SSRIs in pregnancy is an ongoing concern for clinicians with the care of 

pregnant women. The TGA announced a change in the risk category of paroxetine from 

category C to D in Australia in September 2005,78 with similar announcements and 

warnings made in Canada, the US and many other countries. This class of medicines 

was chosen as a case study to explore the use of population-based linked data to 

determine if any signals were evident in the WA births (Chapter 5). 

 

The records of hospital admissions to 2 years, and deaths, linked to the group of 

children born to mothers dispensed an SSRI during their pregnancy are reported in 
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Chapter 6. Data linkage provides a form of follow-up of all the children born 2002 to 

2005 in a similar manner, without selection bias or recall bias. The early morbidity and 

mortality of such children have not been reported before. 

 

Finally, Chapter 8 is a discussion chapter that brings together the results of the study 

and discusses future directions for this work.  
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 Pharmacovigilance in pregnancy CHAPTER 2:  

 

2.1   The rise in international surveillance 

Following the thalidomide tragedy, governments in many countries put procedures in 

place for the systematic collection of information about suspected ADRs. These 

systems were based on the spontaneous reporting of suspected ADRs by physicians. 

They were first organised in Australia, Canada, Czechoslovakia, Ireland, the 

Netherlands, New Zealand, Sweden, the UK, the US and West Germany and were 

initiated between 1961 and 1965. In 1968, 10 countries from Australasia, Europe and 

North America agreed to pool all reports that had been sent to their national 

monitoring centres in a WHO-sponsored international drug monitoring project. The 

aim was to identify even very rare but serious reactions as early as possible. The 

scheme was set up at WHO headquarters in Geneva, Switzerland in 1970 and 

transferred to Uppsala, Sweden in 1978. As of November 2010, 103 countries had 

joined the WHO Drug Monitoring Programme. The member countries have access to 

the collected data and analyse it in order to investigate potential ADR signals and 

statistics and listings are also made on behalf of pharmaceutical companies and 

academia. Around 400,000 suspected ADR reports are contributed annually with 6 

million case reports to date.79-81 The global ADR database is called “Vigibase”.82 

 

During the 1970s the use of Bendectin (known as ‘Debendox’ in Australia), an anti-

nausea medicine used by about 40% of pregnant women, raised further issues of 

medicine safety in pregnancy. In 1969 a Canadian GP, Dr Donald Paterson,83 in a letter 

to the Canadian Medical Association Journal, reported the delivery of an infant with 

cardiac and limb defects which he suggested may be attributable to the mother’s use 

of Bendectin during her pregnancy. He reported his findings to the Canadian 

Department of National Health and Welfare, which, after scanning its files, found 

records of four other children with congenital deformities whose mothers also took 

Bendectin. He then reported this to the annual meeting of the Canadian Medical 

Association in 1971, warning other physicians that Bendectin may not be safely used in 
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pregnancy.84 Dr William McBride reported an increase in malformations in rabbits85 

but his research was later judged to be fraudulent.86,87 Many studies followed and 

Bendectin has been shown repeatedly to be safe to use in pregnancy.88-90 

Nevertheless, the medicine manufacturer decided that the best course of action was 

to withdraw the medicine, not because it caused birth defects; but because of the 

costs of defending the multitude of lawsuits, it was no longer profitable for them to 

make it. 

 

There would appear to be a trade-off between thoroughly testing a new medicine for 

efficacy and safety before putting it on the market, against the need for timely 

intervention in prevention or cure of debilitating disease. The balance appeared to 

have swung too far when zidovudine (AZT), was rushed into use to prevent death in 

the 1980s from AIDS. AZT was originally manufactured in the 1960s as chemotherapy 

for leukaemia. In 1987 it was prescribed for AIDS patients and from 1990 was also 

prescribed to healthy HIV antibody-positive persons to prevent AIDS. Although 

significant clinical benefit was documented,91 several independent studies reported 

that the medicine is about 20 to 1,000 times more toxic to human cells in culture than 

the manufacturer had claimed.92 Researchers noted that although a subset of patients 

tolerated AZT for an extended period with few toxic effects, the medicine should be 

administered with caution because of its toxicity and the limited experience with it to 

date.92-95 

 

2.2   Postmarketing surveillance in pregnancy 

Surveillance is the continuous collection, analysis, interpretation, dissemination and 

feedback of health-related data and is essential for guiding disease prevention and 

control activities.96,97  

“Not everything is known about a medicine when it receives its licence for 

marketing. The merits of a new medicine, balancing its beneficial and its 

untoward effects become only established after sufficient experience has been 

gained from its use in real practice.”51  
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Even extensive phase III clinical trials may fail to detect some side-effects as they may 

be too small (lack power) to detect rare side-effects; some side-effects do not occur in 

the context of clinical trials; and some side-effects, though common enough, fully or 

partly escape detection due to lack of suitable detection techniques. Moreover, trials 

usually do not continue for long enough to detect reactions that take a long time to 

develop. They do not include all of the different types of people who might eventually 

use the medicine and who might be more susceptible to some reactions, such as older 

people, children, pregnant women, or people with other medical conditions.98 

 

A review of the teratogenicity of medicines in pregnancy from 1980 to 2000 in the US 

concluded that inadequate information was available for pregnant women and their 

physicians to determine whether the benefits exceed the teratogenic risks for most 

medicine-based treatments introduced during that time.52  

 

Postmarketing surveillance has led to 51% of drugs having label changes due to major 

safety issues discovered after marketing, 20% of drugs being given new “black box” 

warnings after marketing,99 and 4% of drugs being ultimately withdrawn for safety 

reasons.100 

 

2.3   Existing pharmacovigilance strategies in pregnancy 

Although there are various methods in place for reporting adverse drug events in 

pregnancy, there are very few that allow linkage of prescription medicines to 

pregnancy outcomes and none in Australia at this stage. 

 

Adverse event reports in Australia are directed to the Therapeutic Goods 

Administration, a division of the Australian Government Department of Health and 

Ageing that is responsible for regulating medicines and medical devices. The TGA relies 

on the public, healthcare professionals and industry to report problems with medicines 

or medical devices. TGA investigates reports received by it to determine any necessary 

regulatory action.101  
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For prescription, over-the-counter and complementary medicines and vaccines, 

reports to the TGA can be made: 

• by post, facsimile or email using the 'Blue card'102 

• by telephone, for consumers, to the Adverse Medicines Events line. This phone-in 

service, provided by the Mater Hospital, Brisbane, is available for members of the 

general public who suspect they have experienced an adverse medicine event. The 

service forwards reports of suspected adverse reactions to the TGA.  

• online using TGA eBusiness Services.103 

 

The Australian guideline for pharmacovigilance responsibilities of sponsors of 

registered medicines was created in 2003 and amended in 2005. It is currently under 

review and a revised version was due by October 2011.104 The guideline draws heavily 

on sections 1.1 to 1.3 of Volume 9 – Pharmacovigilance Rules Governing Medicinal 

Products in the European Union, published by the European Commission, Directorate 

Enterprise, Regulatory Framework and Market Authorisations (Version December 

2001). The definitions and standards for expedited reporting and the recommended 

key data elements for inclusion in expedited reports are based on CPMP/ICH/3945/03 

Note for Guidance on definitions and standards for expedited reporting.105 Each 

sponsor of either registered or listed medicines must ensure that it has an appropriate 

system of pharmacovigilance in place in order to assure responsibility and liability for 

its products on the market and to ensure that appropriate action can be taken, when 

necessary. In general, expedited reporting of serious ADRs is required as soon as 

possible, but in no case later than 15 calendar days of initial receipt of the information 

by the sponsor. Under section 2.2.2, ‘Case reports from the worldwide literature,’ the 

sponsor is expected to screen the worldwide scientific literature and report within 15 

calendar days case reports of suspected serious adverse reactions occurring in 

Australia associated with the use of the active substance(s) of its products. A copy of 

the relevant published article should be provided in English or, if not published in 

English, accompanied by a summary or translation in English. Where difficulty is 

experienced in meeting the 15-calendar day requirement, the TGA should be notified 

in writing. Under section 3.2, ‘Reporting outcomes of use during pregnancy,’ sponsors 
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are expected to follow up all individual reports to the sponsor of pregnancies where 

the fetus could have been exposed to one of its products. When an active substance, 

or one of its metabolites, has a long half-life, this should be taken into account when 

considering whether a fetus could have been exposed (i.e., products taken before the 

gestational period need to be considered).101,105 ‘Congenital anomaly/birth defect’ is 

listed as a specific serious adverse event in annex 1.3 of the guideline. 

 

Case control studies are used to investigate medicine exposures as causes of birth 

defects.106 The exposure rate among cases (infants with a birth defect) is compared 

with that among controls (usually non-malformed infants). EUROCAT (‘European 

Concerted Action on Congenital Anomalies and Twins’) was established in 1979 as a 

prototype for European surveillance aiming to assess the feasibility of pooling data 

across national boundaries, in terms of standardisation of definitions, diagnosis and 

terminology and confidentiality.107 In 2007, EUROCAT created an antiepileptic study 

including data from 19 registries, 1995-2005. This dataset of 3.9 million births was 

used to conduct a case-control study evaluating the risk of orofacial clefts in relation to 

lamotrigine exposure.108 The US National Birth Defects Prevention Study was 

established in 1997 and is one of the largest US studies looking at the risk factors for, 

and potential causes of, birth defects. Cases are identified from 10 state birth defect 

surveillance registries. Controls are randomly selected from birth certificates or birth 

hospital records from the same area and birth month as the cases. Mothers of the 

children are approached after the birth of the child for a telephone interview to 

ascertain exposure to medicines in pregnancy (and other factors).106,109 

 

Prospective pregnancy registries, a method of surveillance that enrols pregnant 

women after they have been taking medicine and before the birth of their child, were 

advocated in Australia in 198667 to study the risks of specific medicines. Medicine 

manufacturers may perform postmarketing cohort studies of prospectively reported 

exposures, and meta-analyses may be undertaken for specific medicines.69 Pregnancy 

registries of anti-epileptic medicines now exist in North America, Europe, the United 

Kingdom and Australia.68 The Australian Pregnancy Register for Women on 
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Antiepileptic Medication was launched in Melbourne, Australia in 2000.110 A number of 

research articles have been published from the Register.111-113 There are several other 

registries for medicines and pregnancy in Australia, such as the Victorian 

Buprenorphine in Pregnancy Register,114 and The National Register of Antipsychotic 

Medication in Pregnancy.115,116 

 

Teratogen information services often begin as poisons information telephone 

services attached to public hospitals or state health departments. The services 

specialising in pregnancy and breastfeeding counselling may then collect statistics 

based upon the calls received. The services obtain maternal exposure information 

from their callers and then attempt to track the women some months later to 

determine pregnancy outcomes.70-73 MotherSafe is a telephone advice and counselling 

service started in 2000 in New South Wales for pregnant or breastfeeding women who 

have been exposed to chemicals, medicines, radiation or infections.117 The data from 

these studies include a self-selection bias: subjects are recruited following contact with 

a teratogen information service and may not represent the general population of 

pregnant women. These are patients who have sought out additional information 

about their risks and may be more diligent about seeking out prenatal or medical care 

in general. 

 

Data linkage of dispensing information from pharmaceutical databases to other 

health administrative datasets is used in the Scandinavian countries118-121 and the 

Netherlands122 to conduct pharmacovigilance. Prescribing information in general 

practitioner (GP) data from a subset of GP practices is used in the UK.123 This is the first 

study to use data linkage for pharmacovigilance in Australia. 
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 Development of a methodology using data CHAPTER 3:  
linkage 

 

3.1   Preamble 

A paper based on this chapter has been published in Pharmacoepidemiology and Drug 

Safety.124 The Introduction and Methods of the paper are expanded in the chapter to 

cover the history of data linkage for health research both internationally and in 

Western Australia. The ethics committee approvals and the data sources required for 

this study are outlined and the major variables used in the analyses are discussed. 

Descriptions of the additional information sources, data validations and the statistical 

methods used in the analyses are presented. These details have been removed from 

later chapters in order to reduce duplication. 

 

3.2   Early uses of data linkage 

The term ‘record linkage’ was used in 1946 to indicate the bringing together of two or 

more separately recorded pieces of information concerning a particular individual or 

family.2 Record linkage using population data was pioneered by Dr Howard Newcombe 

in Canada (1959)3 and in Oxford with the Oxford Record Linkage Study (1963).125 Early 

record linkage techniques with microfilm and punch cards were used in Canada for 

family allowance payments to find an economical and efficient way to link all the vital 

records of an individual in order to obtain timely proof of the ages and birth order of 

all children under 16 years of age.126 Newcombe used linkage techniques to study 

familial tendencies in diseases of children using the British Columbia Register of 

Handicapped Children and Adults in the late 1950s.127 
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According to Acheson from the Oxford study, the basic idea underlying record linkage 

is that 

“Two or more items of information about a person or a family recorded in 

different places may, when considered together, be of greater significance than 

when considered separately… above all, cumulative personal files enable 

researchers to undertake longitudinal analysis.”125 

 

In 1988, results from the Oxford Record Linkage Study in the United Kingdom (UK) 

showed that rates of admission, measured as discharges from and deaths in hospital, 

had been rising steadily for many years at an average increase of about 2% a year.128 

The study was able to investigate whether the rise had represented a true increase in 

the number of people treated by the National Health Service or whether it had simply 

reflected an increase in repeat admissions. The distinction was made possible because 

the linkage was at the person level of data, rather than an aggregate level. A recent 

review by Li and Shen found that many health studies rely on record linkage 

techniques to link different sources of data to advance knowledge.129 Today, the 

technique is more commonly referred to as ‘data’ linkage. 

 

3.3   Data linkage in Western Australia 

Administrative information is created each time a person comes into contact with a 

particular service, such as the registration of a birth or death, a hospital stay or an 

emergency department visit. It has been used for health and medical research in WA 

since the 1970s. The Data Linkage Branch (DLB) of DoHWA was established in 1995 to 

develop and maintain a system of linkages connecting health-related events across all 

individuals in Western Australia.130 WA hosts a state Centre of Excellence in Data 

Linkage, which operates as a collaboration between the DoHWA, the University of 

Western Australia (UWA), the Telethon Institute for Child Health Research (TICHR), and 

Curtin University. 
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These linkages are created and maintained using rigorous, internationally accepted 

privacy-preserving protocols, probabilistic matching and extensive clerical review.130 

The Western Australia Data Linkage System (WADLS) uses the Automatch software 

package131 with probabilistic matching based upon medical record number, surname, 

first given name, initial, date of birth, sex and address as the principal matching fields. 

Surnames are changed to a coded format in order to overcome the effects of most 

discrepancies in the spelling. First the NYSIIS (New York State Intelligence Information 

System) name compression algorithm is applied.132 This carries out such tasks as 

bringing together commonly confused letter groups like ‘ch’ and ‘gh’ or ‘sh’ and ‘sch’ 

as well as removing vowels. The surnames are then Soundexed,133 which involves 

giving the same code to similar sounding non-initial constants (for example, Johnston 

and Johnson). The resulting compression and Soundex codes are assigned different 

weights for agreement depending upon their frequency in the population. Clerical 

checking of additional information is undertaken for possible matches that fall 

between definite matches and non-definite matches.134 Missed links have been 

estimated at 0.11%.134 

 

Health data can be requested, with appropriate ethics committee approvals, for 

research, planning and evaluation projects which aim to improve the health of 

Western Australians.130 The establishment and early development of data linkage for 

health services research in WA is described in a paper by Holman et al.134 A simple 

schematic of the WADLS is shown in Figure 3-1. 
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Figure 3-1: Western Australian Data Linkage System 

 

 
 

 

Data linkage of administrative data has been a rich resource for Western Australian 

researchers for a number of years. However, the project on which this thesis is based is 

the first in Australia to link the national dispensing data with the WADLS for the 

purpose of pharmacovigilance in pregnancy. 

 

3.4   Human Research Ethics Committee Approvals 

The following approvals were required for this project: 

• The University of Western Australia Human Research Ethics Committee: 

‘Application to undertake research involving human subjects’ was approved on 7 

December 2005 and has been renewed annually. 

• DoHWA Confidentiality of Health Information Committee: ‘Request for access to 

Department of Health's confidential data’ was approved on 12 December 2005 and 

has been renewed annually. (Now known as the DoHWA Human Research Ethics 

Committee.) 
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• A cross-jurisdictional memorandum of understanding between the Commonwealth 

of Australia (represented by DoHA) and the State of Western Australia 

(represented by DoHWA) has established a procedure to allow cross-jurisdictional 

linkage of administrative health data under a ‘Deed of confidentiality for approved 

analysts’ which was approved on 21 February 2008. Before any results are 

presented or published, the work must be sent to the data custodians and DoHWA 

for comments. A period of 45 working days is allowed for the comments and 

feedback. 

 

3.5   Data extracted for the project 

The data extractions were coordinated through the DLB. The data application was 

made on 22 February 2006 and the data files were received on 21 February 2008. Five 

datasets from the WA state custodians and one dataset from the Commonwealth were 

provided. All datasets were encrypted and the data were provided in a de-identified 

form. Each data custodian provided project approval. 

 

Data from the following datasets under the custodianship of WA State agencies were 

obtained: 

3.5.1   Midwives’ Notifications System 

The Midwives’ Notifications System (MNS) was introduced in WA in 1974. It is a 

requirement under the Health Act 1911(Section 335) that the midwife in attendance at 

any birth completes a ‘Notification of Case Attended’ form. A Midwives’ Form 2 or 

computerised record is to be completed for every baby born, either stillborn or live 

born, of 400 grams or more birth weight and/or 20 weeks or more gestation occurring 

in WA. The midwife in attendance usually completes the form.135 A copy of the form 

may be found in Appendix 8.4. Ongoing reviews of collected data items have been 

possible since the computerisation of records in 1980. During the study period, there 

were more than 25,000 births each year in WA. The data reported by the midwives are 

a rich resource for pregnancy related studies and include demographic details and 
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existing medical conditions of the mother, complications of the pregnancy and of her 

labour, type of delivery, anaesthesia and analgesia used, the infant’s APGAR 

(Appearance, Pulse, Grimace, Activity, Respiration) scores at one minute and five 

minutes, as well as the infant’s birth weight, length and head circumference. Last 

menstrual period (LMP) and gestational age (GA) are included, with information 

regarding the validity of the GA and whether GA was confirmed by ultrasound.  

 

Data from the MNS is used to compile annual reports of perinatal statistics and 

perinatal, infant and maternal mortality in WA. These statistics provide the basis of 

planning by the DoHWA for matters such as obstetric facilities, neonatal care units and 

community child health. In WA, epidemiological research into issues of low birth 

weight babies, gestational differences and congenital malformations is recognised 

worldwide and these studies rely to a large extent on complete and valid data from the 

MNS.136 Validation studies were undertaken in 1987, 1994 and 2009.137-139 

 

For this study, no identifying information was provided. For example, the names, 

addresses, postcodes and exact date of birth of the mother were not provided in the 

dataset. The month and year of her birth were used to calculate the mother’s age at 

delivery. 

3.5.2   WA Registry of Births and WA Registry of Deaths  

The Western Australian Registry of Births, Deaths and Marriages is a division of the WA 

Department of the Attorney General. In 1841 the first act to regulate registration was 

passed. The registration system was based on there being two registrations made for 

every event, one in the register of the district in which the event occurred and one in 

the General Register kept in the Registrar General's Office. The Births, Deaths and 

Marriages Registration Act 1998 requires that a child’s birth is registered within 60 

days of the birth and that both parents complete and sign a Birth Registration Form 

provided to them by the hospital or midwife. The Act requires that a person’s death is 

registered within 14 days of the date of death. Registration is free.140 These datasets 



29 
 

provided the date of birth, the date of death, and the ICD-10 code for the underlying 

cause of death. 

3.5.3   Hospital Morbidity Data System 

Public hospitals are required to submit 80% of their morbidity information for inclusion 

in the Hospital Morbidity Data System (HMDS) within two weeks of the discharge of 

the patient from hospital. The remaining 20% of cases are to be submitted within four 

weeks of the discharge of the patient from hospital. Private hospitals are required to 

send their data to the HMDS on a monthly basis. Historically the HA22 form was used 

to manually submit data to the HMDS before the introduction of the electronic 

transfer of data. A copy of the form may be found in Appendix 8.5. The HMDS is a key 

information source used by hospitals and by university-based researchers. The 

collection is essential to meet the state's mandatory reporting requirements to the 

Australian Government. The data collection is comprised of over 20,000,000 electronic 

inpatient records with more than 200 data items dating back to 1970. There were 

approximately 850,000 separations (records) added in the financial year 2009/10.141 

3.5.4   WA Birth Defects Registry 

The WA Birth Defects Registry (BDR) was established in 1980 and obtains high quality 

population-based information on birth defects for all children born in WA.142,143 The 

objectives of the BDR are to establish how often birth defects occur, to conduct 

research into causes and prevention of birth defects, to provide health professionals 

and the public with information about birth defects, and to monitor and evaluate 

screening, treatment and prevention programs. Notifications are received from over 

100 sources including paediatricians, obstetricians, cytogenetics and ultrasound 

departments, and all genetic counselling clinics. The BDR defines a birth defect as a 

structural or functional abnormality that is present at conception or occurs before the 

end of pregnancy, and is diagnosed by 6 years of age.144 This age was used because at 

that time, all children had a medical examination prior to school entry (the year they 

turned six).144 Each defect (up to 10 per case) is coded according to the 5-digit British 

Paediatric Association ICD-9 system145 and is classified as major or minor according to 
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a method devised by the Centers for Disease Control and Prevention. Most minor 

defects, unless disfiguring or requiring treatment, are not recorded in the BDR. Of all 

cases registered, about 90% have at least one major birth defect. A list of exclusions 

can be found in the BDR’s Annual Report.143 

 

The overall rate of birth defects in WA (6-7%) is consistent with a report from the 

March of Dimes,146 which estimated that 6% of total births worldwide are born with a 

serious birth defect of genetic or partially genetic origin, and that hundreds of 

thousands more are born with serious birth defects of post-conception origin due to 

maternal exposure to teratogens. However, many birth defects registers do not 

calculate an overall rate of birth defects; among those that do, a commonly quoted 

figure is 3%,147 much less than the 6-7% from the WA Birth Defects Registry. Reasons 

for this discrepancy include the definition of a birth defect used (e.g., some collections 

include structural malformations only, whereas the WA Birth Defects Registry also 

includes metabolic and functional anomalies; some do not include minor 

malformations), and some collections include only certain birth defects rather than any 

birth defect (e.g., EUROCAT, International Clearinghouse for Birth Defects Surveillance 

and Research); inclusion of only live births (not stillbirths); exclusion or incomplete 

ascertainment of terminations of pregnancy (birth defects in terminations of 

pregnancy account for about 10% of cases in the BDR); and the sources of case 

ascertainment (the BDR includes health statistical sources as well as individual health 

practitioners in both public and private practice). In addition, some collections 

ascertain only cases diagnosed in the perinatal period (32% of cases on the BDR are 

diagnosed beyond this age), and some have only passive sources of ascertainment (the 

BDR uses both active and passive methods).144 

 

On 7 January, 2011, the Health (Western Australian Register of Developmental 

Anomalies) Regulations 2010 were gazetted in the Western Australian State 

Parliament, requiring statutory notification of developmental anomalies. The BDR was 

merged with the Cerebral Palsy Registry to form the new Western Australian Register 

of Developmental Anomalies. The decision was reached by consensus, after 

consultation with health professionals, consumers and the community, and brings the 
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Register in line with other health information collections in WA, such as the WA 

Midwives Notification System and the WA Cancer Registry.148 

 

Data from the Australian Department of Health and Ageing were also used in this 

study: 

3.5.5   Pharmaceutical Benefits Scheme 

In Australia, a new medicinal drug must gain approval for supply in accordance with 

the requirements of the Therapeutic Goods Act 1989. Approval is also required to 

extend the indications of an established drug. Applications are dealt with by the TGA 

and, for prescription drugs, advice is sought from an expert committee, the Australian 

Drug Evaluation Committee (ADEC).149 Once a prescription drug is approved for 

marketing, the company concerned usually applies to have the drug listed on the 

Pharmaceutical Benefits Scheme (PBS). The PBS is a system of subsidising the cost of 

most prescription medicines. The subsidies are available to all Australian residents and 

eligible foreign visitors, i.e., people from countries which have Reciprocal Health Care 

Agreements with Australia. (These countries are the United Kingdom, Ireland, New 

Zealand, Malta, Italy, Sweden, the Netherlands, and Finland.) Medicare Australia 

compiles information on the supply of prescription medicines in the community. The 

PBS, which has been in existence since 1948 and is governed by the National Health 

Act 1953 (Commonwealth),62 includes dispensing in the community, private hospitals 

and, since late 2004, public hospitals. It has evolved from supplying a limited number 

of 'life-saving and disease preventing drugs' free of charge to the community, into a 

broader subsidised scheme. It is administered on behalf of the Australian Government 

by Medicare Australia, formerly the Health Insurance Commission. 

 

The Pharmaceutical Benefits Advisory Committee (PBAC) is the body that recommends 

whether a drug should be listed on the PBS, while the Pharmaceutical Benefits Pricing 

Authority (PBPA) recommends to DoHA the price at which it should be listed. All 

Australians are eligible to receive subsidised rates for prescribed medicines approved 

under the PBS, with around 80% of prescriptions dispensed in Australia being 
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subsidised. As of December 2005, the scheme covered 804 medicine substances 

(generic medicines), available in 2,138 forms and strengths (items) and marketed as 

3,659 products (brands).150 The Schedule of Pharmaceutical Benefits – referred to 

throughout as the 'Schedule' – lists all of the medicines available under the PBS, and 

explains how they can be used in order to be subsidised. The Schedule was produced 

four times each year by the DoHA during the period of the project. Since 2007, the 

Schedule has been produced monthly.151 The Schedules are publicly available online.152 

 

A prescription is only valid when it is written by a doctor or dentist. The prescription 

must be for the treatment of the person named on the prescription. A prescription 

may only be written for the treatment of one person. If an item has a particular 

manner of administration it may not, as a pharmaceutical benefit, be administered in 

any other way, e.g., an ophthalmic preparation may not be prescribed for topical use. 

If an item is restricted for use only for specific conditions, but the patient is not 

suffering from one of the specified conditions, it cannot be prescribed as a 

pharmaceutical benefit.153 

 

Pharmaceutical benefits listed in the Schedule fall into three broad categories: 

1. Unrestricted benefits – which have no restrictions on their therapeutic uses; 

2. Restricted benefits – which can only be prescribed for specific therapeutic uses; 

and, 

3. Authority required benefits – which are restricted and require prior approval from 

Medicare Australia or the Department of Veterans’ Affairs.153 

 

Patients are grouped into two classes: general and concessional. General patients hold 

a Medicare card, Concessional patients hold a Medicare card and one of the following 

cards from Centrelink: Pension Concession Card, Commonwealth Seniors Health Card, 

Health Care Card.154 There are two safety net thresholds – one for general patients and 

the other for concessional patients. The general patient safety net threshold is 

currently $1,363.30. When payment for medications for a patient and/or their family 

reaches this amount in any year, they can apply for a Safety Net Concession Card and 
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pay only $5.80 per prescription for the rest of that calendar year. The concessional 

safety net threshold is $348.00. Once patients and/or their families reach this amount, 

they can apply for a Safety Net Entitlement Card and receive items free of charge for 

the rest of that calendar year. PBS benefits may be payable in a few cases to 

repatriation patients. Currently, general patient contributions are capped at $35.40 for 

each PBS prescription item and concessional patients at $5.80. These co-payment 

amounts were $22.40 and $3.60, respectively in March 2002. The co-payments are 

reviewed annually, generally in line with increases in the Consumer Price Index. As the 

general patient co-payment rises, the dispensed prices of many of the lower cost 

medications fall under this level. In such cases the patient pays the full price and no 

claim for payment is made under the PBS. For example, in 2004, 12% of all community 

prescribing were not subsidised as the cost was less than the co-payment. For the year 

ending June 2006, 83.8% of all dispenses and 80.0% of expenditure recorded on the 

PBS were for concessional patients.154 On 21 July 2011, the DoHA announced that data 

relating to the dispenses that fall below the co-payment amount would be collected 

from April 2012.155 There are also many medicines that are not listed on the PBS and 

are available only on private prescription, with the patient paying the full cost. These 

medicines represented 8% of community prescriptions in 2004.156 

 

This PBS dataset provided the following variables: 

• mother’s root ID, a unique alpha-numeric 13 character code 

• PBS item number, a 4 digit code, where each form, strength and manner of 

administration of medicine has a unique code 

• date of supply, the dispensed date 

 

Medicines provided through WA public hospitals were not included in the electronic 

capture of these data until late 2004. This may have resulted in under ascertainment of 

pregnant women who were dispensed a PBS medicine in a public hospital before 2005. 

However, the numbers of dispenses per month were analysed and there were no 

increases in late 2004 and 2005 compared with the corresponding month of the 

previous year, so the degree of under-ascertainment is likely to be low. 
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The medicine item numbers from the dispensing records were classified in three ways: 

1. Australian categorisation of the risk of drug use in pregnancy (Figure 3-2);157 

2. World Health Organization Anatomical Therapeutic Chemical classification 

codes;158 and, 

3. the generic names of the medicines.152 

 

Several medicines have been reclassified during the study period. This was taken into 

account in the analyses, based upon the dates published in the Australian Adverse 

Drug Reactions Advisory Committee (ADRAC) bulletins.159,160 

 
 
Figure 3-2: Australian categorisation of the risk of drug use in pregnancy 

 
 

 

Category A

Drugs which have been taken by a large number of pregnant women and women of childbearing age without

any proven increase in the frequency of malformations or other direct or indirect harmful effects on the fetus

having been observed.

Category C

Drugs which, owing to their pharmacological effects, have caused or may be suspected of causing, harmful

effects on the human fetus or neonate without causing malformations. These effects may be reversible.

Accompanying texts should be consulted for further details.

Category B1

Drugs which have been taken by only a limited number of pregnant women and women of childbearing age,

without an increase in the frequency of malformation or other direct or indirect harmful effects on the human

fetus having been observed.

Studies in animals have not shown evidence of an increased occurrence of fetal damage.

Category B2

Drugs which have been taken by only a limited number of pregnant women and women of childbearing age,

without an increase in the frequency of malformation or other direct or indirect harmful effects on the human

fetus having been observed.

Studies in animals are inadequate or may be lacking, but available data show no evidence of an increased

occurrence of fetal damage.

Category B3

Drugs which have been taken by only a limited number of pregnant women and women of childbearing age,

without an increase in the frequency of malformation or other direct or indirect harmful effects on the human

fetus having been observed.

Studies in animals have shown evidence of an increased occurrence of fetal damage, the significance of which is

considered uncertain in humans.

Category D

Drugs which have caused, are suspected to have caused or may be expected to cause, an increased incidence of

human fetal malformations or irreversible damage. These drugs may also have adverse pharmacological effects.

Accompanying texts should be consulted for further details.

Category X

Drugs which have such a high risk of causing permanent damage to the fetus that they should not be used in

pregnancy or when there is a possibility of pregnancy.
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3.5.6   Main variables of interest 

Principal diagnosis 

The ICD-10-AM/ACHI is the system used to code inpatient episodes of care in all 

Australian public and private hospitals. The International Statistical Classification of 

Diseases and Related Health Problems, Tenth Revision, Australian Modification (ICD-

10-AM) is used to code diseases and problems and the Australian Classification of 

Health Interventions (ACHI) is used to code procedures and interventions.161 The 

principal diagnosis is defined as “the diagnosis established after study to be chiefly 

responsible for occasioning an episode of admitted patient care, an episode of 

residential care or an attendance at the health care establishment, as represented by a 

code.”162 The treating medical officer is responsible for listing and sequencing 

diagnoses and significant procedure descriptions to be coded for each episode of care. 

There must be supporting documentation in the patient medical record for all 

diagnoses and procedures listed for coding. These entries must clinically substantiate 

the diagnoses made and the treatment provided for the episode of care being 

reported. The doctor should clearly designate the principal diagnosis and any 

additional diagnoses treated. The majority of same day cases will be for treatment of a 

principal diagnosis without complications or comorbidities.141 An additional 20 

comorbidities may be coded using ICD-10-AM for each admission. 

Pregnancy events- births, terminations and ectopic pregnancies 

A pregnancy event was defined as a hospital admission record in the HMDS with a 

principal diagnosis code between O00-O99, based upon the ICD-10-AM.161 Pregnancy 

events were classified in three ways. Births were defined by linking the women with an 

O00-O99 admission code to the MNS and births registrations to determine date of 

birth, GA, sex, plurality, birth weight and whether the mother smoked during her 

pregnancy. Terminations of pregnancy were defined as codes O03-O08 (spontaneous 

and medical abortions) or ACHI codes ‘35640’ or ‘35643’ (dilation and/or curettage of 

uterus) with codes O00-O99. Ectopic pregnancies were defined as code O00. 
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Terminations resulting in a registered birth were counted as a birth but not a 

termination to avoid duplicate counting of events. 

Last Menstrual Period 

The date of the woman’s last menstrual period (LMP) was not permitted to be 

provided in the MNS dataset and therefore was derived for each classification of 

pregnancy event. For a registered birth, LMP was calculated as the date of birth less 

the GA. GA and birth weight are variables in both the MNS and the birth registration 

data. If GA was missing from both datasets, it was assigned using the birth weight from 

the MNS and the mean GA for other births in the cohort of the same sex, birth weight 

and plurality. There were 461 births where a GA could not be assigned and these 

events were not used in the analyses as precise exposure periods were required. A GA 

of 8 weeks was assigned to ectopic pregnancies as this is the usual point at which 

these pregnancies end.28 In a report on induced abortions in WA during this period, 

70% of terminations were ≤ 8 weeks gestation and 1.9% were for suspected or 

identified fetal abnormalities.163 As we were not able to identify terminations for fetal 

abnormality separately in our dataset, we assigned a GA of 8 weeks to all terminations 

(spontaneous and medical). The pregnancy end date was based upon the admission 

record for the first occurrence of a termination procedure. As it is possible for a 

woman to be admitted to hospital more than once during the same pregnancy event, 

re-admissions for an ectopic admission within 60 days (N=91) and for a termination 

within 28 days (N=747) were not included as separate events. 

Gestational age 

Gestational age (GA) was a derived variable on the MNS using an algorithm taking into 

account two independent estimates of gestational duration from routinely collected 

data (LMP, expected due date, ultrasound fetometry, baby’s date of birth, and 

neonatal estimate of GA)164 and provided in the dataset. 
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Proportion of optimal birth weight 

The variable, Proportion of Optimal Birth Weight (POBW)165 was calculated as a 

measure of the appropriateness of fetal growth. POBW takes into account the major 

non-pathological determinants of intrauterine growth (IUG). POBW is the ratio of the 

observed to the ‘optimal’ birth weight; the latter estimated from a regression equation 

including terms for gestational duration, maternal height, parity and infant sex, 

derived from a total population of singleton births that excluded those exposed to risk 

factors for IUG restriction, including maternal smoking.166 

Length of stay 

The admission data were validated and records were merged if the patient was re-

admitted within a day for the same principal diagnosis, to the third ICD-10-AM digit. 

This will also reflect a more clinical view of admissions as hospital transfers will be 

recognised as the same episode of care and counted as one admission. Lengths of stay 

(LOS) were calculated as the number of days from admission to discharge for the same 

episode of care. Admissions discharged on the same day were allocated a LOS of 0.5 

day. 

Socio-Economic Indexes for Areas 

The Australian Bureau of Statistics has released Socio-Economic Indexes for Areas 

(SEIFA) based on the information collected in the five-yearly Census of Population and 

Housing. These indexes are widely used measures of relative socio-economic status at 

a small geographic area level. The indexes rank and identify areas that are relatively 

more, or less, disadvantaged. They provide contextual information about the area in 

which a person lives. The indexes have been obtained by principal components 

analysis which summarises the information from a variety of social and economic 

variables, calculating weights that will give the best summary for the underlying 

variables. The categories of variables include income, education, employment, 

occupation and housing. The mean rank is 1,000 with a standard deviation of 100.167 

The SEIFA values in this study are based upon the 2001 Australian Census of Population 

and Housing. 
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Procedure codes 

The ACHI is based on the Medicare Benefits Schedule (MBS) and was previously known 

as the MBS-Extended. It was developed with assistance from specialist clinicians and 

clinical coders. The ACHI codes have seven digits. The first five digits are the MBS item 

number. The two-digit extension represents specific procedures included in that item. 

The classification is structured by body system, site and procedure type. Procedures 

not currently listed on the MBS have also been included (e.g. allied health 

interventions, cosmetic surgery) – these can be identified as the codes starting with a 

‘9’. There may be up to 11 procedures coded for each admission. 

Exposure periods 

Exposure periods were considered in the following ways:  

1. medicines dispensed from 76 days before to 14 days after the LMP to ascertain 

exposures in the 90 days before conception (T0);  

2. medicines dispensed from 14 days to 104 days after the LMP, or to the end of the 

pregnancy event, whichever occurred first, to ascertain first trimester exposures 

(T1); 

3. medicines dispensed from 105 days to 194 days after the LMP, or to the end of the 

pregnancy event, whichever occurred first, to ascertain second trimester exposures 

(T2);  

4. medicines dispensed from 195 days after the LMP to the end of the pregnancy 

event to ascertain third trimester exposures (T3);  

5. medicines dispensed from 105 days after the LMP to the end of the pregnancy 

event, to ascertain second or third trimester exposures (T2 or T3); and, 

6. medicines dispensed from 14 days after the LMP to the end of the pregnancy event 

(any time during pregnancy).124 

Analysis of dispensing patterns including T0 were based upon births from 2003-2005. 

 

In order to capture some medicines dispensed just before the conception date, and 

maintaining a conservative approach, we also included medicines with a repeat 

prescription within 28 days if a medicine was dispensed up to 14 days before the LMP 
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(i.e. 28 days before conception). This meant one-off prescriptions or those with 

repeats dispensed more than 28 days later would be missed. 

 
The data request is illustrated in Figure 3-3. The key field was a “pregnancy event” 

between 2002 and 2005 as defined by either: 

• a birth registered in WA; or, 

• a hospital admission that indicates a pregnancy occurred, ICD-10-AM codes O00-

O99 

 

For each woman with a ‘pregnancy event’ during 2002-2005, data linked to all her 

pregnancy and related events were also requested: 

• for each of her children - records from the Midwives’ Notification System, Registry 

of Births, Registry of Deaths (to any age), Hospital Morbidity Data System (hospital 

admissions to 5 years of age), Birth Defects Registry (to Dec 2006); 

• for each woman - records from the Midwives’ Notification System (her own birth if 

after 1980 and born in WA), Registry of Births (her own birth record if born in WA), 

Registry of Deaths, Hospital Morbidity Data System (hospital admissions from birth 

to 2006), Birth Defects Registry (her own birth if after 1980), and Pharmaceutical 

Benefits Scheme prescriptions from Jan 2002 to Dec 2005. 

 

Each woman’s previous hospital admissions provided an obstetric medical history to 

allow possible confounding factors to be included in the analyses. 

 

  



 

 

Figure 3-3: Extracted data records 

 

 

 
 
HMDS: Hospital Morbidity Data System; PBS: Pharmaceutical Benefits Scheme; MNS: Midwives’ Notification System; RG: Registrar-General 
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3.6   Additional information sources  

Data dictionaries, reference manuals and online resources were used to interpret the 

coded variables within each data source. As the researcher had previously worked on a 

number of projects using WADLS data, the validation tasks and analyses of state data 

were not new.54,168-172 The following data sources were used to create look-up tables in 

order to identify the risks associated with the medicines included in the PBS data: 

3.6.1   World Health Organization Anatomical Therapeutic Chemical 

classification codes 

At a symposium in Oslo, Norway in 1969 entitled, “The Consumption of Drugs,” it was 

agreed that an internationally accepted classification system for drug consumption 

studies was needed. At the same symposium the Drug Utilization Research Group was 

established and tasked with the development of internationally applicable methods for 

drug utilization research. By modifying and extending the European Pharmaceutical 

Market Research Association classification system, Norwegian researchers developed a 

system known as the Anatomical Therapeutic Chemical (ATC) classification. In 1996, 

WHO recognised the need to develop use of the ATC with defined daily doses 

(ATC/DDD) system as an international standard for drug utilisation studies. The WHO 

said that access to standardised and validated information on drug use was essential to 

allow the audit of patterns of drug utilisation, identification of problems, educational 

or other interventions and monitoring of the outcomes of the interventions.173 The 

ATC code is a 7 digit alpha-numeric code, structured in 5 levels, that classifies drugs 

according to their site of action and therapeutic and chemical characteristics. The first 

level of the code is the anatomical main group. There are 14 anatomical main groups. 

The second and third levels are for the therapeutic subgroup and pharmacological 

subgroup, respectively, with a 4th level being either a chemical or therapeutic 

subgroup. The 5th level is the actual chemical substance (Figure 3-4).149 
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Figure 3-4: 14 anatomical main groups of the World Health Organization 
Anatomical Therapeutic Chemical classification codes 

 
  

A Alimentary tract and metabolism 

B Blood and blood forming organs 

C Cardiovascular system 

D Dermatologicals 

G Genitourinary system and sex hormones 

H Systemic hormonal preparations, excluding sex hormones and insulins 

J Anti-infectives for systemic use 

L Antineoplastic and immunomodulating agents 

M Musculo-skeletal system 

N Nervous system 

P Antiparasitic products, insecticides and repellents 

R Respiratory system 

S Sensory organs 

V Various 
  

 

 

3.6.2   Schedule of Pharmaceutical Benefits for Approved Pharmacists and 

Medical Practitioners 

These schedules are available online to download as PDF files or text data files.152 

During the period covered by the project, new PBS schedules took effect at the start of 

the following months: 

• 2003: February, May, August and November; 

• 2004: February, May, August and December; 

• 2005: April, August and December. 

 

The schedules were referred to extensively as they provide information relating to 

medicine item code and name, restrictions that may apply, manner of administration, 

form, and the maximum recordable value for the safety net (patient co-payment 

levels). The schedules were checked for any items that were added or deleted, as well 

as changes to the co-payment amounts for each item. The PBS extraction only included 

the medicine item codes so generic names for these codes were found in the 

schedules and electronically matched as a look-up table using SAS.174 
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3.6.3   Australian categorisation of the risk of drug use in pregnancy 

The system used in Australia to categorise the risk of drug use in pregnancy is a slightly 

modified version of the Swedish categorisation (Farmaceutiska Specialiteter i Sverige) 

and was adopted by the Australian Drug Evaluation Committee (ADEC) in 1989.118,157 It 

includes most of the commonly-used prescription and over the counter (OTC) 

medicines used in Australia. The categorisations apply only to recommended 

therapeutic doses in women in the reproductive age group. For pharmaceutical 

products containing two or more active medicines, the categorisation of the 

combination is based on the component with the most restrictive categorisation. 

Updates to the categories may be found on the ADEC website.157 There are around 950 

medicines listed in the ADEC classifications in pregnancy with around 200 being in 

category D or X. Several medicines have been reclassified during the study period. This 

was taken into account in the analyses, based upon the dates published in the 

Australian Adverse Drug Reactions Advisory Committee (ADRAC) bulletins.159,160,175  

 

A look-up table was created to link each PBS item’s generic name to its risk category 

(A, B1, B2, B3, C, D or X). The definitions for these risk categories may be found in  

 

Figure 3-2. The Australian categorisation system differs from the US FDA categorisation 

- notably the subdivision of Category B into B1, B2 and B3. Also, the Australian 

categorisation of medicines for use in pregnancy does not follow a hierarchical 

structure.176 Other differences include: 

Human data are lacking or inadequate for drugs in the B1, B2 and B3 categories 

Subcategorisation of the B category is based on animal data 

• The allocation of a B category does not imply greater safety than a C category 

• Medicines in category D are not absolutely contraindicated during pregnancy (e.g. 

anticonvulsants) 

 

ADEC was established in 1963 following the thalidomide experience. The Australian 

Department of Health and Ageing and senior Australian clinicians discussed ways to 
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deal with concerns around the use of drugs. This led to the establishment of the ADEC 

as an independent committee to advise on the safety of new drugs being imported 

into Australia and to formulate measures for the evaluation of possible adverse effects 

of drugs that were being used in Australia. In 2010, ADEC was replaced by the Advisory 

Committee on Prescription Medicines.177 

3.6.4   Australian Adverse Drug Reaction Bulletins 

Since 1982, the Australian Adverse Drug Reactions Bulletin was produced six times a 

year by ADRAC and provides practical information and advice on drug safety and 

information about emerging safety issues. This committee was replaced by 

the Advisory Committee on the Safety of Medicines in January 2010. The Bulletin has 

since been replaced by the Medicines Safety Update, which is also published six times 

a year, and appears in each issue of Australian Prescriber.178,179 These bulletins were 

used to identify information on the safety of medicines in an Australian context. 

3.6.5   The Monthly Index of Medical Specialties 

The Monthly Index of Medical Specialties (MIMS) has been a reliable source of product 

information on prescription medicines for healthcare professionals every month since 

its launch in 1959.180 In this thesis, it was used as an extra reference for reports of birth 

defects and other adverse outcomes in relation to the use of specific medicines in 

pregnancy. 

3.6.6   Therapeutic Guidelines 

These guidelines have been independently prepared and published by an expert group 

of experienced clinicians since the first edition in 1978.181 They represent independent 

consensus distillation and interpretation of the best available evidence and opinion at 

the time of publication. The topics in the online version, eTG complete, are mapped 

and linked to a number of relevant complementary resources including Australian 

Prescriber, Australian Adverse Drug Reactions Newsletter, Clinical Evidence, Cochrane 

systematic reviews, NPS News and NPS Radar. 
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3.6.7   REPROTOX® 

REPROTOX® is a web-based subscription information system containing summaries on 

the effects of medications, chemicals, infections, and physical agents on pregnancy, 

reproduction, and development.182,183 It is suitable for consumers as well as health 

professionals.183 Updates are made very regularly and citations to relevant studies are 

included. Following publication of the third paper from this thesis,184 REPROTOX® 

included references to that paper in each of the SSRI summaries. 

3.6.8   MedWatch 

MedWatch is the Safety Information and Adverse Event Reporting Program of the FDA, 

and it is an initiative designed both to educate all health professionals about the 

critical importance of being aware of, monitoring for, and reporting adverse events 

and problems to FDA and/or the manufacturer and to ensure that new safety 

information is rapidly communicated to the medical community, thereby improving 

patient care. The purpose of the MedWatch program is to enhance the effectiveness of 

postmarketing surveillance of medical products as they are used in clinical practice and 

to rapidly identify significant health hazards associated with these products.185 

 

MedWatch provides timely new safety information on human drugs, medical devices, 

vaccines and other biologics, dietary supplements, and cosmetics. The alerts contain 

actionable information that may affect both treatment and diagnostic choices for 

healthcare professional and patient. Safety alerts via email are provided to subscribers 

at no charge, as soon as the alerts appear on the FDA web site.186 The International 

Society for Pharmacoepidemiology (ISPE) works with the FDA to help keep its members 

informed about the FDA Medical Products Reporting and Safety Information Program 

and encourage them to play an active role in postmarketing surveillance. 
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3.7   Data validation 

The WADLS has been validated previously134 and has been used extensively for health 

research. All records for this study were also validated internally. Validations that were 

checked for the WA datasets at the individual patient level included: 

• duplicate identifiers; 

• missing values; 

• sex and dates of birth or death were checked across each source;  

• reviews of duplicate admission dates; 

• an admission occurring before the previous discharge from hospital; 

• date of birth on or before the first admission to hospital; 

• date of death on or after the last discharge from hospital; 

• re-admissions for the same event within one day of discharge were merged into 

one event if the ICD-10 code to the 3rd digit for the principal diagnosis was the 

same; 

• individuals with incomplete records e.g. birth record but no MNS record; 

• outliers for variables such as GA, birth weight and maternal age were reviewed and 

set to ‘missing’ if the value seemed improbable; 

• summary statistics were evaluated to check the range, mean and median of 

variables. 

 

Specific validations are explained within the chapter relating to the variables used for 

analyses. Where there were discrepancies for sex or date of birth across records for 

the same individual, the MNS record was used. 

 

Validity checks for the PBS dataset included: 

• dispensing patterns were reviewed to understand the medication adherence 

information available through using the PBS data (an example is shown in Figure 3-

5);  

• reviewing mean birth weights by GA (Figure 3-6);  
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• changes in co-payment values for general patients in relation to specific item 

numbers. For example, citalopram has three forms: 40 mg (item 8703C), 20 mg 

(8220P) and 10 mg (8702B). The 10 mg form is rarely prescribed. The 20 mg form 

was commonly prescribed but as the recommended daily dosage increased from 

20 mg to 40 mg in December 2005, a new form (the 40 mg) was introduced and the 

co-payment for the 20 mg dropped below the threshold and was no longer 

captured in the PBS (Figure 3-7); 

• review of mean GAs by WHO ATC group (Figure 3-8).  

• comparison of mean birth weights of children born to mothers dispensed a diabetic 

medication based upon ATC code ‘A10’ demonstrating the higher mean birth 

weight for children born to diabetic mothers (Figure 3-9).  
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Figure 3-5: Example of PBS dispensing history throughout pregnancy for 2 mothers 

 
 

 
GA: gestational age; ATC: Anatomical Therapeutic Chemical  

  

Mother 1, child born at 40 weeks

Dispense Date GA Generic Name ATC group

24/10/2002 2.1 Cephalexin Antibacterials For Systemic Use

03/11/2002 3.6 Citalopram Hydrobromide Psychoanaleptics

02/12/2002 7.7 Citalopram Hydrobromide Psychoanaleptics

04/12/2002 8.0 Metoclopramide Hydrochloride Drugs For Functional Gastrointestinal Disorders

01/01/2003 12.0 Citalopram Hydrobromide Psychoanaleptics

24/01/2003 15.3 Ferrous Sulfate Dried With Folic Acid Antianemic Preparations

31/01/2003 16.3 Citalopram Hydrobromide Psychoanaleptics

28/02/2003 20.3 Ferrous Sulfate Dried With Folic Acid Antianemic Preparations

20/03/2003 23.1 Citalopram Hydrobromide Psychoanaleptics

02/04/2003 25.0 Ferrous Sulfate Dried With Folic Acid Antianemic Preparations

14/04/2003 26.7 Citalopram Hydrobromide Psychoanaleptics

26/04/2003 28.4 Citalopram Hydrobromide Psychoanaleptics

27/05/2003 32.9 Citalopram Hydrobromide Psychoanaleptics

20/06/2003 36.3 Citalopram Hydrobromide Psychoanaleptics

Mother 2, child born at 37 weeks

Dispense Date GA Generic Name ATC group

14/11/2003 -0.9 Citalopram Hydrobromide Psychoanaleptics

30/11/2003 1.4 Citalopram Hydrobromide Psychoanaleptics

14/12/2003 3.4 Citalopram Hydrobromide Psychoanaleptics

28/12/2003 5.4 Citalopram Hydrobromide Psychoanaleptics

10/02/2004 11.7 Metoclopramide Hydrochloride Drugs For Functional Gastrointestinal Disorders

13/02/2004 12.1 Escitalopram Oxalate Psychoanaleptics

29/02/2004 14.4 Indomethacin Antiinflammatory And Antirheumatic Products

12/03/2004 16.1 Triamcinolone Acetonide With Neomycin Otologicals

12/03/2004 16.1 Citalopram Hydrobromide Psychoanaleptics

06/04/2004 19.7 Indomethacin Antiinflammatory And Antirheumatic Products

11/04/2004 20.4 Citalopram Hydrobromide Psychoanaleptics

23/04/2004 22.1 Temazepam Psycholeptics

09/05/2004 24.4 Citalopram Hydrobromide Psychoanaleptics

01/06/2004 27.7 Citalopram Hydrobromide Psychoanaleptics

02/06/2004 27.9 Phenoxymethylpenicillin Antibacterials For Systemic Use

17/06/2004 30.0 Ranitidine Hydrochloride Drugs For Acid Related Disorders

17/06/2004 30.0 Citalopram Hydrobromide Psychoanaleptics

07/07/2004 32.9 Citalopram Hydrobromide Psychoanaleptics
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Figure 3-6: Mean birth weights for children by gestational age 

 

 
 

 

 

 

Figure 3-7: Changes in the co-payment amount for citalopram, 08/2003-05/2010 
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Figure 3-8: Mean gestational age by WHO ATC group, with more than 100 births 
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Figure 3-9: Mean birth weights for children born to mothers dispensed a diabetic 
medicine compared with all other children 

 

 
 
 

3.8   Analyses and statistical methods 

The datasets were analysed using SAS version 9.2.174 The minimum, maximum, mean, 

standard deviation and median values for continuous variables were investigated using 

PROC SUMMARY. Odds ratios with 95% confidence intervals (OR; 95% CI) were 

calculated to estimate the effect and precision of the maternal and child 

characteristics, and admission rates. The rates of birth defects per 1,000 births for each 

specific medicine were calculated and compared with the rate of birth defects in all 

other births (those births to women dispensed other PBS medicine or not) by 

estimating an OR and 95% CI. The use of data linkage at the individual level meant it 

was possible to create variable flags for ‘previous preterm birth’ and ‘previous 

caesarean delivery’ to use as adjustments in regression analyses. Stepwise regression 

using the SAS procedure, PROC LOGISTIC, was used to adjust ORs.187 T-tests were 

calculated using PROC MEANS and PROC TTEST to compare means where appropriate. 

Some comparisons were made using just the term births to discount the effects of 
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preterm birth. POBW was only used for singleton births. PROC NPAR1WAY was used to 

compare medians. 

 

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

Initiative developed recommendations on what should be included in an accurate and 

complete report of an observational study.188 The STROBE statement is a checklist of 

items that should be addressed in articles reporting on the three main study designs of 

analytical epidemiology: cohort, case-control, and cross sectional studies. The 

intention is solely to provide guidance on how to report observational research well: 

these recommendations are not prescriptions for designing or conducting studies. 

Also, while clarity of reporting is a prerequisite to evaluation, the checklist is not an 

instrument to evaluate the quality of observational research. A STROBE checklist has 

been included in Appendix 8.6 and was used to assist with the reporting of this 

study.189 

 

A guideline that was endorsed by the board of ISPE in February 2011 was also 

considered for the reporting of the methodology of this study: “Guidelines for quality 

conduct in database research in pharmacoepidemiology.”190 The checklist has been 

included in Appendix 8.7. 

 

3.9   Results 

There were 164,278 pregnancy-related events for the period 2002-2005 representing 

98,265 women. After validating the records and ensuring each pregnancy event was 

counted only once, and included an LMP estimation, 132,781 pregnancy events were 

retained for 96,105 women (Figure 3-10). These events were births (106,074 - 79.9% of 

the events; 82,633 women), ectopic pregnancies (1,527 - 1.2% of events, 1,455 

women) and terminations (25,180 - 19.0% of the events; 22,189 women). After linking 

to the PBS data, 28.0% (37,144/132,781) of the pregnancy events were in the 

‘exposed’ group during any part of the pregnancy with 19.5% (25,911/132,781) 
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exposed during the first trimester. For all pregnancies exposed to PBS medicines, there 

were 139,366 dispenses comprising 433 generic medicines. 

 

In order to assess the level of under ascertainment, we analysed the generic medicines 

added to the PBS Schedule from 2002 to 2005 from published updates.152 There were 

221 new medicines in 8 updates from August 2003 to August 2005 (Table 3-1). 81.4% 

(180/221) of these were costed at the general beneficiary co-payment level with 51 of 

these 180 medicines dispensed at any time during pregnancy in our cohort. There 

were 41 new medicines that were costed below the co-payment level and only 8 of 

these medicines were dispensed (N=84 dispenses) during pregnancy. These items were 

predominantly analgesics (N=62/84 dispenses, 73.8%). Only 4 of the 84 dispenses for 

these 8 medicines were category C risk in pregnancy; the remainder were category A. 

Of all generic medicines dispensed during pregnancy and captured by the PBS, 6.7% 

(29/433) were dispensed at least 50 times to concession beneficiaries only. 

 

The mean age of the women at the end of the pregnancy event was 29.8 years (30.0 

years for births, 30.8 years for ectopic pregnancies and 29.0 years for terminations). 

Singleton deliveries comprised 98.4% of the births, 27.5% were the woman’s first birth, 

15.7% of the women with a birth smoked during their pregnancy, and 4.7% of the 

infants were registered with a birth defect (Table 3-2). Multiple birth pregnancies were 

50% more likely to be dispensed a medicine in the first trimester. As parity increased, 

so did the likelihood of a pregnancy being in the exposed group, to more than double if 

it were a third pregnancy or more. Women who smoked during the pregnancy were 

twice as likely to be exposed and exposed births were 14% more likely to have a 

registered birth defect. 
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Figure 3-10: Flow chart of data linkage 

 

 
 
* women may have more than one event, 2002-2005 

 

 

  

Births 106,074 82,633

Ectopic Pregnancies 1,527 1,455

Terminations 25,180 22,189

ATC codes

whole of pregnancy, Dispenses=139,366 whole of pregnancy

Women* Pregnancy Events Women*

30,968 27,312 Births 75,106 60,770

306 302 Ectopic Pregnancies 1,221 1,165

5,870 5,479 Terminations 19,310 17,470

37,144 31,533 95,637 73,064

19,735 17,832 Births 86,339 69,150

306 302 Ectopic Pregnancies 1,221 1,165
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During the first trimester, category D or X of the Australian categorisation of the risk of 

drug use in pregnancy157 represented (Table 3-3): 

• 7.7% of the items dispensed (7.0% of births, 12.8% of ectopic pregnancies and 

10.7% of terminations); 

• 10.7% of all exposed pregnancy events (8.8% of births, 19.9% of ectopic 

pregnancies and 16.7% of terminations); 

• 2.1% of all pregnancy events (1.6% of births, 4.0% of ectopic pregnancies and 3.9% 

of terminations); and, 

• a mean of 1.8 dispenses per exposed pregnancy event (2.1 per birth, 1.4 per 

ectopic pregnancy and 1.3 per termination). 

 

The most commonly dispensed items according to ATC codes during the first trimester 

(Table 3-4) and the whole of pregnancy were from the ‘Nervous system’ group, 33.8% 

and 33.6% of all dispenses, respectively. This ATC group was prescribed to 6.3% of all 

pregnancy events during the first trimester with a mean of 2.6 dispenses (8.9% and a 

mean of 4.0 dispenses at any time during the exposed pregnancy). The only other ATC 

category to be prescribed to more pregnancies was the ‘Anti-infectives for systemic 

use’ group with around half the number of dispenses of the ‘Nervous system’ group 

but in more pregnancy events. 

 

Similarly when items dispensed were analysed by ATC category, the most dispenses 

were for ‘Psychoanaleptics’ with 17.5% of all dispenses (3.8% of all pregnancy events) 

during the first trimester and 18.1% (4.7% of all pregnancy events) at any stage during 

the pregnancy (Table 3-5). Items described as ‘Antibacterials for systemic use’ were 

dispensed to 15.3% (5.5% of all pregnancy events) during the first trimester and 16.7% 

(10.4% of all pregnancy events) at any stage during the pregnancy. 

 

Dispensing records were also analysed by generic names (Table 3-6). The leading 20 

medicines dispensed accounted for 62% of all dispenses. The most dispensed medicine 

during the first trimester was metoclopramide hydrochloride, a category A medicine 

commonly used for nausea in pregnancy. A category D medicine, medroxy-
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progesterone, was the fifth highest dispensed medicine during the first trimester. For 

90% of the dispenses, it was prescribed as “restricted benefit: endometriosis”. 

Paroxetine hydrochloride (an anti-depressant, originally a category C but since 

September 2005 it has been classified a category D medicine) was the 11th most 

dispensed medicine during pregnancy with an average of 3.9 dispenses per pregnancy. 

The Category D and X generic medicines dispensed during the first trimester are shown 

in Table 3-7. 

 

3.10   Discussion 

Western Australia provides ideal conditions for epidemiological research.134 These 

include the manageable size of the population, its relative stability, the concentration 

of health services in Perth (the capital city), excellent relations between the academic 

and service sectors, low permanent migration out of Western Australia (2.7% in 

2001)191 and extensive record linkage of health and other data. Our study is the first in 

Australia to link PBS data to population-based pregnancy records and it is the first step 

in investigating the usefulness of linking administrative datasets as a 

pharmacovigilance tool in pregnancy. For all pregnancy events, 28% were dispensed a 

PBS medicine. During the first trimester of pregnancy, univariate analyses showed that 

women for whom a medicine was dispensed were more likely to be smokers, to have a 

multiple birth, to have had at least 2 previous births, or to have a child with a birth 

defect, than women not dispensed a PBS medicine. 

 

No single design or methodology is likely to be sufficient to assure that new teratogens 

will be identified in a timely fashion.192 Several Nordic countries have used population-

based claims datasets for pharmacovigilance in pregnancy for many years.193-195 The 

UK General Practice Research Database has also been used for pharmacovigilance in 

pregnancy and is based upon prescriptions.196 Case-control studies are also used to 

investigate medicine exposures as causes of birth defects.106 Prospective pregnancy 

registries, a method of surveillance that enrols pregnant women after they have been 

taking medicine and before the birth of their child, were advocated in Australia in 1986 
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to study the risks of specific medicines67 and one has been established for anti-

convulsants.112 Medicine manufacturers may perform postmarketing cohort studies of 

prospectively reported exposures, and meta-analyses may be undertaken for specific 

medicines or specific health conditions.69 Teratogen Information Services obtain 

maternal exposure information from their callers and then attempt to follow up the 

women some months later to determine pregnancy outcomes.70-72,197 Similar services 

exist in each state of Australia. For example, MotherSafe is a telephone advice and 

counselling service in New South Wales for pregnant or breastfeeding women who 

have been exposed to chemicals, medicines, radiation or infections.74 

 

Properly applied, automated databases can minimise the cost and reduce the amount 

of time involved in obtaining information on the effects of marketed medicines.198 In 

addition, they can be sufficiently large to study relatively infrequently used medicines. 

Since medicine exposure is determined from pre-recorded automated data, there is no 

opportunity for recall bias. Record linkage to a variety of data sources provides the 

opportunity to control for a wide range of potential confounders.199 The main 

disadvantage relates to whether the medicine was consumed, or consumed as 

directed, and we have no information in this study for either of these aspects of use. A 

study from the Netherlands investigated the validity of medicine exposure 

measurement based on pharmacy records compared with home inventory and 

concluded that computerised pharmacy records can be a reliable source of the true 

medicine exposure when adequate attention is paid to the definition of the exposure 

time-window and when these records are comprehensive with regard to prescription 

medicines.200 An earlier study compared a patient recall questionnaire with pharmacy 

dispensing data and found that recall of medicine use amounted to 61.2% of medicines 

prescribed for at least 6 months201 highlighting that the dispensing data may be more 

complete than data collected by interviews. 

 

A limitation of using the PBS dataset for pharmacovigilance is under-ascertainment of 

medicine exposure generally and incomplete ascertainment for some subsidised 

medicines. Not included are medicines dispensed at a price that is less than the 
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amount at which the Australian Government will subsidise the medicine for someone 

who is not entitled to a concessional rate (currently $31.30). Updates to the Schedule 

during the 2003-2005 indicate that 13.6% (8/59) of subsidised medicines that were 

dispensed during pregnancy to women qualifying for a payment concession were 

missing for the general beneficiaries. This will result in the “unexposed” group 

containing some women who did not qualify for a concession co-payment being 

dispensed a PBS medicine, and paying less than the general co-payment. The emphasis 

of postmarketing surveillance is often on medicines newly available and these are 

more likely to be listed in the Schedule at the maximum co-payment threshold when 

first released: data for the majority (86.4%) of newly approved medicines under the 

PBS were captured and it is still possible to review the dispensing patterns of these 

items in respect to pregnancy. However, complete ascertainment is desirable for both 

new and older medicines, as adverse outcomes related to older medicines may not all 

be yet identified and new medicines may produce adverse reactions through 

interactions with older medicines. 

 

The PBS records have been linked to the Birth Defects Registry and this will add further 

value to the potential for pharmacovigilance. The WA datasets contain maternal and 

child health records from 1980. This will allow a woman’s previous obstetric history 

(for example, previous birth defect, ectopic pregnancy, low birth weight, prematurity, 

stillbirth) to be considered when investigating pregnancy outcomes. 

 

The PBS data linked to records of women with a pregnancy event would appear to be 

consistent with available Australian data on medicine use in pregnancy. A small study 

of 140 pregnant women attending a hospital ante-natal clinic in 1999 in South 

Australia reported that 38% of the women were prescribed a medicine in the first 

trimester, with anti-microbials, asthmatic medications and dermatological 

preparations as the leading types of prescribed medicines used during pregnancy.63 

These were also all reported in our study as leading items dispensed. The same study 

found 1.3% of first trimester prescriptions were risk category D for use in pregnancy 
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whereas our study found 6.9% of dispenses to events resulting in a birth were in this 

category. 

 

Studies overseas have reported that 44% of pregnant women were prescribed 

medicines in Denmark,64 46% in Finland,202 57% in Norway,194 86% in the 

Netherlands,122 96% in Germany,203 and 99% in a southwest France community65 which 

are all larger than the 28% in our study. Apart from the under-ascertainment of some 

medicines in the PBS data, this may also be due to the range of medicines requiring a 

medical practitioner prescription across countries. For example in Australia, folic acid 

with and without iron supplement; paracetamol (acetaminophen) with and without 

codeine (to 15 mg); ibuprofen with and without codeine (to 12.8 mg); and salbutamol 

are available over the counter. Caution is therefore needed when comparing overall 

prescribing rates between countries. 

 

In this study we were able to include more precise values for GA than previous studies 

which have applied a nominal GA, such as assuming a gestation of 270 days,204 or 

calculating GA based upon a first identified pregnancy record.123 These methods may 

overestimate the medicine exposure intervals as they do not account for premature 

births.205 It may be another reason why the proportion of pregnancies exposed to 

prescribed medicines is lower in our study. 

 

There are medicines that are prescribed for acute conditions (e.g. antibiotics) which 

may have been taken by a pregnant woman during our defined exposure period but 

not included in the analyses as the dispense date may have been too early. We 

included medicines with a repeat prescription within 28 days if this period overlapped 

the start of our exposure period (LMP+14 days). However, if the woman finished using 

a medicine around conception and the medicine was not dispensed again during the 

defined pregnancy exposure periods, we did not include this medicine. 

 

Although the US FDA categories206 do not exactly correspond to the Australian 

categories (for example, methotrexate, warfarin and medroxyprogesterone are all 
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category X medicines in the US but category D in Australia), medicines from either 

category D or X are regarded as clearly harmful for use in pregnancy118,207 in both 

methods of categorisation. The proportion of pregnancies in our study exposed to 

either of these categories (2.3% birth events for whole of pregnancy, 1.6% in first 

trimester) is similar to recent overseas studies which have reported pregnancy 

exposure rates from 2.5% to around 9%.65,118,204,208-210 Some pregnancies may have 

been terminated due to exposure to the category D or X medicines. There were 14 

pregnancy events exposed to isotretinoin in the first trimester and nine of these ended 

in termination. Some pregnancies may have been treated with a medicine such as 

misoprostol or methotrexate because the woman was experiencing an ectopic or a 

termination of pregnancy - this occurred in 10 instances in our study. 

 

As far as we can ascertain from searching Medline, this study is the first to report 

population-based dispensing data in relation to ectopic pregnancies and terminations 

of pregnancy using administrative databases. A survey of general practitioners in 

England who had recently prescribed newly released medicines to women (N=2,511 

women, 831 pregnancies) sought follow-up of any pregnancy outcomes and these 

included ectopic or abortive outcomes.211 A recent case-control study in Denmark 

linked dispenses of pivmecillinam to miscarriage.212 Most studies report these 

outcomes in relation to contraceptive medicines.213-215 Our approach will allow some 

new investigations of ectopic pregnancies and prescribed medicines used by women in 

the early stages of pregnancy. 

 

The assigned GA of 8 weeks for a termination of pregnancy is also quite conservative. 

The rate of termination of pregnancy for fetal abnormality in WA in 2006 was 6.7 per 

1,000 births, with around 70% being performed between 12 and 20 weeks 

gestation216. Future studies from this linkage approach will aim to include data relating 

to fetal abnormalities and terminations of pregnancy where a birth has not been 

registered. This requires additional linkage to the Birth Defects Registry. We also were 

not able to capture data on non-PBS medicines that were prescribed or OTC 

medications and this would have reduced the proportion unexposed. 



 

61 
  

In Australia, suspected adverse reactions to prescription medicines are reported to 

ADRAC of the TGA Office of Medicines Safety Monitoring. Future research should 

include collaboration with this office. Women of childbearing age may have chronic 

conditions requiring medication, such as epilepsy or hypertension, and physicians 

caring for these women seek information regarding the teratogenicity of the medicines 

they prescribe to them. Collaborations with specialist physicians will also help to make 

the research relevant by addressing their current concerns. 

 

The next step in assessing the usefulness of this approach will be to investigate the 

dispensing of known teratogens included in the PBS data with the Birth Defects 

Registry. Using this data linkage approach, we will also be able to investigate other 

adverse birth outcomes such as stillbirth, low birth weight and prematurity. It is 

anticipated that this approach to postmarketing surveillance in pregnancy will add to 

the resources available in Australia to investigate pregnancy outcomes in relation to 

subsidised prescribed medicines and the safe use of medicines in pregnancy. 

 

 

  

http://www.tga.gov.au/adr/adrac.htm


 

62 
  

Table 3-1: Newly listed items on the Pharmaceutical Benefits Scheme Schedule, 
2003-2005 

 

 
* General beneficiary co-payment level 

 

  

Schedule Updates New Items Copayment* New Items

Dispensed

Items

No.

dispenses New Items

Dispensed

Items

No.

dispenses

August, 2003 27 $23.10 3 0 0 24 6 18

November, 2003 18 $23.10 6 1 2 12 3 18

February, 2004 31 $23.70 4 2 2 27 10 1,022

May, 2004 27 $23.70 0 0 0 27 13 96

August, 2004 17 $23.70 0 0 0 17 4 57

December, 2004 19 $23.70 5 0 0 14 3 3

April, 2005 37 $28.60 8 2 56 29 8 67

August, 2005 45 $28.60 15 3 24 30 4 29

221 41 8 84 180 51 1,310

18.6% 81.4%

Pregnancy 

Risk Category

No.

dispenses ATC category

Codeine Phosphate with Paracetamol A 49 Analgesic

Oxycodone Hydrochloride C 2 Analgesic

Paracetamol (2 forms) A 11 Analgesic

Ferrous Sulfate A 19 Antianemic Preparations

Amoxycillin A 1 Antibacterials For Systemic Use

Brimonidine Tartrate with Timolol Maleate C 1 Ophthalmologicals

Citalopram Hydrobromide (10mg) C 1 Psychoanaleptics

84

Items costing below the

general copayment level

Items costed at the

general copayment level

Items dispensed costing below the general copayment level
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Table 3-2: Characteristics of women with a pregnancy event, 2002-2005 
 

 
 

1 includes spontaneous and medical abortions ascertained through hospital admission 
2 exposed vs. unexposed births 
3 the number of pregnancies resulting in a multiple birth, not the number of multiple births  

N=106,074 % N=1,527 % N=25,180 % N=132,781 %

Maternal age

<20 4,044 3.8 59 3.9 2,853 11.3 6,956 5.2

20-24 15,111 14.2 175 11.5 5,115 20.3 20,401 15.4

25-29 27,395 25.8 350 22.9 5,154 20.5 32,899 24.8

30-34 36,115 34.0 526 34.4 5,681 22.6 42,322 31.9

35+ 23,409 22.1 417 27.3 6,377 25.3 30,203 22.7

N=19,735 % N=86,339 % N=106,074 %

Plurality

Singletons 19,299 97.8 85,056 98.5 104,355 98.4 1

Multiples3 436 2.2 1,283 1.5 1,719 1.6 1.50 (1.34-1.67)

Parity

1 3,986 20.2 25,156 29.1 29,142 27.5 1

2 5,065 25.7 25,119 29.1 30,184 28.5 1.30 (1.22-1.33)

3+ 9,173 46.5 28,087 32.5 37,260 35.1 2.10 (1.98-2.15)

missing 1,511 7.7 7,977 9.2 9,488 8.9

Smoke during pregnancy?
Yes 4,948 25.1 11,673 13.5 16,621 15.7 2.13 (2.05-2.21)
No 13,276 67.3 66,689 77.2 79,965 75.4 1

missing 1,511 7.7 7,977 9.2 9,488 8.9

Birth Defect registered?

Yes 1,027 5.2 3,968 4.6 4,995 4.7 1.14 (1.06-1.22)

No 18,708 94.8 82,371 95.4 101,079 95.3 1

Births Ectopic Pregnancies Terminations1 All Pregnancies

Births
Exposed, 1st Trimester Unexposed, 1st Trimester All Births

OR2    (95% CI)
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Table 3-3: PBS medicines dispensed in pregnancy, by Australian categorisation of 
the risk of drug use in pregnancy and mean maternal age (years) 

 

 
 
* includes spontaneous and medical abortions ascertained through hospital admission 
1 significantly older than other women with an exposed pregnancy, P<0.0001 
2 significantly older than other women with an exposed pregnancy, P<0.01 
3 significantly younger than other women with an exposed pregnancy, P<0.01 
4 significantly younger than other women with an exposed pregnancy, P<0.05 
ns not statistically significant  

Category N % N % N % N %

A 22,726 43.5 11,786 11.1 1.9 28.1 56,078 44.3 20,235 19.1 2.8 28.2

B1 3,151 6.0 1,973 1.9 1.6 29.7 9,204 7.3 5,008 4.7 1.8 29.6

B2 2,262 4.3 1,176 1.1 1.9 30.0 5,089 4.0 1,909 1.8 2.7 30.0

B3 6,485 12.4 4,230 4.0 1.5 30.0 15,982 12.6 7,455 7.0 2.1 30.2

C 13,285 25.4 4,931 4.6 2.7 30.6 32,439 25.6 7,763 7.3 4.2 30.6

D 3,620 6.9 1,731 1.6 2.1 32.8 1 6,016 4.7 2,397 2.3 2.5 32.2 1

X 15 0.0 6 0.0 2.5 27.3
ns

24 0.0 6 0.0 4.0 26.7
4

not categorised 692 1.3 539 0.5 1.3 30.1 1,860 1.5 1,171 1.1 1.6 30.6

Exposed 52,236 100.0 19,735 18.6 2.6 29.0 126,692 100.0 30,968 29.2 4.1 29.0

-D or X 3,635 7.0 1,736 1.6 2.1 32.8 1 6,040 4.8 2,402 2.3 2.5 32.2 1

Unexposed 86,339 81.4 30.3 75,106 70.8 30.5

106,074 100.0 30.0 106,074 100.0 30.0

Category N % N % N % N %

A 221 32.0 122 8.0 1.8 30.9 3,133 26.1 2,014 8.0 1.6 28.5

B1 51 7.4 46 3.0 1.1 31.6 626 5.2 510 2.0 1.2 28.0

B2 37 5.4 28 1.8 1.3 32.7 711 5.9 503 2.0 1.4 29.0

B3 118 17.1 93 6.1 1.3 30.3 3,048 25.4 2,419 9.6 1.3 27.4

C 165 23.9 94 6.2 1.8 31.9 3,095 25.8 1,565 6.2 2.0 30.3

D 87 12.6 60 3.9 1.5 33.6 2 1,272 10.6 972 3.9 1.3 30.4 1

X 1 0.1 1 0.1 1.0 34.4 11 0.1 10 0.0 1.1 25.8
ns

not categorised 10 1.4 5 0.3 2.0 36.4 88 0.7 70 0.3 1.3 31.3

Exposed 690 100.0 306 20.0 2.3 31.2 11,984 100.0 5,870 23.3 2.0 28.2

-D or X 88 12.8 61 4.0 1.4 33.6 2 1,283 10.7 982 3.9 1.3 30.3 1

Unexposed 1,221 80.0 30.7 19,310 76.7 29.2

1,527 100.0 30.8 25,180 100.0 29.0

Category N % N % N % N %

A 26,080 40.2 13,922 10.5 1.9 28.2 59,432 42.6 22,371 16.8 2.7 28.3

B1 3,828 5.9 2,529 1.9 1.5 29.5 9,881 7.1 5,564 4.2 1.8 29.6

B2 3,010 4.6 1,707 1.3 1.8 29.8 5,837 4.2 2,440 1.8 2.4 29.9

B3 9,651 14.9 6,742 5.1 1.4 29.2 19,148 13.7 9,967 7.5 1.9 29.8

C 16,545 25.5 6,590 5.0 2.5 30.5 35,699 25.6 9,422 7.1 3.8 30.6

D 4,979 7.7 2,763 2.1 1.8 32.2 1 7,375 5.3 3,429 2.6 2.2 31.9 1

X 27 0.0 17 0.0 1.6 27.0 4 36 0.0 17 0.0 2.1 26.6 3

not categorised 790 1.2 614 0.5 1.3 30.3 1,958 1.4 1,246 0.9 1.6 30.7

Exposed 64,910 100.0 25,911 19.5 2.5 28.8 139,366 100.0 37,144 28.0 3.8 28.8

-D or X 5,006 7.7 2,779 2.1 1.8 32.2 1 7,411 5.3 2,402 1.8 3.1 31.9 1

Unexposed 106,870 80.5 30.1 95,637 72.0 30.2

132,781 100.0 29.8 132,781 100.0 29.8

Mean Age

(yrs)

Dispenses Pregnancies Disps/

Preg

Mean Age

(yrs)

Mean Age

(yrs)

Dispenses Pregnancies Disps/

Preg

Mean Age

(yrs)

Births - 1st Trimester Births - whole of pregnancy
Dispenses Pregnancies Disps/

Preg

Mean Age

(yrs)

Dispenses Pregnancies Disps/

Preg

Mean Age

(yrs)

Ectopic Pregnancies Terminations*
Dispenses Pregnancies Disps/

Preg

All Pregnancy Events - 1st Trimester All Pregnancy Events - whole of pregnancy
Dispenses Pregnancies Disps/

Preg



 

 
 

Table 3-4: PBS medicines dispensed in pregnancy, by ATC category, level 1, Anatomical main group 

 

 
 

1 significantly younger than unexposed pregnant women, p <0.0001 
 

Dispenses/

pregnancy

Dispenses/

pregnancy

Category N % N % N % N %

A Alimentary tract and metabolism 9,180 14.1 5,680 4.3 1.6 29.0 18,148 13.0 8,612 6.5 2.1 29.5

B Blood and blood forming organs 5,329 8.2 4,119 3.1 1.3 27.9 12,958 9.3 7,243 5.5 1.8 28.3

C Cardiovascular system 1,011 1.6 497 0.4 2.0 33.3 2,454 1.8 1,024 0.8 2.4 32.2

D Dermatologicals 1,487 2.3 1,200 0.9 1.2 28.6 3,844 2.8 2,634 2.0 1.5 28.7

G Genito urinary system and sex hormones 6,648 10.2 3,997 3.0 1.7 31.1 8,050 5.8 4,356 3.3 1.8 31.2

H Systemic hormonal preparations, excluding sex hormones and insulins 846 1.3 671 0.5 1.3 30.3 1,996 1.4 1,279 1.0 1.6 30.6

J Antiinfectives for systemic use 10,379 16.0 7,546 5.7 1.4 27.7 24,380 17.5 14,509 10.9 1.7 27.8

L Antineoplastic and immunomodulating agents 143 0.2 98 0.1 1.5 32.7 271 0.2 118 0.1 2.3 32.9

M Musculo-skeletal system 827 1.3 678 0.5 1.2 29.9 1,538 1.1 1,178 0.9 1.3 30.6

N Nervous system 21,914 33.8 8,366 6.3 2.6 30.2 46,872 33.6 11,767 8.9 4.0 30.2

P Antiparasitic products, insecticides and repellents 59 0.1 46 0.0 1.3 28.3 117 0.1 95 0.1 1.2 27.7

R Respiratory system 6,061 9.3 3,278 2.5 1.8 29.0 15,991 11.5 6,073 4.6 2.6 29.2

S Sensory organs 842 1.3 688 0.5 1.2 29.2 1,990 1.4 1,525 1.1 1.3 28.6

V Various 90 0.1 57 0.0 1.6 32.4 523 0.4 312 0.2 1.7 32.8

not categorised 94 0.1 80 0.1 1.2 29.4 234 0.2 175 0.1 1.3 29.2

Exposed 64,910 100.0 25,911 19.5 2.5 28.8 1 139,366 100.0 37,144 28.0 3.8 29.8 1

Unexposed 106,870 80.5 30.1 95,637 72.0 30.2

yrs yrs

1st Trimester Whole of pregnancy event

Dispenses Pregnancy

events

Mean 

Age

Dispenses Pregnancy

events

Mean 

Age
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Table 3-5: PBS medicines dispensed in pregnancy, by ATC category, level 2, 
Therapeutic main group, top 15 by volume of dispenses 

 

 

Category Dispenses %

Pregnancy

events %

Dispenses/

pregnancy

Mean Age

(yrs)

Psychoanaleptics 11,360 17.5 5,091 3.8 2.2 30.4

Antibacterials for systemic use 9,937 15.3 7,242 5.5 1.4 27.6

Sex hormones and modulators of the genital system 6,315 9.7 3,707 2.8 1.7 31.1

Drugs for obstructive airway diseases 5,935 9.1 3,185 2.4 1.9 29.0

Analgesics 5,367 8.3 2,679 2.0 2.0 30.2

Antianemic preparations 4,778 7.4 3,881 2.9 1.2 27.3

Drugs for functional gastrointestinal disorders 4,748 7.3 3,617 2.7 1.3 27.2

Psycholeptics 4,484 6.9 1,284 1.0 3.5 29.6

Drugs for acid related disorders 1,630 2.5 1,132 0.9 1.4 31.2

Corticosteroids, dermatological preparations 1,433 2.2 1,165 0.9 1.2 28.6

Antiemetics and antinauseants 1,219 1.9 571 0.4 2.1 30.7

Antiinflammatory and antirheumatic products 804 1.2 662 0.5 1.2 30.0

Drugs used in diabetes 664 1.0 365 0.3 1.8 31.6

Antiepileptics 611 0.9 332 0.3 1.8 29.9

Antithrombotic agents 507 0.8 224 0.2 2.3 33.1

missing 112 0.2 90 0.1 1.2 30.5

Exposed 64,910 25,911 19.5 2.5 28.8

Unexposed 106,870 80.5 30.1

Category Dispenses %

Pregnancy

events %

Dispenses/

pregnancy

Mean Age

(yrs)

Psychoanaleptics 25,237 18.1 6,285 4.7 4.0 30.5

Antibacterials for systemic use 23,206 16.7 13,874 10.4 1.7 27.7

Drugs for obstructive airway diseases 15,632 11.2 5,840 4.4 2.7 29.2

Analgesics 11,592 8.3 4,965 3.7 2.3 29.8

Antianemic preparations 11,197 8.0 6,643 5.0 1.7 27.6

Psycholeptics 8,404 6.0 1,968 1.5 4.3 29.6

Sex hormones and modulators of the genital system 7,463 5.4 3,873 2.9 1.9 31.4

Drugs for functional gastrointestinal disorders 6,367 4.6 4,383 3.3 1.5 27.1

Drugs for acid related disorders 5,775 4.1 2,948 2.2 2.0 30.5

Corticosteroids, dermatological preparations 3,762 2.7 2,597 2.0 1.4 28.7

Antiemetics and antinauseants 1,998 1.4 716 0.5 2.8 30.7

Drugs used in diabetes 1,901 1.4 758 0.6 2.5 32.0

Antithrombotic agents 1,641 1.2 548 0.4 3.0 32.6

Antihypertensives 1,537 1.1 685 0.5 2.2 32.0

Antiepileptics 1,510 1.1 439 0.3 3.4 30.3

missing 285 0.2 206 0.2 1.4 30.2

Exposed 139,366 37,144 28.0 3.8 28.8

Unexposed 95,637 72.0 30.2

1st Trimester

Whole of pregnancy event
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Table 3-6: PBS medicines dispensed in pregnancy, by generic name, top 20 by 
volume of dispenses 

 
1 also available over the counter at pharmacies 
2 category D 
3 changed from category C to D, September 2005 
* dispenses to concession patients only, as the dispensed price of this item is below the co-payment 

for general beneficiaries 

Generic Name

Pregnancy

risk

category

Dispenses

N %

Pregnancy

events %

Dispenses/

pregnancy

Mean Age

(yrs)

Metoclopramide hydrochloride* A 4,697 7.2 3,587 2.7 1.3 27.2

Amoxycill in* A 3,290 5.1 2,828 2.1 1.2 27.9

Codeine phosphate with paracetamol* A 2,714 4.2 1,551 1.2 1.7 29.7

Ferrous sulfate dried with folic acid*1 A 2,679 4.1 2,093 1.6 1.3 27.2

Medroxyprogesterone2 D 2,645 4.1 1,075 0.8 2.5 34.1

Sertraline hydrochloride C 2,512 3.9 1,256 0.9 2.0 30.9

Salbutamol sulfate*1 A 2,495 3.8 1,369 1.0 1.8 27.3

Cephalexin* A 2,363 3.6 2,011 1.5 1.2 27.2

Citalopram hydrobromide C 2,215 3.4 1,070 0.8 2.1 30.7

Diazepam* C 1,859 2.9 612 0.5 3.0 29.7

Venlafaxine hydrochloride B2 1,854 2.9 740 0.6 2.5 30.3

Folic acid*1 A 1,825 2.8 1,807 1.4 1.0 27.1

Paroxetine hydrochloride3 C/D 1,638 2.5 803 0.6 2.0 30.8

Fluticasone propionate with salmeterol xinafoate B3 1,484 2.3 989 0.7 1.5 30.4

Paracetamol*1 A 1,147 1.8 952 0.7 1.2 29.9

Temazepam* C 1,023 1.6 484 0.4 2.1 29.0

Etonogestrel B3 1,011 1.6 1,008 0.8 1.0 24.6

Levonorgestrel with ethinyloestradiol* B3 968 1.5 946 0.7 1.0 25.3

Amoxycill in with clavulanic acid* B1 966 1.5 775 0.6 1.2 28.4

Fluoxetine hydrochloride C 818 1.3 413 0.3 2.0 31.1

not categorised 90 0.1 76 0.1 1.2 29.4

Exposed 64,910 25,911 19.5 2.5 28.8

Unexposed 106,870 80.5 30.1

Generic Name

Pregnancy

risk

category

Dispenses

N %

Pregnancy

events %

Dispenses/

pregnancy

Mean Age

(yrs)

Amoxycill in* A 8,626 6.2 6,429 4.8 1.3 27.9

Ferrous sulfate dried with folic acid*1 A 7,394 5.3 3,987 3.0 1.9 27.4

Salbutamol sulfate*1 A 6,533 4.7 2,667 2.0 2.4 27.7

Metoclopramide hydrochloride* A 6,301 4.5 4,349 3.3 1.4 27.1

Sertraline hydrochloride C 6,231 4.5 1,708 1.3 3.6 30.8

Cephalexin* A 6,148 4.4 4,544 3.4 1.4 27.1

Codeine phosphate with paracetamol* A 6,017 4.3 2,986 2.2 2.0 29.2

Citalopram hydrobromide C 5,349 3.8 1,449 1.1 3.7 30.7

Fluticasone propionate with salmeterol xinafoate B3 3,719 2.7 1,570 1.2 2.4 30.3

Venlafaxine hydrochloride B2 3,716 2.7 842 0.6 4.4 30.4

Paroxetine hydrochloride3 C/D 3,609 2.6 920 0.7 3.9 30.8

Medroxyprogesterone2 D 3,459 2.5 1,108 0.8 3.1 34.1

Diazepam* C 3,240 2.3 777 0.6 4.2 29.8

Ranitidine hydrochloride*1 B1 2,905 2.1 1,597 1.2 1.8 30.0

Paracetamol*1 A 2,739 2.0 1,885 1.4 1.5 29.5

Temazepam* C 2,183 1.6 1,031 0.8 2.1 29.2

Folic acid*1 A 2,069 1.5 1,982 1.5 1.0 27.2

Fluticasone propionate* B3 1,981 1.4 1,080 0.8 1.8 30.4

Amoxycill in with clavulanic acid* B1 1,935 1.4 1,478 1.1 1.3 28.3

Fluoxetine hydrochloride C 1,735 1.2 497 0.4 3.5 31.2

not categorised 221 0.2 162 0.1 1.4 29.2

Exposed 139,366 37,144 28.0 3.8 28.8

Unexposed 95,637 72.0 30.2

1st Trimester

Whole of pregnancy event



 

 
 

Table 3-7: PBS medicines dispensed in pregnancy in category D or X, by generic name 

 

 
 
1 changed from category C to D, September 2005 
2 changed from category B3 to D, June 2006 
3 changed from category C to D, February 2005 
* Leflunomide, Misoprostol and Raloxifene hydrochloride were also dispensed to a total of 8 women. Data omitted from the table due to small 

numbers 
** dispenses to concession patients only, as the dispensed price of this item is below the co-payment for general beneficiaries 
*** totals do not match Table 3-3 as this table is all dispenses for the generic item and not just during the time it was a risk category D 

Dispenses

Pregnancy

events

Dispenses/

pregnancy Dispenses

Pregnancy

events

Dispenses/

pregnancy

Isotretinoin 19 14 1.4 Isotretinoin 22 14 1.6

Total* 27 17 1.6 Total* 36 17 2.1

Category D, top 10 by volume of dispenses
Medroxyprogesterone 2,645 1,075 2.5 Paroxetine hydrochloride1 3,609 920 3.9

Paroxetine hydrochloride1 1,638 803 2.0 Medroxyprogesterone 3,459 1,108 3.1

Doxycycline** 584 544 1.1 Doxycycline** 606 560 1.1

Follitropin alfa 279 106 2.6 Carbamazepine 450 171 2.6

Lamotrigine2 175 61 2.9 Sodium valproate 436 183 2.4

Sodium valproate 168 130 1.3 Lamotrigine2 405 67 6.0

Carbamazepine 161 124 1.3 Dexamethasone with framycetin sulfate and gramicidin** 381 349 1.1

Dexamethasone with framycetin sulfate and gramicidin** 148 140 1.1 Follitropin alfa 328 114 2.9

Triamcinolone acetonide with neomycin sulfate gramicidn and nystatin** 131 126 1.0 Triamcinolone acetonide with neomycin sulfate gramicidn and nystatin** 307 268 1.1

Atorvastatin calcium3 83 48 1.7 Neomycin undecenoate with bacitracin zinc** 157 150 1.0

Total*** 6,925 3,808 1.8 Total*** 11,584 4,683 2.5

First Trimester Whole of pregnancy event

Category X
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 Validation of the methodology CHAPTER 4:  

 

4.1   Preamble 

This chapter presents the second step in the feasibility study – to validate the 

methodology by detection of the effects of suspected or known teratogens in the data. 

For women dispensed one of these medicines, defined as category D or X for use in 

pregnancy, the study expected the rates found by linkage to the WA Birth Defects 

Registry to be similar to the rates of known common birth defects. This chapter 

formed the basis for the second paper which was published in Pharmacoepidemiology 

and Drug Safety.217 Details in the methods section of this chapter that have already 

been presented in Chapter 3 have been omitted to minimise duplication, but in all 

other respects this chapter reproduces the published paper. 

 

4.2   Introduction 

According to the WHO definition, one of the aims of pharmacovigilance is “to 

contribute to the assessment of benefit, harm, effectiveness and risk of medicines, 

leading to the prevention of harm and maximization of benefit.”218 It has been said 

that pharmacovigilance is evolving from being a largely reactive discipline, 

concentrating on the discovery of harm caused by marketed medicines, to a proactive 

study of their safety, effectiveness and associated risk factors in normal medical 

practice and use by patients.219 The recently published Erice Manifesto lists one of the 

priorities of reform in pharmacovigilance to be “the adoption of innovative, proactive 

approaches … for the development of in-depth pharmacovigilance knowledge (using, 

for example, emergent population databases).”219 

 

The teratogenicity of a medicine is related to timing of exposure, dose, molecular size, 

the efficiency with which the mother metabolises the agent, placental transfer, the 

vulnerability of fetal tissues, and the ability of the fetus to metabolise and degrade the 

agent.28,30,31,220-222 Fewer than 30 prescribed medicines have been established as 
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teratogenic in humans when used in clinically effective doses, and even fewer are 

currently in clinical use.223 Many other commonly used medicines were once thought 

to be teratogenic but have been shown to be safe in subsequent studies that were 

larger and better controlled than the initial studies.69 Human teratogens tend to fall 

into two broad categories: ‘high risk’ medicines that produce major defects in a high 

proportion (~25%) of exposed pregnancies (e.g. thalidomide, isotretinoin); and, 

‘moderate risk’ medicines which increase the rate of specific birth defects by ~5-20 

fold (e.g. carbamazepine, valproic acid).224 The power of epidemiological studies to 

detect teratogens that cause only a small increase in the prevalence of birth defects is 

a major limiting factor in determining the safety of medicines in pregnancy.223 

Alternative strategies need to be developed to characterise safety information.225 

 

A review of the teratogenicity of medicines in pregnancy from 1980 to 2000 in the US 

concluded that inadequate information was available for pregnant women and their 

physicians to determine whether the benefits exceed the teratogenic risks for most 

medicine treatments introduced during that time.52 

 

In July 1986, in the first annual lecture of the Center for Medicine’s Research, Dr. Tilson 

of Burroughs Wellcome USA expressed the opinion that “the future of 

pharmacoepidemiology lies in record linkage… which could be achieved by linking 

prescription records with an individual patient’s file”226 and in 2007, Edwards and 

Biriell from the WHO Collaborating Centre for International Drug Monitoring stated, 

“Multipurpose health databases should be used to monitor drug safety signals 

much more than they are at present.”227  

 

In January 2010, the US Department of Health and Human Services announced a plan 

to construct a nationwide database of public and private insurance claims data for use 

in healthcare research.228 The advantages of population-based record linkage in 

pharmacovigilance include the avoidance of recall bias, large sample sizes, 

generalizability of results, and rapidity of analysis. 
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In this study, we aim to determine whether known or suspected teratogens prescribed 

during pregnancy can be detected when administrative records of medicines 

dispensed in pregnancy are record-linked to a birth defects registry. 

 

4.3   Methods 

The medicine item numbers from the dispensing records were classified in two ways: 

1. the generic names of the medicines;152 and, 

2. those medicines classified as known or suspected teratogens based upon the 

Australian ADEC categorisation of the risk of drug use in pregnancy with category: 

D: “Drugs which have caused, are suspected to have caused or may be expected 

to cause, an increased incidence of human fetal malformations or irreversible 

damage. These drugs may also have adverse pharmacological effects.” 

X: “Drugs which have such a high risk of causing permanent damage to the fetus 

that they should not be used in pregnancy or when there is a possibility of 

pregnancy.”157 

 

Any category D or X medicines where the PBS did not include data for general as well 

as concessional beneficiaries (N=23) or that were not dispensed to a woman with a 

pregnancy resulting in a birth were excluded (N=5), as records of terminations of 

pregnancy for an identified fetal anomaly were not linked to the PBS data for this 

study. A list of these exclusions is reported in Table 4-1. 

 

Several medicines have been reclassified during the study period. This was taken into 

account in the analyses, based upon the dates published in the Australian ADRAC 

bulletins.159,175 

 

We calculated the rates of birth defects per 1,000 births for each specific medicine and 

compared each rate with the rate of birth defects in all other births (those births to 

women dispensed a PBS medicine or not) by estimating an OR and 95% CI. We 

compared the observed birth defects with those previously reported. We used the 
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major sources that included information on the risk of use in pregnancy for specific 

medicines and were most likely to be used as references by obstetricians and other 

physicians prescribing medicines for pregnant women:  

• ADEC, “An Australian categorisation of risk of drug use in pregnancy”157 

• The Monthly Index of Medical Specialties (MIMS)180 

• Australian Adverse Drug Reaction Bulletins178,229-231 

• “Drugs and Pregnancy” – published by the Pharmacy Department, Royal Women's 

Hospital, Melbourne232 

• REPROTOX®182 

 

If these sources did not include risk information for a specific medicine, we used other 

recent references.233,234 To fulfil the requirements of our ethics committees’ approvals 

relating to patient privacy, we have not reported cell sizes with less than five study 

subjects. These are indicated in the results as “< 5”. Finally, we calculated the rates of 

birth defects per 1,000 births and reported the ORs and 95% CI for the five most 

commonly dispensed medicines in category D or X by major BD category. 

 

4.4   Results 

There were 75 generic medicines dispensed to pregnant women in WA that were 

categorised as D (N=71) or X (N=4):  

• dispensed to women with a pregnancy not resulting in a birth: 5 

• can’t ascertain dispenses to “general” patients as cost < co-payment 23 

• no birth defects registered 24 

• birth defect registered 23 

   75 

 

Of these medicines, five were dispensed to women whose pregnancy did not result in 

a birth and data were not extracted from the BDR for these pregnancies. Incomplete 

ascertainment occurred for 23 medicines as they were dispensed at a co-payment 

below the threshold for general patients. A registered birth defect was found for eight 
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of these medicines. The BD rates per 1,000 births for the ‘concessional patients’ are 

reported in Table 4-1. It is not known how many women in the ‘general patient’ 

category were dispensed these medicines and therefore the number of extra birth 

defects is unknown. 

 

There were a further 47 medicines dispensed to both concessional and general 

patients at least once during pregnancy (D: N=44; X: N=3). There were 24 medicines 

dispensed that did not result in a registered BD. The remaining 23 medicines were 

dispensed to women with a pregnancy resulting in a registered BD (Table 4-2). The 

overall BD rate per 1,000 births was 71 for any category D or X medicine compared 

with 47 for all others. The overall risk of any BD for a dispensing during the first 

trimester was OR: 1.6; 95 % CI: 1.3-1.9. Individually, all but two of the 23 medicines 

showed an increased risk of a BD although not all ORs were statistically significant 

(most were based on small numbers of exposed pregnancies). The two exceptions 

were paroxetine (OR: 0.9; 95% CI: 0.6-1.3; 603 exposed pregnancies) and atorvastatin 

(OR: 0.6; 95% CI: 0.1-4.6; 33 exposed pregnancies). 

 

The categories of BDs were analysed for the 23 medicines, and compared with 

previously reported outcomes associated with the teratogenicity of each medicine 

(Table 4-3). The BDs were not always the same as those previously reported in the 

literature. We examined the five medicines that were each dispensed to more than 80 

women during pregnancy over the study period: medroxyprogesterone, paroxetine, 

sodium valproate, carbamazepine and follitropin alfa (Table 4-4). 

 

In 86% of the pregnancies, the item number used for medroxyprogesterone indicates 

that it was prescribed as a “Restricted Benefit – Endometriosis” (10 mg tablet). BDs 

were almost twice as common amongst the 820 births to women dispensed 

medroxyprogesterone during the first trimester (OR: 1.8; 95% CI: 1.4-2.3), and there 

were increased OR in most BD categories. In particular, there were 7 male infants with 

hypospadias out of 435 males exposed to medroxyprogesterone (OR: 2.7; 95% CI: 1.3-

5.8). 
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Although there was no overall increase in birth defects in children born to women 

exposed to paroxetine, we found a small increased risk of cardiovascular defects (OR: 

1.4; 95% CI: 0.7-2.7), based on nine children, four of whom had ventricular septal 

defects. 

 

There were 97 women exposed to sodium valproate in the first trimester and there 

were two cases of spina bifida in the six children with a birth defect. 

 

Uro-genital and musculo-skeletal defects were significantly more common amongst 

children exposed to carbamazepine in the first trimester and we found a statistically 

significant increased risk of birth defects in the children of women dispensed follitropin 

alfa (OR: 2.5; 95% CI: 1.2-5.0). 

 

4.5   Discussion 

We found an increased occurrence of birth defects overall amongst births to women 

dispensed the 23 medicines known or suspected to be teratogens in our data, 

suggesting that record linkage of these datasets may be a useful tool in 

pharmacovigilance for pregnancy. For the specific medicines for which we had 

reasonable numbers of exposed pregnancies, we also found an association or possible 

association with the specific birth defects commonly reported in the literature and for 

some birth defects, the magnitude of the increase was also similar to that reported. 

The addition of linkages for termination of pregnancy to the BDR will be addressed in 

further studies as the lack of these pregnancies in the analyses could have resulted in 

an underestimation of the BD rates. 

 

For the most commonly dispensed medicines in category D or X, we compared the 

registered BDs with those reported by major resources available to medical 

practitioners with the care of pregnant women. MIMS has been providing healthcare 

professionals with information on prescription medicines every month since its launch 
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in 1959. With exposure to medroxyprogesterone in utero, the Australian MIMS online 

resource states that the risk of hypospadias may be approximately doubled180 - we 

found a more than two-fold increase in risk. 

 

Following reports of cardiovascular defects in children born to mothers exposed to 

paroxetine,235-237 the risk category was changed from C to D in September 2005 in 

Australia.78 Over the study period, 603 women in our study were dispensed paroxetine 

in the first trimester and, whilst there was no overall increased risk of birth defects 

amongst their offspring, nine children had a heart defect, a small but non-significant 

increase.: (OR: 1.4; 95% CI: 0.7-2.7) which is similar to that found in previous studies. 

Exposure to sodium valproate in pregnancy is associated with approximately a three-

fold increase in the rate of major birth defects, mainly spina bifida.231,238 In our study, 

two of the 97 pregnancies to women dispensed sodium valproate during the first 

trimester resulted in a child born with spina bifida (21 per 1,000 births; OR: 7.3; 95% 

CI: 1.8-29.6), which is much greater than the population rate for births plus 

terminations in WA from 2000-2004 of 0.7 per 1,000 births/terminations.143 For 

carbamazepine, MIMS states that the risk of an exposed mother with epilepsy giving 

birth to a baby with an abnormality is about three times that of the general 

population180 and in our study, there was a 2.8 times greater risk. 

 

As with many aspects of medicine safety surveillance, the main difficulty is in 

determining whether an adverse event is due to the medicine or the underlying 

condition of the patient: confounding by indication.239 This is common to such 

conditions as hypertension, epilepsy and depression in pregnancy. A new finding from 

our study was the birth defects associated with exposure to follitropin alfa, a medicine 

commonly used in assisted reproduction (OR: 2.5; 95% CI: 1.2-5.0). We could not find 

any human studies that reported adverse outcomes in pregnancy exposed to 

follitropin alfa. MIMS reports that in rats and rabbits, follitropin alfa caused dystocia 

and marked post-implantation loss at subcutaneous doses of greater than 5 IU/kg/day, 

indicating that it is embryotoxic and fetotoxic.180 It has previously been reported from 

WA that infants conceived with the use of intracytoplasmic sperm injection or in vitro 
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fertilization have twice as high a risk of a major birth defect as naturally conceived 

infants.240 Data linkage studies such as this one may contribute to the knowledge base 

needed to understand the role of the medicines used in assisted reproduction 

procedures. 

 

The main limitation of prescription databases for pharmacovigilance relates to 

whether the medicine was consumed, or consumed as directed, and we have no 

information in this study for either of these aspects of use. A further limitation of using 

the PBS dataset for pharmacovigilance is under-ascertainment of medicine exposure 

generally and incomplete ascertainment for some subsidised medicines. A study from 

the Netherlands investigated the validity of medicine exposure measurement based on 

pharmacy records compared with home inventory and concluded that computerised 

pharmacy records can be a reliable source of the true medicine exposure when 

adequate attention is paid to the definition of the exposure time-window and when 

these records are comprehensive with regard to prescription medicines.200 An earlier 

study compared a patient recall questionnaire with pharmacy dispensing data and 

found that recall of medicine use amounted to 61.2% of medicines prescribed for at 

least 6 months201 highlighting that the dispensing data may be more complete than 

data collected by interviews. 

 

Although our study was based on only about a 100,000 births in WA and, fortunately, 

only 1,968 (1.9%) of these were exposed to a category D or X medicine in the first 

trimester, we identified the expected associations with birth defects. This is despite 

not including terminations of pregnancy for fetal anomaly in this analysis, as records of 

terminations of pregnancy from the BDR were not linked to the PBS data. This will be 

addressed in future studies. 

 

However, sample size can be a limitation in identifying associations with confidence for 

moderate-risk teratogens or even for high risk teratogens if exposure is rare. The risk 

categorisation of medicines in pregnancy is not uniform across countries, although all 

are based on a hierarchy of estimated fetal risk.69,241 Reports of the percentage of 
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births exposed to potentially harmful medicines range from 4.5% in the US, using the 

FDA categorisations,242 3.4% of pregnant women in a study from Finland (restricted to 

women without a previously registered birth in the preceding 24 months)118 and 2.2% 

of dispenses in the first trimester in a Danish study (restricted to women without a 

previously registered birth).119 

 

Although some medicines may be classified as a high risk of teratogenicity, it is not 

always possible to avoid their use in pregnancy. Around 50% of pregnancies are 

unplanned.54 For women with chronic health conditions such as epilepsy or 

hypertension, discontinuing medication may create a greater risk to their own health 

and their developing fetus than continuing the medication throughout the pregnancy. 

In addition, prescribing physicians rely upon the most current information being 

available as newly marketed medicines are not usually trialed on pregnant women 

before their approval so the risk classification may change over time as adverse effects 

are reported over the first few years of its release. 

 

The advantages of population-based record linkage include the avoidance of selection 

bias which can occur in epidemiological case-control and cohort studies, and the 

avoidance of recall bias, as data are usually collected before the outcome or in 

ignorance of the outcome. Such data can address many different hypotheses and are 

therefore much more cost effective than conducting several cohort studies. Other 

major benefits include large sample sizes, generalizability of results, and rapidity of 

analysis. The disadvantages of total population data include the possibility of data 

being recorded poorly or certain items not being available, either for use as a primary 

exposure variable or to allow for adequate analysis of confounding or effect 

modification.243 

 

As the purpose of this study was to determine whether the risk of suspected or known 

teratogens may be observed through data linkage of administrative health datasets we 

have not yet investigated further the possible confounders around the level of risk 

defined. For example, a study by Diav-Citrin et al. found that adjustment for cigarette 
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smoking during pregnancy reduced the OR from 3.5 to 2.7 for cardiovascular birth 

defects in children exposed to paroxetine the first trimester.244 Information relating to 

potential confounding variables, such as other medicines (including OTC medications), 

smoking, alcohol, and the indication for which the drug was taken, is not usually 

available in databases developed for administrative purposes224 although in WA 

information on some of these variables is available through record linkage to the 

Midwives Notification System (e.g. smoking, some comorbidities during the pregnancy, 

socio-economic status, previous pregnancy outcomes, and pre-existing conditions in 

the mother). Several of these possible confounders were presented in our paper 

describing the cohort and study methodology.124 

 

The most common method of detecting adverse events for newly marketed medicines 

has been through spontaneous reports. In Australia, until the end of 2009, adverse 

events were reported to ADRAC and the Adverse Drug Reactions Unit of the TGA with 

notification made using a “Blue Card” reporting form.245 From 2010, a new statutory 

expert committee of the TGA - the Advisory Committee on the Safety of Medicines – 

will consider these reports.102 It is known that the most serious limitation to this 

approach is under-reporting.246,247 Linked health administrative databases are an 

additional resource for postmarketing surveillance and it is important if known and 

suspected teratogens can be identified using this approach.248 When pregnancy events 

are linked to a birth defect registry, population-based estimates are possible.  
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Table 4-1:  Category D or X items not included in the study, and reasons for their 
exclusion 

 

Births

1st Trimester 

exposure

BD

N

BD rate /

1000 births

Candesartan cilexetil <5 0

Dexamethasone with framycetin sulfate and gramicidin 123 5 41

Doxycycline 88 5 57

Dydrogesterone <5 0

Fosinopril  sodium 0 0

Fosinopril  sodium with hydrochlorothiazide <5 0

Framycetin sulfate 14 0

Minocycline 34 <5 29

Neomycin undecenoate with bacitracin zinc 53 <5 38

Norethisterone with ethinyloestradiol 20 <5 100

Oestradiol with norethisterone acetate <5 0

Oestrogens-conjugated <5 0

Oestrogens-conjugated with medroxyprogesterone acetate <5 0

Phenobarbitone <5 0

Polymyxin B sulfate with bacitracin and neomycin sulfate <5 0

Polymyxin B sulfate with neomycin sulfate and gramicidin <5 <5 1,000

Quinine bisulfate <5 0

Quinine sulfate <5 0

Tetracycline hydrochloride 0 0

Tetracycline hydrochloride (buffered) 5 0

Tobramycin <5 0

Triamcinolone acetonide with neomycin sulfate gramicidin and nystatin 97 6 62

Warfarin <5 <5 250

Misoprostol

Norethisterone with mestranol

Oestradiol and oestradiol with norethisterone acetate

Oestrogens-conjugated and oestrogens-conjugated with medroxyprogesterone acetate

Telmisartan with hydrochlorothiazide

Dispensed below the copayment for general patients,

or only dispensed to concession patients (N=23 medicines):

Dispensed to women whose pregnancies did not result in a birth

(N=5 medicines, 10 patients):
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Table 4-2: Observed birth defects for pregnancies of women dispensed a category 
D or X medicine during the first trimester of pregnancy, 2002-2005, by 
number of exposed pregnancies 

 

 
 
1 changed from category C to D, September 2005 
2 changed from category B3 to D, June 2006 
3 changed from category C to D, February 2005 
4 category X 
*  dispensed to 6 other women after the 1

st
 Trimester, with < 5 registered birth defects 

 

 

  

Births BD Births BD

N N N N

All births, 2002-2005 106,074 4,995 47 106,074 4,995 47

Births exposed to any of the 47 medicines 1,968 139 71 1.6 (1.3-1.9) 2,286 160 70 1.5 (1.3-1.8)

Medroxyprogesterone acetate 820 67 82 1.8 (1.4-2.3) 853 70 82 1.8 (1.4-2.3)

Paroxetine hydrochloride1 603 25 41 0.9 (0.6-1.3) 720 31 43 0.9 (0.6-1.3)

Sodium valproate 97 6 62 1.3 (0.6-3.1) 150 10 67 1.4 (0.8-2.7)

Carbamazepine 97 13 134 3.1 (1.7-5.6) 144 17 118 2.7 (1.6-4.5)

Follitropin alfa 82 9 110 2.5 (1.2-5.0) 90 10 111 2.5 (1.3-4.9)

Lamotrigine2 45 <5 67 1.4 (0.4-4.7) 51 <5 59 1.3 (0.4-4.1)

Atorvastatin calcium3 33 <5 30 0.6 (0.1-4.6) 40 <5 50 1.1 (0.3-4.4)

Perindopril erbumine 32 <5 94 2.1 (0.6-6.9) 38 <5 79 1.7 (0.5-5.6)

Azathioprine 29 <5 69 1.5 (0.4-6.3) 35 <5 114 2.6 (0.9-7.4)

Hydroxychloroquine sulfate 26 <5 115 2.6 (0.8-8.8) 39 <5 103 2.3 (0.8-6.5)

Ramipril 22 <5 136 3.2 (0.9-10.8) 23 <5 130 3.0 (0.9-10.2)

Irbesartan 21 <5 143 3.4 (1.0-11.5) 21 <5 143 3.4 (1.0-11.5)

Simvastatin3 18 <5 56 1.2 (0.2-8.9) 20 <5 100 2.2 (0.5-9.7)

Phenytoin sodium* 14 0 20 <5 50 1.1 (0.1-8.0)

Norethisterone 10 <5 100 2.2 (0.3-17.8) 13 <5 77 1.7 (0.2-13.0)

Perindopril erbumine with indapamide hemihydrate 9 <5 111 2.5 (0.3-20.2) 10 <5 100 2.2 (0.3-17.8)

Irbesartan with hydrochlorothiazide 8 <5 125 2.9 (0.4-23.5) 10 <5 100 2.2 (0.3-17.8)

Interferon beta-1B 7 <5 143 3.4 (0.4-28.0) 9 <5 111 2.5 (0.3-20.2)

Enalapril maleate 7 <5 286 8.1 (1.6-41.7) 7 <5 286 8.1 (1.6-41.7)

Quinapril hydrochloride 6 <5 167 4.0 (0.5-34.7) 6 <5 167 4.0 (0.5-34.7)

Isotretinoin4 <5 <5 250 6.7 (0.7-64.9) <5 <5 250 6.7 (0.7-64.9)

Ethosuximide <5 <5 333 10.1 (0.9-111.6) <5 <5 333 10.1 (0.9-111.6)

Quinapril hydrochloride with hydrochlorothiazide <5 <5 500 20.2 (1.3-323.6) <5 <5 500 20.2 (1.3-323.6)

Dispensed during 1st Trimester Dispensed during Pregnancy

OR  (95% CI)

REF=no PBS OR  (95% CI)

BD rate /

1000 events

BD rate /

1000 events
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Table 4-3: Observed birth defects in pregnancies of women dispensed a category D 
or X medicine at any time during pregnancy, 2002-2005 

 

Medicine Births

BDs

N Chn Observed birth defects this study Previously reported birth defects Ref

Atorvastatin calcium1 40 <5 745: bulbus cordis anomalies and anomalies of septal closure

753: CA of urinary system

limb and neurological defects, spontaneous abortions 

and fetal deaths

central nervous system and limb abnormalities 

associated with first trimester exposure

chromosomal translocation, trisomy 18, hypospadias, 

duodenal atresia, cleft lip, skin tag

limb deficiency, aplasia of all structures distal to L lower 

forearm, isolated cleft palate, esophageal atresia, 

tracheo-esophageal fistula, spina bifida

36,38,

42,43

Azathioprine 35 <5 744: CA of ear, face and neck

752: CA of genital organs, 

753: CA of urinary system, 

754: certain musculoskeletal deformities

ventricular/atrial septal defects

unilateral polydactyly, pulmonic stenosis, atrial septal 

defect

42,44

Carbamazepine 144 17 743: CA of eye,

745: bulbus cordis anomalies and anomalies of septal closure,

747: other CA of circulatory system,

750: other CA of upper alimentary tract, 

752: CA of genital organs, 

753: CA of urinary system,

754: certain musculoskeletal deformities

755: other CA of limbs, 

757: CA of integument, 

75987: Prader-Willi syndrome

neural tube defects

spina bifida, craniofacial defects, cardiovascular 

malformations, hypospadias and anomalies involving 

various body systems 

(e.g. fingernail hypoplasia and developmental disorder)

hypoplastic fingernails, craniofacial abnormalities, spina 

bifida, rib anomalies, optic nerve hypoplasia

10,36,

42

Enalapril maleate 7 <5 745: bulbus cordis anomalies and anomalies of septal closure,

746: other CA of heart,

747: other CA of circulatory system,

752: CA of genital organs

atrial septal defect, pulmonic stenosis, atrial and 

ventricular defect, CNS systems

Prolonged renal failure in neonates, decreased skull 

ossification, renal tubular dysgenesis

Trimester 2 and 3: fetal hypotension, renal failure, 

hyperkalaemia, skull hypoplasia and death

7,10,

36

Ethosuximide <5 <5 754: certain musculoskeletal deformities patent ductus arteriosus, cleft lip and/or palate, 

mongoloidism, hydrocephalus, metatarsus varus, 

clubfoot

42

Follitropin alfa 90 10 745: bulbus cordis anomalies and anomalies of septal closure,

747: other CA of circulatory system,

749: cleft palate and cleft lip, 

750: other CA of upper alimentary tract, 

751: other CA of digestive system, 

752: CA of genital organs, 

754: certain musculoskeletal deformities,

755: other CA of limbs, 

756: other congenital musculoskeletal anomalies, 

758: chromosomal anomalies

In rats and rabbits, follitropin alfa caused dystocia and 

marked postimplantation loss at subcutaneous doses of 

greater than 5 IU/kg/day, indicating that it is embryotoxic 

and fetotoxic

36

Hydroxychloroquine 

sulfate

39 <5 255: disorders of adrenal glands, 

282: hereditary haemolytic anaemias, 

742: other CA of nervous system, 

752: CA of genital organs, 

753: CA of urinary system

neurological disturbances and interference with hearing, 

balance and vision

36

Interferon beta-1B 9 <5 753: CA of urinary system abortifacient activity in monkeys.

Spontaneous abortions reported in subjects with MS

26

Irbesartan 21 <5 745: bulbus cordis anomalies and anomalies of septal closure,

746: other CA of heart, 

747: other CA of circulatory system

T2 and T3: hypotension, neonatal skull hypoplasia, 

anuria, reversible or irreversible renal failure, and death

T1: major cardiovascular and CNS malformations

T2 and T3: renal damage, skull hypoplasia, limb 

contractures, craniofacial deformities, stillbirths

36,41

Irbesartan w 

hydrochlorothiazide

10 <5 757: CA of integument

Isotretinoin2 <5 <5 742: other CA of nervous system, 

744: CA of ear, face and neck,

75924: anomalies of thymus, 

75990: anomalies of umbilicus

CNS, craniofacial, cardiovascular and other defects

hydrocephalus, microcephalus, abnormalities of the 

external ear, eye abnormalities, cardiovascular 

abnormalities, facial dysmorphia, cleft palate, thymus 

gland abnormality, parathyroid gland abnormalities and 

cerebellar malformation/ abnormalities

CNS malformations, eye abnormalities, absence or 

malformation of the ears, cardiac defects, cleft palate, 

and thymus and parathyroid abnormalities

10,36

38

Lamotrigine3 51 <5 746: other CA of heart, 

747: other CA of circulatory system, 

752: CA of genital organs, 

754: certain musculoskeletal deformities

isolated oral cleft malformations

cleft lip and palate, club foot, hydronephrosis with 

megaureter, anencephaly, anal atresia, cardiac defects, 

limb defects, esophageal malformation, ventricular 

septal defect

36,42
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1 changed from category C to D, February 2005 
2 category X 
3 changed from category B3 to D, June 2006 
4 changed from category C to D, September 2005 

Medicine Births BDs Observed birth defects this study Previously reported birth defects Ref

Medroxyprogesterone 

acetate

853 70 24399: hypothyroidism,

27220: xanthogranuloma,

27700: cystic fibrosis,

282: hereditary haemolytic anaemias, 

579: intestinal malabsorption, 

742: other CA of nervous system, 

743: CA of eye, 

744: CA of ear, face and neck, 

745: bulbus cordis anomalies and anomalies of septal closure, 

746: other CA of heart, 

747: other CA of circulatory system,

749: cleft palate and cleft lip,

750: other CA of upper alimentary tract, 

751: other CA of digestive system, 

752: CA of genital organs, 

753: CA of urinary system,

754: certain musculoskeletal deformities, 

755: other CA of limbs,

756: other congenital musculoskeletal anomalies,

757: CA of integument,

758: chromosomal anomalies, 

75982: Smith-Lemli-Opitz syndrome

genital abnormalities

hypospadias, cardiovascular defects

36,42

Norethisterone 13 <5
745: bulbus cordis anomalies and anomalies of septal closure, 

747: other CA of circulatory system

heart defects and limb defects
36

Paroxetine 

hydrochloride4

720 31 27700: cystic fibrosis,

745: bulbus cordis anomalies and anomalies of septal closure, 

746: other CA of heart0: anomalies of pulmonary valve, 

747: other CA of circulatory system,

748: CA of respiratory system, 

749: cleft palate and cleft lip, 

752: CA of genital organs, 

753: CA of urinary system, 

754: certain musculoskeletal deformities,

756: other congenital musculoskeletal anomalies, 

757: CA of integument,

758: chromosomal anomalies

cardiovascular malformations

pulmonary hypoplasia, ventricular septal defect, 

clinodactyly, cleft lip and palate, omphalocele, 

anencephaly, right ventricular outflow obstruction, 

gastroschisis, clubfoot, undescended testes, neural tube 

defects

36,42

Perindopril erbumine 38 <5 746: other CA of heart,

747: other CA of circulatory system, 

752: CA of genital organs, 

758: chromosomal anomalies

Prolonged renal failure in neonates, decreased skull 

ossification, renal tubular dysgenesis

cardiovascular and central nervous system malformations

10,36

Perindopril erbumine w 

indapamide hemihydrate

10 <5 752: CA of genital organs cardiovascular and central nervous system malformations 36

Phenytoin sodium 20 <5 744: CA of ear, face and neck,

748: CA of respiratory system

growth retardation, CNS deficits

heart defects, facial clefts, fetal hydantoin syndrome, 

increased risk of childhood neuroectodermal tumors

10,42

Quinapril hydrochloride 6 <5 752: CA of genital organs cardiovascular and central nervous system malformations 36

Quinapril hydrochloride 

w hydrochlorothiazide

<5 <5 752: CA of genital organs cardiovascular and central nervous system malformations 36

Ramipril 23 <5 753: CA of urinary system,

758: chromosomal anomalies

Prolonged renal failure in neonates, decreased skull 

ossification, renal tubular dysgenesis

cardiovascular and central nervous system malformations

10,36

Simvastatin1 20 <5 752: CA of genital organs limb and neurological defects, spontaneous abortions 

and fetal deaths

central nervous system and limb abnormalities 

associated with first trimester exposure

polydactyly, hypospadias, duodenal atresia, cleft lip, 

trisomy 18, balanced translocation, congenital thyroid 

hypoplasia, craniofacial, neurologic, skin, limb, skeletal 

and genital abnormalities

36,39,

42

Sodium valproate 150 10 741: spina bifida

742: other CA of nervous system,

744: CA of ear, face and neck, 

745: bulbus cordis anomalies and anomalies of septal closure, 

746: other CA of heart,

747: other CA of circulatory system, 

749: cleft palate and cleft lip,

752: CA of genital organs,

753: CA of urinary system, 

754: certain musculoskeletal deformities, 

755: other CA of limbs,

75990: anomalies of umbilicus

neural tube defects

neural tube defects, craniofacial defects, malformation 

of the limbs, cardiovascular malformations and multiple 

anomalies involving various body systems

spina bifida, myelomeningocoele and multiple 

malformations mainly involving the CNS

cardiovascular defects, mental retardation, hypospadias, 

fetal valproate syndrome

10,36,

40,42
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Table 4-4: Observed birth defects in pregnancies of women dispensed any of the 
top 5 dispensed D or X medicines during the first trimester of 
pregnancy, 2002-2005 

 

 

All birth events,

2002-2005

not dispensed

PBS

dispensed

PBS

medroxy-

progesterone

paroxetine

hydrochloride

sodium

valproate

carbamazepine follitropin

alfa

Birth events, N 106,074 86,339 19,735 820 603 97 97 82

Birth Defects, N 4,995 3,968 1,027 67 25 6 13 9

BD rate/1000 birth events 47.1 46.0 52.0 81.9 41.5 61.9 134.0 109.8

OR  (95% CI)  REF=all other births 1.1  (1.1-1.2) 1.8  (1.4-2.3) 0.9  (0.6-1.3) 1.3  (0.6-3.1) 3.1  (1.7-5.6) 2.5  (1.2-5.0)

Birth Defects, N 308 236 72 <5 0 <5 0 0

BD rate/1000 birth events 2.9 2.7 3.6 2.4 0.0 20.6 0.0 0.0

OR  (95% CI) 1.3  (1.0-1.7) 0.8  (0.2-3.4) 7.3  (1.8-29.6)

Birth Defects, N 88 67 21 <5 0 0 0 0

BD rate/1000 birth events 0.8 0.8 1.1 1.2 0.0 0.0 0.0 0.0

OR  (95% CI) 1.4  (0.8-2.2) 1.5  (0.2-10.6)

Birth Defects, N 322 244 78 <5 0 <5 0 0

BD rate/1000 birth events 3.0 2.8 4.0 2.4 0.0 10.3 0.0 0.0

OR  (95% CI) 1.4  (1.1-1.8) 0.8  (0.2-3.2) 3.4  (0.5-24.7)

Birth Defects, N 1,126 887 239 16 9 <5 <5 <5

BD rate/1000 birth events 10.6 10.3 12.1 19.6 14.9 10.3 20.6 24.4

OR  (95% CI) 1.2  (1.0-1.4) 1.9  (1.1-3.1) 1.4  (0.7-2.7) 1.0  (0.1-7.0) 2.0  (0.5-8.0) 2.3  (0.6-9.5)

Birth Defects, N 93 80 13 0 <5 0 0 0

BD rate/1000 birth events 0.9 0.9 0.7 0.0 3.3 0.0 0.0 0.0

OR  (95% CI) 0.7  (0.4-1.3) 3.9  (0.9-15.7)

Birth Defects, N 585 474 111 10 <5 <5 <5 <5

BD rate/1000 birth events 5.5 5.5 5.6 12.2 1.7 20.6 10.3 48.8

OR  (95% CI) 1.0  (0.8-1.3) 2.3  (1.2-4.2) 0.3  (0.0-2.1) 3.8  (0.9-15.5) 1.9  (0.3-13.5) 9.3  (3.4-25.5)

Birth Defects, N 1,431 1,151 280 15 9 <5 <5 <5

BD rate/1000 birth events 13.5 13.3 14.2 18.3 14.9 20.6 41.2 36.6

OR  (95% CI) 1.1  (0.9-1.2) 1.4  (0.8-2.3) 1.1  (0.6-2.1) 1.5  (0.4-6.3) 3.2  (1.2-8.6) 2.8  (0.9-8.8)

Birth Defects, N 1,333 1,060 273 14 <5 <5 5 <5

BD rate/1000 birth events 12.6 12.3 13.8 17.1 5.0 30.9 51.5 36.6

OR  (95% CI) 1.1  (1.0-1.3) 1.4  (0.8-2.3) 0.4  (0.1-1.2) 2.5  (0.8-7.9) 4.3  (1.7-10.6) 3.0  (0.9-9.5)

Birth Defects, N 309 247 62 6 <5 0 0 0

BD rate/1000 birth events 2.9 2.9 3.1 7.3 1.7 0.0 0.0 0.0

OR  (95% CI) 1.1  (0.8-1.5) 2.6  (1.1-5.8) 0.6  (0.1-4.0)

Birth Defects, N 242 182 60 6 <5 0 0 <5

BD rate/1000 birth events 2.3 2.1 3.0 7.3 5.0 0.0 0.0 24.4

OR  (95% CI) 1.4  (1.1-1.9) 3.3  (1.5-7.4) 2.2  (0.7-6.9) 11.0  (2.7-45.1)

Birth Defects, N 286 217 69 6 0 0 <5 0

BD rate/1000 birth events 2.7 2.5 3.5 7.3 0.0 0.0 10.3 0.0

OR  (95% CI) 1.4  (1.1-1.8) 2.8  (1.2-6.2) 3.9  (0.5-27.8)

Uro-Genital Defects

Musculo-Skeletal Defects

Congenital Anomalies of Integument

Chromosome Defects

All Other Defects

Nervous System Defects

Congenital Anomalies of Eye

Congenital Anomalies of Ear, Face or Neck

Cardiovascular Defects

Respiratory System Defects

Gastro-Intestinal Defects
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 A case study – selective serotonin reuptake CHAPTER 5:  
inhibitors 

 

5.1   Preamble 

After describing and validating the methodology used in the study, a class of 

medicines, SSRIs, was chosen to investigate the safety of their use in pregnancy. The 

results of this study have been published in Birth Defects Research Part A: Clinical and 

Molecular Teratology.184 Details in the methods section of this chapter that have 

already been presented in Chapter 3 have been omitted to minimise duplication but 

otherwise this chapter represents the third published paper. 

 

5.2   Introduction 

Depression and other mood disorders are common during pregnancy, with an 

estimated prevalence ranging from 8% to 16%.249-254 There has been a significant 

increase in the prescribing of antidepressants to pregnant women and it is known that 

these medicines cross the placenta.255-259 Depression and severe stress during 

pregnancy have been associated with altered placental function, premature delivery, 

impaired fetal growth, and other perinatal complications.260-265 Women who cease 

their medications during pregnancy have been found to have higher rates of relapse: 

68% vs. 26%.266 

 

The safe use of antidepressants during pregnancy remains uncertain.254,267 Recent 

studies have reported links between prenatal exposure to antidepressants, specifically 

tricyclic antidepressants and SSRIs and increased risk of adverse pregnancy 

outcomes.268-272 The ascertainment of pregnancy outcomes associated with SSRI use 

has been conducted using various methodologies and source populations including 

case-control studies, teratogen information services, clinic-based case studies or 

cohorts, health insurance databases, and population-based linkable health datasets. 

No single design or methodology is likely to be sufficient to ensure that new 
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teratogens will be identified in a timely fashion. It is important that there exists a form 

of pharmacovigilance that is timely, cost-efficient and effective in monitoring the 

safety of these medicines in pregnancy. Record linkage studies enable the use of large 

study sizes, provide a rich resource for following individuals and their health care 

utilisation through time59-61 and may be a feasible and relatively cost-effective means 

of investigating the effects of medicine use in pregnancy. 

 

In this study we used population-based linked datasets for the state of WA to 

investigate the registered major birth defects (BD) and other birth outcomes in 

children born to women dispensed an SSRI during pregnancy. 

 

5.3   Methods 

Muscular ventricular septal defects and small atrial septal defects (as notified to the 

BDR, usually by a paediatric cardiologist following echocardiography) were coded as 

minor BDs. Infants with isolated patent ductus arteriosus (PDA) are included in the 

BDR if the ductus was still patent at 3 months of age in a child born at term or at 6 

months of age in a child born preterm. If the ductus was ligated in a term infant or 

ligated in a preterm infant over 2 months chronological age, then the defect was also 

registered. PDA in the presence of other CHD is always coded as a defect.273 Each 

individual defect (up to a maximum of 10 defects per case) is coded according to the 5-

digit British Paediatric Association (BPA) ICD-9 system.145 Syndrome diagnoses are 

coded along with the major individual defects seen in that infant. The BDR is a 

comprehensive source of information on BDs in WA with a high level of 

ascertainment,144 and is used in relevant areas of health service provision, policy 

development, research and evaluation. 

 

During 2002-2005 there were six generic medicines in the PBS that fell under the 

category of SSRI (citalopram hydrobromide, escitalopram oxalate, fluoxetine 

hydrochloride, fluvoxamine maleate, paroxetine hydrochloride and sertraline 
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hydrochloride) and the forms and dates each was added to the schedule are presented 

in Table 5-1. 

 

As the linkages to the BDR for ectopic pregnancies and terminations of pregnancy were 

not available in this study, BDs in pregnancies resulting in a birth are the outcomes of 

interest. Comparisons were made between women and the children of the women 

who were dispensed an SSRI during their pregnancy, and all other women and children 

of the women who were not dispensed an SSRI. ORs with 95% CI were calculated for all 

comparisons. For preterm birth, the ORs were adjusted for previous preterm birth, 

smoke, SEIFA, parity and maternal age as these are known potential confounders. ORs 

to assess the risk of particular BDs occurring with exposure during the first trimester 

were calculated with the risks of a PDA being adjusted for GA. Each medicine was also 

considered separately as analysis at the drug class level is not always useful in 

investigations of BDs: the fallacy of “class action” teratogenesis.9 

 

5.4   Results 

From 2002 to 2005 there were 17,710 dispenses of SSRIs during 4,614 pregnancies in 

WA (Table 5-1). A total of 96,968 pregnancies resulted in a birth and an SSRI was 

dispensed to 3,703 (3.8%) of these women. The mean number of dispenses per 

pregnancy was 4.4 dispenses per pregnancy resulting in a birth, 1.8 dispenses per 

ectopic pregnancy (N=44 pregnancies), and 1.5 dispenses per pregnancy resulting in a 

termination (N=867 pregnancies). Sertraline was dispensed to the most number of 

pregnancies (N=1,613 events) and pregnancies resulting in a birth (N=1,340 birth 

events, 4.1 dispenses). Escitalopram was first available on the PBS in February 2004. 

Escitalopram and fluvoxamine were dispensed to < 250 pregnancies so results for 

these medicines are not presented separately. During the first trimester, 97.6% of the 

pregnancies resulting in a birth were dispensed only one SSRI without switching: 32.4% 

sertraline, 27.3% citalopram, 20.4% paroxetine, 10.1% fluoxetine, 4.3% escitalopram, 

and 3.1% fluvoxamine. For dispenses any time during pregnancy, 95.0% of the 

pregnant women were dispensed only one SSRI. 
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Based upon births from 2003-2005, the proportions of women starting any SSRI during 

each trimester were 73.5% in the first trimester, 15.6% in the second trimester and 

10.8% in the third trimester. The dispensing patterns by trimester are shown in Figure 

5-1. 37.0% of women were dispensed an SSRI in each three month period, from three 

months before conception to the end of the pregnancy. A further 5.3% of women 

started an SSRI during the first trimester and continued throughout their pregnancy. 

40.4% of the pregnant women were dispensed an SSRI in each trimester. 63.8% of the 

women were dispensed an SSRI in the three months before pregnancy and were 

dispensed an SSRI again at some stage during their pregnancy. 97.6% of the women 

used the same SSRI throughout the first trimester, and 95.0% throughout the entire 

pregnancy, without switching (Figure 5-2). The number of dispenses of each SSRI is 

highest in T1 before most women are aware of their pregnancy, falling during T2 and 

rising again in T3 (Figure 5-3). 
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Figure 5-1: Dispensing patterns of selective serotonin reuptake inhibitors from 
three months before pregnancy until delivery, 2003-2005 

 
 

* Percentages are the proportion of all birth events dispensed the medicine within each three month 
period. If a medicine was dispensed in T0 only, the results are presented but not included in the 
number of birth events dispensed the medicine. 

 

SSRI Group

N=2,857 births

T0 T1 T2 T3 T0 T1 T2 T3

1,003

Dispenses started T0

Dispenses started T1

54 1.9% Dispenses started T2

33 33 1.2% 1.2% Dispenses not T1

72 2.5% Dispenses not T2

59 59 2.1% 2.1%

217 7.6%

125 4.4%

250 8.8%

18 18 0.6% 0.6%

2,827       2,101       1,855       1,876       63.8% 73.5% 64.9% 65.7%

Sertraline Citalopram

N=1,008 births N=882 births

T0 T1 T2 T3 T0 T1 T2 T3 T0 T1 T2 T3 T0 T1 T2 T3

379 293

14 1.4% 16 1.8%

11 11 1.1% 1.1% 4 4 0.5% 0.5%

21 2.1% 16 1.8%

19 19 1.9% 1.9% 16 16 1.8% 1.8%

86 8.5% 82 9.3%

64 6.3% 49 5.6%

99 9.8% 99 11.2%

5 5 0.5% 0.5% 7 7 0.8% 0.8%

953           696           657           661           56.9% 69.0% 65.2% 65.6% 782           616           545           557           55.4% 69.8% 61.8% 63.2%

Paroxetine Fluoxetine

N=478 births N=294 births

T0 T1 T2 T3 T0 T1 T2 T3 T0 T1 T2 T3 T0 T1 T2 T3

206 155

4 0.8% 3 1.0%

5 5 1.0% 1.0% 3 3 1.0% 1.0%

8 1.7% 8 2.7%

4 4 0.8% 0.8% 5 5 1.7% 1.7%

44 9.2% 35 11.9%

11 2.3% 13 4.4%

16 3.3% 18 6.1%

1 1 0.2% 0.2% 0 0 0.0% 0.0%

555           418           331           303           73.0% 87.4% 69.2% 63.4% 343           231           168           152           63.9% 78.6% 57.1% 51.7%

16 3.3% 16 5.4%

2.7%

12 2.5% 6 2.0%

29 6.1% 18 6.1%

4 0.8% 3 1.0%

8 1.7% 8

25 5.2% 20 6.8%

225 47.1% 84 28.6%

N %* N %*

78 16.3% 65 22.1%

62 6.2% 52 5.9%

98 9.7% 82 9.3%

21 2.1% 16 1.8%

20 2.0% 22 2.5%

343 34.0% 269 30.5%

14 1.4% 16 1.8%

128 12.7% 117 13.3%

38 3.8% 51 5.8%

217 7.6%

N %* N %*

72 2.5%

56 2.0%

150 5.3%

146 5.1%

1,056 37.0%

54 1.9%

N %*

404 14.1%
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Figure 5-2: Mono vs poly SSRI dispenses in the first trimester of pregnancy 

 

 
 

 

Figure 5-3: Total number of dispenses of each SSRI throughout pregnancy 
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Terminations of pregnancy and ectopic pregnancies ascertained through hospital 

admission were investigated (Table 5-2). There was a non-significant increase in risk of 

terminations in the SSRI group (24.3% vs. 20.3%). 

 

The women with a pregnancy resulting in a birth and dispensed an SSRI at any time 

during their pregnancy were significantly more likely to give birth prematurely (1.5; 

1.3-1.7), to have smoked during the pregnancy (1.9; 1.8-2.1), to be Caucasian (3.1; 2.7-

3.5), and to have had a previous pregnancy (1.7; 1.5-1.8). On average, the women 

dispensed an SSRI were older (30.2 v 29.9 yrs), taller (165.1 v 164.6 cm), and resided in 

a lower socio-economic area (Table 5-3). The demographic characteristics of the 

women are also presented for each individual SSRI. There were 12.2% of pregnancies 

delivered prematurely (< 37 weeks) in women dispensed an SSRI in the first trimester, 

compared with 9.8% in women dispensed an SSRI in the second or third trimester only, 

and 8.0% in women not dispensed an SSRI. When adjusted for previous preterm birth, 

smoking, SEIFA, parity and maternal age, the risk of premature delivery with any SSRI 

was still significant (1.4; 1.2-1.7), particularly in the women dispensed an SSRI in the 

first trimester: 1.5; 1.3-1.8 (Table 5-4). The greatest increased risk was found for 

sertraline at any time during pregnancy (T1: 1.7; 1.3-2.3, T2 or T3: 1.4; 0.9-2.1). 

 

The children born to women dispensed any SSRI at any time during their pregnancy 

were more likely to have a birth weight < 2500 g (1.4; 1.3-1.6), a birth length ≤ 50 cm 

(1.5; 1.4-1.6), and the singletons were found to have a lower birth weight than 

expected (POBW) when other factors were taken into account (1.2; 1.1-1.3): Table 5-5. 

The mean birth weight was significantly lower: 3234 g vs. 3333 g, t-test <0.0001. 

Similarly, the mean birth length was significantly lower: 49.1 cm g vs. 49.8 cm, t-test 

<0.0001. APGAR scores at five minutes after birth were more likely to be below 6 (1.6; 

1.3-2.1). Within the SSRIs, children born to women dispensed sertraline were heavier 

than this overall SSRI group mean and those born to women dispensed citalopram, 

paroxetine and fluoxetine were lighter. This pattern was also seen in birth length and 

POBW. 
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There were 3,764 children born to women who were dispensed an SSRI during their 

pregnancy. For first trimester exposure (N=2,701 children), there were 145 children 

with a registered BD (5.4%); 115 children had a major BD (N=4.3%): Table 5-6. For all 

births where the woman was not dispensed an SSRI, 4.8% had a BD, 4.1% a major BD. 

The risk of any major BD was increased but not statistically significant for citalopram 

(1.3; 0.9-1.7) and fluoxetine (1.3; 0.8-2.2). When the categories of major BDs were 

considered, there were several results of significance for SSRIs as a group (Table 5-7). 

There was a significantly increased risk of cardiovascular defects (1.6; 1.1-2.3). The 

individual defects with the increased risks were ostium secundum type atrial septal 

defect, patent ductus arteriosus, anomalies of pulmonary artery, and other anomalies 

of peripheral vascular system. When we included the minor cardiac defects in the 

analyses, the cardiovascular defects group remained statistically significant with a 

slightly reduced risk (1.5; 1.1-2.1). The risk of uro-genital defects was not increased 

overall, but cystic kidney disease was statistically significantly increased (2.8; 1.1-7.0). 

Although there were fewer than five children with limb defects, there was an 

increased risk of other anomalies of lower limb (4.2; 1.3-13.9). 

 

Categories of major BDs were also analysed for each of the SSRIs used during the first 

trimester: Table 5-8. Each medicine had an increased risk of cardiovascular defects but 

none reached statistical significance. A significantly increased risk of PDA was seen 

with the use of citalopram (N=5; OR 5.5; 2.3-13.6) or fluoxetine (N < 5; OR 5.9; 1.5-

24.0). After adjusting for GA, there remained a significantly increased risk of 4.9 times 

for both medicines. The children of women dispensed citalopram during the first 

trimester also had a significantly increased risk of vesico-ureteric reflux (N=5; OR 3.1; 

1.3-7.6) and other anomalies of lower limb (N < 5; 9.8; 2.3-41.4). With paroxetine, 

ostium secundum type atrial septal defect neared statistical significance (3.7; 0.9-15.0) 

but the number of cases was less than five. Even with the low number of cases 

registered, the risks of anomalies of pulmonary artery (19.9; 6.0-66.2), other anomalies 

of peripheral vascular system (10.4; 2.5-43.4) and cystic kidney disease (5.4; 1.3-22.2) 

were significant. Congenital hypertrophic pyloric stenosis (5.4; 1.3-21.9) was significant 

with fluoxetine. 
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5.5   Discussion 

We have presented the dispensing patterns from three months before pregnancy and 

during each trimester of pregnancy for SSRIs as a group and found 40.4% of the 

pregnant women were dispensed an SSRI in each trimester. 95.0% of the women used 

the same SSRI throughout the pregnancy, without switching. 

 

The use of SSRIs has previously been found to be associated with increased risk of 

preterm birth272,274,275 although it is not clear whether this is attributable to the 

underlying depression or the SSRI use.275,276 We adjusted for confounders such as 

previous preterm birth, smoking, socio-economic status, parity and maternal age, and 

there remained an increased risk of 30-60% for premature birth for any one of the 

SSRIs. The risk of premature birth we found in our cohort was very similar to a recent 

study from Sweden where the OR for SSRI use was 1.46 (95% CI 1.31-1.63).277 An 

increased risk of low birth weight was found for citalopram and fluoxetine, after 

adjustment for factors usually associated with low birth weight such as prematurity, 

sex, parity and maternal height. 

 

A recent Canadian study of spontaneous abortion and antidepressant use reported a 

60% increased risk associated with SSRIs.278 In our study, hospital admissions for 

termination of pregnancy (which includes both spontaneous abortions and elective 

terminations) occurred at a higher rate than in the non-SSRI group (24.3% vs. 20.3%). 

We have no data on spontaneous abortions not requiring a hospital admission so we 

are unable to determine the relationship between the medicines and all spontaneous 

abortions. Future studies will include BDs in relation to the elective terminations and 

this may give a better understanding of the role of SSRI use and the decision to 

terminate a pregnancy. 

 

Previous studies since 1993 have concluded that SSRIs were not “major teratogens”279-

286 however, most had less than 250 exposed cases. This is the first population-based 

study in Australia to examine BDs in the children of women dispensed an SSRI during 

their pregnancy. In this study, data linkage has allowed the analysis of 3,703 
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pregnancies resulting in a birth. Previously, an increased risk of cardiac defects has 

been reported with first trimester SSRI use.235,244,287-291 In our study, the risk of PDA 

was significant with the use of citalopram or fluoxetine and this does not appear to 

have been reported previously. This increased risk remained at nearly five times when 

GA was taken into account. PDA is more common in children born preterm. In this 

study, only two of the five children with a PDA and a mother dispensed citalopram in 

the first trimester, were born prematurely. 

 

There was a 2.7 times increased risk of ostium secundum type atrial septal defect with 

the use of any SSRI and the risks were increased for each individual medicine, although 

none reached statistical significance. The increased risk of cystic kidney disease with 

the use of any SSRI was also found in the large Swedish study.277 A three-fold increased 

risk of vesico-ureteric reflux in our study was associated with the use of citalopram and 

this has not been reported previously. A five-fold increased risk of congenital 

hypertrophic pyloric stenosis was associated with the use of fluoxetine and this was 

also reported recently from the Netherlands.292 The risk of anomalies of the lower limb 

was increased with the use of citalopram and fluoxetine. This has previously been 

reported with the use of paroxetine.290 Sertraline was dispensed to the greatest 

number of pregnant women during the first trimester (N=908) and we did not find any 

statistically significant increases of any specific BD at the fourth digit level of BPA. 

 

The Australian pregnancy risk category is C for all SSRIs except paroxetine: “Drugs 

which, owing to their pharmacological effects, have caused or may be suspected of 

causing, harmful effects on the human fetus or neonate without causing 

malformations. These effects may be reversible.” There is an additional note in the 

guide, “SSRIs have had limited use in pregnancy without a reported increase in birth 

defects”.157 The data from studies that linked the use of paroxetine during the first 

trimester with cardiac defects are not strong but it prompted the TGA along with 

similar regulatory bodies overseas to reclassify paroxetine as category “D” in 

September, 2005.78,293 The other SSRIs remained in category C. In this study, we found 
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the risk of cardiac defects associated with other SSRIs to be similar to risk with 

paroxetine. 

 

The advantages of population-based record linkage include the avoidance of selection 

bias which can occur in epidemiological case-control and cohort studies, and the 

avoidance of recall bias, as exposure data are collected before the outcome or in 

ignorance of the outcome. Such data can address many different hypotheses and are 

therefore much more cost effective than conducting several cohort studies. Other 

major benefits include large sample sizes, generalizability of results, and rapidity of 

analysis. The data can also be used repeatedly to address a variety of hypotheses or 

public health questions, and the studies are not intrusive. 

 

The disadvantages of total population data include the possibility of data being 

recorded poorly or certain items not being available, either for use as a primary 

exposure variable or to allow for adequate analysis of confounding or effect 

modification.243 The main limitation of prescription databases for pharmacovigilance 

relates to whether the medicine was consumed, or consumed as directed, and we 

have no information in this study for either of these aspects of use. 

  

In a commentary by Andrews and Tennis,294 the authors identified the following five 

limitations to the use of administrative health records in evaluating pregnancy 

outcomes. We have considered their applicability to our cohort:  

1. estimation of gestational timing for medication exposure 

Our study is based upon both antenatal and neonatal indicators of gestational 

duration derived from the midwives’ notifications, a statutory requirement for all 

births in WA. The midwives’ data includes last menstrual period, expected due date 

and whether these have been confirmed by ultrasound or clinicians.164 

2. lack of data on important risk factors 

Our data do not include OTC medication use, nor alcohol and illicit drug use. The 

data from the midwives’ records include smoking and socio-economic status, 
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parity, maternal age, maternal height, ethnicity, pregnancy complications, some 

comorbidity information and, through data linkage, previous pregnancy outcomes. 

3. lack of data on spontaneous and elective terminations of pregnancy 

We cannot detect all spontaneous abortions and elective terminations for fetal 

anomaly are not identified in this dataset in relation to BDs. The inability to 

observe birth defects in all reproductive outcomes represents loss to follow-up of a 

potentially non-random subgroup of embryos and fetuses.248 We hope to have 

data available from the BDR on terminations of pregnancy for fetal anomaly for 

future research. 

4. Poor correlation between the coded infant outcomes and actual medical diagnosis 

Our study does not rely on coded BDs from hospital records but links to a 

population-based BDR which has multiple sources of notification up to the age of 

six years and a high degree of ascertainment.144 

5. linkage between mother’s and baby’s records may be incomplete 

Missed links have been estimated at 0.11%.134 According to Australian Census 

statistics, permanent migration out of WA in 2001 was 2.7% of the population.191 

The WADLS has been validated and has been used extensively for health 

research.168,243,295,296 

 

Although the use of administrative data may not provide a complete picture of the 

factors associated with the use of medications in pregnancy, the approach provides a 

rich source of information on pregnancy outcomes in large populations. From our 

study, there is clearly a risk of preterm birth indicated by the use of SSRIs, whether 

related to underlying morbidity or the medicines themselves, and this has implications 

for the long-term health of the child.297-299 Whilst the risks may appear to be increased 

for specific birth defects, these defects remain rare and the absolute risks are small. As 

in many epidemiological studies, the new findings may have occurred by chance. 

Depression in women of child-bearing age is an important public health issue.300 A 

study of Australian women aged 22 to 30 years reported around 25% of non-pregnant 

women experienced depressive symptoms.301 As around 50% of pregnancies are 
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unplanned in Western Australia,54 medical practitioners caring for women of child 

bearing age should discuss the risks and benefits of using SSRIs with their patients. 
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Table 5-1:  Selective serotonin reuptake inhibitors on the Pharmaceutical Benefits 
Scheme, 2002-2005: number of dispenses and pregnancy events for 
each item 

 
 
1 terminations of pregnancy, includes spontaneous and medical abortions ascertained through 

hospital admission 
2 added to PBS schedule in February 2004 
3 co-payment fell below safety net in February 2004 
4 added to PBS schedule in August 2005 
5 co-payment fell below safety net in August 2005 
6 co-payment fell below safety net in April 2005 
7 added to PBS schedule in December 2005 
8 totals do not equal the sum of the column as women may be dispensed more than one form or type 

of SSRI 

  

PBS Code Form Dispenses Births

Ectopic

Pregnancies TOP1

Pregnancy

Events

Citalopram

8702B Tablet 10 mg (base)2,3 1 1 0 0 1

8220P Tablet 20 mg (base) 5,156 1,135 12 237 1,384

8703C Tablet 40 mg (base)2 18 5 0 2 7

5,175 1,136 12 239 1,387

Escitalopram

8700X Tablet 10 mg (base)2 473 159 3 29 191

8701Y Tablet 20 mg (base)2 372 100 4 18 122

8849R oral solution 10 mg (base) per mL, 28 mL4 0 0 0 0 0

9711D Tablet 10 mg (base)4 0 0 0 0 0

9712E Tablet 20 mg (base)4 8 4 0 0 4

9700M oral solution 10 mg (base) per mL, 28 mL4 0 0 0 0 0

853 241 6 46 293

Fluoxetine

8270G Tablet 20 mg (base) (dispersible)5 334 114 3 13 130

1434L Capsule 20 mg (base)5 1,343 291 2 94 387

1809F Oral solution 20 mg (base) per 5 mL, 140 mL 1 1 0 0 1

1,678 364 5 105 474

Fluvoxamine

8512B Tablet 50 mg6 123 55 0 8 63

8174F Tablet 100 mg 454 103 1 34 138

577 140 1 41 182

Paroxetine

2242B Tablet 20 mg (base) 3,474 676 6 194 876

Sertraline

2236Q Tablet 50 mg (base) 2,947 871 9 121 1,001

2237R Tablet 100 mg (base) 3,004 641 9 147 797

8836C Tablet 50 mg (base)7 2 1 0 1 2

8837D Tablet 100 mg (base)7 0 0 0 0 0

5,953 1,340 16 257 1,613

Total8 17,710 3,703 44 867 4,614
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Table 5-2: Selective serotonin reuptake inhibitor medicines dispensed during the 
first trimester: terminations of pregnancy and ectopic pregnancies 
ascertained through hospital admission, compared with all other 
pregnancies, 2002-2005 

 

 
 
TOP: termination of pregnancy; OR: odds ratio; CI: confidence interval;  
SSRI: selective serotonin reuptake inhibitor

TOP

N % OR (95% CI)

Ectopic

N % OR (95% CI)

Births

N %

any SSRI 867 24.3 1.26  (0.91-1.37) 44 1.2 1.05  (0.73-1.42) 2,654 74.4

Citalopram 239 23.6 1.21  (0.84-1.41) 12 1.2 1.00  (0.56-1.77) 761 75.2

Fluoxetine 105 26.6 1.43  (0.73-1.79) 5 1.3 1.12  (0.37-2.71) 284 72.1

Paroxetine 194 25.4 1.33  (0.80-1.57) 6 0.8 0.68  (0.58-1.51) 563 73.8

Sertraline 257 22.0 1.11  (0.86-1.28) 16 1.4 1.13  (0.57-1.87) 894 76.6

non-SSRI 24,313 20.3 1.00 1,483 1.2 1.00 94,044 78.5

Total 25,180 20.4 1,527 1.2 96,698 78.4



 

  

Table 5-3: Characteristics of the women dispensed a selective serotonin reuptake inhibitor at any time during pregnancy 
compared with all other pregnant women, 2002-2005 

 

 
 

* adjusted for previous preterm birth, smoke, SEIFA, parity, maternal age 
SSRI: selective serotonin reuptake inhibitor; OR: odds ratio; CI: confidence interval; SEIFA: Socio-Economic Indexes for Areas; CTG: cardiotocography  

N %

OR (95% CI)

ref=non-SSRIs N % N %

OR (95% CI)

ref=non-SSRIs N %

OR (95% CI)

ref=non-SSRIs N %

OR (95% CI)

ref=non-SSRIs N %

OR (95% CI)

ref=non-SSRIs

Women 3,703 92,995 1,340 1,136 676 364

caucasian 3,490 94.2 3.07  (2.67-3.54) 78,636 84.6 1,263 94.3 3.05  (2.42-3.86) 1,070 94.2 2.98  (2.32-3.84) 641 94.8 3.32  (2.36-4.67) 347 95.3 3.93  (2.38-6.49)

smoke 1,029 27.8 1.91  (1.78-2.06) 15,592 16.8 366 27.3 1.87  (1.65-2.11) 319 28.1 1.94  (1.70-2.21) 186 27.5 1.88  (1.59-2.23) 105 28.8 2.02  (1.61-2.53)

parity > 1 2,924 79.0 1.67  (1.54-1.81) 64,520 69.4 1,072 80.0 1.77  (1.55-2.03) 919 80.9 1.87  (1.61-2.17) 512 75.7 1.37  (1.15-1.64) 288 79.1 1.69  (1.31-2.18)

multiple birth 61 1.6 1.00  (0.77-1.29) 1,535 1.7 21 1.6 0.95  (0.61-1.46) 21 1.8 1.12  (0.73-1.73) 9 1.3 0.80  (0.42-1.55) 7 1.9 1.17  (0.55-2.47)

t-test t-test t-test t-test t-test

mean maternal age, yrs 30.2 0.0089 29.9 30.2 0.0689 30.1 0.2767 30.4 0.0383 30.7 0.0123

mean maternal height, cm 165.1 <0.0001 164.6 165.3 0.0007 164.8 0.2284 165.0 0.1635 165.5 0.0184

mean gestation, weeks 38.2 <0.0001 38.6 38.2 <0.0001 38.2 <0.0001 38.3 <0.0001 38.2 <0.0001

mean SEIFA 987.3 <0.0001 997.9 990.4 0.0035 985.6 <0.0001 986.5 0.0013 986.5 0.0183

Labour and delivery characteristics

threatened preterm labour, < 37 wks 136 3.7 1.62  (1.36-1.93) 2,140 2.3 51 3.8 1.68  (1.27-2.23) 43 3.8 1.67  (1.23-2.27) 25 3.7 1.63  (1.09-2.44) 12 3.3 1.45  (0.81-2.58)

preterm birth, < 37 wks 426 11.5 1.49  (1.34-1.65) 7,480 8.0 159 11.9 1.54  (1.30-1.82) 132 11.6 1.50  (1.25-1.81) 81 12.0 1.55  (1.23-1.96) 45 1.62  (1.18-2.21)

adjusted* 1.43  (1.24-1.65) 1.00 1.62  (1.30-2.03) 1.38  (1.08-1.77) 1.41  (1.02-1.96) 1.31  (0.84-2.05)

fetal distress 593 16.0 1.21  (1.10-1.32) 12,673 13.6 210 15.7 1.18  (1.02-1.37) 205 18.0 1.40  (1.20-1.63) 106 15.7 1.18  (0.96-1.45) 49 13.5 0.99  (0.73-1.33)

post partum haemorrhage >=500 mls 400 10.8 1.21  (1.09-1.35) 8,462 9.1 143 10.7 1.19  (1.00-1.42) 123 10.8 1.21  (1.00-1.46) 72 10.7 1.19  (0.93-1.52) 49 13.5 1.55  (1.15-2.10)

pre-labour rupture of membranes 213 5.8 1.21  (1.05-1.39) 4,474 4.8 79 5.9 1.24  (0.99-1.56) 76 6.7 1.42  (1.12-1.79) 25 3.7 0.76  (0.51-1.13) 23 6.3 1.33  (0.87-2.04)

elective caesarean 719 19.4 1.09  (1.00-1.18) 16,867 18.1 268 20.0 1.13  (0.99-1.29) 195 17.2 0.94  (0.80-1.09) 140 20.7 1.18  (0.98-1.42) 71 19.5 1.09  (0.84-1.42)

threatened abortion, < 20 wks 201 5.4 1.06  (0.92-1.23) 4,778 5.1 77 5.7 1.13  (0.89-1.42) 66 5.8 1.14  (0.89-1.46) 30 4.4 0.86  (0.59-1.24) 17 4.7 0.90  (0.56-1.47)

emergency caesarean 539 14.6 1.05  (0.96-1.16) 12,934 13.9 181 13.5 0.97  (0.83-1.13) 184 16.2 1.20  (1.02-1.40) 99 14.6 1.06  (0.86-1.32) 60 16.5 1.22  (0.93-1.61)

induced labour 1,056 28.5 0.95  (0.88-1.02) 27,506 29.6 357 26.6 0.86  (0.76-0.98) 341 30.0 1.02  (0.90-1.16) 191 28.3 0.94  (0.79-1.11) 116 31.9 1.12  (0.89-1.39)

Pregnancy characteristics

genital herpes 104 2.8 1.57  (1.28-1.92) 1,682 1.8 33 2.5 1.37  (0.97-1.94) 32 2.8 1.57  (1.10-2.24) 17 2.5 1.40  (0.86-2.27) 16 4.4 2.50  (1.51-4.13)

asthma 567 15.3 1.56  (1.42-1.71) 9,666 10.4 206 15.4 1.57  (1.35-1.82) 178 15.7 1.60  (1.36-1.88) 97 14.3 1.44  (1.16-1.79) 51 14.0 1.40  (1.04-1.89)

pre-existing diabetes 31 0.8 1.49  (1.04-2.14) 524 0.6 10 0.7 1.33  (0.71-2.49) 10 0.9 1.57  (0.84-2.94) 5 0.7 1.31  (0.54-3.18) 6 1.6 2.96  (1.31-6.66)

essential hypertension 50 1.4 1.38  (1.03-1.83) 915 1.0 16 1.2 1.22  (0.74-2.00) 11 1.0 0.98  (0.54-1.79) 15 2.2 2.28  (1.36-3.83) 4 1.1 1.12  (0.42-3.00)

other complications of pregnancy 880 23.8 1.30  (1.20-1.40) 17,998 19.4 307 22.9 1.24  (1.09-1.41) 304 26.8 1.52  (1.33-1.74) 152 22.5 1.21  (1.01-1.45) 78 21.4 1.14  (0.88-1.46)

CTG ante-partum 1,276 34.5 1.19  (1.11-1.28) 28,439 30.6 433 32.3 1.08  (0.97-1.22) 435 38.3 1.41  (1.25-1.59) 227 33.6 1.15  (0.98-1.35) 117 32.1 1.08  (0.86-1.34)

urinary tract infection 142 3.8 1.15  (0.97-1.36) 3,122 3.4 54 4.0 1.21  (0.92-1.59) 38 3.3 1.00  (0.72-1.38) 26 3.8 1.15  (0.78-1.71) 18 4.9 1.50  (0.93-2.41)

gestational diabetes 162 4.4 1.12  (0.95-1.31) 3,652 3.9 57 4.3 1.09  (0.83-1.42) 51 4.5 1.15  (0.87-1.53) 32 4.7 1.22  (0.85-1.74) 16 4.4 1.12  (0.68-1.86)

CTG intra-partum 1,437 38.8 1.11  (1.04-1.19) 33,805 36.4 493 36.8 1.02  (0.91-1.14) 460 40.5 1.19  (1.06-1.34) 255 37.7 1.06  (0.91-1.24) 144 39.6 1.15  (0.93-1.41)

pre-eclampsia 178 4.8 1.07  (0.92-1.25) 4,182 4.5 59 4.4 0.98  (0.75-1.27) 52 4.6 1.02  (0.77-1.35) 40 5.9 1.34  (0.97-1.84) 18 4.9 1.10  (0.69-1.78)

Sertraline Citalopram Paroxetine Fluoxetineany SSRI All non-SSRIs
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Table 5-4: Preterm birth and selective serotonin reuptake inhibitor medicines 
dispensed throughout pregnancy 

 

 
 
* adjusted for previous preterm birth, smoke, SEIFA, parity and maternal age 
OR: odds ratio; CI: confidence interval; SSRI: selective serotonin reuptake inhibitor;  
SEIFA: Socio-Economic Indexes for Areas 

N OR  (95% CI) N OR  (95% CI) N OR  (95% CI)

any SSRI 2,654 1,049 3,703

preterm birth, < 37 wks, crude OR 323 1.59  (1.41-1.79) 103 1.24  (1.01-1.53) 426 1.49  (1.34-1.65)

adjusted OR* 1.52  (1.29-1.79) 1.22  (0.93-1.60) 1.43  (1.24-1.65)

Sertraline 894 446 1,340

preterm birth, < 37 wks, crude OR 106 1.54  (1.26-1.89) 53 1.54  (1.16-2.05) 159 1.54  (1.30-1.82)

adjusted OR* 1.74  (1.33-2.27) 1.40  (0.94-2.09) 1.62  (1.30-2.03)

Citalopram 761 375 1,136

preterm birth, < 37 wks, crude OR 92 1.57  (1.26-1.96) 40 1.36  (0.98-1.90) 132 1.50  (1.25-1.81)

adjusted OR* 1.37  (1.01-1.86) 1.39  (0.91-2.12) 1.38  (1.08-1.77)

Paroxetine 563 113 676

preterm birth, < 37 wks, crude OR 74 1.73  (1.35-2.21) 7 0.75  (0.35-1.62) 81 1.56  (1.23-1.96)

adjusted OR* 1.61  (1.14-2.28) 0.53  (0.16-1.71) 1.41  (1.02-1.96)

Fluoxetine 284 80 364

preterm birth, < 37 wks, crude OR 39 1.83  (1.30-2.56) 6 0.93  (0.40-2.13) 45 1.62  (1.18-2.21)

adjusted OR* 1.49  (0.92-2.43) 0.75  (0.23-2.42) 1.31  (0.84-2.05)

First

Trimester

Second or Third

Trimester only Any time during pregnancy



 

 
 

Table 5-5: Characteristics of the children born to women dispensed a selective serotonin reuptake inhibitor at any time 
during pregnancy compared with children born to all other pregnant women, 2002-2005 

 
 
SSRI: selective serotonin reuptake inhibitor; OR: odds ratio; CI: confidence interval; POBW: proportion of optimal birth weight  

 

Table 5-6: Major birth defects, by category, in the children born to women dispensed a selective serotonin reuptake 
inhibitor during the first trimester compared with children born to all other pregnant women, 2002-2005 

 
 
SSRI: selective serotonin reuptake inhibitor; OR: odds ratio; CI: confidence interval; CA: congenital anomalies 

N %

OR (95% CI)

ref=non-SSRIs N % N %

OR (95% CI)

ref=non-SSRIs N %

OR (95% CI)

ref=non-SSRIs N %

OR (95% CI)

ref=non-SSRIs N %

OR (95% CI)

ref=non-SSRIs

Births 3,764 94,561 1,361 1,157 685 371

APGAR 5 mins < 6 73 1.9 1.62  (1.27-2.05) 1,144 1.2 26 1.9 1.59  (1.08-2.36) 19 1.6 1.37  (0.86-2.16) 13 1.9 1.58  (0.91-2.74) 9 2.4 2.05  (1.05-3.97)

birth length <= 50 cm 2,507 66.6 1.52  (1.42-1.63) 53,770 56.9 888 65.2 1.43  (1.28-1.60) 793 68.5 1.66  (1.46-1.88) 453 66.1 1.49  (1.27-1.75) 250 67.4 1.57  (1.26-1.95)

birth weight < 2500 g 364 9.7 1.40  (1.25-1.56) 6,744 7.1 122 9.0 1.28  (1.06-1.55) 125 10.8 1.58  (1.31-1.91) 68 9.9 1.44  (1.12-1.86) 39 10.5 1.53  (1.10-2.14)

POBW below 1 2,072 55.0 1.22  (1.14-1.31) 47,751 50.5 706 51.9 1.07  (0.96-1.20) 663 57.3 1.35  (1.20-1.53) 370 54.0 1.14  (0.98-1.33) 219 59.0 1.47  (1.18-1.82)

stil lbirths 26 0.7 1.07  (0.72-1.59) 612 0.6 13 1.0 1.48  (0.85-2.58) 7 0.6 0.93  (0.44-1.97) <5 0.6 0.90  (0.34-2.42) <5 0.5 0.83  (0.21-3.35)

male 1,920 51.0 0.99  (0.93-1.06) 48,499 51.3 689 50.6 0.97  (0.87-1.08) 593 51.3 1.00  (0.89-1.12) 354 51.7 1.02  (0.87-1.18) 191 51.5 1.01  (0.82-1.24)

t-test t-test t-test t-test t-test

mean birth weight, g 3,234 <0.0001 3,333 3,293 <0.0001 3,208 <0.0001 3,243 0.0002 3,233 <0.0001

mean POBW 0.98 <0.0001 1.00 0.99 0.3298 0.98 <0.0001 0.99 0.0607 0.97 0.0014

mean APGAR 5 mins 8.8 <0.0001 9.1 8.9 <0.0001 8.8 <0.0001 8.9 <0.0001 8.9 0.0007

mean birth length, cm 49.1 <0.0001 49.8 49.3 <0.0001 48.9 <0.0001 49.2 <0.0001 49.1 <0.0001

Sertraline Citalopram Paroxetine Fluoxetineany SSRI All non-SSRIs

N

rate/

1000 N

rate/

1000

OR (95% CI)

ref=non-SSRIs N

rate/

1000

OR (95% CI)

ref=non-SSRIs N

rate/

1000

OR (95% CI)

ref=non-SSRIs N

rate/

1000

OR (95% CI)

ref=non-SSRIs N

rate/

1000

OR (95% CI)

ref=non-SSRIs

Any major birth defect 3,834 40.5 115 42.6 1.05  (0.87-1.27) 37 40.7 1.01  (0.72-1.40) 39 50.3 1.25  (0.91-1.73) 23 40.2 0.99  (0.65-1.51) 15 51.5 1.29  (0.76-2.16)

Nervous System Defects 289     3.1 7 2.6 0.85  (0.40-1.80) <5 3.3 1.08  (0.35-3.38) <5 3.9 1.27  (0.41-3.96) 0 0.0 0 0.0

CA of Eye 74       0.8 <5 0.7 0.95  (0.23-3.86) 0 0.0 <5 1.3 1.65  (0.23-11.88) 0 0.0 <5 3.4 4.40  (0.61-31.78)

CA of Ear, Face and Neck 224     2.4 8 3.0 1.25  (0.62-2.54) <5 1.1 0.46  (0.07-3.31) <5 5.2 2.18  (0.81-5.89) 0 0.0 <5 10.3 4.39  (1.40-13.79)

Cardiovascular defects 661     7.0 30 11.1 1.60  (1.10-2.31) 11 12.1 1.74  (0.96-3.17) 8 10.3 1.48  (0.74-2.99) 7 12.2 1.76  (0.83-3.72) <5 13.7 1.98  (0.74-5.33)

Respiratory System defects 84       0.9 5 1.9 2.09  (0.85-5.15) <5 3.3 3.73  (1.18-11.82) 0 0.0 <5 3.5 3.95  (0.97-16.08) 0 0.0

Gastro-Intestinal Defects 534     5.6 15 5.6 0.98  (0.59-1.65) 5 5.5 0.97  (0.40-2.36) 5 6.5 1.14  (0.47-2.77) <5 1.7 0.31  (0.04-2.20) 5 17.2 3.08  (1.27-7.48)

Uro-Genital Defects 1,314 13.9 36 13.3 0.96  (0.69-1.34) 16 17.6 1.27  (0.77-2.09) 8 10.3 0.74  (0.37-1.49) 9 15.7 1.13  (0.59-2.20) 5 17.2 1.24  (0.51-3.01)

Musculo-Skeletal Defects 1,052 11.1 24 8.9 0.80  (0.53-1.20) 7 7.7 0.69  (0.33-1.46) 9 11.6 1.04  (0.54-2.02) <5 5.2 0.47  (0.15-1.46) <5 10.3 0.93  (0.30-2.89)

CA of Integument 129     1.4 <5 1.1 0.81  (0.26-2.56) <5 1.1 0.81  (0.11-5.78) <5 2.6 1.89  (0.47-7.67) 0 0.0 <5 3.4 2.52  (0.35-18.12)

Chromosome Defects 216     2.3 7 2.6 1.13  (0.53-2.41) <5 1.1 0.48  (0.07-3.44) <5 2.6 1.13  (0.28-4.56) <5 5.2 2.30  (0.73-7.22) 0 0.0

Other defects 267     2.8 8 3.0 1.05  (0.52-2.12) <5 2.2 0.78  (0.19-3.14) <5 5.2 1.83  (0.68-4.93) <5 1.7 0.62  (0.09-4.41) 0 0.0

All non-SSRIs

(N=94,561)

any SSRI

(N=2,701)

Sertraline

(N=908)

Citalopram

(N=775)

Paroxetine

(N=572)

Fluoxetine

(N=291)
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Table 5-7: Major birth defects in pregnancies dispensed a selective serotonin 
reuptake inhibitor during the first trimester, 2002-2005 

 

 
 
Chn: Children; SSRI: selective serotonin reuptake inhibitor; OR: odds ratio; CI: confidence interval 

  

Chn

(N)

rate/

1000

OR (95% CI)

ref=non-SSRIs

Chn

(N)

rate/

1000

Any birth defect 145 53.7 1.12  (0.94-1.32)  4,571 48.3

Any major birth defect 115 42.6 1.05  (0.87-1.27) 3,834 40.5

745-747 CARDIOVASCULAR DEFECTS 30 11.1 1.60  (1.10-2.31) 661 7.0
745 Bulbus cordis anomalies of cardiac septal closure 13 4.8 1.23  (0.71-2.15) 369 3.9

745.4 Ventricular septal defect 6 2.2 0.99  (0.44-2.23) 212 2.2
745.5 Ostium secundum type atrial septal defect 7 2.6 2.73  (1.26-5.89) 90 1.0

746 Other congenital anomaly of heart 12 4.4 1.77  (0.99-3.16) 238 2.5
746.0 Anomalies of pulmonary valve 5 1.9 1.84  (0.75-4.54) 95 1.0
746.7 Hypoplastic left heart syndrome <5 1.5 2.26  (0.82-6.22) 62 0.7

747 Other congenital anomaly of circulatory system 19 7.0 2.91  (1.82-4.65) 230 2.4
747.0 Patent ductus arteriosus 11 4.1 3.48  (1.87-6.47) 111 1.2

adjusted for gestational age 3.07  (1.65-5.73)
747.3 Anomalies of pulmonary artery <5 1.5 5.61  (1.95-16.13) 25 0.3
747.6 Other anomalies of peripheral vascular system <5 1.5 4.38  (1.55-12.40) 32 0.3

748 RESPIRATORY SYSTEM DEFECTS 5 1.9 2.09  (0.85-5.15) 84 0.9

749-751 GASTRO-INTESTINAL DEFECTS 15 5.6 0.98  (0.59-1.65) 534 5.6
750 Other congenital anomaly of upper alimentary tract 6 2.2 1.27  (0.56-2.88) 165 1.7

750.5 Congenital hypertrophic pyloric stenosis <5 1.5 1.11  (0.41-3.01) 126 1.3

752-753 URO-GENITAL DEFECTS 36 13.3 0.96  (0.69-1.34) 1,314 13.9
752 Congenital anomaly of genital organs 21 7.8 0.88  (0.57-1.37) 830 8.8

752.5 Undescended testicle 8 3.0 0.76  (0.37-1.52) 370 3.9
752.6 Hypospadias and epispadias 10 3.7 1.00  (0.53-1.88) 349 3.7
752.8 Other specified anomalies of genital organs 7 2.6 1.23  (0.58-2.61) 200 2.1

753 Congenital anomaly of urinary system 16 5.9 1.09  (0.66-1.79) 515 5.4
753.1 Cystic kidney disease 5 1.9 2.83  (1.14-7.04) 62 0.7
753.4 Other specified anomalies of ureter 12 4.4 1.58  (0.88-2.81) 267 2.8
753.44 Vesico-ureteric reflux 7 2.6 1.24  (0.59-2.65) 197 2.1

754-756 MUSCULO-SKELETAL DEFECTS 24 8.9 0.80  (0.53-1.20) 1,052 11.1
754 Certain congenital musculoskeletal deformities 11 4.1 0.55  (0.30-1.00) 700 7.4

754.5 Talipes 8 3.0 1.52  (0.75-3.08) 185 2.0
755 Other congenital anomaly of limbs <5 1.5 1.16  (0.43-3.14) 121 1.3

755.6 Other anomalies of lower limb, incl pelvic girdle <5 1.1 4.20  (1.27-13.93) 25 0.3
756 Other congenital musculoskeletal anomalies 5 1.9 0.87  (0.36-2.11) 202 2.1

any SSRIs

(N=2,701)

All non-SSRIs

(N=94,561)
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Table 5-8:  Major birth defects in pregnancies dispensed a selective serotonin 
reuptake inhibitor during the first trimester, 2002-2005, by medicine 

 

Sertraline 

 
 

Chn

(N)

rate/

1000

OR (95% CI)

ref=non-SSRIs

Chn

(N)

rate/

1000

Any birth defect 45 49.6 1.03  (0.76-1.39)  4,571 48.3

Any major birth defect 37 40.7 1.01  (0.72-1.40) 3,834 40.5

745-747 CARDIOVASCULAR DEFECTS 11 12.1 1.75  (0.96-3.18) 661 7.0

745 Bulbus cordis anomalies of cardiac septal closure <5 4.4 1.13  (0.42-3.03) 369 3.9

745.4 Ventricular septal defect <5 1.1 0.49  (0.07-3.50) 212 2.2

745.5 Ostium secundum type atrial septal defect <5 2.2 2.32  (0.57-9.42) 90 1.0

746 Other congenital anomaly of heart 7 7.7 3.08  (1.45-6.55) 238 2.5

746.0 Anomalies of pulmonary valve <5 2.2 2.20  (0.54-8.92) 95 1.0

746.7 Hypoplastic left heart syndrome <5 2.2 3.36  (0.82-13.78) 62 0.7

747 Other congenital anomaly of circulatory system 5 5.5 2.27  (0.93-5.52) 230 2.4

747.0 Patent ductus arteriosus <5 3.3 2.82  (0.89-8.90) 111 1.2

adjusted for gestational age 2.53  (0.80-7.98)

747.6 Other anomalies of peripheral vascular system <5 1.1 3.26  (0.44-23.86) 32 0.3

748 RESPIRATORY SYSTEM DEFECTS <5 3.3 3.77  (1.19-11.95) 84 0.9

749-751 GASTRO-INTESTINAL DEFECTS 5 5.5 0.98  (0.41-2.37) 534 5.6

752-753 URO-GENITAL DEFECTS 16 17.6 1.28  (0.78-2.10) 1,314 13.9

752 Congenital anomaly of genital organs 10 11.0 1.26  (0.67-2.35) 830 8.8

752.5 Undescended testicle <5 4.4 1.13  (0.42-3.02) 370 3.9

752.6 Hypospadias and epispadias 6 6.6 1.80  (0.80-4.04) 349 3.7

752.8 Other specified anomalies of genital organs <5 2.2 1.04  (0.26-4.20) 200 2.1

753 Congenital anomaly of urinary system 7 7.7 1.42  (0.67-3.00) 515 5.4

753.1 Cystic kidney disease <5 2.2 3.36  (0.82-13.78) 62 0.7

753.4 Other specified anomalies of ureter 5 5.5 1.96  (0.81-4.75) 267 2.8

753.44 Vesico-ureteric reflux <5 2.2 1.06  (0.26-4.26) 197 2.1

754-756 MUSCULO-SKELETAL DEFECTS 7 7.7 0.69  (0.33-1.45) 1,052 11.1

754 Certain congenital musculoskeletal deformities <5 3.3 0.44  (0.14-1.38) 700 7.4

754.5 Talipes <5 2.2 1.13  (0.28-4.54) 185 2.0

756 Other congenital musculoskeletal anomalies <5 2.2 1.03  (0.26-4.16) 202 2.1

Sertraline

(N=908)

All non-SSRIs

(N=94,561)
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Citalopram 

 
 

  

Chn

(N)

rate/

1000

OR (95% CI)

ref=non-SSRIs

Chn

(N)

rate/

1000

Any birth defect 50 64.5 1.36  (1.02-1.81)  4,571 48.3

Any major birth defect 39 50.3 1.26  (0.91-1.74) 3,834 40.5

745-747 CARDIOVASCULAR DEFECTS 8 10.3 1.48  (0.74-2.99) 661 7.0

745 Bulbus cordis anomalies of cardiac septal closure <5 3.9 0.99  (0.32-3.10) 369 3.9

745.4 Ventricular septal defect <5 2.6 1.15  (0.29-4.64) 212 2.2

745.5 Ostium secundum type atrial septal defect <5 2.6 2.72  (0.67-11.05) 90 1.0

746 Other congenital anomaly of heart <5 2.6 1.03  (0.25-4.13) 238 2.5

746 Anomalies of pulmonary valve <5 1.3 1.28  (0.18-9.23) 95 1.0

746.7 Hypoplastic left heart syndrome <5 1.3 1.97  (0.27-14.22) 62 0.7

747 Other congenital anomaly of circulatory system 6 7.7 3.20  (1.42-7.22) 230 2.4

747.0 Patent ductus arteriosus 5 6.5 5.53  (2.25-13.57) 111 1.2

adjusted for gestational age 4.93  (2.00-12.14)

747.3 Anomalies of pulmonary artery <5 1.3 4.89  (0.66-36.10) 25 0.3

747.6 Other anomalies of peripheral vascular system <5 1.3 3.82  (0.52-27.97) 32 0.3

749-751 GASTRO-INTESTINAL DEFECTS 5 6.5 1.15  (0.48-2.78) 534 5.6

750 Other congenital anomaly of upper alimentary tract <5 1.3 0.74  (0.10-5.29) 165 1.7

750.5 Congenital hypertrophic pyloric stenosis <5 1.3 0.97  (0.14-6.94) 126 1.3

752-753 URO-GENITAL DEFECTS 8 10.3 0.74  (0.37-1.49) 1,314 13.9

752 Congenital anomaly of genital organs <5 3.9 0.44  (0.14-1.37) 830 8.8

752.8 Other specified anomalies of genital organs <5 2.6 1.24  (0.31-5.02) 200 2.1

753 Congenital anomaly of urinary system 5 6.5 1.19  (0.49-2.87) 515 5.4

753.44 Vesico-ureteric reflux 5 6.5 3.11  (1.28-7.58) 197 2.1

754-756 MUSCULO-SKELETAL DEFECTS 9 11.6 1.04  (0.54-2.02) 1,052 11.1

754 Certain congenital musculoskeletal deformities <5 5.2 0.70  (0.26-1.86) 700 7.4

754.5 Talipes <5 2.6 1.32  (0.33-5.33) 185 2.0

755 Other congenital anomaly of limbs <5 2.6 2.02  (0.50-8.18) 121 1.3

755.6 Other anomalies of lower limb, incl pelvic girdle <5 2.6 9.78  (2.31-41.38) 25 0.3

Citalopram

(N=775)

All non-SSRIs

(N=94,561)
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Paroxetine 

 
 

  

Chn

(N)

rate/

1000

OR (95% CI)

ref=non-SSRIs

Chn

(N)

rate/

1000

Any birth defect 26 45.5 0.94  (0.63-1.39)  4,571 48.3

Any major birth defect 23 40.2 0.99  (0.65-1.51) 3,834 40.5

745-747 CARDIOVASCULAR DEFECTS 7 12.2 1.76  (0.83-3.73) 661 7.0

745 Bulbus cordis anomalies of cardiac septal closure <5 7.0 1.80  (0.67-4.83) 369 3.9

745.4 Ventricular septal defect <5 3.5 1.56  (0.39-6.30) 212 2.2

745.5 Ostium secundum type atrial septal defect <5 3.5 3.68  (0.90-14.99) 90 1.0

746 Other congenital anomaly of heart <5 1.7 0.69  (0.10-4.96) 238 2.5

746.0 Anomalies of pulmonary valve <5 1.7 1.74  (0.24-12.51) 95 1.0

747 Other congenital anomaly of circulatory system 5 8.7 3.62  (1.49-8.81) 230 2.4

747.0 Patent ductus arteriosus <5 1.7 1.49  (0.21-10.69) 111 1.2

adjusted for gestational age 1.28  (0.18-9.17)

747.3 Anomalies of pulmonary artery <5 5.2 19.94  (6.00-66.22) 25 0.3

747.6 Other anomalies of peripheral vascular system <5 3.5 10.37  (2.48-43.35) 32 0.3

748 RESPIRATORY SYSTEM DEFECTS <5 3.5 3.99  (0.98-16.26) 84 0.9

752-753 URO-GENITAL DEFECTS 9 15.7 1.14  (0.59-2.20) 1,314 13.9

752 Congenital anomaly of genital organs 6 10.5 1.20  (0.53-2.68) 830 8.8

753 Congenital anomaly of urinary system <5 5.2 0.96  (0.31-3.00) 515 5.4

753.1 Cystic kidney disease <5 3.5 5.35  (1.31-21.92) 62 0.7

75344 Vesico-ureteric reflux 0 0.0 197 2.1

754-756 MUSCULO-SKELETAL DEFECTS <5 5.2 0.47  (0.15-1.46) 1,052 11.1

754 Certain congenital musculoskeletal deformities <5 3.5 0.47  (0.12-1.89) 700 7.4

7545 Talipes <5 3.5 1.79  (0.44-7.23) 185 2.0

Paroxetine

(N=572)

All non-SSRIs

(N=94,561)
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Fluoxetine 

 
 
Chn: Children; SSRI: selective serotonin reuptake inhibitor; OR: odds ratio; CI: confidence interval 

Chn

(N)

rate/

1000

OR (95% CI)

ref=non-SSRIs

Chn

(N)

rate/

1000

Any birth defect 19 65.3 1.35  (0.85-2.15)  4,571 48.3

Any major birth defect 15 51.5 1.29  (0.77-2.17) 3,834 40.5

745-747 CARDIOVASCULAR DEFECTS <5 13.7 1.98  (0.74-5.34) 661 7.0

745 Bulbus cordis anomalies of cardiac septal closure <5 6.9 1.77  (0.44-7.12) 369 3.9

745.4 Ventricular septal defect <5 3.4 1.53  (0.21-10.98) 212 2.2

745.5 Ostium secundum type atrial septal defect <5 3.4 3.62  (0.50-26.06) 90 1.0

746 Other congenital anomaly of heart <5 6.9 2.74  (0.68-11.08) 238 2.5

746.0 Anomalies of pulmonary valve <5 3.4 3.43  (0.48-24.68) 95 1.0

746.7 Hypoplastic left heart syndrome <5 3.4 5.26  (0.73-38.03) 62 0.7

747 Other congenital anomaly of circulatory system <5 10.3 4.27  (1.36-13.42) 230 2.4

747.0 Patent ductus arteriosus <5 6.9 5.89  (1.45-23.95) 111 1.2

adjusted for gestational age 4.92  (1.20-20.09)

749-751 GASTRO-INTESTINAL DEFECTS 5 17.2 3.10  (1.27-7.52) 534 5.6

750 Other congenital anomaly of upper alimentary tract <5 6.9 3.96  (0.98-16.04) 165 1.7

750.5 Congenital hypertrophic pyloric stenosis <5 6.9 5.19  (1.28-21.07) 126 1.3

752-753 URO-GENITAL DEFECTS 5 17.2 1.24  (0.51-3.01) 1,314 13.9

752 Congenital anomaly of genital organs <5 10.3 1.18  (0.38-3.68) 830 8.8

752.6 Hypospadias and epispadias <5 10.3 2.78  (0.88-8.75) 370 3.9

753 Congenital anomaly of urinary system <5 6.9 1.26  (0.31-5.09) 349 3.7

753.1 Cystic kidney disease 0 0.0 62 0.7

753.44 Vesico-ureteric reflux <5 3.4 1.65  (0.23-11.82) 197 2.1

754-756 MUSCULO-SKELETAL DEFECTS <5 10.3 0.92  (0.30-2.89) 1,052 11.1

755 Other congenital anomaly of limbs <5 6.9 5.40  (1.33-21.95) 121 1.3

755.6 Other anomalies of lower limb, incl pelvic girdle <5 3.4 13.04  (1.76-96.56) 25 0.3

Fluoxetine

(N=291)

All non-SSRIs

(N=94,561)
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 Developing the methodology further: early CHAPTER 6:  
morbidity and mortality following in utero 
exposure to SSRIs 

 

6.1   Preamble 

The results of this study have been accepted for publication. Details in the methods 

section of this chapter that have already been presented in Chapter 3 have been 

omitted to minimise duplication. The chapter is otherwise a reproduction of the 

accepted paper. 

 

6.2   Introduction 

The highest rates for depression occur in women between the ages of 25 and 44 

years,302 and these years account for the majority of the child-bearing period. The 

largest, and most recent, survey of pregnant women in Australia found approximately 

9% of the women surveyed fulfilled the diagnostic criteria for depression.303 A study of 

women with a prior history of major depression found that those who discontinued 

antidepressant treatment were five times more likely to relapse during pregnancy than 

those who continued treatment during pregnancy.266 The part played by the 

underlying depression in the mother in relation to neonatal outcomes is not clear. 

Studies by Field et al. considered relationships between prenatal depression and 

decreased fetal growth and between cortisol and shorter gestation but did not 

distinguish between mothers taking antidepressants and those that did not.304,305 

 

Selective serotonin reuptake inhibitors (SSRIs) are used in the treatment of depression 

and in anxiety disorders such as panic disorder, as well as chronic pain. Studies have 

shown that SSRIs readily cross the placenta,257 are present in amniotic fluid306 and 

newborns may experience withdrawal-like symptoms after birth.307,308 A review by 

Belik found the available information related to the clinical symptoms of infants 

exposed to SSRIs in utero is limited to small cohort studies, case reports and to 

international collaborative programs that monitor adverse reactions to drugs, such as 

the Federal Drug Administration and the World Health Organization Collaborating 
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Centre for International Drug Monitoring.309 There have been some follow up studies 

of the children exposed to SSRIs in utero. A review of neurodevelopmental outcomes 

by Gentile310 found there were very few longitudinal studies of children exposed in 

utero to antidepressants. Another review of late pregnancy exposure to 

antidepressants found a constellation of recurrent symptoms in the first days of life in 

the newborns and suggested a syndrome, ‘Prenatal Antidepressant-Exposure 

Syndrome,’ is used.311 

 

Early hospital admissions, particularly after the birth admission, in children exposed to 

SSRIs in utero have not been investigated. We have previously reported the dispensing 

patterns, pregnancy and birth outcomes of women dispensed an SSRI during their 

pregnancy in a population-based study relating to all pregnancy events in WA from 

2002 to 2005 (N=96,968 pregnancies resulting in a birth).184 There were 3,703 women 

(3,764 children) dispensed an SSRI during their pregnancy. 42.3% of these women 

were dispensed an SSRI in each trimester, 75.4% of the women were dispensed an SSRI 

in consecutive trimesters, and 97.6% of the women used the same SSRI throughout the 

first trimester without switching. However, we did not report the effects of SSRI by 

trimester of exposure, nor outcomes for the child beyond birth. 

  

Using data linkage of population-based data, we have now investigated the early 

hospital admissions and mortality for the children of these women and compare 

hospitalisation and mortality rates for all other children whose mother was not 

dispensed an SSRI. 

 

6.3   Methods 

During 2002-2005 there were six generic medicines listed on the PBS that fell under 

the category of SSRI (citalopram hydrobromide, escitalopram oxalate, fluoxetine 

hydrochloride, fluvoxamine maleate, paroxetine hydrochloride and sertraline 

hydrochloride). SSRIs are only available in Australia on the PBS as a ‘Restricted Benefit’ 

for major depressive disorders, obsessive-compulsive disorder (fluoxetine, 

fluvoxamine, paroxetine, sertraline), or panic disorder (paroxetine, sertraline)152 and 

are not available over the counter. 
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As hospital admission data were available from 2002-2006, admissions were analysed 

for all children to the age of one year, and to two years for those children born 2002-

2004. 

 

An additional 20 comorbidities may be coded using ICD-10-AM for each admission. 

According to the HMDS coding guide that was current during the study,312 additional 

diagnoses are only coded if they have the following characteristics: 

• require therapeutic treatment; 

• require performance of a diagnostic procedure; 

• increase nursing care and/or monitoring; or, 

• these may extend the length of stay in hospital. 

 

The Midwives’ Notification System was used to determine stillbirths. The WA Registry 

of Deaths provided the date of death for all deaths. 

 

Comparisons were made between the children of women dispensed an SSRI, with 

those not dispensed an SSRI at any time during their pregnancy. ORs with 95% CI were 

calculated to assess the strength of association of the child characteristics, admission 

rates and LOS. Stepwise regression using the SAS procedure, PROC LOGISTIC, was used 

to adjust ORs.187 T-tests were used to compare means where appropriate. Some 

comparisons were made using just the term births to discount the effects of preterm 

birth. The infant mortality rate (deaths to age one year in live births) in Australia for 

the period 2000-2005 was 4.959 per 1,000 live births.313 There were 3,738 live births in 

the SSRI group. Our study had 88% power to detect 9 per 1,000 live births.314 

 

6.4   Results 

From 2002 to 2005 in WA there were 96,698 pregnancies resulting in the birth of 

98,325 infants. There were 16,294 dispenses of an SSRI.  
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6.4.1   Characteristics of the children and their birth outcomes, by trimester of 

exposure 

There were 3,764 children born to 3,703 (3.8% of all pregnancies in WA, 2002-2005) 

women who had been dispensed an SSRI during their pregnancy, and 94,561 children 

born to 92,995 women who had not been dispensed an SSRI during pregnancy. The 

characteristics of the women and children are reported in Table 6-1 showing the 

differences between women dispensed an SSRI in trimester 1 (T1, N=2,654), or those 

dispensed an SSRI in trimester 2 or 3 only (T2 or T3, N=1,049), and all other women. 

The mean number of dispenses per pregnancy was 2.2 in T1 and 4.4 for any time in 

pregnancy. An APGAR score at 5 mins of less than 6 was more likely in children of 

women dispensed an SSRI in T1 (1.8; 95% CI 1.4-2.3) than those dispensed only in T2 or 

T3 (1.2; 0.8-2.0) when compared with the non-SSRI group. Preterm birth was also more 

likely in the T1 group (aOR 1.6; 95% CI 1.3-1.9) than those in T2 or T3 only (aOR 1.3; 

95% CI 1.0-1.7), after adjusting for a previous preterm birth, smoking, SEIFA, parity, 

maternal age, and considering only singletons. When the risk of a birth weight less 

than 2500 g was adjusted for GA, whether the mother smoked during her pregnancy, 

SEIFA, sex, parity and maternal height, dispenses in T2 or T3 only remained significant 

(aOR 1.5; 95% CI 1.1-2.0). 

6.4.2   Death in the first year of life 

For the live born children, 0.9% of the children in the SSRI group had died before the 

age of 1 year compared with 0.5% of the non-SSRI group (1.8; 1.3-2.6):Table 6-2.The 

mean age at death in the first year was 7.2 weeks for the children in the SSRI group 

and 5.9 weeks for the non-SSRI group. There was no increased risk of stillbirth (1.1; 

0.7-1.6). There were no differences between the children with a major birth defect, 

males or the preterm births to adequately describe this higher mortality risk. The 

codes used to describe the deaths were reviewed. ‘P01 fetus and newborn affected by 

maternal complications of pregnancy’ and ‘P07 disorders related to short gestation 

and low birth weight, not elsewhere classified’ were the most common codes used in 

the deaths of the children in the SSRI group.  
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Death rates in the first year of life in children live born were greater for each individual 

SSRI as well as overall: Table 6-2. Although the number of deaths is very small, a 

statistically significant increased risk was seen in the children of mothers dispensed 

paroxetine (2.2; 1.0-4.6), escitalopram (3.5; 1.3-9.5) and fluvoxamine (4.5; 1.4-14.2). 

Two of the three children in the fluvoxamine group had mothers also dispensed 

escitalopram (N=1) and citalopram (N=1). There were no deaths in the SSRI group 

during the second year of life. 

6.4.3    Admissions in the first two years of life 

A summary of the admissions for birth, intensive care units (ICU) and non-birth 

admissions is presented in Table 6-3. The mean LOS for the birth admission was 

significantly longer in the children in the SSRI group (5.2 vs. 4.9 days; t-test: 0.0071); 

there were no other significantly different LOS between the two groups. The children 

in the SSRI group were also at a greater risk of a non-birth admission or an ICU 

admission (ranging from 31% to 48% increased risk) during the first two years of life. 

Birth admissions 

Excluding the regular admission coded for a birth (‘Z38 live born infants according to 

place of birth’), the 10 most common diagnoses recorded on the birth admissions for 

term births of children in the SSRI group are presented in Table 6-4. The most common 

diagnosis recorded was “Z03 medical observation and evaluation for suspected 

diseases and conditions” (1.6; 1.4-1.7). The next most common diagnosis recorded was 

“P22 respiratory distress of newborn” (1.7; 1.5-2.0) for 7.8% of all children in the SSRI 

group vs. 4.7% of all other children. This is often seen in infants delivered by Caesarean 

section, however after adjusting for the type of delivery there was still an increased 

risk (1.7; 1.5-2.0). This was not seen in the preterm births. Respiratory and 

cardiovascular disorders specific to the perinatal period (P20-P29) accounted for 13.8% 

of the diagnoses reported on the birth admission for term births in the SSRI group (1.8; 

1.6-2.0) vs. 8.2% in the other children. The admissions, ‘P29.3 persistent fetal 

circulation, delayed closure of ductus arteriosus, pulmonary hypertension of newborn 

(persistent)’ comprised 0.2% (N=8) of children in the SSRI group and 0.1% (N=86) of 

non-SSRI group children’s term birth admissions (2.4; 1.2-5.0). After adjusting for 
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Caesarean delivery, the risk of a child in the SSRI group born at term with a diagnosis 

code of P29.3 being assigned remained at 2.4; 1.2-5.0. 

 

The diagnosis for term births with the greatest risk seen in the children in the SSRI 

group was ‘P96 other conditions originating in the perinatal period’ (3.9; 3.3-4.6). 

These codes were ‘P96.1 neonatal withdrawal symptoms from maternal use of drugs 

of addiction’ (5.1; 3.6-7.2), ‘P96.2 withdrawal symptoms from therapeutic use of drugs 

in newborn’ (26.2; 9.8-69.7), and ‘P96.8 other specified conditions originating in the 

perinatal period’ (3.4; 2.8-4.2). 

Non-birth admissions up to 2 years 

Children born to a mother dispensed an SSRI during her pregnancy were more likely to 

be admitted to an ICU during the first year of life (1.4; 1.3-1.6) and also in the second 

year of life (1.3; 1.1-1.6): Table 6-3. There was no difference in the LOS in ICU. Before 

the age of one year, 32.8% of the children in the SSRI group were admitted to hospital 

after the birth admission, compared with 24.8% of the non-SSRI group (1.5; 1.4-1.6). 

The most common principal diagnosis was “J21 acute bronchiolitis” (1.6; 1.3-1.8) for 

5.9% of all children in the SSRI group vs. 3.8% of all other children (Table 6-5) and this 

remained a higher risk when analysing just the non-smokers (1.7; 1.4-2.0). The risk of 

admission was greater in the SSRI group for eight of the ten most common diagnoses. 

The admissions were also analysed separately for children of mothers who had 

smoked or not smoked during the pregnancy as 28.6% of the mothers in the SSRI 

group had smoked during their pregnancy compared with 17.2% of the other mothers. 

Within the non-smoking group of mothers, the risk of admission increased for all of the 

10 most common diagnoses and was statistically significant for seven out of the ten 

most common diagnoses in the children of the women in the SSRI group. In the 

smoking group, the risk of admission remained statistically significantly greater for 

three of the ten diagnoses. 

Additional diagnoses in non-birth admissions up to 2 years 

Additional diagnoses were recorded on 53.1% of the non-birth admission records for 

the children in the SSRI group compared with 49.7% of the records for the non-SSRI 

group (1.2: 1.0-1.3): Table 6-6. The most common diagnosis recorded for both groups 
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of children was ‘E86 volume depletion’ (1.3; 1.1-1.7). ‘E83 disorders of mineral 

metabolism’ was the diagnosis recorded with the greatest risk of admission in the 

children in the SSRI group (6.2; 2.3-16.5). ‘H65 nonsuppurative otitis media’ was also 

an increased risk for the children in the SSRI group (1.8; 1.3-2.4). 

 

6.5   Discussion 

Antidepressants are dispensed to a large number of pregnant women and we have 

previously published data on the dispensing patterns and the characteristics of the WA 

women dispensed an SSRI during their pregnancy (N=3,703; 3.8% of pregnancies 

resulting in a birth).184 It is important to have follow-up information on the 

developmental wellbeing of the children exposed to SSRIs in utero. This is the first 

population-based study in Australia to examine the early hospital admissions of the 

children born to women dispensed an SSRI during their pregnancy. In this cohort, an 

SSRI was dispensed to 3,703 (3.8%) pregnant women with 3,764 children in utero. It is 

also one of the largest studies of pregnant women using SSRIs to follow the children 

through to two years of age to investigate morbidity and mortality. 

 

Our study shows that children born to women dispensed an SSRI during their 

pregnancy were still more likely to be born preterm after adjusting for any previous 

preterm births, whether the mother smoked during her pregnancy, SEIFA, parity, and 

maternal age. Their mean birth weight was 100 g less than the mean weight of the 

other children. Following the birth admission and before the age of two years, the 

children in the SSRI group were more likely to be admitted for bronchiolitis which 

remained a significant risk for admission after stratifying by whether the mother 

smoked during her pregnancy. The mothers who smoked during their pregnancy 

probably continued to smoke around their child in the home. However, the mothers 

who didn’t smoke during their pregnancy had a higher risk of their child being 

admitted for bronchiolitis than the mothers who did smoke (1.7; 1.4-2.0 vs. 1.1; 0.8-

1.5) when compared with the non-SSRI mothers. The next more likely admission was 

for ‘persons encountering health services in other circumstances’ – a category usually 

assigned when a healthy child is admitted due to family circumstances. These 
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admissions may be related to the underlying depressive condition of the mother and 

her ability to cope with a newborn. 

  

The main limitation of using dispensing data relates to whether the medicine was 

consumed, or consumed as directed, and we have no information in this study for 

either of these aspects of use. It is not known whether the mother actually ingested 

the medicine but by reviewing the repeat dispensings of SSRIs throughout the 

trimesters of pregnancy, adherence to the medicines may be inferred. 75.4% of the 

women were dispensed an SSRI in at least two consecutive trimesters, from T0 to 

T3,184 and this would indicate the women are using the SSRIs as each dispensing costs 

from $3.60 to $31.30 per medicine. The mean number of dispenses was 2.2 in T1 and 

4.4 overall. If the depression per se is the reason for the increased risks and women 

with depression are not treated with SSRIs or treated with non-SSRI medicines, the 

effects observed in our study would be understated as those women would be in the 

non-SSRI group. Whilst the study is based upon births in WA from 2002-2005, the SSRI 

medications analysed are still the most commonly prescribed SSRIs to pregnant 

women. Although the use of administrative data may not provide a complete picture 

of the factors associated with the use of medications in pregnancy, the approach 

provides a rich source of information on pregnancy outcomes in large populations. 

  

A review of perinatal depression concluded that, although limited, the available 

research suggests that depression is one of the most common perinatal 

complications.250 Since 2006, the American College of Obstetricians and Gynecologists 

has recommended screening for depression during each trimester of pregnancy.315 The 

first Australian Clinical Practice Guidelines surrounding the detection, management 

and treatment of perinatal mental health disorders were established in 2011.316 

Australian studies have also highlighted the need for screening pregnant women.317,318  

 

The risks of allowing a depressive episode to remain untreated may be far greater than 

those associated with antidepressant treatment.266 Depression may increase the risk of 

self-injurious or suicidal behaviours in the mother but also may contribute to 

inadequate self-care and poor compliance with prenatal care.319 Women with 

depression often present with decreased appetite and consequently lower-than-
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expected weight gain in pregnancy, factors that have been associated with negative 

pregnancy outcomes.319,320 In addition, persons with a major depressive disorder are 

twice as likely to smoke as other persons321-323 and to use either alcohol or illicit 

drugs,320 behaviours that further increase risk to the fetus.324 Although it has been 

difficult to assess the impact of antenatal depression on fetal development and 

neonatal well-being in humans, several studies have found an association between 

maternal depression and factors that predict poor neonatal outcome, including 

preterm birth, lower birth weight, smaller head circumference, and lower APGAR 

scores.324-330 A recent study by Ponder et al. found that maternal depression/anxiety 

affected a particular gene expression in the placenta suggesting a possible mechanism 

for the effects of maternal mood on fetal neurodevelopmental programming.331 

Studies have shown that SSRIs readily cross the placenta,257 are present in amniotic 

fluid306 and newborns may experience withdrawal-like symptoms after birth.307,308 

  

The FDA have issued a Drug Safety Communication (14 December 2011) related to the 

use of SSRIs during pregnancy and the potential risk of a rare heart and lung condition 

known as persistent pulmonary hypertension of the newborn (PPHN).332 The initial 

Public Health Advisory in July 2006 on this potential risk was based on a single 

published study.268 Since then, there have been conflicting findings from new studies 

evaluating this potential risk, making it unclear whether use of SSRIs during pregnancy 

can cause PPHN. Two studies suggest an increased risk for PPHN with SSRI use in 

pregnancy268,333 and three studies reported no increase in risk of PPHN.334-336 The FDA 

has reviewed the additional new study results and has concluded that, given the 

conflicting results from different studies, it is premature to reach any conclusion about 

a possible link between SSRI use in pregnancy and PPHN. It was noted by the FDA 

communication that PPHN typically presents in term or late-preterm births, and that 

caesarean delivery was a potentially important factor. These admissions would most 

likely have been coded in our data as ‘P29.3 persistent fetal circulation, delayed 

closure of ductus arteriosus, pulmonary hypertension of newborn (persistent).’ In term 

births, our study had 8 children in the SSRI group and 86 in the non-SSRI group with 

this as the principal diagnosis or as an additional diagnosis recorded on their birth 

admission (2.4; 1.2-5.0). After adjusting for Caesarean delivery, the risk did not change. 

A very large population-based study in five Nordic countries of births from 1996 to 
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2007 has been published since the FDA communication. They reported 33 children in 

the SSRI group with PPHN with an unadjusted OR of 2.5; 95% CI 1.8-3.6.337 The 

absolute risk of PPHN is still low, and the P29.3 code also includes PDA. 

 

Separating the effects of SSRI treatment from the effects of the depression alone in 

the mothers is an area for further research. The main limitation of this study is that we 

can only use the dispensing of an SSRI as a marker for depression and anxiety in the 

mother. 

 

Assessing the impact of antenatal depression on the fetus, as well as the mother, 

requires a balance of risks and benefits in the use of SSRIs. Clinicians may need to 

counsel their patients regarding drinking habits, smoking, weight gain, and other 

factors that are known to increase the risks of poor neonatal outcomes, especially 

those factors that increase the risk of preterm birth. 

 

We found ‘P20-P29 respiratory and cardiovascular disorders specific to the perinatal 

period’ accounted for 13.8% of the diagnoses reported on the birth admission for term 

births in the SSRI group (1.8; 1.6-2.0) with more than half of these coded as ‘P22 

respiratory distress of newborn’. We did not find a similar increase in the preterm 

births. After adjusting for Caesarean delivery, there was an increased risk of a child in 

the SSRI group born at term with a diagnosis code of P29.3 (PPHN) being assigned (2.4; 

1.2-5.0). 

 

The increased risk of death in the first year of life in the children in the SSRI group is a 

new finding (1.8; 1.3-2.6), although it is based upon very small numbers. Paroxetine 

had the highest risk of death in the live births (2.2; 1.-4.6) of the SSRIs used as 

monotherapy. The categorisation code for death, ‘P01 fetus and newborn affected by 

maternal complications of pregnancy’ did not reach statistical significance (2.1; 0.5-8.9) 

but it is interesting that this is twice as likely to be the most common code used for 

death in the SSRI group compared with the non-SSRI group. Nearly every finding of a 

risk increase, if not extremely strong, should only be regarded as a tentative signal to 

be tested in independent studies.45 Further work is needed to investigate whether 

these increased risks in mortality and morbidity are due to prenatal exposure to SSRIs, 
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to the maternal depression itself, to SSRI use being a proxy for an environmental 

exposure such as smoking, or to a combination of these factors. The dilemma for 

researchers is in designing a study that can account for these and other confounders, 

as a randomised clinical trial is not possible. In the meantime, the clinician and the 

woman herself need to balance the degree of severity of the depressive disorder and 

the risk of relapse, with the emerging safety profile of the individual SSRI. 

 



 

 

 

 

Table 6-1: Characteristics of the mothers and children, by trimester of SSRI dispenses, 2002-2005 

 

1 adjusted for previous preterm birth, smoked during pregnancy, SEIFA, parity, maternal age; singletons only 
2

  
adjusted for GA, smoked during pregnancy, SEIFA, sex, parity, maternal height; singletons only 

3 singletons only 
OR: odds ratio; POBW: proportion of optimal birth weight; SEIFA: Socio-Economic Indexes for Areas; SSRI: selective serotonin reuptake inhibitor

N % OR  (95% CI) N % OR  (95% CI) N % OR  (95% CI) N %

mothers 2,654 1,049 3,703 92,995

dispenses of an SSRI 5,892 10,402 16,294

mean dispenses of an SSRI 2.22 4.40

children 2,701 1,063 3,764 94,561

singleton births 2,607 1,035 3,642 90,339

stil lbirths 21 0.8% 1.21  (0.78-1.87) 5 0.5% 0.73  (0.30-1.75) 26 0.7% 1.07  (0.72-1.59) 612 0.6%

male 1,386 51.3% 1.00  (0.93-1.08) 534 50.2% 0.96  (0.85-1.08) 1,920 51.0% 0.99  (0.93-1.06) 48,499 51.3%

previous preterm birth 215 10.3% 1.29  (1.11-1.49) 88 10.5% 1.29  (1.11-1.49) 303 10.4% 1.29  (1.11-1.49)  5,296 8.2%

smoked during pregnancy 714 26.9% 1.83  (1.68-2.00) 315 30.0% 2.13  (1.86-2.43) 1,029 27.8% 1.91  (1.78-2.06) 15,592 16.8%

parity > 1 2,083 78.5% 1.62  (1.48-1.78) 841 80.2% 1.79  (1.53-2.08) 2,924 79.0% 1.67  (1.54-1.81) 64,520 69.4%

APGAR at 5 mins < 6 57 2.1% 1.76  (1.35-2.31) 16 1.5% 1.25  (0.76-2.05) 73 1.9% 1.62  (1.27-2.05) 1,144 1.2%

preterm birth, < 37 wks 323 12.2% 1.59  (1.41-1.79) 103 9.8% 1.24  (1.01-1.53) 426 11.5% 1.49  (1.34-1.65) 7,480 8.0%

adjusted1 1.57  (1.32-1.86) 1.28  (0.97-1.70) 1.48  (1.28-1.72)

birth weight < 2500 g 267 9.9% 1.43  (1.26-1.63) 97 9.1% 1.31  (1.06-1.62) 364 9.7% 1.40  (1.25-1.56) 6,744 7.1%

adjusted2 1.10  (0.88-1.37) 1.46  (1.06-2.02) 1.19  (0.99-1.43)

birth length <= 50 cm 1,798 66.6% 1.52  (1.40-1.65) 709 66.7% 1.53  (1.34-1.74) 2,507 66.6% 1.52  (1.42-1.63) 53,770 56.9%

POBW3 < 1.0 1,455 55.8% 1.13  (1.04-1.22) 617 59.6% 1.32  (1.16-1.49) 2,072 56.9% 1.22  (1.14-1.31) 47,751 52.9%

t-test t-test t-test

maternal age, y <0.0001 0.0005 0.0089

maternal height, cm 0.0010 0.0032 <0.0001

gestation, wks <0.0001 <0.0001 <0.0001

birth weight, g <0.0001 <0.0001 <0.0001

birth length, cm <0.0001 <0.0001 <0.0001

POBW <0.0001 <0.0001 <0.0001

SEIFA <0.0001 <0.0001 <0.0001

APGAR at 5 mins <0.0001 <0.0001 <0.00018.81 8.88 8.83 9.06

0.99 0.98 0.98 1.00

989.9 980.7 987.3 997.9

3,233 3,238 3,234 3,333

49.0 49.3 49.1 49.8

165.1 165.3 165.1 164.6

38.2 38.4 38.2 38.6

mean mean mean mean

30.5 29.3 30.2 29.9

Trimester 1 Trimester 2 or 3 only Any time during pregnancy non-SSRIs
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Table 6-2: Deaths before 1 year of age for children born to women dispensed an 
SSRI during pregnancy, 2002-2005 

 

 
 
* t-test < 0.05 
1 stillbirth: mother dispensed paroxetine and sertraline 
1 live birth: mother dispensed escitalopram and fluvoxamine; mother dispensed citalopram and 

fluvoxamine 
GA: gestational age; NEC: not elsewhere classified; OR: odds ratio;  
SSRI: selective serotonin reuptake inhibitor 

 

  

N %

Mean 

age at 

death, 

wks

Mean 

GA, wks N %

Mean 

age at 

death, 

wks

Mean 

GA, wks OR  (95% CI)

Death before 1 year 58 1.5% 30.4 1,058 1.1% 29.1 1.38  (1.06-1.81)

citalopram 14 1.2% 28.8 1.08  (0.64-1.84)

paroxetine 11 1.6% 32.2 1.44  (0.79-2.63)

sertraline 22 1.6% 30.7 1.45  (0.95-2.22)

fluoxetine 6 1.6% 30.2 1.45  (0.65-3.26)

escitalopram 5 2.0% 31.6 1.85  (0.76-4.49)

fluvoxamine < 5 2.1% 37.5 1.89  (0.60-5.95)

Stillbirths 26 0.7% 29.8 612 0.6% 27.6 1.07  (0.72-1.58)

citalopram 7 0.6% 27.9 0.93  (0.44-1.97)

paroxetine < 5 0.6% 30.0 0.90  (0.34-2.42)

sertraline 13 1.0% 31.1 1.48  (0.85-2.57)

fluoxetine < 5 0.5% 37.0 0.83  (0.21-3.35)

escitalopram < 5 0.4% 21.0 0.63  (0.09-4.51)

fluvoxamine 0 0.0%

Male 13 50.0% 33.3 326 53.3% 27.0 0.88  (0.40-1.92)

Preterm 18 69.2% 25.8 493 80.6% 24.9 0.54  (0.23-1.28)

Any major birth defect 8 30.8% 23.8 182 29.7% 24.4 1.05  (0.45-2.46)

Live births 32 0.9% 7.2 30.9 446 0.5% 5.9 31.1 1.81  (1.26-2.60)

citalopram 7 0.6% 1.7 29.7 1.28  (0.61-2.72)

paroxetine 7 1.0% 8.1 33.4 2.18  (1.03-4.61)

sertraline 9 0.7% 3.6 30.2 1.40  (0.72-2.72)

fluoxetine < 5 1.1% 5.2 26.8 2.30  (0.85-6.19)

escitalopram < 5 1.6% 0.2 34.3 3.52  (1.30-9.49)

fluvoxamine < 5 2.1% 6.5 37.5 4.52  (1.44-14.24)

Male 18 56.3% 8.9 29.6 238 53.4% 6.0 30.6 1.12  (0.55-2.31)

Preterm 20 62.5% 7.3 * 26.7 274 61.4% 2.8 26.2 1.05  (0.50-2.19)

Any major birth defect 6 18.8% 2.6 28.3 138 30.9% 6.7 32.3 0.52  (0.21-1.28)

Most common cause of death codes:

P01  Fetus and newborn affected by maternal 

complications of pregnancy < 5 0.1% 24 0.0% 2.10  (0.49-8.87)

P07  Disorders related to short gestation and 

low birth weight, NEC < 5 0.1% 14 0.0% 7.19  (2.36-21.85)

SSRIs

N=3,764

non-SSRIs

N=94,561



 

122 
 

Table 6-3: Admissions before 2 years for children born to women dispensed an 
SSRI during pregnancy, 2002-2005 

 

 
 
ICU: intensive care unit; LOS: lengths of stay; OR: odds ratio; SSRI: selective serotonin reuptake inhibitor 

  

Chn

N

Chn

adm

%

Admission

OR  (95% CI)

Mean 

LOS

(days)

Pooled

Pr > |t|

Median

LOS

(days)

Chn

N

Chn

adm

%

Mean 

LOS

(days)

Median

LOS

(days)

children born 2002-2005 3,764 94,561

admissions <= 1 year

birth admissions 3,707 98.5% 0.82  (0.63-1.07) 5.2 0.0071 4.0 93,384 98.8% 4.9 4.0

non-birth admissions 1,226 32.8% 1.48  (1.38-1.58) 2.9 0.6612 2.0 23,327 24.8% 3.0 1.0

ICU admissions 438 11.6% 1.40  (1.26-1.55) 13.2 0.3597 7.0 8,125 8.6% 14.2 7.0

non-birth ICU admissions 130 3.5% 1.40  (1.17-1.68) 8.0 0.2616 2,356 2.5% 10.6

children born 2002-2004 2,818 69,636

alive at 1 year 2,783 68,874

admissions 1-2 years

admissions 532 19.1% 1.37  (1.25-1.51) 1.7 0.6283 1.0 10,106 14.7% 1.8 1.0

ICU admissions 113 4.1% 1.31  (1.08-1.59) 8.3 0.6049 5.0 2,152 3.1% 9.6 3.0

SSRIs non-SSRIs
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Table 6-4: Leading 10 diagnosis codes of term birth admissions for children in the 
SSRI group, by number of children admitted 

 

 
 
OR: odds ratio; SSRI: selective serotonin reuptake inhibitor

N % N %

Diagnosis codes

Z03 Medical observation and evaluation for suspected diseases and conditions 430 13.0% 7,540 8.8% 1.56  (1.41-1.73)

P22  Respiratory distress of newborn 255 7.7% 3,986 4.6% 1.73  (1.51-1.97)

adjusted for Caesarean delivery 1.71  (1.50-1.96)

P92 Feeding problems of newborn 217 6.6% 4,881 5.7% 1.17  (1.02-1.35)

Z29 Need for other prophylactic measures 162 4.9% 2,985 3.5% 1.44  (1.22-1.69)

P96 Other conditions originating in the perinatal period 157 4.8% 1,086 1.3% 3.91  (3.30-4.65)

P39 Other infections specific to the perinatal period 151 4.6% 3,668 4.3% 1.08  (0.91-1.27)

P28 Other respiratory conditions originating in the perinatal period 147 4.5% 2,099 2.4% 1.87  (1.57-2.22)

P59 Neonatal jaundice from other and unspecified causes 139 4.2% 4,604 5.3% 0.78  (0.66-0.93)

P05 Slow fetal growth and fetal malnutrition 78 2.4% 1,356 1.6% 1.51  (1.20-1.91)

P70 Transitory disorders of carbohydrate metabolism specific to fetus and newborn 78 2.4% 1,322 1.5% 1.55  (1.23-1.96)

P20-P29 Respiratory and cardiovascular disorders specific to the perinatal period 455 13.8% 7,049 8.2% 1.80  (1.62-1.99)

adjusted for Caesarean delivery 1.79  (1.62-1.99)

P20 Intrauterine hypoxia 17 0.5% 294 0.3% 1.51  (0.93-2.47)

P21 Birth asphyxia 32 1.0% 382 0.4% 2.20  (1.53-3.16)

P22 Respiratory distress of newborn 255 7.7% 3,986 4.6% 1.73  (1.51-1.97)

P24 Neonatal aspiration syndromes 15 0.5% 228 0.3% 1.72  (1.02-2.91)

P25 Air leak syndrome originating in the perinatal period 6 0.2% 134 0.2% 1.17  (0.52-2.65)

P28 Other respiratory conditions originating in the perinatal period 147 4.5% 2,099 2.4% 1.87  (1.57-2.22)

P29 Cardiovascular disorders originating in the perinatal period 47 1.4% 652 0.8% 1.90  (1.41-2.55)

adjusted for Caesarean delivery 1.89  (1.40-2.54)

P29.3 Persistent fetal circulation 8 0.2% 86 0.1% 2.43  (1.18-5.03)

adjusted for Caesarean delivery 2.42  (1.17-4.99)

P96 Other conditions originating in the perinatal period 157 4.8% 1,086 1.3% 3.91  (3.30-4.65)

P96.1 Neonatal withdrawal symptoms from maternal use of drugs of addiction 40 1.2% 206 0.2% 5.12  (3.64-7.20)

P96.2 Withdrawal symptoms from therapeutic use of drugs in newborn 8 0.2% 8 0.0% 26.18  (9.82-69.80)

P96.8 Other specified conditions originating in the perinatal period 108 3.3% 837 1.0% 3.45  (2.82-4.23)

SSRIs

N=3,297

non-SSRIs

N=86,110 OR  (95% CI)



 

 
 

Table 6-5: Leading 10 principal diagnosis codes for children in the SSRI group and born at term, non-birth admissions to 2 
years, by number of children admitted, and whether the mother smoked during her pregnancy 

  

 
 
OR: odds ratio; SSRI: selective serotonin reuptake inhibitor

Admission

mother

non-smoker

during pregnancy

mother

smoked

during pregnancy

N % N % OR  (95% CI) OR  (95% CI) OR  (95% CI)

Children live born 2002-2204 2,797 69,125

mother smoked during pregnancy 800 28.6% 11,900 17.2%

Children with a non-birth admission <= 2 years 1,200 42.9% 23,576 34.1% 1.45  (1.34-1.57) 1.44  (1.31-1.58) 1.35  (1.17-1.56)

mother smoked during pregnancy 369 46.1% 4,619 38.8% 1.35  (1.17-1.56)

non-smokers 831 41.6% 18,957 33.1% 1.44  (1.31-1.58)

Principal Diagnosis

J21 Acute bronchiolitis 164 5.9% 2,645 3.8% 1.57  (1.33-1.84) 1.67  (1.37-2.04) 1.11  (0.84-1.46)

Z76 Persons encountering health services in other circumstances 150 5.4% 2,490 3.6% 1.52  (1.28-1.80) 1.59  (1.30-1.94) 1.20  (0.88-1.64)

G47 Sleep disorders 95 3.4% 1,527 2.2% 1.56  (1.26-1.92) 1.64  (1.30-2.07) 1.92  (1.14-3.25)

H65 Nonsuppurative otitis media 84 3.0% 1,276 1.8% 1.65  (1.32-2.06) 1.67  (1.30-2.16) 1.92  (1.18-3.11)

J06 Acute upper respiratory infections of multiple and unspecified sites 73 2.6% 1,332 1.9% 1.36  (1.07-1.73) 1.45  (1.08-1.93) 1.01  (0.66-1.54)

R68 Other general symptoms and signs 64 2.3% 945 1.4% 1.69  (1.31-2.18) 1.83  (1.39-2.41) 1.87  (0.93-3.75)

A09 Diarrhoea and gastroenteritis of presumed infectious origin 61 2.2% 1,341 1.9% 1.13  (0.87-1.46) 1.24  (0.91-1.70) 0.76  (0.48-1.22)

B34 Viral infection of unspecified site 59 2.1% 1,127 1.6% 1.30  (1.00-1.69) 1.29  (0.94-1.77) 1.22  (0.76-1.96)

P07 Disorders related to short gestation and low birth weight, not elsewhere classified 59 2.1% 851 1.2% 1.73  (1.32-2.26) 1.37  (0.96-1.97) 2.26  (1.50-3.41)

A08 Viral and other specified intestinal infections 48 1.7% 805 1.2% 1.48  (1.10-1.99) 1.50  (1.06-2.14) 1.30  (0.76-2.22)

SSRIs

N=2,797

non-SSRIs

N=69,125
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Table 6-6: Leading 10 additional diagnosis codes for non-birth admissions to 2 
years, by number of children admitted 

 

 
 
OR: odds ratio; SSRI: selective serotonin reuptake inhibitor 

Admission

N % N % OR  (95% CI)

Children with a non-birth admission <= 2 years 1,200 42.9% 23,576 34.1% 1.45  (1.34-1.57)

Children with an additional diagnosis recorded 637 53.1% 11,711 49.7% 1.15  (1.02-1.29)

E86 Volume depletion 83 3.0% 1,555 2.2% 1.33  (1.06-1.66)

B96 Other bacterial agents as the cause of diseases classified to other chapters 59 2.1% 1,000 1.4% 1.47  (1.13-1.91)

J06 Acute upper respiratory infections of multiple and unspecified sites 46 1.6% 787 1.1% 1.45  (1.08-1.96)

P07 Disorders related to short gestation and low birth weight, not elsewhere classified46 1.6% 703 1.0% 1.63  (1.20-2.20)

R63 Symptoms and signs concerning food and fluid intake 43 1.5% 803 1.2% 1.33  (0.98-1.81)

H66 Suppurative and unspecified otitis media 43 1.5% 596 0.9% 1.80  (1.31-2.45)

K21 Gastro-oesophageal reflux disease 41 1.5% 642 0.9% 1.59  (1.15-2.18)

R68 Other general symptoms and signs 40 1.4% 680 1.0% 1.46  (1.06-2.01)

P92 Feeding problems of newborn 39 1.4% 612 0.9% 1.58  (1.14-2.19)

B95 Streptococcus and staphylococcus as the cause of diseases classified to other chapters38 1.4% 632 0.9% 1.49  (1.07-2.08)

SSRIs

N=2,797

non-SSRIs

N=69,125
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 Discussion and conclusions CHAPTER 7:  

 

7.1   Discussion 

There is an urgent need for increased medicines surveillance in Australia. The effects of 

new medicines on vulnerable subgroups of the population such as pregnant women 

and children are mostly unknown due to a lack of clinical trial data before the 

postmarketing phase of drug development. During the 12 months to June 2011, there 

were 21 new medicines listed on the PBS.338 Of these, 10 were in risk categories D or X 

for use in pregnancy. Three were from category B3 - studies in animals have shown 

evidence of an increased occurrence of fetal damage, the significance of which is 

considered uncertain in humans.  

 

The ultimate goal of pharmacovigilance is the rational and safe use of medicines, the 

assessment and communication of the risks and benefits of medicines on the market 

and the education of, and provision of information to, consumers about 

medicines.339,340 This study set out to determine whether the linking of the PBS data to 

the existing WA population-based datasets would provide a method of 

pharmacovigilance that would be useful in pregnancy. It is the first study in Australia to 

do this.  

 

Data linkage at a population level became viable for research purposes when the 

information systems required to store and analyse the large datasets became efficient 

and economical to use. There are a number of advantages in using linked data. Most 

importantly, data linkage allows the study of large, whole-population samples and 

extensive longitudinal research; it is relatively time- and cost-efficient; and it has 

reduced the methodological problems relating to loss-to-follow-up, recall, selection, 

response and reporting bias.341,342 This has created an “information rich” environment 

for research.343 Western Australia is fortunate in having state-based population 

datasets covering such health records as all births, deaths, midwives’ notifications, 

hospital admissions, and birth defects (notified to the age of six years). Data linkage 
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became available in Western Australia before 1980. By 1980 the midwives’ 

notifications and the registrations of all births and deaths in the state were linked. 

Hospital admissions and the cerebral palsy and birth defects registries were added in 

1984.243 This methodology has enabled a range of health related research such as 

studies of the prevalence and incidence of chronic diseases, studies of the risk factors 

associated with such illnesses, assessments of health service utilisation, and 

evaluations of the impact of clinical treatments and health service provision on health 

outcomes.134,341,344 The addition of the national dispensing data from the 

Pharmaceutical Benefits Scheme has provided the opportunity for pharmacovigilance, 

and in particular, during pregnancy. 

 

It is important that the method is able to detect adverse reactions or outcomes for 

both the fetus and the mother. It is also desirable that the safety of a new medicine for 

use in pregnancy can be determined. A review of the teratogenicity of medicines in 

pregnancy from 1980 to 2000 in the US concluded that inadequate information was 

available for pregnant women and their physicians to determine whether the benefits 

exceeded the teratogenic risks for 91.2% of the 468 medicines approved between 

1980 and 2000.52 Furthermore, it took an average of 6.0 ± 4.1 years after FDA approval 

to discover that a drug treatment was associated with a teratogenic risk in human 

pregnancy and even longer (an average of 9.1 ± 4.5 years) to determine that a 

treatment was unlikely to be associated with such risk. These timeframes are 

unacceptable. 

 

Data linkage may provide opportunities for reviewing the safe use of existing 

medicines, such as isotretinoin, a known teratogen. Investigations of polypharmacy or 

the combinations of medicines, new and old, may be done. It may also demonstrate 

the safety, or otherwise, of medicines used off-label as commonly occurs with 

paediatric patients.345,346 

  

In order to reflect upon the findings of the study, it is useful to return to the study’s 

original aims and address each one: 
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• to quantify, for the first time, the spectrum of medicines dispensed under the 

national Pharmaceutical Benefits Scheme (PBS) to pregnant women in WA 

 The first paper described the dispenses of PBS medicines to women with a 

pregnancy event from 2002 to 2005. 28.0% of the pregnancy events were 

dispensed a PBS medicine with 19.5% dispensed during the first trimester, and this 

has not been known before. In total, there were 139,366 dispenses comprising 433 

generic medicines.124 

 

• to describe PBS medicines dispensed to pregnant women in WA, in terms of 

sociodemographic characteristics of the women, trimester of pregnancy, by 

medicine classification, and by the Australian categorisation of risk of drug use in 

pregnancy 

 The mean age of the women at the end of the pregnancy event was 29.8 years 

(30.0 years for births, 30.8 years for ectopic pregnancies and 29.0 years for 

terminations). Singleton deliveries comprised 98.4% of the births, 27.5% were the 

woman’s first birth, 15.7% of the women with a birth smoked during their 

pregnancy and 4.7% were registered with a birth defect. Multiple birth pregnancies 

were 50% more likely to be dispensed a medicine in the first trimester. As parity 

increased, so did the likelihood of a pregnancy being in the exposed group, to more 

than double if it were a third pregnancy or more. Women who smoked during the 

pregnancy were twice as likely to be exposed and exposed births were 14% more 

likely to have a registered birth defect. During the first trimester, category D or X 

(of the Australian categorisation of the risk of drug use in pregnancy) represented 

7.7% of the items dispensed; 10.7% of all exposed pregnancy events; and, 2.1% of 

all pregnancy events. The most commonly dispensed items according to ATC 

anatomical categories were from the ‘nervous system’ group, with 33.6% of all 

dispenses. The most dispensed medicine during the first trimester was 

metoclopramide hydrochloride, a category A medicine commonly used for nausea 

in pregnancy. These findings were also published in the first paper.124 
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• to determine whether known or suspected teratogens dispensed during 

pregnancy can be detected when administrative records of medicines dispensed 

in pregnancy are record-linked to a birth defects registry 

 This study of the dispenses of known or suspected teratogens linked to a birth 

defects registry confirms the value of data linkage as a method for 

pharmacovigilance in pregnancy. There were 47 known or suspected teratogenic 

medicines dispensed at least once during pregnancy with 23 associated with a 

registered birth defect in the offspring of a woman dispensed the medicine. When 

the birth defect rate for each teratogenic medicine was compared with the rate for 

all other women not dispensed that medicine, most showed an increased risk. 

Medicines with the higher risks were medroxyprogesterone acetate (1.8; 1.4–2.3), 

follitropin alfa (2.5; 1.2–5.0), carbamazepine (3.1; 1.7–5.6) and enalapril maleate 

(8.1; 1.6–41.7). Despite small numbers of exposed pregnancies, many known 

associations between medicines and birth defects were identified. These findings 

were published in the second paper.217 

 

• to investigate dispensing patterns and pregnancy outcomes of women dispensed 

a specific class of medicine, selective serotonin reuptake inhibitors (SSRIs), as a 

surveillance case study 

 SSRIs were chosen as the case study for several reasons. Data from the Western 

Australian cohort of the prospective beyondblue National Postnatal Depression 

Program from 2002 to 2004 reported that 10% of pregnant women were 

considered to be in the high risk category on the Edinburgh Postnatal Depression 

Scale.347 SSRIs were the most commonly prescribed class of antidepressant in 

pregnancy during the period of this study (2002-2005). At least one of the SSRIs has 

been suspected of being teratogenic. The Australian Therapeutic Goods 

Administration announced a change in the risk category of the SSRI, paroxetine, 

from category C to D in Australia in September 200578 with similar announcements 

and warnings made in Canada, the US and many other countries. This occurred 

during the final few months of this study’s dispensing time frame.  
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The third and fourth papers published findings related to the aim of the case 

study.184,348 There were 3,764 children born to 3,703 women (3.8% all pregnancies) 

who were dispensed an SSRI during their pregnancy. 42.3% of the women were 

dispensed an SSRI in each trimester, and 97.6% of the women used the same SSRI 

throughout the first trimester without switching. Most women were dispensed the 

same SSRI throughout their pregnancy. 

 

The women who were dispensed an SSRI were more likely to give birth 

prematurely (aOR: 1.4; 1.2–1.7), to have smoked during the pregnancy (1.9; 1.8–

2.1), and have parity >1 (1.7; 1.5–1.8). The singletons were found to have a lower 

birth weight than expected when other factors were taken into account (1.2; 1.1–

1.3). There was an increased risk of major cardiovascular defects (1.6; 1.1–2.3). The 

children of women dispensed citalopram during the first trimester had an 

increased risk of vesicoureteric reflux (3.1; 1.3–7.6). 

 

Children born to women dispensed sertraline had a higher mean birth weight than 

those born to women dispensed citalopram, paroxetine, or fluoxetine. This pattern 

was also seen in birth length. We confirmed previous findings with an increased 

risk of cardiovascular defects and preterm birth. New findings requiring 

confirmation include an increased risk of vesicoureteric reflux with the use of 

citalopram. 

 

Mean birth weight, length, and APGAR score at 5 minutes were significantly lower 

in children of women dispensed an SSRI, regardless of whether the SSRI was 

dispensed in trimester 1, or, trimester 2 or 3 only. 

 

0.9% of the live born children in the SSRI group had died before the age of 1 year 

compared with 0.5% of the non-SSRI group (1.8; 1.3-2.6). This is another new 

finding, requiring confirmation in other datasets. 
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Before the age of two years, 42.9% of the children in the SSRI group had been 

admitted to hospital after their birth admission, compared with 34.1% of the non-

SSRI group (1.4; 1.3-1.6). 

 

The final aim was: 

• to determine whether linking PBS data with WA’s population-based health 

administration data such as hospital morbidity, midwives’ records, births, deaths 

and birth defects, is a useful contributor to the postmarketing surveillance and 

research of teratogenic effects and other adverse pregnancy outcomes 

 

Whilst this aim has been addressed in discussions within the published papers, I will 

bring together the various strengths and limitations of the methodology of this study 

in the context of current pharmacovigilance practices in Australia, and overseas where 

applicable. 

  

Using medicines brings benefits and risks. Although marketed medical products are 

required by law to be safe for their intended use, safety does not mean zero risk. A 

safe product is one that has acceptable risks, given the magnitude of the benefit 

expected in a specific population and within the context of alternatives available.349 

Currently, knowledge of the safety of medicines is dependent upon: (1) health 

professionals or patients who experience serious problems that they suspect are 

associated with particular medicines reporting this to the Therapeutic Goods 

Administration using a “blue card”;102 (2) case reports published in the medical 

literature; and, (3) results of postmarketing information and other clinical and 

epidemiological studies. There are several limitations to these methods – they are ad 

hoc; rare events and low to moderate increased risks in very common events may not 

be detected; and, there is no adequate national, systematic, ongoing surveillance to 

monitor the safe use of medicines in pregnancy.  
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There is a growing momentum for improving pharmacovigilance practices in Australia, 

particularly in regard to using population-based data linkage for surveillance and 

investigations. In 1985, Hurley et al. conducted a drug utilisation pilot study, linking 

PBS data with Health Insurance Commission records over a three month period. They 

concluded it was possible to link a prescription database to patient records for drug 

utilisation review, therapeutic audit and hypothesis generation.350 

 

An entire issue of the Australian and New Zealand Journal of Public Health in 1999 was 

dedicated to articles relating to population-based data linkage of health records. The 

editorial concluded, “based on research like this, a national system could produce 

performance measurements that, when benchmarked between States and Territories, 

would stimulate continuous improvement in the effectiveness, efficiency and equity of 

health care in Australia.”351 

 

An article published in the Medical Journal of Australia in 2007 by Kelman et al. stated 

that observational data related to postmarketing information for medicines is already 

available in Australia as a by-product of administrative processes.60 The authors 

recommended shifting from the existing system of postmarketing surveillance, which 

relies on piecemeal reporting of adverse events, to a more systematic approach that 

would include using existing centrally collected, administrative health care databases. 

An accompanying editorial by Stanley and Meslin also called for the use of linked data:  

“If all Australian health care data were linked to drug exposure data, this 

linkage could provide very precise estimates of the risks and benefits of 

drugs for the whole population, as well as for subgroups that are often 

excluded from RCTs, such as children, pregnant women, and people with 

multiple diseases or other risk behaviours, such as smokers. If linked data 

are routinely evaluated for outcomes associated with new drugs, adverse 

events could be detected before considerable harm is done to patients.”352 

 

An editorial in 2009 also in the Medical Journal of Australia commented, “Linkage of 

de-identified data from the Pharmaceutical Benefits Scheme and National Cancer 
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Statistics Clearing House, as well as morbidity and mortality data from the Australian 

Institute of Health and Welfare, would provide a platform for epidemiological studies 

… the years of inaction with regard to advancing this data linkage cannot be 

justified.”353 

 

In April 2011, the WHO Advisory Committee on the Safety of Medicinal Products 

discussed the possibility of making the Vigibase data more widely accessible. At 

present, data are only available to national pharmacovigilance centres. “There is a 

growing demand for transparency of patient safety data in society and such demands 

have been directed to WHO from many different groups, including representatives of 

academia, professional and general media, patients and the public.”354 

  

The third Joint Medicines Policy Conference, hosted by the Department of Health and 

Ageing and Medicines Australia in August 2011, included a session, ‘Data Linkages and 

Consumer Engagement,’ when several speakers representing the pharmaceutical 

industry, academia and consumers advocated for the use of Australia’s 

administratively collected health care data. There was a large group representing 

consumers who were quite vocal in their support. Karen Carey, a representative of the 

Consumers Health Forum of Australia, declared that ten years ago the consumer 

lobbyists were afraid of the use of health data for research and policy implementation 

as they were not sure that privacy protections were adequate. Over the past ten years, 

they have seen the significant benefits of using the population-based data for health 

research and wish to encourage the use of the data. The consumers’ current concerns 

relate to whether the data would be used to discriminate against minority groups, for 

example, in the workforce. “The potential benefits of data linkage are great, so we 

need to identify, minimise and mitigate the risk of privacy impacts.”355 

 

In 2006 the National Collaborative Research Infrastructure Strategy allocated $20m for 

population health data linkage, recognising the need to invest in national health data 

linkage infrastructure.356 The Population Health Research Network (PHRN) was 

established in 2009 to build a nationwide data linkage infrastructure capable of 
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securely and safely managing health information from around Australia. With the 

establishment of the PHRN, data linkage units and managing nodes now operate 

across every state and territory in Australia, with the vision of allowing population 

health research to be carried out more thoroughly and more effectively. The PHRN is a 

national network comprising a Program Office located in Perth, Western Australia, a 

Centre for Data Linkage located at Curtin University in Western Australia, a remote 

Access Laboratory located at the Sax Institute in New South Wales and a network of 

Project Participants and Data Linkage Units located in each Australian state/territory. 

 

The PHRN is developing and testing leading-edge technology to ensure the safe and 

secure linking of data collections whilst working to protect peoples' identity and 

privacy. This project is named ‘Secure Unified Research Environment’ (SURE) and has 

been developed by the Sax Institute. SURE is a remote-access computing environment 

that will allow researchers to access and analyse linked health-related data files for 

approved studies in Australia. SURE aims to minimise the risk of privacy and/or 

confidentiality breaches when conducting research using linked, de-identified health 

and other data, by supplying a remote-access computing environment with 

comprehensive security features which replaces a researcher's local computing 

environment.357  

 

The impetus to improve pharmacovigilance practices is international. In 2006, the 

Institute of Medicine issued a report entitled, “The Future of Drug Safety - Promoting 

and Protecting the Health of the Public.”349 Among other suggestions, this report 

recommended that the US Food and Drug Administration identify ways to access other 

health-related databases and create a public private partnership to support safety and 

efficacy studies. In September 2007 the Food and Drug Administration Amendment Act 

(FDAAA) was signed into law. One specific provision of FDAAA, Section 905, calls for 

the development of methods to obtain access to disparate data sources and to 

establish an “active postmarket risk identification and analysis” system to link and 

analyse healthcare data from multiple sources: the Sentinel Initiative.358 It is a national 

strategy for monitoring medical product safety. Technologies such as electronic health 
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records, e-prescribing and electronic decision support tools will be used. In Europe, the 

European Medicines Agency (EMEA) is working on the establishment of the European 

Network of Centres for Pharmacoepidemiology & Pharmacovigilance or ENCePP, a 

network of pharmacoepidemiology centres, medical care centres, automated health 

care databases and electronic registries, which will significantly contribute to identify, 

characterise and assess risks relating to medicinal products marketed in Europe, thus 

enabling a more proactive conduct of pharmacovigilance.359 There is universal health 

insurance coverage in Korea, Japan and Taiwan which enables population-based 

pharmacovigilance centres to be used.360 A pharmacovigilance research network 

(PVNet) was established in Korea in 2009. During 2011 in Japan the Ministry of Health, 

Labour and Welfare ran a pilot project to capture safety event information directly 

from consumers via a website for prescription medicines, vaccines, and OTC medicines. 

 

In October 2011, the WHO recognised the importance of pharmacovigilance in 

pregnancy in low-income countries:361 “Lack of information about drug safety in 

pregnancy could undermine public confidence in lifesaving therapies and the access of 

these otherwise safe and effective treatments to patients that are particularly 

vulnerable to these diseases.” The WHO has initiated a Pregnancy Registry project 

aimed at assessing the safety of medicines during pregnancy and establishing the 

frequency of congenital anomalies in low-income countries. In particular, the Registry 

will review pregnancies exposed to antimalarial and antiretroviral medicines. 

 

The number of generic items listed on the PBS Schedule between December 2005 and 

December 2009 increased from 804 to 874.150,362,363 Most of the new medicines will 

have been tested on fewer than 3000 study participants, and upon very few pregnant 

women. Randomised trials cannot answer all important questions about a given 

intervention. For example, observational studies are more suitable to detect rare or 

late adverse effects of treatments, and are more likely to provide an indication of what 

is achieved in daily medical practice.188,364 
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Future studies should investigate the involvement of a consumer reference group. The 

Health Consumers' Council WA (Inc.) was established in 1993.365 In Australia, the 

National Health and Medical Research Council and the Consumers’ Health Forum of 

Australia worked together to develop: 

• Recommendations on consumer and community participation to the 1998 Health 

and Medical Research Strategic Review, known as the Wills Review. 

• A Statement on Consumer and Community Participation in Health and Medical 

Research in 2001. The Statement says, “Consumers and researchers working in 

partnerships based on understanding, respect and shared commitment to research 

that will improve the health of humankind”.366 

 

The involvement of consumer and community groups in health research has 

strengthened best practice and privacy methods.367 The consumers want a better and 

safer health service; and, they want privacy and confidentiality protected. The 

consumers have supported research using data linkage as it addresses both of these 

concerns.355 

 

7.2   Limitations 

Surveillance systems, owing to their continuous collection of data, are commonly 

limited to routine sources, for example death certificates, cancer registers, infectious 

diseases reports, hospital and primary care records and serological surveillance from 

laboratory reports.97 Data linkage is only as good as the quality of the data collected. 

The WA datasets have been used for health research and policy recommendations 

since 1995, with most of the records in the datasets dated back to 1980.368 One of the 

major strengths of this feasibility study into pharmacovigilance in pregnancy is the 

quality of the Birth Defects Registry. The BDR is internationally recognised as an 

excellent resource for research into birth defects. Many studies rely upon hospital 

discharge data from the birth of a child to ascertain birth defect cases and this has 

been found to miss about 7% of cases.369 The BDR ascertains cases to six years of age 
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and has a wide range of notifying sources, and these attributes form the basis of a rich 

resource.144 The BDR also contributes to the monitoring of developmental anomalies 

worldwide by providing tabulated data to the International Clearinghouse for Birth 

Defects Surveillance and Research.370 Not all spontaneous abortions and elective 

terminations for fetal anomalies are identified in this dataset in relation to birth 

defects. This inability to observe birth defects in all reproductive outcomes represents 

loss to follow-up of a potentially non-random subgroup of embryos and fetuses.248 This 

is important as some terminations of pregnancy may be due to exposure to 

teratogens. In this study there was a suggestion in the data of this occurring as 

terminations of pregnancy were more likely to occur in the pregnancies dispensed a 

PBS medicine: 24.0% vs. 19.5% (Figure 3-10; OR 1.23; 95% CI 1.19-1.27). We will have 

data available from the BDR on terminations of pregnancy for fetal anomaly for future 

research. 

 

A limitation of using the PBS dataset for pharmacovigilance is under-ascertainment of 

medicine exposure generally and incomplete ascertainment for some subsidised 

medicines. Medicines are not included if they are dispensed at a price that is less than 

the amount at which the Australian Government will subsidise the medicine for 

someone who is not entitled to a concessional rate (currently $35.40). This results in 

the “unexposed” group containing some women who did not qualify for a concession 

co-payment being dispensed a PBS medicine, and paying less than the general co-

payment. 

 

Medicines dispensed in public hospitals in Western Australia were not included in the 

electronic capture of the PBS data until December 2004. This may have resulted in 

under ascertainment of pregnant women who were dispensed a PBS medicine in a 

public hospital before 2005. However, the numbers of dispenses per month were 

analysed and there were no increases in late 2004 and 2005 compared with the 

corresponding month of the previous year. There were 108,088 hospital admissions for 

all women during their pregnancy. For 94,846 (98.1%) of the women, the admission to 

hospital for the delivery was their only admission during their pregnancy. Thus, 
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hospital dispenses are likely to form a very small proportion of all dispenses 

throughout pregnancy. 

 

The emphasis of postmarketing surveillance is often on medicines newly available and 

these are more likely to be listed in the Schedule at the maximum co-payment 

threshold when first released: data for the majority (86.4%) of newly approved 

medicines under the PBS were captured and it is still possible to review the dispensing 

patterns of these items in respect to pregnancy. However, complete ascertainment is 

desirable for both new and older medicines, as adverse outcomes related to older 

medicines may not all be yet identified and new medicines may produce adverse 

reactions through interactions with older medicines. 

 

During this study, PBS prescription data were only collected for prescriptions that 

attracted a Government subsidy. New medicines are usually listed on the PBS at the 

full co-payment amount, and hence all new dispenses were captured in the data. 

However, the cost to the patient of older medicines and generic versions tend to fall 

below the co-payment level so not all medicines were recorded for non-concession 

patients. However, amendments to the Commonwealth of Australia National Health 

Act 1953 were enacted on 23 November 2010 that require approved suppliers of PBS 

medicines to provide the Australian Government with data on PBS prescriptions that 

are priced below the general co-payment level (under co-payment) from 1 April 

2012.155 The collection of information on all dispenses, including those under co-

payment, will enhance the PBS data set and will provide a valuable additional tool for 

health policy planning, monitoring risk management protocols, pharmacovigilance and 

monitoring the quality use of medicines in the community. Complete ascertainment, in 

terms of PBS dispenses, will enable more complete and detailed analyses of outcomes 

for pregnant women who are non-concessional patients and polypharmacy issues may 

be investigated. 

 

The main limitation of using dispensing data relates to whether the medicine was 

consumed, or consumed as directed, and we have no information in this study for 
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either of these aspects of use. However, by reviewing the repeat dispenses of, for 

example, SSRIs throughout the trimesters of pregnancy, adherence to the medicines 

may be inferred. 75.4% of the women were dispensed an SSRI in at least two 

consecutive periods, from three months before pregnancy to trimester 3, and this 

would indicate that the women were using the SSRIs as each dispensing costs from 

$3.60 (concessional patients, 2002) to $28.60 (general patients, 2005) per medicine 

(2002-2005 costs). Validation studies should be done in the future. It would be useful 

to interview a sample of pregnant women to investigate questions around whether 

they consumed the dispensed medicines, and also whether they consumed the 

medicines as directed by their prescribing clinician. 

 

Compared with other surveillance methodologies for pharmacovigilance, population-

based data linkage may provide a more valid approach. Other study designs often 

contain sources of error such as recall or interview bias. Parents of children with a 

birth defect often seek an explanation and search their memories for possible 

explanations, which can result in a more complete reporting of medicine use than by 

women who gave birth to unaffected children. It is even possible that the mother 

thinks she used the medicine during the critical period while in reality it was used 

earlier or later.45 In a study that used interviews a short time after birth and was based 

on standardized questionnaires, it was demonstrated that exposures that could not 

reasonably represent a risk for the embryo were nevertheless over-reported by the 

case mothers.45 The risk for recall bias reasonably increases with the length of time 

that has passed after the birth of the child. If there is a bias because the mother thinks 

the medicine may have been harmful, an opposite effect may be obtained for factors 

which are thought to be of positive value, like good food habits or use of vitamins 

including folic acid. Record linkage avoids recall and interview bias. Selection bias is 

also avoided. Using population-based cohorts removes the self-selection biases that 

may arise in other study methodologies, such as cohorts created from women who 

contact information services seeking advice during their pregnancy or studies requiring 

active participation.  
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The rapid advances in information technology have greatly improved the ability to 

analyse very large datasets within very short time frames. Error checking and internal 

validation are much more efficient than the manual approaches of the past. However, 

privacy and confidentiality concerns may arise as more and more information may be 

accumulated in each person’s ‘Book of Life’.2  

 

In cases where large datasets are to be linked, it is not feasible to obtain individual 

consent for the use of a person's data for research purposes, unlike most research 

circumstances where seeking consent is the usual practice. From a legal perspective, 

different legislation will apply to datasets in different jurisdictions/states which 

determine the circumstances under which data collections can be used without 

consent for research purposes.371 Sometimes there may also be legislation regulating 

the release of data held in collections mandated by specific legislation. A best practice 

protocol for the linkage of data across agencies has been developed by the Western 

Australian Department of Health Data Linkage Branch "to provide maximum protection 

of private and confidential information".372 The protocol requires the provision of only 

specific information to a very small number of parties during the linkage process so 

that no one group ever has both the identifiable demographic information and the 

discrete data sets from the various databases that are to be linked. The data which the 

researcher accesses do not contain identifiable data but only data from the various 

sources about the same non-identifiable individuals. In addition, researchers must 

adhere to the requirements of the Australian Code for the Responsible Conduct of 

Research.373 There has not been a breach of privacy in over 30 years of using linked 

data for research in WA. 

 

As this study has proven to be a feasible methodology for using the PBS data for 

pharmacovigilance, I have been approached by two government agencies (one state 

and one national) to be involved in further feasibility studies linking the PBS and WA 

datasets. The Department of Health WA is trialling security software with a secure 

physical site - primarily to explore some of the issues around privacy, security and 

confidentiality of the data. The PHRN are interested in a ‘proof of concept’ project with 
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data from the PBS and WA datasets. It is anticipated that both of these projects will be 

used to further promote the power of data linkage for health research. 

 

7.3   Conclusions 

Timely pharmacovigilance is a really important issue as damage to individuals could be 

avoided, health care effectiveness improved and less biased information used to 

improve the way medicines are prescribed. 

 

In 1995, Brian Strom wrote,  

“In conclusion, all drugs have adverse effects. Pharmacoepidemiology will 

never succeed in preventing them. It can only detect them and thereby 

educate physicians so they can be better prescribers. The result will be 

better for industry and for academia but, most importantly, it will be 

better for the public’s health. The next thalidomide disaster cannot be 

prevented by pharmacoepidemiology. However, pharmacoepidemiology 

can minimize its adverse public health impact by detecting it earlier. At the 

same time, it can rationalise the use of drugs that belong on the market 

and protect against the inappropriate loss of useful drugs.”374 

 

The use of population-based data linkage as a tool for postmarketing surveillance in 

pregnancy will add to the resources available in Australia to investigate pregnancy 

outcomes in relation to prescribed medicines and the safe use of medicines. No single 

method can capture all the desired data, and combinations of different sources of data 

are needed to develop a more complete picture of teratogenic risk.375 The collection of 

under co-payment information in the PBS dataset from April 2012 will be a great 

enhancement. 

 

Properly applied, automated databases can minimise the cost and reduce the amount 

of time involved in obtaining information on the effects of marketed medicines.198 In 

addition, they can be sufficiently large to study relatively infrequently used medicines. 
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Since medicine exposure is determined from pre-recorded automated data, there is no 

opportunity for recall bias. Record linkage to a variety of data sources provides the 

opportunity to control for a wide range of potential confounders.199 Other major 

benefits include large sample sizes, generalizability of results, and rapidity of analysis. 

The data can also be used repeatedly to address a variety of hypotheses or public 

health questions, and the studies are not intrusive. Privacy practices are central to data 

linkage in WA and have been developed to protect individual’s identities. All datasets 

were encrypted and the data were provided in a de-identified form (names, addresses, 

postcodes and exact date of birth of the mother were not included). 

 

Rare adverse events need monitoring and phocomelia with thalidomide is one 

example. But low to moderate increases in very common events, such as myocardial 

infarction with Cox-2 inhibitors, also need monitoring and both these examples require 

very large population datasets to detect the increased risks with these medicines. 

Australia will require a national approach to pharmacovigilance to create the large 

linked datasets necessary to detect these events. 

 

Unlike adverse drug events in the general adult population, the exposure windows in 

pregnancy exposures are quite discrete - the fetus is only exposed to medicines in 

utero for around nine months. This exposure timeframe can be easily found from the 

Midwives’ records as around 96% of pregnant women in WA have an ultrasound 

during their pregnancy enabling excellent ascertainment of gestational age.135 

 

Data linkage provides a very cost-effective approach to postmarketing surveillance and 

should provide more timely signals of many adverse events in pregnancy than the 

methods currently in place. Whilst many individual birth defects are rare, the larger 

population-based datasets collected in places like the Scandinavian countries, Canada, 

the Netherlands and Australia, can provide the basis for pharmacovigilance in 

pregnancy.  
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This study has demonstrated that pharmacovigilance using routinely collected record 

linked datasets in Australia is feasible, identifies known teratogens, and has the ability 

to identify new teratogens and assess the safety of medicines used in pregnancy. A 

pharmacovigilance surveillance system should be established in this country. It would 

be unforgivable for another thalidomide tragedy to be missed when the tools and 

resources to identify such risks are available. 
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8.2   National MedicineWise Awards 2012 

This award acknowledges any electronic online resources, systems or tools developed 

in Australia to support quality use of medicines, medicines literacy and the safe use of 

medicines. The award was presented to Lyn Colvin at the National Medicines 

Symposium, Sydney, May 2012. 

 

Judges’ comments: 

“Unique and innovative in that it focused on pregnancy, this project has the 

potential to be scaled to the whole population with many foreseeable 

benefits.” 
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8.3   Mission statement of the International Society for 
Pharmacoepidemiology (ISPE) 

“ISPE is an international, non-profit, professional membership organization dedicated 

to promoting the health of the public by advancing pharmacoepidemiology, the 

science that applies epidemiological approaches to studying the use, effectiveness, 

values and safety of pharmaceuticals. ISPE is firmly committed to providing an 

unbiased scientific forum to the views of all parties with interests in drug, biologics, 

and devices development, delivery, use, costs and value, adverse and beneficial 

effects, and therapeutic risk management. 

 

The Society provides an international forum for the open exchange of scientific 

information among academia, government, and industry and for the development of 

policy; a provider of education; and an advocate for the fields of 

pharmacoepidemiology and therapeutic risk management. 

 

ISPE members represent the various scientific disciplines involved in studying drugs. 

Members are employed by academic institutions, government agencies, the 

pharmaceutical industry, non-profit and for-profit private organizations. Members 

have degrees in a number of fields, including epidemiology, biostatistics, medicine, 

nursing, pharmacology, pharmacy, law, health economics, and journalism. With 

members in 53 countries, ISPE truly provides an international forum for sharing 

knowledge and scientific approaches to foster the science of pharmacoepidemiology.”  
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8.4   Notification of Case Attended Health Act (Notification by Midwife) 
Regulations Form No.2 
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8.5   Hospital Inpatient Summary Form (HA22)  
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8.6   STROBE Statement—checklist of items that should be included in 
reports of observational studies 

 

 
 

 

  

 Item 

No Recommendation 

Title and abstract 1 

 

(a) Indicate the study’s design with a commonly used term in the title or the abstract 

Pharmacovigilance in pregnancy – a pilot study using data linkage of population-

based data 

(b) Provide in the abstract an informative and balanced summary of what was done 

and what was found 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 

Objectives 3 State specific objectives, including any prespecified hypotheses 

Methods 

Study design 4 Present key elements of study design early in the paper 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection 

Participants 6 Cohort study—Give the eligibility criteria, and the sources and methods of selection 

of participants. Describe methods of follow-up 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 

modifiers. Give diagnostic criteria, if applicable 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if there is 

more than one group 

Bias 9 Describe any efforts to address potential sources of bias 

Study size 10 Explain how the study size was arrived at 

Quantitative 

variables 

11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 

(b) Describe any methods used to examine subgroups and interactions 

(c) Explain how missing data were addressed 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

(e) Describe any sensitivity analyses 
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Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, included in the study, completing follow-up, 

and analysed 

(b) Give reasons for non-participation at each stage 

(c) Consider use of a flow diagram 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders 

(b) Indicate number of participants with missing data for each variable of interest 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 

and why they were included 

(b) Report category boundaries when continuous variables were categorized 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 

analyses 

Discussion 

Key results 18 Summarise key results with reference to study objectives 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 

Generalisability 21 Discuss the generalisability (external validity) of the study results 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 
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8.7   Checklist for Investigators in Database Research 

International Society for Pharmacoepidemiology policy: “Guidelines for quality conduct 

in database research in pharmacoepidemiology,” endorsed 28 February 2011190 
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NA 

 

NA 
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