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Pharmacotherapy and gender differences
Women compared to men are the most frequent users of medicines. Therefore 
prescibers need information on drug effects in women, whether or not pregnant, 
including information on gender differences in pharmacokinetics and adverse 
reactions. However, little is known about specific aspects of women’s interaction 
with medication. 
Although the European Medicines Agency (EMEA) and Food and Drug 
Administration (FDA) have developed guidelines which should encourage wom-
en’s participation in clinical trials, there are major research gaps on female health 
issues related to medicines according to the WHO, including subfertility and 
pregnancy1,2. In 2007, only 17 drugs were under active development for mater-
nal health-related indications3.

Drugs during pregnancy
Virtually all clinical trials of drugs under development exclude pregnant women. 
Unless the drug is designed for obstetric use, the safety of drugs is not tested for 
the pregnant population during drug development. Main reasons for drug compa-
nies to avoid the field of obstetrics are the difficulty of conducting trials and the 
fear of teratogenic risk. In the past two decades only one new class of drug has 
been licensed for obstetric applications3. 
It is generally accepted that during pregnancy all unessential medicines should be 
avoided. Once women know they are pregnant, drug use is reduced. However, the 
risks of adverse effects due to exposure in the period between conception and 
positive pregnancy test remain. When pharmacological treatment is inevitable 
doctors are compelled to unlicensed use of drugs. It is estimated that 62-80% of 
all pregnant women use at least one drug during pregnancy4. Information on the 
efficacy and safety merely depends on animal studies and drug evaluation of 
accidental or unavoidable exposure rather than on controlled studies. 
In serious health threatening conditions pharmacotherapy will have to be applied. 
Therefore doctors need to be sure about the effectiveness of the drug during 
pregnancy. They also need to know the risks of the medication versus the risks of 
untreated disease in order to make a balanced decision to treat or not to treat. For 
instance, pregnant women with asthma should be treated as aggressively as 
before pregnancy, since uncontrolled asthma has been shown to be more harmful 
to the mother and child than the treatment used to control symptoms of asthma. 
Therefore medication such as inhalation therapy should not be withheld to 
pregnant women5.

Antidepressants
Concerns about introducing exogenous compounds during fetal development also 
apply to the use of antidepressants in pregnancy. Although widely prescribed to 
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women of childbearing age, there is not enough evidence for safe use of antide-
pressants during pregnancy6. In fear of harm done by untreated stress and 
depression doctors prescribe antidepressant drugs and hope for the best.7 Studies 
have shown that selective serotonin reuptake inhibitors (SSRI’s) as well as the 
classic tricyclic antidepressants (TCA’s) may affect the fetus and one can argue 
about their efficacy for indications like mild symptoms of depression or impaired 
mood8,9. But there may be situations in which they are indispensable e.g. in case 
of dramatic relapse, suicide attempt, neglect, or risk of drug abuse. It is difficult to 
balance the expected positive effects of the medication for the mother and largely 
unknown negative effects of the medication on the child, given the fact that 
untreated disease may also harm the unborn child. In order to estimate whether 
the positive effects outweigh the risks, the specific risks of both disease and 
medication must be known (Figure 1).

What is known? 
The lifetime risk of major depression among women is 10 to 20%, with a peak 
prevalence at 25 to 29 years of age10,11. Although expecting a baby is generally 
considered to be full of happy thoughts, we know now that pregnancy does not 
protect against depression12. The risks of depression and anxiety on birth out-
come include preterm birth, low birth weight and behavioral problems of the 
infant at follow-up13-15. But do these risks differ between major and minor 
depression? And does treatment with antidepressants decrease these risks of 
adverse birth outcome or does it introduce similar or other risks? 
Since the SSRI’s are the most frequently used antidepressants during pregnancy 
we mainly concentrate on effects of these antidepressants on mother and child in 

Figure 1 Associations between maternal factors and effect on the fetus. Whether the positive 

effects of antidepressants on maternal depression and subsequently on the child outweigh 

the negative effects of these drugs on the development of the child is unknown. 
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this thesis. All SSRI’s increase the concentration of serotonin in the neuronal 
synapse by inhibiting presynaptic reuptake. The serotonin system is involved in 
the modulation of many important physiologic functions and behavior. For 
example thermo-regulation, cardiovascular and bowel functions, aggressive and 
sexual behavior, mood, appetite and the sleep-wake cycle. But serotonin also acts 
as a growth factor in embryogenesis and has a role in the development of various 
organs such as the heart16,17. 
Animal studies have shown that antidepressants have effects on both abortion, 
birth defects and enduring behavioral alternations18,19. Sparse human cases have 
shown similar findings including neural tube defects and cardiovascular malforma-
tions, persistent pulmonary hypertension, preterm birth, low birth weight, 
neonatal withdrawal syndrome and neurodevelopmental abnormalities9,20-24. 
However antidepressants are not considered major teratogens. The risk of major 
malformations after prenatal exposure estimated in large birth registry studies 
may be increased, the absolute risk is considered low25,26. Moreover it has been 
reported that neonatal effects observed after third trimester exposure to antide-
pressants are mostly mild and transient, including tremors and excessive cry-
ing27,28. But also more severe symptoms including feeding problems, respiratory 
problems and convulsions are reported.

What are the knowledge gaps?
Pre-clinical studies in animals provide preliminary information on efficacy, toxicity 
and pharmacokinetics in order to decide if a compound is safe to be tested in 
humans. Reproduction toxicology is also tested and the results are summarised in 
the EPARs (European Public Assessment Reports). But results of long-term 
behavioral studies performed during drug development, if they are done at all, are 
not available. 
Extrapolation of findings from animal studies to humans is a complicated task not 
only because normally in animal studies higher doses of drugs are given than 
humans would receive, but also because of inter species differences in kinetics 
and receptor affinity, which may alter effects. The main role of animal studies in 
this respect is to elucidate the mechanisms of potential adverse effects or 
teratogenicity.
Human studies, well-controlled, prospectively followed-up and involving an 
adequate number of patients to access risks (including rare birth defects) are 
limited25. Most attention is drawn to structural birth defects but what about 
functional birth defects, impairment of the maturation of the heart, nervous 
system, and other organs or cellular systems such as the hormonal and immune 
system, which may affect general health of the child? 
Changing pharmacokinetics during pregnancy may ultimately influence the extent 
of exposure to the child or may explain dosing requirements29. Pharmacokinetics 
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and mother-child exposure are poorly studied29-31. Factors influencing pharma-
cokinetics and thus exposure have not yet been studied. Genetics, and external 
factors such as smoking, alcohol consumption and co-medication may have an 
impact on plasma drug levels, placental transfer and drug effects. 
The effects of antidepressant exposure and the effects of depression on mother 
and child have been investigated in separate study populations. Nevertheless, 
several authors concluded from the results of these studies, that pharmacotherapy 
is to be preferred to untreated mental distress12. However, no prospective 
comparative studies have been done, accounting for factors such as the level of 

Table 1 Available data on the effects of antidepressant use during pregnancy at the start of our 

research project. 

Type of study Observed period Subject

Effect of anti
depressants during 
pregnancy References

Preclinical  
studies

Animal studies, fetal 
exposure, long term 
follow-up

Morphological/functional teratology Negative* 36, 37

Neurological Unknown* 17, 19, 38

Reproduction, 2nd generation Unknown

Phase IIII Pregnancy, fetal 
development, birth 
outcome, long term 
follow-up

- Unknown -

Phase IV, post 
marketing

Pregnancy Fertility/spontaneous abortion Negative 39

Pregnancy complications Negative* 25

Pharmacokinetics Unknown* 29, 30, 40

Effectiveness Unknown* 12, 34

Fetal development Morphological Possibly no negative 
effect

25, 41, 42

Functional teratology Unknown* 43

Neurological development Unknown* 23

Bith outcome Preterm birth, dysmaturity Negative* 28, 39, 44-47

Birth defects Possibly no negative 
effect* 

25, 28

Neonatal adaptation Negative* 48-54

Long term follow-up Functional teratology Unknown -

Neurological development Unknown* 32, 55

 * Topics within the scope of the project.
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depression, genetic predisposition and level of exposure (such as dose). We 
presume that inadequate therapy in a case of major depression during pregnancy 
may result in unwanted effects, but we do not know whether being exposed to 
unnecessarily high doses of antidepressants in case of minor depression is just as 
undesirable. 
Risk factors for birth outcome and neonatal complications, such as the level of 
exposure and smoking have yet to be investigated. More data are needed to 
estimate effects of antidepressants and depression on long-term neurodevelop-
ment and to evaluate the positive effects of a healthy environment and adequate 
support after birth32. Table 1 gives an overview of the area with unexplored items 
at the time our research project on antidepressants during pregnancy started. The 
asterisks in table 1 refer to the focus of this thesis.

Why are there knowledge gaps?
Pregnancy is a state which only comprises 1-2% of a woman’s lifetime. The small 
target size, ethical reasons of exposing the fetus to an experimental drug and the 
fear of law suits in case of unfavorable outcome discourage drug companies to 
invest in the development of drugs for gestational use3. 
Investigation of the safety and efficacy of drugs when used by pregnant women, is 
considered a task for the drug companies. Therefore drug studies during preg-
nancy are generally not supported by other funders. Pregnant women are not hot; 
children and elderly gain more attention from regulatory authorities and scientific 
institutions nowadays. Regulations for drug use during pregnancy are not solid. 
Unlicensed use is left to the discretion of the doctor. 
As a rule pregnant women are not included in randomised clinical trials (RCTs). 
Although cases of unintentional drug exposure to pregnant participants of RCTs 
have been reported, these data are sparse. Risk estimations of major birth defects 
require studies with large numbers of patients in order to detect a two-fold or 
higher increase in prevalence in the antidepressant users26. Also observational 
studies on birth-weight and neonatal adaptation have to be huge in order to 
control for the numerous variables which influence fetal development, such as 
co-morbidity, co-medication, smoking, stress, depression, maternal weight and 
genetics. 
Comparison of studies on risk of disease versus risk of medication is even more 
difficult because there are different grades of severity of disease and antidepres-
sants all have different chemical structures and there are different ranges of doses 
that are being used. Moreover many other factors influence short term as well as 
long term outcome, such as genetic differences in a population, co-morbidity, 
socioeconomic environment and individual susceptibility to external influences. 
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Antidepressant use in practice
The product information provided by the drug company who put antidepressants 
on the market commonly states: “This medication should be used during preg-
nancy only if its benefits outweigh the risks”. But how are doctors able to meet 
these requirements? There are too few study data to guide clinicians through risk 
estimations and there are no easily accessible protocols33. 
Patients and their families may feel very uncomfortable taking medication during 
pregnancy when knowledge on the safety of the drugs is limited. While evidence 
of safe use is still scarce, some professionals proclaim that the risks associated 
with antidepressant use are overestimated12,34,35. The obstetrician’s main 
concern is the health of the expectant mother. The difficulty he/she is facing when 
treatment is applied is compromising the health of the unborn child. A clinical 
dilemma is created by the wish to minimize the risks of fetal exposure and to limit 
the risks resulting from untreated depression or anxiety. Despite the lessons 
learned from the thalidomide disaster a systematic approach to determine the 
safety and risk-benefit of psychotropic medication during pregnancy has yet to be 
developed7.

Objectives
The aim of the thesis was to investigate the risks of antidepressants during 
pregnancy in a structured frame covering all aspects necessary for risk assess-
ment. In a prospective study of pregnant women, we monitored mental state and 
stress in order to differentiate between effects of medication and disease. 
Although studying effectiveness was not our primary goal, we think that informa-
tion on efficacy is indispensable when making risk-benefit decisions. A risk-benefit 
evaluation on drug use in breastfeeding is not covered by this thesis. In order to 
estimate the risks of drug use during pregnancy the effects of exposure must be 
investigated during different phases of pregnancy and child development. It was 
an important focus to estimate the level of fetal exposure and subsequently 
evaluate the relationship between drug concentrations and the occurrence of 
adverse effects. Finally, we searched for risk factors that influence the extent of 
exposure such as dose, pharmacokinetics and other factors. 

Outline of this thesis
The relationship between antidepressant use during pregnancy and adverse effects 
was investigated in a prospective longitudinal design. Qualitative studies, epide-
miologic research and animal studies provided input for refining hypothesis, 
defining outcome variables and elucidating study results.
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Part I Qualitative research
In Chapter 2 the results are presented of an inquiry into the main concerns about 
pharmacological treatment of depression during pregnancy among patients who 
are either pregnant or would like to become pregnant and medical professionals 
are presented. This study was performed in order to learn which topics are 
specifically relevant to patients and medical professionals and therefore should be 
addressed. In Chapter 3 the objective was to investigate the different policies 
among treating physicians regarding management of depression and anxiety 
during pregnancy in order to address the content of these policies in future 
research. 

Part II Epidemiology
Chapter 4 describes the magnitude of antidepressant use during pregnancy in the 
Netherlands in order to estimate the relevance of studying antidepressants during 
pregnancy. Chapter 5 concentrates on the effects of antidepressant use during 
pregnancy on health care utilisation of infants exposed to these drugs in utero, in 
order to identify health topics that may be associated with drug exposure and may 
be of concern in decision making or for further investigations. 

Part III Animal studies
Chapter 6 presents a study on both the short-term and long-term effects of 
antidepressant exposure during pregnancy in mice. In this study factors that 
influence the extent of exposure such as dosing and placenta passage were 
investigated. The consequences of exposure in terms of physiology and behavior 
are described. 

Part IV Observational cohort studies
In a prospective multidisciplinary longitudinal study design, data on maternal and 
fetal/infant characteristics of women who used antidepressants during pregnancy 
and of women who discontinued using antidepressants before the second trimes-
ter of pregnancy were collected in a multicenter setting. The study design is 
presented in Chapter 7.
Chapter 8 focuses on the effect of pregnancy on plasma concentrations of 
paroxetine and the influence of CYP2D6 genotype on the pharmacokinetics. 
Possible consequences for effectiveness or exposure to the child of changes in 
plasma concentrations are discussed. 
In Chapter 9 a study is presented on the influence of antidepressants on the 
develop-ment of fetal behavior using fetal heart rate and ultrasound observations.
Chapter 10 focuses on the neonatal period and presents a risk model based on 
predictors for poor neonatal adaptation such as type of antidepressant, dosing or 
smoking.



17

General introduction

In Chapter 11 a follow-up study is presented on child behavior in order to 
estimate influences of antidepressants on neurodevelopment. Results are shown of 
an interim analysis of the effects of antidepressant use during pregnancy on child 
behavior in the first 8 months after birth compared to a healthy control group. 
In the general discussion, in Chapter 12, the results of the studies are discussed 
and placed in a broader context. Implications for clinical practice and recommen-
dations for health care providers and regulatory authorities are discussed. 
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Abstract
Background
Increasing numbers of patients use antidepressant drugs, including women of child 
bearing age. Antidepressants are not registered for use during pregnancy. Since 
scientific data on antidepressants during pregnancy are limited and no guidelines 
are available, there clearly is a need for information on the subject.

Objective
To investigate the main concerns about pharmacological treatment of depression 
during pregnancy among both patients who are either pregnant or wish to become 
pregnant and medical professionals in charge of such patients.

Methods
Survey of questions received by the Drug Information Line (DIL) from individual 
patients between 1994 and 2000 and questions received from health care 
providers by the Teratology Information Service (TIS) in 2002. The questions were 
categorised according to: the type of antidepressant, gestational period or lactation 
and the topic of the question.

Results
In the period 1994-2000 the DIL received 182 questions from patients about 
antidepressant use during pregnancy and lactation. All questions referred to safety 
issues. Nine patients explicitly told that they had received contradictory information 
from either general practitioner, pharmacist or package insert. According to the 
information the patients received from doctors, the presumed risk of 
antidepressants varied from: ‘no risk’ to ‘harmful’. Most questions (140) concerned 
SSRI’s (paroxetine, fluoxetine and fluvoxamine).
In 2002 563 out of a total of 2911 questions received by the TIS from 
professionals concerned antidepressants during pregnancy. Among the callers were 
more midwives (30%) and general practitioners (25%) than pharmacists. Of 110 
cases in which the indication for the use of antidepressants was mentioned 70% 
concerned a depression, 19% an anxiety disorder and 11% an obsessive-
compulsive disorder, eating disorder or borderline disorder. A total of 83 questions 
were asked before pregnancy, 260 during pregnancy and 80 after delivery 
(retrospectively and about lactation). Topics were related to general information on 
antidepressants during pregnancy (35%), adverse effects on the child after 
gestational exposure (40%) and lactation (17%). Other questions concerned: 
prescription, neonatal withdrawal effects, second opinion and effects on 
reproduction by male use.
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Discussion and conclusion
Both patients and medical professionals have many questions on the safety of 
antidepressants during pregnancy. These questions indicate an urgent need for 
more specific data on this topic. Efforts should be made by several parties to 
improve knowledge and to develop guidelines.
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Introduction
Antidepressants are in the top 10 of prescription drugs and their use is increasing. 
In 2002 one out of five prescriptions concerned women in childbearing years1. 
Although animals studies have shown that antidepressants are not considered 
major teratogens, safety in the human has not been established2. 
Pharmacotherapy during pregnancy involves treatment of the mother which is 
complicated because of all the physiologic changes occurring during pregnancy. At 
the same time the developing child should be protected from harmful external 
influences3. There are insufficient scientific data to support safe use during 
pregnancy, there are no evidence based guidelines and there is no professional 
consensus4. Study results on birth outcome and neonatal signs of antidepressant 
withdrawal or intoxication are contradictory5-10. Despite the fact that essential 
information is lacking and scientific data are not easily interpretable, doctors and 
their patients have to make a risk-benefit decision on whether or not to treat 
depression and anxiety with antidepressants3,9,11. Both the Teratology Information 
Service (TIS, National Institute for Health and Environment, RIVM, Bilthoven) and 
the Drug Information Line (DIL, Geneesmiddel-Infolijn KNMP, the Hague, a 
toll-free telephone number staffed by pharmacists) receive several hundreds of 
questions each year, from patients and healthcare providers, regarding exposures 
to antidepressants during pregnancy12. The objective of this study was to investi-
gate the main topics of concern of patients and medical professionals who consult 
these information services concerning treatment with antidepressants during 
pregnancy and lactation. 

Methods
Setting and design
In this study we explored databases of two sources: Firstly we performed a survey 
on recorded calls of patients who consulted the DIL between 1994 and 200012. 
Secondly, we performed a survey on consultations by medical professionals to the 
TIS in 2002. In both databases questions which mentioned pregnancy and 
depression or pregnancy (or lactation) and drugs belonging to ATC-code N06* 
were included in the survey. Characteristics of the callers, type of antidepressant, 
gestational period and the topics about which they asked questions were 
evaluated.

Results
Drug Information Line for public
The Drug Information Line received 189 eligible questions in the observed period: 
181 of the callers was female, 3 were men and of 5 callers the sex had not been 
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recorded. The majority of callers (83%) was between 20-40 years of age, 9 were 
between 40-60 and of 24 (13%) age was unknown. Table 1 shows the character-
istics of the callers and the persons the question applied to. Figure 1 gives an 
overview of all antidepressants mentioned in the inquiries. Most questions 
concerned paroxetine and fluoxetine. Two callers asked if St John’s Wort would be 
a safe alternative during pregnancy. Of all questions 47 (25%) were before 
pregnancy, 58 (31%) while pregnant, 10 (5%) after pregnancy and in the 
remaining cases (n = 74, 39%) pregnancy state was not recorded.

The majority of the questions (n = 177) asked for the current knowledge about 
the safety during pregnancy (Table 2). Twelve callers expressed their concern 
about not being able to stop antidepressants preconceptionally or during 

Table 1 Characteristics of callers to the Drug Information Line (n = 189).

Callers to the DIL and the person concerned
Caller Patient n %

Women Herself 165 87
Man Women 2 1
Midwife Women 2 1
Women Man 2 1
Man Himself 1 0,5
Unknown Unknown 16 9

Figure 1 Antidepressants mentioned in questions received by the Drug Information Line. The 

category other class  refers to drugs that are not classified as antidepressants but which 

are drugs used for treatment of depression or moodstabilisers such as carbamazepine or 

used in combination with antidepressants such as lithium.

clomipramine

amitryptiline

other AD

fluoxetine
paroxetine

fluvoxamine

other class
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pregnancy. In fear of not being able to stop medication in the near future, four 
naive users asked if antidepressant use could lead to dependence. Nine callers 
complained about the fact that they had received contradictory information from 
medical professionals, pharmacists and drug companies. In one case the patient 
had been advised to terminate pregnancy because of the possible harmful effects 
of lithium. Although the doctor may have had other reasons to oppose against a 
pregnancy, this advice has a huge impact.

Teratology Information Service for professionals
Of all 2911 questions received by the TIS in 2002, 563 (19%) concerned 
antidepressants and 116 (4%) other psychoactive drugs (Figure 2). 
Midwives followed by general practitioners were the medical professional who 
called most (Table 3). Psychiatrists and other medical specialists were categorised 
as other medical professionals. 

Figure 2 Antidepressants that were subject in the questions asked to the Teratology Information 

Service. The main other AD were citalopram, sertraline, venlafaxine and mirtazapine. The 

category other class  refers to drugs that are not classified as antidepressants but which 

are drugs used for treatment of depression. 

Table 2 Topics of questions that were asked to the Drug Information Line (n = 189).

Contents of questions n %

Safety of antidepressants during pregnancy 177 94
Safety of antidepressants during pregnancy and lactation 2 1
Safety of antidepressants during lactation 7 3,5
Safety of antidepressants for reproduction when used by men 3 1,5

clomipramine
amitryptiline

other AD

fluoxetine

paroxetine

fluvoxamine

other class
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Most questions concerned paroxetine which was market leader at that time. In 
78% of the cases questions concerned the use of one drug, in 13% two drugs 
(predominantly including benzodiazepines), and in 9% three drugs or more. 
Besides benzodiazepines haloperidol, olanzapine, lithium and drugs for other 
chronic diseases were mentioned. In 20% (n = 110) the indication for the drug 
was recorded: in 70% it concerned depression, in 18% anxiety and among the 
other indications were borderline syndrome and obsessive-compulsive syndrome. 
Of all questions 83 (15%) were asked before pregnancy, 260 (46%) during 
pregnancy, 90 (16%) after delivery (including retrospective questions and about 
lactation). In 130 (23%) cases the period concerned was not specified.

Table 3 Callers to the TIS for information on antidepressants during pregnancy and lactation  

(n = 563). 

Caller n %

Midwife 170 30
General Practitioner 142 25
Gynaecologist 112 20
Pharmacist 49 9
Clinical geneticist 6 1
Pediatrician 2 0.4
Other medical professionals 72 13
Non medical professional or patient 10 2

Table 4 Topics of the questions asked by callers to the TIS (n = 563)*.

Topic n %

General information on antidepressants during pregnancy and lactation 196 35
Teratology and adverse effects on the child 227 40
Lactation 98 17
Prescription: antidepressant of first choice and/or dosing 36 6
Withdrawal effects after birth** 30 5
Second opinion 23 4
Adverse effects on reproduction after antidepressant use by men 5 1

 *Percentages add up to more than 100 because one question may have concerned more than one topic.
 **Questions addressing this item specifically
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One third of the questions concerned general information, policies or guidelines on 
antidepressants during pregnancy (table 4). When general information was asked 
the call was related to a specific patient in most cases. Questions about safety for 
the child concerned adverse effects on the child after early or late gestational 
exposure and during lactation. Besides specific questions about teratology and 
long term adverse effects on the child other topics were: prescription (including 
dosing aspects and antidepressant of first choice), neonatal withdrawal effects, 
special neonatal precautionary measures and effects on reproduction after male 
use. Questions of the category second opinion mostly concerned callers, who had 
received contradictory advice from medical professionals. 

Discussion
Callers to the DIL are in majority female. Of all questions the DIL receives monthly 
(approximately 300) 19% concern antidepressants12. Approximately 20% of 
questions of patients to the DIL relate to antidepressants. A similar percentage of 
questions of professionals to the TIS relate to antidepressants and pregnancy or 
lactation. This mirrors the high incidence of use of these drugs and illustrates the 
uncertainties regarding such use. 
Assumedly patients find it difficult to draw conclusions form the package leaflet13. 
Information provided by drug companies refers to the limited experience with the 
drug in pregnancy and the advice in package leaflets generally states: ‘consult 
your doctor if you are pregnant’. Doctors on the other hand may find it difficult to 
make a solid risk-benefit decision when there is little easily accessible background 
information9,14. 
Since SSRI’s are the most used antidepressants, the percentage of questions is 
accordingly. Although in pregnancy all unessential drugs are supposed to be 
avoided, attempts to stop antidepressants may not always succeed and appear to 
cause problems2,3. Most questions both from patients and medical care providers 
were about safety of exposure to antidepressants and not so much on alternative 
treatment options, dosing or other factors that may increase risks such as smok-
ing. From the survey the main concerns can be summarised in the de following 
categories: 
a) risk of adverse effects of antidepressants on the child when used throughout 

pregnancy, 
b) adverse effects of first trimester exposure followed by discontinuation, 
c) neonatal effects and necessity of special monitoring of the newborn infant, 
d) long term effects of antidepressants and 
e) policy or guideline for treatment of depression and anxiety during pregnancy 

and lactation, including indication of antidepressant drugs of first choice.
The majority of questions on these subjects could not be answered with accuracy 
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because of lack of scientific data15. Although clinical drug trials in pregnant 
women are difficult to perform because of practical and ethical limitations, 
knowledge gaps may be filled by documented clinical experience and future 
research. Probably due to the limited or vague information that medical profes-
sionals have access to, conflicting advice is given to patients. Nevertheless 
doctors, midwives and pharmacists could benefit from the experience with 
exposures registered by the TIS, the research executed by this institution, their 
ability to interpret pooled information sources and the way they give individualised 
advice. 

Conclusion
The results of our survey on the data of the DIL and the TIS show that antidepres-
sant use during pregnancy is an important issue to both patients and medical 
professionals. Answers to most of the questions can not easily be found in the 
product information nor in literature reviews. Nor are there evidence based 
guidelines. Our finding that the advice of medical professionals in comparable 
situations may vary from “safe to use” to “terminate pregnancy” stresses the 
urgency of this subject. Future research should include topics such as effects of 
continuing as well as discontinuing antidepressants during pregnancy on maternal 
wellbeing and on fetal/infant health. Possible differences in outcome between 
antidepressants and both neonatal and long term risks should be addressed and 
finally, practical guidelines on treatment of depression or anxiety before, during 
and after pregnancy should be developed. 
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Abstract 
Background
The use of antidepressants during pregnancy has increased in recent years. In the 
Netherlands, almost 2% of all pregnant women are exposed to antidepressants. 
Although guidelines have been developed on considerations that should be taken 
into account, prescribing antidepressants to treat depression and anxiety during 
pregnancy is still the subject of debate. Physicians and pharmacists may have 
opposing views on using medication during pregnancy and may give contradictory 
advice on whether or not to take medication for depression and anxiety disorders 
during pregnancy. In this study, we investigated information sources used by and 
common practices among general practitioners (GPs) and pharmacists. 

Methods
A questionnaire on the use of information sources and the general approach when 
managing depression during pregnancy was sent out to 1400 health care 
professionals to assess information sources on drug safety during pregnancy and 
also the factors that influence decision-making. The questionnaires consisted 
predominantly of closed multiple-choice questions.

Results
A total of 130 GPs (19%) and 144 pharmacists (21%) responded. The most 
popular source of information on the safety of drug use during pregnancy is the 
Dutch National Health Insurance System Formulary, while a minority of 
respondents contacts the Dutch national Teratology Information Service (TIS). The 
majority of GPs contact the pharmacy with questions concerning drug use during 
pregnancy. There is no clear line with regard to treatment or consensus between 
GPs on the best therapeutic strategy, nor do practitioners agree upon the drug of 
first choice. Even St. John’s wort is occasionally recommended. GPs have different 
views on stopping or continuing antidepressants. The debate appears to be ongoing 
as to whether or not specialised care for mother and child is indicated in cases of 
gestational antidepressant use.

Conclusions
Primary health care workers are not univocal concerning therapy for women with 
depression or anxiety who become pregnant. Although more research is needed to 
account for all safety issues, local or national policies are indispensable in order to 
avoid undesirable practices, such as giving contradictory advice. GPs and 
pharmacists should address the subject during their regular pharmacotherapeutic 
consensus meetings, preferably in collaboration with the TIS or other professionals 
in the field.
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Background 
Pregnancy is a vulnerable period, also when it comes to the adverse effects of 
drugs. Antidepressant use is increasing, including among women who plan to 
become pregnant or are pregnant1,2. It is not known how primary health care 
workers deal with the risks of treatment versus the risks of the disease and what 
sources of information they use for this. Treatment of depression and anxiety may 
consist of psychotherapy, medication, electroconvulsive therapy or a combination 
of several approaches. General practitioners (GPs) treat 86% of the patients with 
mental health problems themselves, and prescribe drugs in most cases3. 
Doctors are confronted with a novel situation when a patient becomes pregnant, a 
state in which all nonessential drugs should be avoided. However, pregnancy does 
not prevent depression, and its prevalence is estimated at between 14% and 
20%4. 
Although antidepressants are not considered to be a major teratogen, it has not 
yet been established that antidepressant use during pregnancy is safe. Because of 
ethical concerns, pregnant women are generally excluded from randomised trials. 
There are limited, conflicting data on the safety of antidepressants, and there is 
no consensus on the best strategy for pharmacotherapy during pregnancy. On the 
other hand, stress and depression are known to endanger both the mother and 
pregnancy outcome, including abnormal behavioural development at follow-up of 
the infant5. GPs are facing the dilemma of whether or not to prescribe antidepres-
sants. There are no guidelines that claim there are safe treatment options6,7. So 
how are they dealing with this dilemma in practice? In the Netherlands 2% of all 
pregnant women use antidepressants during pregnancy but another 2% stop 
using them1. Although fluoxetine is one of the antidepressants with the most 
published experience and sertraline is considered to have the lowest placental 
passage, pregnant women use all of the different kinds of antidepressants, 
including the ones that have come on to the market only recently1. 

What causes this variety in drug use? The source of information is an important 
factor that influences GPs’ views on managing the mental health problems of 
pregnant women8. Inconsistencies between information sources lead to contradic-
tory views and will give rise to confusion. For instance, pharmaceutical companies 
are cautious and restricted to the contents of the summary of product characteris-
tics (SPC), which mentions associations between antidepressant use during 
pregnancy and the risk of pulmonary hypertension, cardiovascular birth defects 
and neonatal withdrawal syndrome. The Dutch national Teratology Information 
Service (TIS), which cites large database studies, reports that although the 
increased risk of major congenital malformations has to be considered, the 
absolute risk for individual patients remains small. Poor neonatal adaptation 
– which is usually mild and transient – may occur. On the other hand, it is not 
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known whether fetal exposure to antidepressants has long-term effects on 
behaviour and neurodevelopment5,9. Because of its relatively low prevalence, it is 
difficult for each individual GP to gain experience in this specific field. But do they 
follow practical guidelines or use local policies? 

The pharmacist – who has a key role as a guardian and adviser on safe drug use 
during pregnancy – will alert physicians whenever drugs are prescribed that have 
not yet been established as safe for the developing child. Do pharmacists explore 
different sources of information compared to GPs and do they come up with 
contradictory advice? We do not know whether GPs and pharmacists are aware of 
the specific risks of using antidepressants during pregnancy or the risks of 
refraining from medication, or whether they are acting accordingly. 

It was the objective of this study to investigate where GPs and pharmacists obtain 
information on the safety of gestational drug use and their pharmacotherapeutic 
approach when managing depression and anxiety during pregnancy.

Methods
Context
The University Medical Center (UMC) Utrecht is involved in a research project on 
the effects of antidepressants during pregnancy. As part of this, we studied 
treatment policies of the main prescribers of antidepressants, the GPs, and the 
reactions of pharmacists, who might intervene when a pregnant patient comes to 
the pharmacy with a prescription for antidepressants. An inquiry was conducted 
in a Dutch population of 700 randomly selected GPs and 700 pharmacists. 

Study design
We designed a questionnaire with items addressing policies in general practice in 
managing of depression and anxiety during pregnancy and the sources of informa-
tion on this subject. We rated the participants’ support for different pharmaco-
therapeutic approaches by referring to possible treatment options such as step-
ping down medication or switching to another antidepressant. We also inquired 
about their views on the first-choice antidepressant during pregnancy and on the 
question whether special care for the neonate is considered when antidepressants 
are used until delivery. Answering the 20-item questionnaire would take 15 
minutes. The questionnaire and a pre-stamped return envelope were sent out by 
mail. Randomly selected addresses of eligible GPs were provided by NIVEL 
(Netherlands Institute for Health Services Research). Pharmacists were extracted 
randomly from members of the Royal Dutch Pharmaceutical Society (KNMP). The 
study was conducted in 2006.
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We analysed differences in sex and practice characteristics between the two 
groups of respondents and compared them to the Dutch population of health care 
workers in the field. 

Statistical analysis
We used descriptive analyses (frequencies and cross tabulations). Differences 
between GPs and pharmacists were tested using chi-square tests. Data were 
analysed with SPSS, version 15.0.

Results 
A total of 132 GPs and 144 pharmacists returned the questionnaires, resulting in 
a response rate of approximately 20%. The general characteristics of all partici-
pants are presented in Table 1 and 2. Differences between our sample and the 
entire Dutch population of GPs and pharmacists were negligible.

Table 1 Characteristics of participating practitioners

General practitioners Pharmacists

Participants
(N = 130)

National
(N = 8,209)

Participants
(N = 144)

National
(N = 2,789)

Sex
Man % 63 66 53 54
Woman % 37 34 47 46

Practice
Solo % 33 25 ne ne
Duo % 33 30 ne ne
Group % 34 45 ne ne

Patients
Mean n 2758 4283 9148 8300
SD n 1087 ne 3598 ne

Working experience in same practice [years]
1-5 % 20 ne 26 ne
6-10 % 27 ne 30 ne
11-20 % 22 ne 28 ne
21-35 % 32 ne 15 ne

 ne = not estimated
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Policy on “Depression and anxiety during pregnancy”
With the exception of one GP, none of them answered “yes” when asked whether 
a written policy was available in the practice on the treatment of depression and 
anxiety during pregnancy (Table 2). For pharmacists, the results were comparable: 
although three pharmacists stated they had a local policy, only one provided a 
copy. This particular policy recommended stepping down medication if possible. It 
mentioned fluoxetine and tricyclic antidepressants as the first choice, and recom-
mended neonatal observation during the first two days after birth if drug use was 
continued until delivery.

Information sources used in pharmacotherapy during pregnancy 
Table 3 lists information sources used by GPs and pharmacists in decision-making 
and in advisory tasks when dealing with pregnant patients. Only a few partici-
pants (among both GPs and pharmacists) use standard works like Drugs in 
Pregnancy and Lactation by Briggs, Freeman and Yaffe10. Two thirds of GPs and 
a third of pharmacists never consulted the national TIS, which is a significant 
difference (chi2 = 58.3; p < 0.001). Almost three quarters (72%) of GPs 
regularly consult pharmacists for information on drugs during pregnancy. 
Pharmacists, on the other hand, would not consult a specialist such as a psychia-
trist, who is a specialist in the field. In the Netherlands, the reference used most 

Table 2 Number of pregnant patients visiting the practice annually and the availability of a policy 

on treatment of depression and anxiety during pregnancy in the practice. 

General practitioners
(N = 130)

Pharmacists
(N = 144)

Significant difference 
between GPs and 
pharmacists

Number of pregnant patients annually *
0-20 57 21
21-30 32 12
31-100 32 40
101-300 0 15
Unknown 9 56

Written policy on treatment of depression and anxiety during pregnancy ns
Yes 1 3
No 128 140
Unknown 0 1  

 *p<0.01
 ns = not significant
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frequently by both pharmacists and GPs is the “Pharmacotherapy Compass”, the 
Dutch National Health Insurance System Formulary, issued annually (in Dutch: 
Farmacotherapeutisch Kompas, comparable to the Physicians’ Desk Reference in 
the US). The introductory paragraph of each chapter discusses specific drug use 
during pregnancy. Updates on research as well as information provided by 
manufacturers are reviewed and followed by recommendations. The majority of 
the GPs (85%) rely on the information of the Farmacotherapeutisch Kompas. 

Table 3 Information sources used by professionals when applying medication during pregnancy.

General practitioners
(N = 128) %

Pharmacists
(N = 142) %

Significant 
difference 
between GPs 
and 
pharmacists Always

Most of 
the time

Some
times Never Always

Most of 
the time

Some
times Never

Standard works on 
drug use in 
pregnancy and 
lactation

1 2 5 91 0 3 4 94 ns

National Teratology 
Information Service

5 11 17 66 16 12 39 33 **

Pharmacist for 
general 
practitioners/ 
psychiatrist for 
pharmacists

5 23 45 28 0 3 27 70 nr

National Health 
Insurance System 
Formulary

48 37 13 3 23 23 38 16 **

NHG-standards* 7 23 38 31 5 8 37 51 **
Manufacturer 0 5 21 74 6 7 63 24 **
Internet e.g. Pubmed 
or Medline (research 
reports, issued 
guidelines)

2 9 34 55 2 8 39 51 ns

 * Guidelines issued by the Dutch College of General Practitioners (NHG) 
 ** p < 0.01 
 ns=not significant 
 nr=not relevant, item concerns 2 questions, one for each group 



Chapter 3

42

Guidelines issued by the Dutch College of General Practitioners (NHG) – known as 
NHG standards – are used to a lesser extent. The NHG standard on the treatment 
of depression does not mention pregnancy, and the standard on pregnancy does 
not mention gestational depression and anxiety. A quarter of GPs (26%) contact 
the manufacturer of a specific drug for information. Pharmacists turn to the 
industry significantly more frequently (76%; chi2 = 71.2, p < 0.001). Forty-five 
percent of GPs and 49% of the pharmacists use the internet to look for informa-
tion on scientific evidence or reports from consensus groups. One out of five 
participants answered “yes” to the question of whether the subject of “treatment 
of depression and anxiety during pregnancy” has ever been covered during 
professional education courses. 

Views on the therapeutic management of depression and anxiety before and 
during pregnancy.
The results show that GPs’ opinions on how to manage depression and anxiety 
during pregnancy were not univocal (Table 4). One out of five GPs (21%) said 
they regularly refer patients to a psychiatrist, with the others sometimes or never 
do so. Some GPs (9%) state that they sometimes advise terminating the preg-
nancy when patients who use antidepressants become pregnant, which was also 
the case for 4% of the pharmacists. Within the groups, opinions on continuing 
medication, lowering the dose or stepping down varied widely. The majority of the 
respondents (92% of the GPs and 98% of the pharmacists) never or occasionally 
advised the patient to substitute the antidepressant drug used for another one. 
Substituting psychotherapy for medication - in order to prevent drug exposure to 
the child - was never advised by 55% of GPs and 24% of pharmacists; (chi2 = 
30.2; p < 0.01). Advice given to women who intend to become pregnant did not 
differ from advice given to pregnant women.

Arguments in favour of treating pregnant women with antidepressants
Most participants agreed with the statement that the need to treat maternal 
complaints with antidepressants outweighs possible drug-associated risks for the 
child (Table 5). Only 20% of GPs and 58% of pharmacists were aware of the 
negative effects of depression and anxiety on a child’s development. On the other 
hand, only 4% of GPs and 35% of pharmacists believed antidepressants are not 
associated with an increase in the risk of birth defects. Sometimes an unstable 
social environment was given as a reason for not changing medication during 
pregnancy. Some participants said that they lacked the experience or background 
information for providing a proper answer on this.
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Table 4 What advice do GPs and pharmacists give to a patient who uses antidepressants and 

states that she is pregnant or is planning to become pregnant?

General practitioners 
(N = 130) %

Pharmacists 
(N = 144) %

Significant 
difference between 
GPs and 
pharmacists
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Advise to a patient who uses antidepressants and states being pregnant
Refer to a psychiatrist 6 15 50 29 7 9 39 45 *
Advise to terminate pregnancy 0 0 9 91 0 1 3 96 ns
Step down and stop 
antidepressant

13 52 27 7 4 24 52 19 **

Continue antidepressants at 
mild symptoms

1 8 52 40 1 13 47 40 ns

Continue antidepressants at 
severe symptoms

14 36 36 13 19 35 26 20 ns

Change the used 
antidepressant for another

0 2 64 34 1 7 75 17 **

Lower the dose 0 16 40 44 1 10 57 32 **
Psychotherapy instead of 
antidepressants

3 9 33 55 3 20 53 24 **

Advise to a patient who uses antidepressants and is planning to become pregnant
Refer to a psychiatrist 5 13 52 30 11 14 34 41 **
Advise to postpone pregnancy 2 13 63 23 2 3 28 67 **
Step down and stop 
antidepressant

10 52 32 6 6 30 49 15 **

Continue antidepressants at 
mild symptoms

1 9 45 45 2 7 54 37 ns

Continue antidepressants at 
severe symptoms

11 39 33 17 13 38 30 19 ns

Change the used 
antidepressant for another

0 4 62 34 2 8 71 20 *

Lower the dose 0 10 47 44 1 8 52 38 ns
Psychotherapy instead of 
antidepressants

6 6 44 44 5 25 55 15 **

 * p < 0.05 
 ** p < 0.01 
 ns=not significant
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Arguments against treating pregnant women with antidepressants
Only a few participants considered maternal depression and anxiety as such as 
causing no harm to the child, thus antidepressants could be avoided in pregnancy 
(Table 5). Most GPs and pharmacists mention possible negative effects on the 

Table 5 Reasons in favour of prescribing antidepressants during pregnancy and reasons against 

pharmacotherapy during pregnancy.

 

General 
practitioners
(N = 130) n

Pharmacists
(N = 144) n

Significant 
difference 
between GPs and 
pharmacists

What are reasons for treating depression or anxiety during pregnancy with antidepressants?
Because the severeness of maternal complaints outweigh 
possible risks for the child.

124 116 ns

Because depression and anxiety may affect the child’s 
neurological and behavioural development.

28 84 **

Because antidepressants do not increase the risk on birth 
defects

5 51 **

Other 24 2 **
Not responded 11 24 ns

What may be the reasons for avoiding antidepressants during pregnancy?
Because depression and anxiety do not affect the course of 
pregnancy

13 20 ns

Because depression and anxiety do not influence the 
development of the child

12 7 ns

Because antidepressants may have negative effects on the 
unborn child

93 82 ns

Because antidepressants may cause withdrawal effects after 
birth

44 53 ns

Because antidepressants are not officially registered for use 
during pregnancy

39 26 ns

Because psychotherapy is as effective as are antidepressants 36 18 *
Other 9 0 ne
Not responded 17 34 ns

 * p < 0.05
 ** p < 0.01
 ns=not significant
 ne= not estimated
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child as a reason to avoid antidepressants. For one third of GPs and pharmacists 
a possible neonatal withdrawal syndrome was the most important reason to avoid 
antidepressants during pregnancy. The fact that none of the antidepressants are 
registered for use during pregnancy was a reason to avoid antidepressants for 
30% of GPs and for 18% of the pharmacists. Only 28% of GPs and 13% of 
pharmacists believe that antidepressants should be avoided because psychothera-
py is just as effective as antidepressants.

First-choice antidepressant during pregnancy
Nine different compounds were mentioned as the antidepressant of first choice 
during pregnancy (Figure 1). Paroxetine and fluoxetine were mentioned most 
frequently by GPs; fluoxetine was the favourite among pharmacists. Almost 20% 
of the GPs answered “no antidepressant at all” and another 20% stated they had 
no idea, or that they had no idea because of the absence of guidelines. Their 
reason for choosing a specific antidepressant was usually based on the first choice 
of their local pharmacotherapeutic consensus groups. Coming in second, they 
chose a drug because it had the most evidence of being safe to use during 
pregnancy. However, a minority of GPs (9%) and 5% of the pharmacists still 
consider St. John’s wort to be a good alternative; one out of four participants saw 
no harm in using valerian during pregnancy (Table 6). There were no significant 
differences between the two groups of professionals.

Figure 1 Views on first choice pharmacotherapy during pregnancy

0 5 10 15 20 25 30 35 40
Respondents [%]

Don't know

No antidepressant at all

Continue current antidepressant

Clomipramine

Sertraline

Fluvoxamine

Mirtazapine

Venlafaxine

Amitriptyline

Citalopram

Fluoxetine

ParoxetineGeneral practitioners
Pharmacists
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Is special perinatal care necessary?
A total of 13% of the responding GPs and 7% of the pharmacists did not believe 
that antidepressant use during pregnancy created a situation in which mother and 
child needed to receive special or additional perinatal attention (chi2 = 13.1, p < 
0.01). Another 36% of the GPs and 38% of the pharmacists did not consider 
antidepressant use to be an indication for delivery under the care of a gynaecolo-
gist (Table 7). 

Table 6 Views on the question “Do you consider herbal drugs a safe alternative for use during 

pregnancy?”

 
General practitioners
(N = 128) %

Pharmacists
(N = 143) %

Significant difference between 
GPs and Pharmacists?

St. Johns worth
Yes 9 5 ns
No 91 95
Valerian
Yes 21 24 ns
No 79 76  

 ns = not significant

Table 7 Views on the question “Do pregnant women who use antidepressants need special 

perinatal attention?”

 
General practitioners 
(N = 130) %

Pharmacists 
(N = 144) %

Significant difference 
between GPs and 
pharmacists?

Are regularly monitoring of the child with ultrasound, blood levels of antidepressants or followup on 
mental status of the mother required?

Yes 79 92 *
No 13 7
Unknown 8 1

Is antidepressant use an indication for delivery in a hospital under the supervision of a specialist?

Yes 55 59 ns
No 36 38
Unknown 9 3  

 * p < 0.05
 ns = not significant 
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Discussion 
The opinions of physicians and their attitudes towards drug treatment appear to 
play a major role in decision-making in individual treatment, especially when 
guidelines are lacking. Although indications for prescribing antidepressants in 
general practice have been studied extensively, no specific attention has been 
given to pregnant women11. Considering the number of pregnant women who visit 
GPs and pharmacists annually and the prevalence of antidepressant use during 
pregnancy (4% to 8%), doctors and pharmacists will be confronted with this 
subject a number of times each year. 

Patients complain about receiving contradictory counselling, which appears to 
result from health care professionals using different sources of information8. Some 
follow the advice of pharmaceutical companies not to prescribe antidepressants to 
pregnant women or only when the benefits outweigh the risks. Package inserts of 
some antidepressants contain information about associations between antidepres-
sant use during pregnancy and the risk of pulmonary hypertension, cardiovascular 
teratology and neonatal withdrawal syndrome. At the same time the national TIS 
may point out that antidepressant use during pregnancy has not been consistently 
shown to significantly increase the risk of major congenital malformations, they 
may warn of relapse of the illness and the negative effects of maternal stress and 
depression on the developing child, and may conclude that treatment should not 
be discontinued without thorough consideration. It is surprising that 66% of GPs 
do not value this free national service. It is also surprising that while GPs value 
pharmacists as professionals who can be consulted on drug use during pregnancy, 
pharmacists in turn seldom consult psychiatrists, who may be more experienced 
on the subject when it comes to medication for mental illness during pregnancy.

It can be concluded from our results that there are large differences in views on 
managing depression before and during pregnancy. Such extreme answers as 
advising termination of the pregnancy or never switching to an antidepressant 
which is more likely to be safe in pregnancy show that professionals lack knowl-
edge on the subject. It also may explain why such a varied pattern of antidepres-
sant use exists. Although St. John’s wort is a powerful herb with strong serotoner-
gic effects, GPs and pharmacists are not unanimously opposed to its gestational 
use. We believe it should not be used during pregnancy since serotonin is not only 
a neurotransmitter but also a growth factor for the brain and other tissues9. 
Moreover the quality of herbal drugs is not always standardised. Valerian should 
also be used with caution. Hepatic failure during pregnancy as well as cytotoxic 
effects have been described12. 
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When asking to consider the risks and benefits of antidepressant use during 
pregnancy, most but not all responders point out that although antidepressants 
may have negative effects on the child, the mother’s illness outweighs the 
possible risks. Most respondents underestimate the powerful and lasting effects of 
psychotherapy, and therefore deny patients a chance to cut down on medication. 
Not all GPs and pharmacists share the opinion that antidepressants could cause 
very serious withdrawal effects, which is probably the reason why more than a 
third of respondents think a delivery under the care of a midwife or GP is appro-
priate, while others acknowledge the need for carefully monitoring the baby after 
birth. The patients who participated in our research projects complain about 
receiving contradictory advice on this subject, considering the fact that almost 
half of Dutch mothers prefer to deliver at home13. 

Limitations
Response rates in studies inquiring into policies are often disappointingly low, 
because in general practitioners give priority to direct care rather than to partici-
pating in research. The 20% response rate in this survey is in line with this. The 
professionals who returned the questionnaire might be the ones who are most 
involved with the subject. But then again, our conclusion that information and 
guidelines should be made available would hold true to an even greater extent. 

Conclusions 
The data presented reflect the views of individual GPs and pharmacists on how to 
provide pregnant women with the best treatment, since few had policies they 
could refer to. Opinion pieces and literature reviews almost always end by stating 
that when treating pregnant women with antidepressants, the expected positive 
effects must be weighed against the risks. Doctors are then faced with a problem, 
though, because they do not have easy access to information on the safety of 
antidepressants during pregnancy, which they could use to make an evidence-
based decision. The more so, since most research data that can be found on the 
internet do not cover the entire range of possible short-term and long-term effects 
nor do they account for additional risk factors such as smoking or alcohol use. 
Therefore the Teratology Information Center – which evaluates the latest reports 
and collaborates on exposure studies – should be consulted more often, especially 
because they have counselling services available for individual cases. Also, 
pharmacists – who seem to be credited to a great extent as being the ones to turn 
to when it comes to use of medication during pregnancy – could play an impor-
tant role by initiating local policy meetings and reviewing guidelines. 
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Consensus should be reached on 
a) which categories of patients should be advised to continue or taper off 

medication 
b) which antidepressant is first choice in cases of major depression and 
c) what precautions should be taken during the neonatal period. 
We learned from our study that GPs and pharmacists who encounter the problem 
of requiring an adequate therapy without being able to find enough evidence of 
safe use will benefit from easily accessible and interpretative information. 
Development and implementation of clear policies will mean that pregnant 
women will no longer be sent from pillar to post. 
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Abstract
Objective 
The aim of this study was to determine the extent and patterns of antidepressant 
use before, during and after pregnancy in a large population in The Netherlands. 

Methods 
Health care records and prescription data from one of the largest Dutch health 
insurance companies were analysed. The study cohort consisted of 29,005 women 
who had live births in the period between January 2000 and July 2003. 
Antidepressant drug use during a specified period was defined as there being a 
record of a prescription during that period. 

Results 
During the first trimester of pregnancy 2% of all pregnant women of the study 
cohort were found to have taken antidepressants; in the second and third 
trimesters, this figure had dropped to 1.8% of all pregnancies. Antidepressant use 
before as well as during pregnancy was almost twofold higher in women over 35 
years of age than in those under 35 years. Almost 60% of the women who used 
antidepressants before pregnancy stopped taking them in the first trimester, and a 
smaller number stopped thereafter. Of all women using antidepressants during 
pregnancy, one third started this medication during gestation. In the 3 months 
following delivery, the prevalence of antidepressant use was the same as before 
pregnancy (2.9%). There was no shift to benzodiazepines in the group of women 
who stopped taking antidepressants during pregnancy. Although paroxetine and 
fluoxetine were the most frequently used antidepressants among the study group, 
all modern antidepressants were used. 

Conclusion 
A considerable number of women are being exposed to antidepressants throughout 
pregnancy up until delivery. One consequence of this is that their newborns need 
special care and supervision during the first days of life. However, women who stop 
taking the medication may risk a relapse of their illness, and this may also have a 
negative effect on the child. 
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Introduction
There has been a steady increase in antidepressant use in recent years, especially 
by women of childbearing potential between 20 and 40 years of age1–3. This 
increase can be explained – at least in part – by the broadening therapeutic 
indications for which antidepressants are now being prescribed: in addition to 
depression, anxiety disorders, premenstrual syndrome, pain and eating disorders 
are being treated with antidepressants1,2. A woman is twice as likely to experi-
ence mood and anxiety disorders at some time during her life than a man. The 
lifetime prevalence of major depression in women is 17%. Social phobia, post-
traumatic stress syndrome and panic disorder each have a life time prevalence of 
2–3%. 

The prevalence of depression during pregnancy is estimated to be 10–16%4,5. 
Despite the high degree of worldwide utilization and experience with antidepres-
sants, there is still uncertainty and debate concerning the safety of antidepressant 
use during pregnancy. Although several studies have shown no increased risk of 
congenital malformations as a result of antidepressant use during pregnancy, 
associations have recently been made between paroxetine or clomipramine use 
during pregnancy and an elevated rate of cardiovascular malformations in the 
newborn6,7. Even more recent are the concerns that have been expressed about 
persistent pulmonary hypertension in the newborn following maternal use of 
selective serotonin re-uptake inhibitors during the second half of pregnancy8. 
Experimental data on the safety of most antidepressant drugs during pregnancy 
are far from complete. An increased risk of preterm birth and lower birth weight 
have been demonstrated, but adverse effects on the child’s neurodevelopment are 
unknown9,10. Another potential complication of the use of antidepressants during 
pregnancy up until delivery is the occurrence of postnatal withdrawal effects11,12. 
It is therefore necessary to closely monitor women who use antidepressants 
during pregnancy as well as their offspring to gain more insight into the frequency 
and severity of potential negative effects of these drugs8,9. 

Drug utilization studies have shown varying prevalences of gestational use of 
psychotropic drugs in different study settings and countries13–18. The prevalence 
of prescriptions for antidepressant drugs during pregnancy in a German sickness 
fund population was 0.2%, whereas a study in the United States showed a total 
prevalence during pregnancy of 2.8%17,18. All studies consistently reported a 
decline in antidepressant drug use during pregnancy compared to the period 
before pregnancy. None of the studies reported patterns of use of all of the 
individual antidepressants during the three different trimesters of pregnancy. 

Most of the studies conducted to data measured antidepressant drug use during 
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pregnancy by means of either interview data or pharmacy dispensing data. While 
data compiled on the basis of interviews have the problem of recall bias, they 
may reveal non-compliance with intentionally prescribed drugs19. Dispensing data 
based on pharmaceutical records have the advantage of not being subject to recall 
bias, but suffer from a severe sensitivity problem since the recording of pregnancy 
is dependent on whether or not a patient reports her pregnant status to the 
pharmacy. Although algorithms have been developed to identify pregnant women 
from a population-based drug-dispensing database, the main limitation is that not 
all parents are identified, which may result in misclassification. Moreover, since 
the gestational age is not known, the conception date can only be estimated20. 

Health care insurance data have the advantage of combining drug-dispensing 
information with information on birth and delivery. Delivery can be confirmed by 
recorded obstetric help17, although the date of conception is not available. In the 
study reported here we extracted prescriptions during specific periods before and 
after delivery from the database of a national health care insurance company in 
The Netherlands. The aim of our study was to determine the prevalence and 
patterns of antidepressant drug use before, during and after pregnancy in a Dutch 
population. 

Materials and methods
Setting
The study cohort consisted of all persons having a health care insurance policy 
with the VGZ Health Insurance Company in The Netherlands during the entire 
period between January 2000 and July 2003. 

VGZ is one of the largest health care insurance companies in The Netherlands, 
with more than 2 million policyholders living predominantly in the centre and 
south of the country. Their client population can be considered to be representa-
tive of the whole country, with a slight overrepresentation of people who depend 
on social health care. VGZ provides health insurance for the cost of pharmacy 
prescriptions, general practitioners, prenatal care, hospital admissions and other 
medical facilities. The computerized health-care-utilization data contain informa-
tion on the dispensed drugs and dispensing date. Each person has a unique, 
anonymous identification number. 

Study population
Using data extracted from the database of VGZ, we identified all children born 
between January 2000 and July 2003. We then selected all females between the 
ages of 15 and 50 living at the same address as the child. If there was no or 
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more than one potential mother within a single household, the data were discard-
ed. To ensure that the assumed mother had been pregnant and had delivered, the 
records were checked for obstetric help (hospital or at home) provided on the day 
of the child’s birth. In this manner we identified 29,005 pregnancies in 26,719 
women. 

Data analysis
We investigated patterns of antidepressant use before, during and after pregnancy 
in this study group. Prescriptions for antidepressants were identified by anatomi-
cal therapeutic classification (ATC) codes starting with N06A. To indicate the 
different relevant time periods, we defined the beginning of pregnancy as 270 
days (9 months) before delivery, although the length of a pregnancy from an 
estimated date of conception is 265 days and may be even shorter in antidepres-
sant-exposed pregnancies21. The start of the follow-up was set at 450 days (15 
months) before delivery. Drug use was studied during two periods of 90 days each 
(3 months) before pregnancy, during three 90-day trimesters during the assumed 
pregnancy and during the first 90 days after delivery18. Women were considered 
to be using antidepressants if there had been at least one prescription for an 
antidepressant drug dispensed during a specific time frame. Prevalence was 
calculated for each time frame by dividing the number of users by the number of 
pregnancies. Prevalences were calculated for the whole group as well as for 
different age categories and for individual antidepressants. In addition, three 
different mutually exclusive patterns of antidepressant use were studied: 
1. Antidepressant use before pregnancy as well as during pregnancy; 
2. Antidepressant use before pregnancy but no gestational use; 
3. No use of antidepressants before pregnancy, but start of antidepressant use 

during pregnancy. 

In all groups we also looked for recorded benzodiazepine use as a co-medication. 
Antidepressants were further classified according to their risk factor, using the 
Swedish and Australian risk classification systems13,22. 

We performed database management and internal quality and validation proce-
dures using Microsoft Access 2000. SPSS for Windows (ver. 11; SPSS, Chicago, 
IL USA.) was used for the statistical analysis, which includes logistic regression. 
Prevalence of antidepressant use in the different age categories was compared to 
the prevalence in the largest age group: 25–30 years. Differences in prevalence of 
specific drug use in the different periods before, during and after pregnancy was 
tested. 
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Results
The Dutch study cohort
We studied 29,005 deliveries during the 3.5-year observation period. Of these, 
92% of the women had one delivery, 8% (n=2252) had two deliveries and 
0.06% (n=17) had three deliveries. There were 511 twins (1.8%) and 15 triplets 
(0.05%). Mean maternal age at delivery was 29.8 (±4.4) years; median age was 
30.0 years. These findings are consistent with the mean age at delivery of 30.9 
years in the overall Dutch birth registry data during the same period23. 

Antidepressant use before, during and after pregnancy
Table 1 shows the prevalence of antidepressant use during the different 3-month 
time frames before conception, during pregnancy and after delivery. Before 
pregnancy, 2.9% of women were using antidepressants; during the first trimester 
this dropped to 2% and decreased still further to 1.8% during the second and 
third trimesters. During the post- delivery period, 2.9% of the women were using 
antidepressants. During all of the 3-month periods, women over the age of 35 
consistently used antidepressants more frequently than younger women (Table 1). 

Of the 1075 women who used antidepressants during the 6-month period 
immediately preceding the pregnancy, almost 60% stopped during the first 
trimester and another 19% stopped during the second trimester. However, 
approximately 10% started using their medication again during pregnancy. At the 
end of gestation, 25% of this population was still using antidepressants (Table 2). 
Unfortunately, we were not able to distinguish between prescriptions that were 
meant for immediate use and those for predetermined postnatal use. 

The incidence of new antidepressant use during pregnancy (i.e. no use during the 
6 months preceding the pregnancy) was 0.5% for each trimester. 

Co-medication with benzodiazepines
Of the women who used antidepressants before the pregnancy, 33% also used 
benzodiazepines. The use of benzodiazepines declined dramatically in these 
women during pregnancy, and only 3.4% of this group used a benzodiazepine 
during the third trimester. Of the 495 women who stopped using antidepressants 
during pregnancy, 17% still had prescriptions for a benzodiazepine during the first 
trimester, 3.2% during the second trimester and 2.8% during the third trimester. 
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Antidepressant use and pregnancy risk category
No significant difference in prevalence was seen between use during pregnancy of 
antidepressants belonging to the different risk categories according to either the 
Swedish classification system or the Australian classification system. The two 
classification systems view the risk associated with taking modern antidepressants 
differently. The most frequently prescribed products are presented in Table 3. 
Paroxetine was by far the most frequently prescribed drug before and during 
pregnancy, followed by fluoxetine. We did not find a significant shift towards one 
specific antidepressant during pregnancy. We calculated the percentage of 
prevalence of each drug compared to the total number of pregnancies registered 
with antidepressant use in each period. Table 3 shows that all different antide-
pressants are used to a similar extent with an over representation of paroxetine 
and fluoxetine. 

Discussion
We evaluated health care records in order to gain insight into the extent and 
patterns of antidepressant use. Of the pregnant women included in this Dutch 
study population, about 2% used antidepressant drugs. The majority stopped 
before or sometime during pregnancy, but new use was also recorded. All avail-
able antidepressants were prescribed, despite the lack of safety data. 

Table 2 Patterns of antidepressant use and non-use during the three 90-day periods (trimesters) 

during pregnancy in cases with a history of antidepressant use during the 6-month period 

before pregnancy. 

Antidepressant use in:

Antidepressant use before pregnancy First trimester Second trimester Third trimester1

No: 46%
No: 50%

Yes: 4%
No: 59%

No: 5%
Yes: 9%

Yes: 4%
Antidepressant users 100% (n = 1075)

No: 15%
No: 19%

Yes: 4%
Yes: 41%

No: 9%
Yes: 22%

Yes: 13%

 1 Total “no antidepressant use” (No) in the third trimester: 75%; total “antidepressant use” (Yes): 25%.
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Health care insurance data can provide insight into the prevalence of drug use in 
large populations, such as children, the elderly and pregnant women14,17. A 
limitation of all studies on drug use during pregnancy is the necessary assumption 
that conception took place 9 months before delivery in order to be able to classify 
the pregnancy into trimesters21. Additional limitations to the method employed in 
this study are the inclusion of only live births and the fact that dispensing of the 
drug does not always mean the drug was actually taken. We were unable to rule 
out the possibility that drugs dispensed just before pregnancy were still being 
used in the first trimester of pregnancy or, on the other hand, that the use of drugs 
dispensed in the first trimester may have been stopped shortly after the pregnancy 
became apparent. There may have been some overlap in the other time frames as 
well. We made the assumption that a prescription in the third trimester implies 
use during this trimester, but it may also have been intended for use after delivery. 

The prevalence of antidepressant use before, during and after pregnancy in this 
Dutch population is more or less comparable with that in an American popula-
tion18. In the latter group, Andrade et al. found exposure rates for antidepressants 
of 2.2%, 1.3% and 1.4% during the first, second and third trimesters respec-
tively. In a German study, prescription rates for antidepressants before pregnancy 
were only 1% and declined to 0.2% during pregnancy17. This difference may be 
due to the regulations in Germany, where the sickness fund may not cover all 
antidepressants, or may be caused by the use of herbal medicines, which is more 
common in Germany. 

Based on our data, we estimated that 75% of the 1075 women who were on 
antidepressants before pregnancy succeeded in stopping antidepressant use 
during pregnancy. Only 9% of this population restarted during the second trimes-
ter and 12% restarted during the third trimester. This is much lower than the 
incidence rates described by Cohen et al., who found a 52% reintroduction rate of 
antidepressant use24. On the other hand, our population had many new users 
who started antidepressants during pregnancy. The overall incidence of antide-
pressant use during pregnancy was higher in women over 35 years of age, 
especially preconceptionally. The background for this is unknown, but could be 
related to work, prior infertility problems, multiple pregnancies and larger families, 
among others. 

In The Netherlands the policy is to taper or stop antidepressants to avoid fetal 
exposure during pregnancy. In cases of serious relapse or risk of a major depres-
sion, tricyclic antidepressants or fluoxetine are the drugs of first choice based on 
the experience of the clinician with these compounds. For all of the other modern 
antidepressants research data are insufficient to make a solid risk-benefit 
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evaluation. Antidepressants are dispensed with a warning that safe use in 
pregnancy is not established and it is known that antidepressant use during the 
third trimester is related to potentially severe neonatal withdrawal symptoms 
(including convulsions and respiratory distress), although overall incidence is 
unknown11. Current policy in The Netherlands is to admit these infants to a 
neonatal medium-care unit for about 48 h25. This implies that at the present time 
2% of all newborns are admitted because of maternal use of these drugs. The 3% 
women using antidepressants after delivery will experience a certain degree of 
uncertainty regarding the safety of breast feeding26. 

Although one third of the study group used benzodiazepines (risk category C) 
before pregnancy, only a few continued to use them throughout pregnancy. 
Fortunately, we did not see a shift towards benzodiazepines in the group of 
women who stopped taking antidepressants during pregnancy. 

Paroxetine and fluoxetine were the drugs most commonly used before and during 
pregnancy. The former accounted for almost half of the antidepressant use among 
the study group, which is in line with use in the general population in The 
Netherlands3. Our study showed that all modern antidepressants were used 
during pregnancy, despite the fact that evidence on safety varies considerably. For 
example, we did not see a profound decline during pregnancy of the use of new 
drugs like venlafaxine, sertraline, citalopram and mirtazapine. Nor did we see a 
shift towards fluoxetine, an antidepressant for which the most documented 
evidence on use during pregnancy is available27,28. Therefore, we conclude that 
physicians presume that the teratologic risk of all antidepressants is the same, 
based on their similarity in therapeutic effect. By doing so, they disregard consid-
erable differences in chemical structure, metabolic pathways and side effects that 
might induce different teratologic effects, as has been shown in comparative 
studies on the increased relative risk in congenital heart disease after fetal 
exposure to paroxetine6,7. While waiting for a definite answer on paroxetine, one 
should try to avoid paroxetine in pregnancy. A possible shift towards herbal drugs 
or other self medication drugs such as St. John’s wort could not be extracted from 
our data. Although the written instructions of preparations containing St. John’s 
wort recommend that it not be used during pregnancy due to limited data that 
may –or may not – confirm safe use, it still may be used during pregnancy by 
some women. 
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Conclusion
Although evidence on the safety of antidepressants during pregnancy is far from 
complete, these drugs are prescribed frequently. The reasons for this are manifold 
and possibly include the assessment of the physician that the adverse effects of 
depression, anxiety and stress may be considered to be more harmful to mother 
and child than the elevated teratologic risk or the unknown effect of the antide-
pressant on the development of the child later in life. We found that most women 
tried to stop using antidepressant medication once they were pregnant; however, 
they were still being prescribed for 1.8% of all pregnant women in the third 
trimester of pregnancy. This is in part due to the fact that a significant number of 
women who had not used antidepressants before pregnancy started doing so 
during gestation. This result of this usage is the need for extra neonatal care in 
order to anticipate withdrawal effects. 

The prevalence of antidepressant use shortly after delivery returned to the level of 
the period before pregnancy. This results provides a good estimate of the size of 
the group of women who should be receiving counseling and information on safe 
drug use during lactation. 

The use of benzodiazepines as co-medication declined dramatically in the group 
of women who had a history of antidepressant use before pregnancy, indicating 
that the user had not substituted another drug of this group for the one she had 
been taking, thereby reducing possible effects on the child. 

Our study revealed that many diverse modern antidepressants are being pre-
scribed at similar levels, even though most lack sufficient data to confirm safe use 
during pregnancy. This is an alarming development. 
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Abstract
Objective 
To evaluate health care utilisation by children who were exposed to antidepressant 
drug use during pregnancy and those whose mothers stopped using 
antidepressants before pregnancy compared to a control group.

Design
Cohort study.

Setting 
Health insurance records in the Netherlands.

Population 
38,602 children born between 2000 and 2005.

Methods 
Survey of child health care utilisation in relation to gestational antidepressant use of 
the mother.

Main outcome measure 
Health care utilisation rates during the first year of life, with special emphasis to 
medical care related to cardiac disease.

Results 
Children of mothers who used antidepressants during pregnancy showed increased 
health care use during the first year of life, independent of the mother’s health care 
use. The relative risk of more than two visits to general practitioners was 1.5 (95% 
confidence interval, CI: 1.3 - 1.8) in the continuous antidepressant users group 
and 1.3 (95%CI: 1.2 - 1.5) in the group of children whose mothers stopped taking 
medication. In both study groups there was a trend towards more drug use for 
infections and inflammation compared to the control group. Children continuously 
exposed to antidepressants had an increased risk of cardiac interventions such as 
cardiovascular surgery or heart catheterisation, relative risk of 5.6 (95% CI: 1.8 
- 17.4). The risk of physiotherapy was twice as high in the antidepressant group 
compared to the control group indicating (relative risk 2.0; 95%CI: 1.5 - 2.6). 
Irregular antidepressant use resulted in intermediate effects.

Conclusion 
Antidepressant use during pregnancy is associated with increased child health care 
utilisation and increased risk of major cardiac interventions in early childhood. 
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Introduction
Antidepressants are frequently prescribed to women of childbearing potential.1-4 
The reasons for use include depression and a variety of other psychiatric and 
somatic illnesses such as anxiety disorders, sleeping disorders, and neuropathic 
pain.5 
For long there has been a reluctance to prescribe antidepressants during preg-
nancy due to restrictions mentioned in official labelling, handbooks, the prevailing 
precautionary principle, and lack of human data. The initial results of studies on 
the safety of antidepressant use during pregnancy were reassuring.6 However, 
recent large database studies found an association between antidepressant use 
during pregnancy and problems in newborn children, including major congenital 
heart defects and primary pulmonary hypertension7-15, though other studies could 
not confirm these findings.6,9,16 Another potential complication is the poor 
neonatal adaptation associated with antidepressant use during the last trimester, 
which is usually mild but occasionally requires treatment17. On the other hand, 
descriptions of the harmful effects of untreated stress and depression on birth 
outcome and child development contribute to the dilemma regarding whether or 
not to continue medication.18,19 Studies on health care use have shown that 
depression and anxiety are associated with higher somatic health care use, even 
after correcting for somatic diseases.2,20 Increased primary care visits, emergency 
department visits, and hospitalisations have been reported among children of 
mothers with mental distress.21-23 Possible causes that have been suggested are 
increased health-seeking behaviour among mothers with psychiatric illness, an 
impaired ability to cope with their children’s diseases, non-compliance with 
therapy, and over-diagnosis fed by anxiety. The influence of antidepressants on 
healthcare utilisation by the offspring has not been studied. Researching the 
effects of medication is difficult, not only because of the multiple factors that 
influence pregnancy and birth outcome. Currently, the use of antidepressants in 
pregnant women is no longer considered absolutely contraindicated. Instead, an 
individual risk-benefit balance should be made that takes into account the 
potential risks of untreated disease and the adverse effects of medication use.24 
So far, safety studies on antidepressants have focused primarily on structural birth 
defects that can be detected soon after birth, but little is known about functional 
teratology that leads to impaired organ function or to changes in physiological 
systems such as the immune system. Serotonin reuptake inhibitors like modern 
antidepressants may have lasting effects on the fetus, considering the important 
coordinating role of serotonin in the early development of many tissues and 
processes in the body.25,26 
The objective of our study was to evaluate whether, after being exposed to 
antidepressants in utero, children suffer from more general health problems 
(reflected in health care utilisation rates) than children of mothers who did not 
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use antidepressants during pregnancy. In an attempt to separate the influence of 
the disease from the effects of the drugs, we also studied cases where mothers 
stopped using antidepressants during pregnancy.27 

Methods
Setting
The study was carried out using insurance information from VGZ Health Insurance 
Company in the Netherlands on children born during the five-year period between 
January 2000 and December 2004 and the mothers of these children. VGZ is 
one of the largest insurance companies in the Netherlands, with more than 2 
million policyholders living predominantly in the centre and south of the country.1 
VGZ extracted anonymised data on health care services provided (including 
prenatal care, hospital admission, other medical facilities, and drugs dispensed) 
from files in their database. In the Netherlands, the majority of health care use 
(including prescription drugs) is covered by compulsory health care insurance.

Study population
We selected all of the children from the database who were born during the study 
period; 964 twins, 19 triplets, 51.1% boys. Only single births were included. The 
corresponding mothers were identified using the child’s date of birth, the recorded 
date of obstetric help at delivery, and their home address.
If there was more than one birth (n = 8,459), only the last child was included, 
leaving 38,989 children. Finally, we excluded those children whose own insur-
ance records or those of the mother did not cover the entire observation window 
of six months before pregnancy, the pregnancy period, and one year after birth (n 
= 387). This resulted in a study population of 38,602 children.
We divided the study population into five mutually exclusive cohorts according to 
patterns of antidepressant use based upon pharmacy dispensing data. Conception 
was estimated at 266 days before delivery. We examined antidepressant use 
during four different time windows: 6 months before conception and during each 
of the 90-day trimesters of pregnancy. Antidepressant use during one or more of 
these time windows was defined as the pharmacy dispensing at least one 
prescription for an antidepressant drug (ATC code N06A).1-3

Women who used antidepressants before pregnancy as well as during their entire 
pregnancy were defined as CONTINUOUS USERS. Women for whom the phar-
macy did not dispense an antidepressant during the six months before pregnancy 
but who did use antidepressants during pregnancy were defined as STARTERS. 
Women who used antidepressants before pregnancy but did not do so during 
pregnancy were defined as STOPPERS. The reference group (NON-USERS) 
consisted of women who did not use antidepressants before or during pregnancy. 
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Finally, women who showed all other possible patterns of antidepressant use 
during pregnancy were defined as IRREGULAR USERS.

Health care utilisation
The extent of child health care utilisation was determined for the first two weeks 
of life as well as for twelve months after that. The first weeks after birth may differ 
from the first year, considering medical observations or interventions applied that 
are related to the possible occurrence of withdrawal effects after antidepressant 
use during the last trimester of pregnancy. The use of several types of health care 
services was evaluated. Visits to a general practitioner (GP) or specialist, having 
to have a medical intervention performed by a specialist, diagnostic procedures 
(e.g. laboratory tests), physiotherapist treatment, or a hospital admission was 
determined by counting the number of subjects whose insurance records mention 
these items. To investigate special cardiovascular health care, the number of 
children who received cardiovascular diagnostic tests or cardiac interventions 
during the first year of life – such as cardiovascular surgery or interventional heart 
catheterisation, indicating clinically relevant congenital heart defects – were 
determined. Child medication use was determined to be the number of children in 
each cohort who received one or more drugs from specified categories during the 
first year.
In addition, health care utilisation by the mothers was determined during the six 
months prior to estimated conception and during pregnancy. Maternal medication 
use was determined by counting the number of women who received no, one to 
two, and more than two prescriptions for different drugs other than 
antidepressants.

Data analysis
Database management was performed using Microsoft Access 2000. Descriptive 
statistics were used to evaluate characteristics of the different cohorts. Relative 
risks and the 95% confidence intervals (CIs) of the prevalences of specific health 
care utilisation items within the cohorts compared to the cohort with no antide-
pressant use were calculated. No correction for multiple testing was applied. An 
uncorrected chi-square test was used for comparing distributions of the categori-
cal variables. For age means were calculated. Two-sided p-values less than 0.05 
were considered to indicate statistical significance of differences between cohorts. 
Multiple logistic regression analysis was performed to determine the association 
between child health care utilisation and maternal characteristics, and to calcu-
late adjusted relative risks. Statistical analyses were performed using SPSS 
software for Windows (version 15).



Chapter 5

74

Results
Characteristics of the study population
Antidepressant use during pregnancy was recorded for 784 mothers (2.2% of the 
population). Paroxetine was used most frequently (39%), followed by fluoxetine 
(14%). In 71%, a selective serotonin reuptake inhibitor (SSRI) was used, in 14% 
a tricyclic antidepressant (TCA) (mainly amitriptyline), and in 15% another 
antidepressant. Table 1 shows the characteristics of the mothers according to 
their antidepressant use before conception and during pregnancy. Mean age at 
delivery was 30.3 years (range: 15 - 50). Of the 784 mothers who used an 
antidepressant drug sometime during pregnancy, 197 women (0.5%) were 
identified as CONTINUOUS USERS. A small group of antidepressant-naïve women 
started to use these drugs during pregnancy (STARTERS, n = 44). Further 
analysis was not performed on this group because of its small size and the 
possibility that antidepressants were prescribed for use only after delivery. A large 
group of women showed irregular patterns of antidepressant use, defined as 
occasionally receiving a prescription (for instance, prescriptions before pregnancy, 
none in the first trimester, one in the second trimester followed by no antidepres-
sant prescriptions in the third trimester) (IRREGULAR USERS, n = 543). 
Antidepressant use was stopped before pregnancy in 820 women (2.1%, 
STOPPERS). Overall, women in the CONTINUOUS USERS, IRREGULAR USERS 
as well as the STOPPERS group showed higher health care use before conception 
than those in the NON-USER group (relative risks varying between 1.2 - 2.3 
(Table 1)). Women in the CONTINUOUS USERS cohort were older than those in 
the other groups (p = 0.002) and showed higher rates of visits to medical 
specialists, prenatal tests, and other diagnostic tests during pregnancy. The 
STOPPERS also used less medication of other kinds during pregnancy and 
showed less pre-delivery hospital admissions compared to the CONTINUOUS 
USERS, but more than the NON-USERS (p = 0.04).

Child health care utilisation during the first two weeks of life
Figure 1 shows the risk estimates we found for each cohort in relation to health 
care utilisation of the child during the first two weeks of life compared to the 
NON-USERS group. The majority of children exposed to antidepressants during 
pregnancy stayed in the hospital after birth, whereas the CONTINUOUS USERS 
group showed a relative risk of having more than two visits to a medical specialist 
of 2.4 (95%CI: 1.7 - 3.3). Also, the risk of having one or more than one second-
line medical intervention was increased significantly, with a relative risk of 1.5 
(95%CI: 1.2 - 1.8) and 1.7 (95%CI: 1.1 - 2.6) respectively. The neonates from 
the STOPPERS group did not differ from the NON-USERS neonates during the 
first two weeks of life.
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Child health care utilisation during the first year of life
Health care utilisation after the neonatal period by children of CONTINUOUS 
USERS was higher compared to the NON-USERS group (Figure 2). The relative 
risk of more than two GP visits in that year is 1.5 (95%CI: 1.3 - 1.8), 1.2 
(95%CI: 91.1 - 1.4), and 1.3 (95%CI: 1.2 - 1.5) respectively. The relative risk of 
specialist visits is the highest in the CONTINUOUS USERS group (1.5, 95%CI: 
1.2 - 1.9). Also, the number of children admitted to hospital tends to be higher 

Table 1 Maternal characteristics categorised according to pre-conceptual and gestational  

antidepressant use (N = 38,602). 

NON  
USERS

CONTINUOUS 
USERS

STARTERS IRREGULAR 
USERS

STOPPERS

n = 36,998 n = 197 n = 44 n = 543 n = 820 P valueb

% RR (95%CI) RR (95%CI) RR (95%CI) RR (95%CI)

Health care utilization during the 6 months before the first day of gestation

GP visits ≥2 4 2.3 (1.4 - 3.7) 0.6 (0.1 - 4.5) 2.0 (1.4 - 2.6) 2.1 (1.6 - 2.7) 0.38
Specialist visits ≥2 8 2.0 ( 1.4 - 2.7) 0.6 (0.1 - 2.2) 1.6 (1.3 - 2.0) 1.6 (1.3 - 1.9) 0.44
Diagnostic tests ≥2 31 1.4 (1.2 - 1.6) 1.2 (0.8 - 1.8) 1.5 (1.4 - 1.6) 1.5 (1.3 - 1.6) 0.09
Specialist procedures ≥2 22 1.5 (1.2 - 1.8) 0.7 (0.4 - 1.4) 1.4 (1.2 - 1.6) 1.3 (1.2 - 1.5) 0.41
Hospital admissions ≥1 10 1.0 (0.7 - 1.6) NE 1.0 (0.7 - 1.2) 1.0 (0.7 - 1.1) 0.19
Drug prescriptions ≥3a 30 2.0 (1.8 - 2.3) 1.2 (0.8 - 1.8) 2.0 (1.9 - 2.2) 2.0 (1.9 - 2.1) < 0.001
Physiotherapy 12 2.1 (1.6 - 2.6) 2.6 (1.6 - 4.0) 2.0 (1.6 - 2.2) 2.0 (1.7 - 2.2) 0.70

Health care utilization during pregnancy

GP visits ≥2 10 2.2 (1.7 - 2.9) 2.3 (1.3 - 4.0) 2.1 (1.8 - 2.5) 2.0 (1.7 - 2.3) 0.51
Specialist visits ≥2 47 1.5 (1.4 - 1.7) 1.2 (0.9 - 1.6) 1.2 (1.1 - 1.3) 1.2 (1.1 - 1.3) 0.006
Prenatal diagnostic tests ≥1 10 2.3 (1.8 - 3.0) 1.0 (0.4 - 2.4) 1.4 (1.2 - 1.8) 1.3 (1.1 - 1.6) 0.004
Other diagnostic tests ≥12 32 1.8 (1.6 - 2.0) 1.7 (1.3 - 2.3) 1.5 (1.4 - 1.7) 1.4 (1.3 - 1.5) 0.002
Specialist procedures ≥2 31 1.9 (1.7 - 2.1) 1.3 (0.9 - 1.9) 1.4 (1.3 - 1.5) 1.3 (1.2 - 1.5) 0.23
Hospital admissions ≥1c 6 2.4(1.6 - 3.4) 2.4 (1.2 - 5.1) 1.6 (1.2 - 2.1) 1.7 (1.4 - 2.1) 0.04
Drug prescriptions ≥3a 39 1.8 (1.6 - 1.9) 1.5 (1.1 - 1.9) 1.7 (1.6 - 1.8) 1.5 (1.4 - 1.6) < 0.001
Physiotherapy 21 1.5 (1.2 - 1.9) 2.1 (1.5 - 2.9) 1.6 (1.4 - 1.8) 1.7 (1.5 - 1.8) 0.43
Mean age at delivery (SD) 30.3 (4.7) 32.3 (4.7) 29.6 (5.4) 30.7 (5.1) 30.1 (5.0) 0.002

 RR = relative risk compared to NON USERS, NE = Not estimable
 a Other than precriptions for antidepressants
 b P values calculated for the differences between study cohorts, NON USERS excluded.
 c Till three days before labour
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compared to the control group. Another feature associated with antidepressant 
use is physiotherapy. The observed risk of 18% is twice (CI95%: 1.5 - 2.6) as 
high among the CONTINUOUS USERS compared to the control population. This 
risk is also increased among the IRREGULAR USERS but to a lesser extent, with 

Figure 1 Child health care utilisation during the first two weeks after birth.
  Presented here are the relative risks of health care service rates of children whose mothers used antidepressants 

continuously (A: CONTINUOUS USERS) before as well as during pregnancy (n = 197), used antidepressants irregularly 
during pregnancy (B: IRREGULAR USERS, n = 543), or stopped using antidepressants during pregnancy (C: STOPPERS, n 
= 820), compared to the non-user control group (n = 36,998). 

  The symbol’s size represents the absolute risk in the study group:  <10%,  10 - 25%, >25%. 
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Figure 2 Child health care utilisation during the first year of life. 
  Presented here are the relative risks of health care service rates during the first year of life starting at two weeks after 

birth for children whose mothers used antidepressants continuously (A: CONTINUOUS USERS) before as well as during 
pregnancy (n = 197), used antidepressants irregularly during pregnancy (B: IRREGULAR USERS, n = 543), or stopped 
using antidepressants during pregnancy (C: STOPPERS, n = 820) compared to the non-user control group (n = 36,998). 

  The symbol’s size represents the absolute risk in the study group;  <10%,  10 - 25%, >25%. 
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Figure 3 Prescription drugs, cardiovascular diagnostic tests, or cardiac interventions during the first 

year of life. 
  Presented here are the relative risks of receiving a prescription drug for specific health issues during the first year of life 

for children whose mothers used antidepressants continuously (A: CONTINUOUS USERS) before as well as during 
pregnancy (n = 197), used antidepressants irregularly during pregnancy (B: IRREGULAR USERS, n = 543), or stopped 
using antidepressants during pregnancy (C: STOPPERS, n = 820), compared to the non-user control group (n = 36,998). 

  The symbol’s size represents the absolute risk in the study group;  <10%,  10 - 25%, >25%. 
  *Specific antidepressant: CONTINUOUS USERS (n = 3): amitriptyline, fluvoxamine, and clomipramine; IRREGULAR 

USERS (n = 2): paroxetine and paroxetine in combination with temazepam. 
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a relative risk of 1.3 (95%CI: 1.1 - 1.7). It is interesting to note that we observed 
an increased likelihood of receiving more than three drug prescriptions in the 
IRREGULAR USERS or STOPPERS group. 
Exploring drug prescriptions in more detail (as shown in Figure 3), we found that 
the risk of prescriptions for laxatives increased in all three study groups (relative 
risk 1.6 - 2.3). Also, drugs for infections and inflammation increased in the 
IRREGULAR USERS group as well as in the STOPPERS and CONTINUOUS 
USERS groups, with the relative risk of receiving systemic antibiotics at 1.3 
(95%CI: 1.2 - 1.5), 1.2 (95%CI: 1.1 - 1.3), and 1.2 (95%CI: 1.1 - 1.4) 
respectively. We found approximately the same results for drugs that act on the 
respiratory tract. The increased number of children receiving anticonvulsants in 
the CONTINUOUS USERS group were mainly given diazepam rectal solution, 
which is indicated for acute management of febrile convulsions. 
When focusing on cardiac health services, we found that the risk of having 
diagnostic tests was no different than that of the control group. On the other 
hand, three of the 179 children in the CONTINUOUS USERS group had to 
undergo major cardiovascular interventions, resulting in a five times higher risk 
compared to the control group (relative risk 5.6, 95%CI: 1.9 - 16.3). The 
individual cases were related to exposure to different antidepressants. The relative 
risk of having to undergo a cardiac intervention was not significantly increased for 
children of women who used antidepressants irregularly (Figure 3).
Although we also investigated the relationship between the individual health care 
use of the mothers and the rates of health care use of their children, we found 
correlation coefficients to be less than 0.2 for GP and specialist visits as well as 
hospital admissions (data not shown). Adjustment for differences in maternal 
characteristics or health care utilisation of the mothers during pregnancy did not 
influence the univariate relative risk estimates for the association between the 
utilisation patterns of antidepressants during pregnancy and the degree of health 
care utilisation of the child.

Discussion
Irrespective of the extent of the mother’s health care utilisation, infants of mothers 
who used antidepressants during pregnancy as well as infants of mothers who 
stopped using antidepressants before pregnancy showed more health care 
utilisation during the first year of life.
Our results confirm that women with depressive symptoms tend to show more 
health care-seeking behaviour.28 Depressive patients have more co-morbidity, not 
in the least because somatic diseases increase the risk of developing depression. 
Mothers whose medical records show antidepressant use were more likely to 
consult a doctor for their newborn child. An inability to cope with their children’s 
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complaints and diseases may be one reason for this, but it may also be that their 
infants really do have an increased incidence of medical problems.
Intestinal and respiratory tract problems in babies are difficult to cope with and 
that might be the reason why we and others found more health care use in this 
area in the index groups.21,22 On the other hand, it has been shown that children 
whose parents are depressed tend to have respiratory illnesses more often, 
independent of behaviour and smoking habits.29 Moreover, children of women 
with higher levels of psychiatric symptoms show more febrile illnesses.30 This 
may explain the higher rate of antibiotic use in the groups exposed to antidepres-
sants as well as in the STOPPERS group. Increased use of diazepam also points 
in the direction of a higher risk of febrile convulsions. 
Although feeding problems during the first days after birth have been described in 
several studies on fetal exposure to antidepressants, persistent bowel complaints 
that could explain the elevated use of laxatives have not been reported be-
fore.31,32 Serotonin plays a coordinating role in the developing intestine and 
stimulates gastrointestinal motility.33 Withdrawal of serotonin reuptake inhibitors 
after birth may lead to a relative shortage of serotonin at receptors in the enteric 
nervous system, resulting in constipation. This theory does not explain the 
increased use of laxatives in the STOPPERS group and therefore constipation may 
also be associated with antidepressant exposure during early pregnancy or with 
the disease state. 
By studying different patterns of maternal antidepressant use, we were able to 
extract some specific phenomena that were only seen in children who had been 
exposed to antidepressants: higher rates of physiotherapy and more cases with 
cardiac interventions. Higher rates of physiotherapy during the first year may be 
related to the observation that antidepressants during pregnancy have negative 
effects on a child’s motor movement.34 An elevated risk of cardiac interventions 
like cardiac surgery or interventional heart catheterisation was found only in the 
CONTINUOUS USERS group, being the group that presumably had the highest 
level of exposure. Although the association between antidepressants and cardiac 
anomalies has been described before, this has not been found consistent-
ly.7,9,14-16 Berard et al. showed a correlation between clinically relevant congeni-
tal heart defects and the prescribed dose.7 Bar-Oz et al. contributed these findings 
to the demanding behaviour of women on antidepressants leading to more 
diagnostic testing, therefore suggesting that some serious heart defects would 
remain undetected in the control group.8 Contrary to their hypothesis, we did not 
observe a higher rate of cardiovascular diagnostic testing. In fact, most of the 
congenital heart defects requiring intervention during the first year of life will be 
detected during standard child health screening programmes in the 
Netherlands.35 The higher incidence of major congenital heart defects after 
continuous gestational antidepressant use justifies detailed fetal echocardiography 
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screening, as is established for other pregnancies with risk factors for mayor 
congenital heart defects.36-38 Although the absolute additive risk of birth defects 
may be acceptable for the individual antidepressant user, the question is whether 
the increased risk for the whole population is negligible.

Limitations
The disadvantage of studying health care use from the side of the provider is that 
there are no compliance data for the prescribed medication. Nor was it possible to 
obtain an overview of the extent of over-consumption of health care or under-
treatment. No data was available on factors that may have influenced health care 
utilisation (such as co-morbidity and socio-economic data). Also, the insurance 
data did not include specific information on the disease state or indication. The 
contribution of women diagnosed with minor depression or mild symptoms may 
be larger among STOPPERS than in the CONTINUOUS USERS group. Moreover, 
gestational age at delivery was not known. We made the assumption that preg-
nancy started at approximately 38 weeks before birth, thereby ignoring pre-term 
delivery.
Another limitation was the fact that records of visits to paediatricians were not 
detailed. Because of this, the only way to distinguish between real illnesses and 
mere complaints was by exploring drug prescriptions and performed procedures. 
Unfortunately, records of cardiovascular surgery and heart catheterisation included 
no details on indication.

Conclusions
Early in life, children of mothers with a history of antidepressant use during 
pregnancy show more health care utilisation than other children, also in cases 
where the mother tapered off or stopped using these drugs during pregnancy. 
Increased prescription rates of antibiotics and drugs for pulmonary and intestinal 
problems in these children indicate that symptoms could be related to the 
mother’s psychiatric illness, since it was also found in case women stopped using 
antidepressants during pregnancy. Another explanation might be that these 
symptoms are an effect of exposure tot antidepressants during early fetal 
development. 
Children whose mothers used antidepressants throughout pregnancy have more 
frequently a heart disease or motor function problems requiring therapeutic 
interventions compared to non-exposed children. These effects may be drug-
induced. Further research is needed to define the relationship between mental 
well-being, medication status, and specific paediatric issues such as functional or 
structural cardiovascular defects, neuromuscular development, infections, and 
pulmonary diseases. Medical demands of children prenatally exposed to 
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antidepressants are not restricted to the first two weeks after birth but extend into 
the first year of life.
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Abstract
Women are at great risk for mood and anxiety disorders during their childbearing 
years and may become pregnant while taking antidepressant drugs. In the 
treatment of depression and anxiety disorders, selective serotonin reuptake 
inhibitors (SSRIs) are the most frequently prescribed drugs, while it is largely 
unknown whether this medication affects the development of the central nervous 
system of the fetus. The possible effects are the product of placental transfer 
efficiency, time of administration and dose of the respective SSRI. In order to attain 
this information we have setup a study in which these parameters were measured 
and the consequences in terms of physiology and behavior are mapped. The 
placental transfer of fluoxetine and fluvoxamine, two commonly used SSRIs, was 
similar between mouse and human, indicating that the fetal exposure of these 
SSRIs in mice is comparable with the human situation. Fluvoxamine displayed a 
relatively low placental transfer, while fluoxetine showed a relatively high placental 
transfer. Using clinical doses of fluoxetine the mortality of the offspring increased 
dramatically, whereas the mortality was unaffected after fluvoxamine exposure. The 
majority of the fluoxetine-exposed offspring died postnatally of severe heart failure 
caused by dilated cardiomyopathy. Molecular analysis of fluoxetine-exposed 
offspring showed long-term alterations in serotonin transporter levels in the raphe 
nucleus. Furthermore, prenatal fluoxetine exposure resulted in depressive- and 
anxiety-related behavior in adult mice. In contrast, fluvoxamine-exposed mice did 
not show alterations in behavior and serotonin transporter levels. Decreasing the 
dose of fluoxetine resulted in higher survival rates and less dramatic effects on the 
long-term behavior in the offspring. In conclusion, these results indicate that 
prenatal fluoxetine exposure affects fetal development, resulting in cardiomyopathy 
and a higher vulnerability to affective disorders in a dose-dependent manner. 
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Introduction
Mood and anxiety disorders such as depression, panic disorder and obsessive-
compulsive disorder are common in women during their childbearing years1,2. 
The prevalence of depression has been reported to be between 10% and 16% 
during pregnancy and is becoming a major health issue3,4. In the treatment of 
depression and anxiety disorders during pregnancy, selective serotonin reuptake 
inhibitors (SSRIs) are the most frequently prescribed drugs nowadays. SSRIs, like 
fluoxetine and fluvoxamine, inhibit the reuptake of serotonin (5-hydroxytryptamine 
or 5-HT) into the presynaptic neuron by binding to the serotonin transporter 
(5-HTT), which results in an increase of synaptic serotonin levels. SSRIs have no 
effects on other monoamine transporters, which differentiates them from the 
previously prescribed tricyclic antidepressants. SSRIs are considered much safer 
than tricyclic antidepressants, since the toxic dose threshold is much higher and 
they are believed to have fewer and weaker side effects. Nevertheless, there is still 
uncertainty concerning the safety of the offspring after antidepressant exposure 
during pregnancy. Although several studies have reported no associations between 
congenital malformations and prenatal SSRI exposure, it has been recently shown 
that fetal exposure to SSRIs results in an increased risk of adverse neonatal 
effects, including neurological abnormalities, cardiac malformations and persistent 
pulmonary hypertension5-11. Furthermore, lower birth weight and an increased 
risk of preterm birth have been observed after prenatal SSRI treatment12,13. 
However, it is unknown whether this medication affects the development of the 
central nervous system of the fetus. Therefore, we have setup a study design to 
evaluate prenatal SSRI exposure on fetal development and the long-term conse-
quences in terms of behavioral pathology. In the mouse model in which clinical 
doses were applied to the mothers during pregnancy, we found that the offspring 
suffered in a dose-dependent manner from a severe form of dilated cardiomyopa-
thy and that surviving mice had severe behavioral abnormalities which may relate 
to anxiety disorders. 

Materials and Methods
Animals
Pregnant C57Bl/6-JIco mice (Charles River Laboratory, France) were housed 
individually on day 6 of pregnancy. Pregnancy was determined by observation of a 
vaginal plug. The plug date is considered to be day 0 of gestation (embryonic day 
0 (E0)). From day 8 until day 18 of pregnancy, mice were injected intraperitonally 
with either fluoxetine (0.3, 0.6, 0.8 mg/kg/day), fluvoxamine (4.2 mg/kg/day) or 
with equal volumes of sterile saline. Mice were allowed ad libitum access to food 
and water. Light/dark cycle (dark phase 19:00-07:00 h), temperature (21°C) and 
humidity (60%) were kept constant. In cross fostering experiments, pups were 
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placed with another mother a few hours after birth. Offspring was studied at E18, 
postnatal day 3 (P3), P20 and adult stage (P90). For the adult stage, pups were 
weaned at P25 and remained group-housed (2-4 animals per cage) with same-
sex littermates until experimentation at adulthood. All experiments were approved 
by the Animal Ethics Committee of the University Medical Center Utrecht and 
were conducted in agreement with Dutch laws (Wet op de Dierproeven, 1996) 
and European regulations (Guideline 86/609/EEC).

High Performance Liquid Chromatography Analysis
For determining placental transfer of SSRIs, pregnant mice were sacrificed at E16 
by decapitation five hours after drug administration. Maternal blood was collected 
and embryos were quickly removed. Embryonic tissue was homogenized with 1 
ml of 0.9% NaCl. Maternal plasma and embryonic tissue was stored at -20°C 
until analysis. For determining placental transfer of SSRIs in humans, maternal 
blood was obtained during delivery at the end stage of labour of woman who used 
antidepressants throughout pregnancy. Venous cord blood serum was obtained 
within the first hour after delivery. Samples were stored at -20°C till analysis.
Fluoxetine and fluvoxamine concentrations were determined by a high-perfor-
mance liquid chromatography (HPLC) method with UV/Fluorescence detection. 
Desmethylmaprotyline was used as internal standard. The analytes were extracted 
from plasma and embryonic tissue using a liquid/liquid extraction procedure with 
isoamylalcohol/n-hexane/borate buffer pH 9.3 (0.05/5/0.25 v/v/v). 
Chromatography was performed on a Polaris® (Varian Inc. Palo Alto, CA, USA) 
C18, 5 m, 50mm x 2mm analytical column at a flow rate of 1,0 ml/min using 
acetonitrile/phosphoric acid buffer pH 2 (15/45 v/v) at 30°C. The range where the 
assay was linear was 50 and 500 ug/L, the coefficient of variation was less than 
10% and the accuracy was between 95 and 105% for both fluoxetine and 
fluvoxamine.

Pathological examination
Mice were sacrificed at P20 and adulthood, and heart, lungs, liver, stomach, 
kidneys, intestines and spleen were dissected. Tissue was fixed in 4% paraformal-
dehyde, dehydrated in an ethanol series, embedded in paraffin. Paraffin-
embedded sections (7 µm) were mounted on SuperFrost plus slides (Menzel 
Gläser), deparaffinated, stained with haematoxylin and eosin, and analyzed by 
two independent observers blinded for the treatment. 

Magnetic Resonance Imaging
The MRI scanning of the hearts was performed as described before14.
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Autoradiography
P20 and adult brains were collected and immediately frozen on dry ice. Sections 
(20 µm) were cut and collected on SuperFrost Plus slides (Menzel Gläser). Brain 
sections were stored at -80°C until use. Sections were dried with a stream of air 
and washed for 20 min in Tris-HCl buffer (120 mM NaCl, 50 mM Tris-HCl 
(Sigma-Aldrich), pH 7.4) at room temperature. For specific binding to the 
serotonin transporter, sections were incubated for 1 hour with 1 nM [N-methyl-
3H]-citalopram (77.0 Ci/mmol; Amersham Bioscience, UK) in Tris-HCl buffer at 
room temperature. Non-specific binding was determined by adding 10 µM of the 
selective serotonin transporter inhibitor, fluoxetine (Sigma-Aldrich) in addition to 1 
nM [N-methyl-3H]-citalopram. Sections were then washed three times (1, 10 and 
10 min, respectively) in ice cold Tris-HCl buffer and rinsed in ice cold water. 
Sections were dried with a steam of air and exposed to BAS-TR2040 phosphoim-
aging plates (Fuji Imaging Plates) for 2 weeks at room temperature. 
Autoradiographic BAS-TR2040 imaging plates were scanned using the FLA-5000 
imaging system (Fuji) and quantitative analysis was performed using the AIDA 
Image Analyzer Software (Raytest). Serotonin transporter binding was analyzed in 
the dorsal raphe nucleus of mice treated with saline (N=10), fluvoxamine 
(N=10) and fluoxetine (N=4).

Elevated Plus Maze
The elevated plus maze (black Plexiglas) was elevated 100 cm above floor level 
and consisted of two open and two closed arms (30x5 cm). All arms radiated 
from a common central open square (5x5 cm). The floor of the enclosed arms 
was the same size as the open, but these arms had side walls of 15 cm high. 
Each mouse was placed in the plus-maze facing an open arm and was allowed to 
explore freely the plus-maze for 10 min. All the experiments were performed 
under normal ambient overhead lighting and were carried out during the light 
phase of the cycle, between 13:00 and 18:00 h. Each experimental session was 
recorded by videotracking software (Ethovision, Noldus Information Technology, 
The Netherlands). Between trials, the apparatus was thoroughly rinsed with 70% 
ethanol and dried with clean towels. The following parameters were obtained: 
total distance moved, velocity, entries into open and closed arms, time spent on 
open and closed arms and distance moved on open and closed arms. Mice were 
tested at P20 and adulthood. 

Large Open Field
The open field consisted of a dark-gray PVC cylinder with a diameter of 80 cm 
and 30 cm in height. The open field was divided in two parts, a central area with 
a diameter of 55 cm and an outer ring. Adult mice were individually transported 
from the adjacent room to the experimental room and immediately placed near 
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the wall, in the outer ring of the open field. All the experiments were performed 
under normal ambient overhead lighting and were carried out during the light 
phase of the cycle, between 13:00 and 18:00 h. Locomotor activity was recorded 
by videotracking software (Ethovision, Noldus Information Technology, The 
Netherlands) for 30 min. Between trials, the apparatus was thoroughly rinsed 
with 70% ethanol and dried with clean towels. The following parameters were 
obtained: total distance moved, velocity, time spent in the center and in the outer 
ring and distance moved in the center and in the outer ring.

Novelty suppressed feeding test
Adult mice were weighed and food was removed from the cage, while water 
remained available ad libitum. Twenty-four hours after food restriction, mice were 
transferred to the testing room, placed in a novel arena with in the center a 
petridish containing a pre-weighed quantity of food pellets. Each subject was 
placed in the corner of the testing area, and the latency to feed, time spent 
feeding, and total food consumption were recorded over 10 min. All the experi-
ments were performed under normal ambient overhead lighting and were carried 
out during the light phase of the cycle, between 13:00 and 18:00 h.

Statistics
Data of body weight, Wt/r ratios, 5-HTT binding and behavioral performance were 
analyzed using an one-way analysis of variance (ANOVA), followed by Bonferroni 
multiple comparison test when appropriate. Within-group comparisons were 
performed using Student’s paired t test. P<0.05 was considered significant. 

Results
Placental transfer of fluoxetine and fluvoxamine is comparable between mouse 
and human
The level of fetal exposure to certain SSRIs may influence the effects of SSRIs on 
fetal development, and may differ due to specific placental transfer efficiency. 
Therefore, we determined the placental transfer of two commonly used SSRIs 
(fluoxetine and fluvoxamine) in mouse and human (Fig.1). A relatively high 
placental transfer of fluoxetine was observed in both mice (69%, N=4) and 
humans (73%, N=6). In contrast, a low placental transfer of fluvoxamine was 
found in both mice (30%, N=4) and humans (26%, N=1). These data indicate 
that fetal exposure of fluoxetine and fluvoxamine is comparable between mouse 
and human. Furthermore, fluoxetine-treated fetuses are exposed to higher levels 
SSRIs as compared to fluvoxamine-treated fetuses.
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Prenatal SSRI treatment does not affect the body weight of the offspring
Since it has been reported that prenatal SSRI exposure can affect body weight in 
humans12,13, we determined the body weight of prenatal fluoxetine-and fluvoxam-
ine-treated offspring in mice at various stages (Table 1). Four stages were includ-
ed in the analysis based on drug exposure and fetal development: during treat-
ment (E18), in the withdrawal period (P3), at the end stage of brain development 
(P20) and in adulthood (P90). The data show that prenatal exposure to fluoxetine 
and fluvoxamine did not affect the body weight of the offspring at the stages 
analyzed. Body weights of males and females were not significantly different at 
E18, P3 and P20 (data not shown) and were combined for these stages. 

Table 1 Body weight during postnatal development and between treatment groups.

Drug E18 P3 P20 Adult

male female

Saline 1.21 ± 0.11 
(n=36)

1.96 ± 0.22 
(n=32)

8.40 ± 0.97 
(n=32)

30.35 ± 1.96 
(n=15)

22.34 ± 0.95 
(n=17)

Fluvoxamine 1.15 ± 0.09 
(n=37)

1.96 ± 0.20 
(n=34)

8.21 ± 0.83 
(n=34)

29.88 ± 1.33 
(n=18)

22.00 ± 0.80 
(n=16)

Fluoxetine 1.23 ± 0.11 
(n=33)

1.93 ± 0.12 
(n=26)

8.45 ± 0.84 
(n=6)

30.88 ± 1.93 
(n=4)

23.14 ± 0.47 
(n=2)

Figure 1 Placental transfer of fluoxetine and fluvoxamine in mouse (white bars) and human (black 

bars) presented as mean ± S.E.M. Fluoxetine showed a high placental transfer in both 

mice (69%; N=4) and human (73%; N=6), while fluvoxamine has a low placental 

transfer in mice (30%; N=4) and human (26%; N=1).
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Prenatal fluoxetine exposure causes severe dilated cardiomyopathy resulting in a 
decreased survival rate
Surprisingly, prenatal fluoxetine exposure dramatically decreased the survival rate 
during the preweaning period (Fig.2A). The majority of the fluoxetine-treated 
offspring died within 6 days after birth (62%), while 19% of the offspring died 
between P7 and P20. Notably, after P20 all the remaining pups survived until 
adulthood. In contrast, no differences in survival rate were observed in the 
fluvoxamine exposed offspring. Thus, fluoxetine treatment showed a dramatic 
effect on the mortality of the offspring (81%), while fluvoxamine treatment did not 
affect the survival rate of the offspring. 
To investigate whether the mortality was due to maternal aspects, fetal aspects or 
a combination of both, we performed cross-fostering experiments. In these 
experiments only the fluoxetine-treated offspring died, with no difference in 
mortality rate between treated and untreated mothers, suggesting that the high 
mortality rate was due to fetal aspects. To obtain an indication of the possible 
cause of death, fluoxetine-, fluvoxamine- and saline-treated mice were sacrificed 
at P20 and adulthood for histopathological examination of the organs. No 
abnormalities were observed in the lungs, liver, stomach, kidneys, intestines and 
spleen (data not shown). However, the hearts of fluoxetine-treated animals were 
enlarged at both stages, indicating dilated cardiomyopathy, while the hearts of 
fluvoxamine-treated mice were normal compared to the saline-treated hearts 
(Fig.2B). To generate a quantitative measure for the dilated cardiomyopathy, the 
wall thickness of the left ventricle and the radius of the left ventricular cavity were 
measured, and wall thickness/radius (Wt/r) ratios were calculated for all groups 
(Fig.2C). Fluoxetine-treated offspring showed a significantly decreased Wt/r ratio 
at both P20 (40% decrease; N=4; p<0.01) and adult stage (32% decrease; 
N=3; p<0.01) as compared to saline-treated offspring (N=6 for P20; N=5 for 
adult). No deviations of these parameters were observed in fluvoxamine-treated 
offspring at either P20 (N=6) or adult as compared to the saline controls (N=5). 
A decrease of the Wt/r ratio was found between P20 and adulthood in both the 
saline (p<0.01) and fluvoxamine group (p<0.07), indicating changes in heart 
morphology during aging. However, these aging effects were not observed in the 
fluoxetine-treated group (p=0.84). In agreement with these findings, in-vivo MRI 
experiments showed a increased left ventricular cavity and a decreased wall 
thickness in the fluoxetine-exposed offspring compared to the saline-exposed 
offspring, with no alterations after prenatal fluvoxamine treatment (supplemental 
movie). Taken together, these data clearly show that prenatal fluoxetine exposure 
severely affects heart development, resulting in a high mortality rate of the 
offspring, whereas fluvoxamine treated offspring is unaffected. 
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Figure 2 (A) Survival rates of mice prenatally treated with saline (white circle), fluvoxamine (gray 

triangle) or fluoxetine (black square) from 1 to 20 days after birth. 81% of the fluoxetine-

treated offspring died within 20 days after birth. (B) HE-staining of a horizontal section of 

the hearts showed dilated cardiomyopathy in fluoxetine-treated offspring. (C) Wt/r ratios 

of the left ventricle presented as mean ± S.E.M for groups treated with saline (white 

bars), fluvoxamine (gray bars) and fluoxetine (black bars) at P20 (N=6 for saline and 

fluvoxamine, N=4 for fluoxetine) and adulthood (N=5 for saline and fluvoxamine, N=3 

for fluoxetine). Wt/r = wall thickness/radius, * p<0.01.
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SSRI exposure during fetal development induces long-term alterations in the 
serotonin system
Since SSRIs bind specifically to the 5-HTT, 5-HTT levels may be permanently 
altered as a consequence of SSRI treatment during fetal brain development. To 
study the long-term effects of prenatal fluoxetine and fluvoxamine exposure on the 
5-HTT levels in the brain region where the serotonergic cell bodies are located 
(raphe nucleus), autoradiography using [N-methyl-3H]-citalopram was performed 
on P20 and adult brain tissue (Fig. 3). After prenatal exposure to fluoxetine, 
5-HTT binding decreased significantly in the raphe nucleus at P20 (40%; N=4; 
p<0.01) and adult stage (53%; N=3; p<0.01) as compared to saline-treated 
offspring (N=6 for P20 and adult). No statistical significant reductions of 5-HTT 
binding in the raphe nucleus were observed after prenatal fluvoxamine exposure 
at either P20 (N=6) or adult (N=6). Taken together, these data indicate that 
prenatal fluoxetine exposure changes the 5-HT homeostasis as measured through 
5-HTT expression levels, whereas fluvoxamine exposure does not.

Prenatal SSRI exposure results in altered behavior at adulthood
To investigate whether prenatal SSRI exposure and the above described fluoxetine-
induced changed 5-HT homeostasis influences anxiety related behavior, we tested 
mice in an elevated plus maze, an open field and in a novelty suppressed feeding 
test. In the elevated plus maze, no alterations were observed in exploratory 
behavior, since SSRI-treated mice showed no difference in total distance moved, 
velocity and time spent ambulating compared to saline-treated mice at both P20 
and adulthood (data not shown). However, the duration in the closed arms was 
significantly increased at P20 after both fluvoxamine (N=13; p<0.05) and 

Figure 3 Binding of 5-HTT in the raphe nucleus presented as percentage of control ± S.E.M for 

groups treated with saline (white bars), fluvoxamine (gray bars) and fluoxetine (black 

bars) at P20 (A) (N=6 for saline and fluvoxamine, N=4 for fluoxetine) and adulthood (B) 

(N=6 for saline and fluvoxamine, N=3 for fluoxetine). * p<0.01.
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fluoxetine treatment (N=3; p<0.05) as compared to saline-treated mice (N=13; 
Fig.4A). At adulthood, no significant differences were observed, although fluox-
etine-treated offspring did spent more time in the closed arms (Fig.4B). Next, 
mice were tested in an open field at adulthood (Fig.4C, D). Figure 4C demon-
strates a typical example of walking patterns of a saline- and a fluoxetine-treated 
mouse. During 30 min, saline-treated mice explored the whole arena, while 
fluoxetine-treated mice stayed close to the wall in the outer ring. No differences 
were measured in the total distance moved between the groups (data not shown), 

Figure 4 Behavioral data of the elevated plus maze (A, B), open field (C, D) and the novelty 

suppressed feeding test (E) presented as mean ± S.E.M. All behavioral test were 

performed with 3 groups: saline (white bars), fluvoxamine (gray bars) and fluoxetine 

(black bars). Panel C shows a typical example of a walking pattern in the open field  

(30 min) of a saline- and a fluoxetine-treated mouse. * p<0.05; ** p<0.01.
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but fluoxetine-treated mice showed a significant decrease in distance moved in 
the central area (N=3; p<0.01; Fig.4D) as compared to the saline-treated group 
(N=12). Fluvoxamine exposed mice (N=12) showed no alterations in the open 
field compared to the control group. To assess the effects of prenatal SSRI 
exposure on emotional functioning, we performed a novelty suppressed feeding 
test. This test is thought to demonstrate depression- and anxiety related behav-
iors, since animal models of anxiety and depression are abnormal in this test 
(Santarelli et al., 2003; Bodnoff et al., 1989). Weight loss during food restriction 
and latency to feed in the home cage were not different between groups (data not 
shown), which indicates no alterations in motivational factors. However, fluox-
etine-treated mice showed a 3-fold increase in the latency to feed (N=3; 
p<0.01) as compared to saline-treated mice (N=13), while fluvoxamine-treated 
mice showed the same latency as compared to the control group (N=12; Fig.4E). 
Taken together, these data show that prenatal fluoxetine exposure results in 
depression- and anxiety related behavior at adulthood, while no effects were 
observed after prenatal fluvoxamine treatment.

Heart failure causing increased mortality after prenatal fluoxetine exposure is 
dose-dependent 
To determine whether the mortality rate after prenatal fluoxetine treatment (0.8 
mg/kg/day) is dose-dependent, offspring of mice exposed to different concentra-
tions of fluoxetine (0.3, 0.6 and 0.8 mg/kg/day) during pregnancy were studied. 
Only mice prenatally exposed to the highest fluoxetine concentration (0.8 mg/kg/
day) displayed a dramatic decrease in survival rate measured at adult stage 
(Fig.5A). In agreement with our previously described findings (Fig.2), prenatal 
fluoxetine-treated mice (0.8 mg/kg/day) dramatically decreased the survival rate 
during the preweaning period. Offspring exposed to a lower dose fluoxetine (0.6 
mg/kg/day) demonstrated a small decrease in survival rate, whereas mice exposed 
to the lowest dose fluoxetine (0.3 mg/kg/day) showed survival rates identical as 
saline-treated mice. These data clearly show a dose-dependent effect of fluoxetine 
on the survival rate of the offspring. In line with these findings, we observed 
alterations in the Wt/r ratio at both P20 and the adult stage (Fig.5B and C, 
respectively). At P20, mice prenatally exposed to the highest fluoxetine concentra-
tion (0.8 mg/kg/day) demonstrated a dramatic decrease in Wt/r ratio (43% 
decrease; N=5; p<0.01) compared to saline-treated mice (N=5), whereas the 
Wt/r ratios of the lower doses (0.6 mg/kg/day (N=5) and 0.3 mg/kg/day (N=5) 
were similar as saline-treated offspring (Fig.5B). The highest dose fluoxetine (0.8 
mg/kg/day) had a similar effect on the Wt/r ratio when measured at the adult 
stage (40% decrease; N=5; p<0.01; Fig.5C) as compared to saline-treated 
offspring (N=5). In addition, 0.6 mg/kg/day fluoxetine had a significant effect on 
the Wt/r ratio in adulthood (15% decrease; N=5; p<0.05; Fig.5C). The lowest 
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Figure 5 Survival rate and heart pathology after prenatal exposure to different doses of fluoxetine. 

(A) Survival rates of mice prenatally exposed to saline (white bars), 0.3 mg/kg/day 

fluoxetine (light gray bars), 0.6 mg/kg/day fluoxetine (dark gray bars) and 0.8 mg/kg/day 

fluoxetine (black bars) measured at adulthood. 67% of the offspring exposed to the 

highest dose fluoxetine (0.8 mg/kg/day) died during the preweaning period as compared 

to 9% of the saline-treated offspring. Wt/r ratios of the left ventricle are presented mean 

± S.E.M for groups treated with saline (white bars; N=5), 0.3 mg/kg/day fluoxetine (light 

gray bars; N=5), 0.6 mg/kg/day fluoxetine (dark gray bars; N=5) and 0.8 mg/kg/day 

fluoxetine (black bars; N=5) at P20 (B) and adulthood (C). Wt/r = wall thickness/radius, 

* p<0.05 ; ** p<0.01.
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concentration fluoxetine (0.3 mg/kg/day; N=5) did not effect the Wt/r ratio in 
adulthood. Taken together, these findings indicate that prenatal fluoxetine expo-
sure affects heart development in a dose-dependent manner, resulting in a 
fluoxetine dose-dependent mortality rate of the offspring. 

Long-term alterations in behavior and in the serotonin system after prenatal 
fluoxetine exposure are dose-dependent
To determine whether the decreased 5-HTT levels in the raphe nucleus after 
prenatal fluoxetine treatment (0.8 mg/kg/day) are dose-dependent, autoradiogra-
phy using [N-methyl-3H]-citalopram was performed on adult brain tissue of mice 
prenatally exposed to different concentrations of fluoxetine (0.3, 0.6 and 0.8 mg/
kg/day; Fig.6). 5-HTT binding was significantly decreased in the offspring exposed 
to 0.8 (N=6; p<0.01) and 0.6 mg/kg/day fluoxetine (N=6; p<0.01) as com-
pared to the saline-treated offspring (N=6). In contrast, offspring exposed to the 
lowest dose fluoxetine (0.3 mg/kg/day) did not show alterations in the 5-HTT 
levels (N=6) as compared to the saline-treated group. Taken together, these data 
clearly show that long-term alterations in the serotonin system after fluoxetine 
exposure are dose-dependent.

To determine whether the long-term effects of prenatal fluoxetine exposure (0.8 
mg/kg/day) on depression- and anxiety related behavior are dose-dependent, we 
tested mice prenatally exposed to different concentrations of fluoxetine (0.3, 0.6 
and 0.8 mg/kg/day; Fig.7) in an elevated plus maze at P20 (Fig.7A) and adult-
hood (Fig.7B). No alterations were observed in exploratory behavior, since all 

Figure 6 Binding of 5-HTT in the raphe nucleus at adulthood expressed as percentage of control ± 

S.E.M. for groups treated with saline (white bars), 0.3 mg/kg/day fluoxetine (light gray 

bars), 0.6 mg/kg/day fluoxetine (dark gray bars) and 0.8 mg/kg/day fluoxetine (black 

bars). * p<0.01. 
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fluoxetine-treated groups showed similar total distances moved, velocity and time 
spent ambulating compared to saline-treated mice (data not shown). The highest 
dose of fluoxetine (0.8 mg/kg/day) showed a significant increase in duration in the 
closed arms compared to the control group, both at P20 (N=9; p<0.05) and 
adulthood (N=5; p<0.05). The 0.3 mg/kg/day (N=5) and 0.6 mg/kg/day (N=5) 
fluoxetine groups were not significantly different from the saline-treated group, but 
a clear dose-response effect on the duration in the closed arms can be observed 
at adulthood. At P20, no dose-response effect could be found since 0.3 (N=13) 
and 0.6 mg/kg/day (N=10) showed the same effect on the offspring in the 
elevated plus maze as compared to the saline-treated mice (N=12).
Next, adult mice were tested in an open field (Fig.7C). No differences were 
measured in the total distance moved between the groups (data not shown), but 
offspring treated with the highest dose fluoxetine (0.8 mg/kg/day) showed a 
significant decrease in distance moved in the central area (N=9; p<0.01) as 

Figure 7 Behavioral data of the elevated plus maze (A, B), open field (C) and the novelty sup-

pressed feeding test (D) presented as mean ± S.E.M. for groups treated with saline 

(white bars), 0.3 mg/kg/day fluoxetine (light gray bars), 0.6 mg/kg/day fluoxetine (dark 

gray bars) and 0.8 mg/kg/day fluoxetine (black bars). * p<0.05; ** p<0.01
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compared to the saline-treated group (N=9), which is in agreement with our 
previous findings (Fig.4D). Although, the 0.3 and 0.6 mg/kg/day fluoxetine groups 
(N=9) were not significantly different from the saline-treated group, a clear 
dose-response effect on the distance moved in the central area could be observed. 
Similar findings were observed in the novelty suppressed feeding test performed 
at adulthood (Fig.7D). Weight loss during food restriction and latency to feed in 
the home cage were not different between groups (data not shown), which 
indicates no alterations in motivational factors. However, offspring treated with 
the highest dose fluoxetine showed a 3-fold increase in the latency to feed 
(N=10; p<0.01) as compared to saline-treated mice (N=10), which is in 
agreement with our previous findings (Fig.4E). Similar as for the open field 
results, the 0.3 and 0.6 mg/kg/day fluoxetine groups (N=10) were not signifi-
cantly different from the saline-treated group (N=10), but a clear dose-response 
effect could be detected. The 0.6 mg/kg/day fluoxetine group showed a tendency 
for increased latency to feed (p=0.07) as compared to the saline-treated group. 
Taken together, these data clearly indicate a dose-dependent effect of fluoxetine 
on long-term depression- and anxiety related behavior.

Discussion
To assess potential long-term effects of prenatal SSRI exposure, we administered 
clinical doses of fluvoxamine and fluoxetine to pregnant mice. Embryos were 
exposed to SSRIs between E8 and E18, when the 5-HTT is present17,18. After 
prenatal fluoxetine exposure, we found a dose-dependent increase in neonatal 
mortality in the offspring, a permanent decreased 5-HTT binding and significant 
long-term alterations in depression- and anxiety related behavior. 
In order to ensure the relevancy of this study for the human situation, we made a 
comparison of the fetal exposure of fluvoxamine and fluoxetine between mouse 
and human in terms of placental transfer. The results showed that the placental 
passage is similar between mouse and human, with respect to fluvoxamine and 
fluoxetine. Fluvoxamine displayed a relatively low placental transfer, while 
fluoxetine showed a relatively high placental transfer. Thus, fluoxetine-treated 
fetuses are exposed to higher levels compared to fluvoxamine-treated fetuses. 
Therefore, we hypothesized that offspring exposed to fluoxetine would have more 
possible long-term consequences compared to offspring exposed to fluvoxamine.

In the present study, no alterations were found in body weight between E18 and 
adulthood of both the fluvoxamine and fluoxetine exposed offspring, which is 
consistent with others who administered a therapeutic dose of SSRIs in mice19. 
However, our findings conflict with a report which describes that rats treated with 
high doses of fluoxetine during pregnancy have smaller pups with poorer weight 
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gain20. In human, many studies have described lower birth weight after prenatal 
SSRI exposure12,13,21. Although, Chambers et al.7 described a link between 
prenatal fluoxetine exposure and low birth weight that disappeared when maternal 
weight gain was controlled. 

Surprisingly, the offspring exposed to high doses of fluoxetine showed a dramatic 
high level of mortality during the postnatal period, whereas mortality was low in 
the saline- and fluvoxamine-treated group. The cross-fostering experiments 
demonstrated that the effects of prenatal fluoxetine treatment on mortality were 
due to fetal aspects, which excludes maternal effects on the survival rate of the 
offspring. By histopathological examination and measuring the wall thickness/
radius ratio, we observed that the majority of the fluoxetine-treated offspring died 
of heart failure, due to dilated cardiomyopathy. Dilated cardiomyopathy was also 
observed in mice lacking the serotonin 2B receptor, which is required for heart 
development22,23. Nebigil et al.22 also showed that the serotonin 2B receptor is 
required for 5-HT to regulate cardiovascular functions. This suggests that the 
5-HT system is involved in heart development and that fluoxetine treatment 
during fetal development affects the heart, resulting in dilated cardiomyopathy. 
Major cardiac malformations have also been associated with prenatal SSRIs in 
human practice, although most of the cardiac malformations were observed after 
prenatal paroxetine treatment4,24,25. Fortunately, no association has been found 
between prenatal SSRI exposure and neonatal death in human practice. 
Differences in neonatal mortality between mouse and human can be explained by 
the neonatal care, which is excellent in humans but poor in mice. An alternative 
explanation is that, due to species differences in development, neonatal death in 
mice is similar to prenatal death in humans. Chambers et al.7 observed that 
mothers exposed to fluoxetine had an increase in the incidence of miscarriages. 
Moreover, in a meta-analysis of clinical trials it was shown that prenatal SSRIs 
significantly increased the risk for spontaneous abortion26, which is also observed 
in mice27. Since we found no effects of prenatal fluvoxamine exposure on the 
survival rate and the hearts of the offspring, fluvoxamine may be a safer SSRI 
during pregnancy compared to fluoxetine. Nevertheless, more research is neces-
sary to exclude the effects of prenatal fluoxetine exposure on heart development in 
humans. 

The observed changes in 5-HTT binding in the raphe nucleus at P20 and adult-
hood demonstrates that fluoxetine exposure during fetal development permanently 
changes the serotonin homeostasis, whereas prenatal fluvoxamine exposure did 
not. This data is in agreement with other reports, which showed that chronic 
treatment with fluoxetine downregulates the 5-HTT in adult rodents28-30. 
However, these animals were treated with SSRIs at adulthood. To our knowledge, 
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this is the first study which describes the effects of prenatal SSRI treatment on 
5-HTT density. Since 5-HTT appeared to be a critical regulator of emotional 
function, we have investigated whether these 5-HTT alterations resulted in 
changes of behavior. All behavioral experiments showed that fluoxetine exposed 
mice demonstrated depression- and anxiety-related behavior, whereas fluvoxamine 
exposed offspring showed no changes in behavior at adulthood compared to 
saline-treated offspring. These results are comparable to the behavioral data of 
the 5-HTT null mutant mice, which demonstrated a range of behavioral and 
neurophysiological abnormalities that resemble symptoms of mood and anxiety 
disorders31. To date, there have been insufficient long-term follow-up studies in 
human to demonstrate effects of prenatal SSRI on the risk of developing affective 
disorders in the offspring. Further investigation of the long-term consequences of 
fetal exposure to SSRIs, as well as the mechanisms involved, are required for a 
better understanding of the impact of SSRIs on development of the offspring.

Decreasing the dose of fluoxetine in a dose-response experiment, with therapeutic 
doses ranging form 0.3 till 0.8 mg/kg/day, resulted in higher survival rates and 
less dramatic effects on the long-term behavior in the offspring. Interestingly, the 
effects observed after administration of 0.8 mg/kg/day were less severe when a 
lower dose (0.6 mg/kg/day) was used, and completely diminished at the lowest 
dose administered (0.3 mg/kg/day). Noteworthy, the sub-maximal clinical dose of 
fluoxetine (0.6 mg/kg/day) still resulted in heart failure and behavioral pathology 
in the offspring. These results indicate that the effects of prenatal fluoxetine 
treatment on the fetus are dose-dependent.

The present findings demonstrate that prenatal fluoxetine treatment has dramatic 
effects on the survival rate of the offspring, alter the 5-HT system homeostasis at 
adulthood and indicate that fluoxetine exposed mice are more vulnerable to 
anxiety disorders at adulthood. Ultimately, clinical studies will be required to 
determine whether our findings have applicability to the risks for anxiety or 
affective disorders in humans. Two recent papers on this subject argue that it is 
save to use antidepressants during pregnancy32,33. Interestingly, the selection of 
patients was very restricted. Only pregnant women were included that used SSRIs 
in the first trimester. Although this is fine for general teratogenic effects of SSRIs, 
it is not appropriate to evaluate the effects of the pharmacological activity of 
SSRIs during development. It has been shown that the human serotonin system is 
developing in week 14-1634. This would indicate that pharmacological interven-
tion of the serotonin system by SSRIs in the infant is only effective after the first 
trimester. Taken together, we would argue that a clear study in humans about the 
relationship between SSRI intake and exposure of the infant, through placenta 
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transfer efficiency parameters, is needed together with a broad behavioral 
assessment of the infant after the withdrawal effects.
Based on our findings in mice, prenatal fluvoxamine has no long-term conse-
quences on the offspring, suggesting that fluvoxamine may be a safer antidepres-
sant drug during pregnancy compared to fluoxetine. However, our data indicate 
that more detailed and specific follow-up studies in humans are required, since 
irreversible long-term adverse effects of SSRI treatment may be observed later in 
life. Our findings stress that it is important to be restrictive with prenatal fluoxetine 
administration, and that fluvoxamine may be the preferred SSRI during pregnancy.
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Study outline 

Abstract
Introduction
The use of modern antidepressants (SSRIs and non-SSRIs) is expanding, also in 
pregnant women. It is not clear whether or not antidepressants bear an increased 
risk for pregnancy loss or major structural malformations. Reports on the risk of 
cardiac malformations and persistent pulmonary hypertension are conflicting. 
Moreover the risk for neurobehavioal disorders or long term side effects is not jet 
established. 
Antidepressant use during pregnancy can cause neonatal withdrawal effects. 
Discontinuation of antidepressants during pregnancy on the other had can lead to 
re-emergence of the psychiatric disorder. Stress and anxiety are known for their 
harmful effects on the fetus. They may impair development and account for 
behaviour abnormalities of the child. To stop or continue treatment when a patient 
is pregnant is a major dilemma health care workers are facing. Moreover because 
they are lacking scientific knowledge to make a profound risk-benefit decision. 

Aims
The OAZE-study is a prospective observational study among 400 women on the 
effects of continuation versus discontinuation of modern antidepressants during 
pregnancy. 

Methods
By means of standardised questionnaires the mental and physical sate of the 
mother and child are followed after the first trimester of pregnancy until 2 years 
after delivery. Using ultrasound and blood samples additional data are collected on 
fetal behaviour, level of drug exposure and pharmacokinetics. 
The results of the OAZE-study may contribute to fill some off the knowledge gaps 
and can be helpful in the development of policies regarding the use of 
antidepressants during pregnancy. 
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Introduction
While antidepressant use during pregnancy is increasing, the risks of these drugs 
for mother and child have not yet been fully established1,2. Data on the safety of 
antidepressants during pregnancy is conflicting and knowledge on effects on 
human fetal development, on neonatal signs of intoxication or withdrawal and 
long term follow-up is largely lacking. Considering the fact that serotonin has an 
important coordinating role in early and late fetal development and that negative 
effects of antidepressants have been found in animal studies, it is our hypotheses 
that the use of modern antidepressants during pregnancy is associated with 
changes in fetal behavioural development and that it might lead to serious 
withdrawal syndromes after birth3. Antidepressant use as well as discontinuation 
of medication during pregnancy may have an effect on the mental development of 
the child4. In this chapter we present our study design to investigate risks of 
antidepressant use during pregnancy. We used a group of women who continued 
antidepressants and a group of women who discontinued the medication during 
pregnancy. 

Methods
The OAZE study is a prospective observational study. In a multicenter, multidisci-
plinary stetting 200 pregnant women who visited  obstetrical outpatient clinics 
and used one of the modern antidepressants (serotinine reuptake inhibitors 
(SSRIs) and non-SSRIs) were included at 16 weeks of gestation. The antidepres-
sants that were studied were: 

Serotinine reuptake inhibitors (SSRIs) 
 Fluoxetine 
 Fluvoxamine 
 Paroxetine 
 Sertraline 
 Citalopram 
non-SSRIs
 Venlafaxine 
 Mirtazapine 
 Trazodon 

Women who stopped taking antidepressants in the first trimester or just before 
pregnancy (n = 200) formed the control group. The study size is large enough to 
detect a 10% difference in the occurrence of fetal/neonatal effects in the two 
study groups, assuming a prevalence of >20% (significance level α = 0.05 and a 
power of 80% (1-β).
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Women had to give informed consent and had to be able to read Dutch in order to 
fill in the questionnaires. Informed consent was obtained from each subject before 
inclusion in the study. Co-medication with a similar or higher pregnancy risk 
factor compared to antidepressants, alcohol abuse or drug addiction were 
exclusion criteria. 
Subjects who entered the study were treated by their own physicians and mid-
wives independent of participation in the study. The study protocol was approved 
by the Central Committee on Research Involving Human Subjects (CCMO) and the 
local Medical Ethical Committees of the 12 collaborating medical centers. 
Recruitment of subjects started in July 2003 and ended in July 2007. 

Primary outcome
The effects of antidepressant use during pregnancy were evaluated through 
ultrasound observations of fetal behaviour, registration of withdrawal syndromes 
after birth and measurement of child behaviour and development till the age of 2 
years. Of the women who were on antidepressants during pregnancy or stopped 
this medication before the second trimester of pregnancy the social-economical 
status, smoking/drinking habits, co medication, depression and stress (Edinburgh 
Depression Scale and State Trait Anxiety Inventory), specific pregnancy anxiety 
and blood level of the antidepressant were registered at 16-18, 27-29 and 36-38 
weeks of gestation5. Ultrasound recording of the fetal movements were also 
planned around these three time points. After delivery pregnancy outcome and 
observations of the baby during the first 10 days after birth were registered using 
a list of possible symptoms of poor neonatal adaptation and the Finnigan score on 
withdrawal symptoms. Fetal drug exposure and neonatal drug elimination kinetics 
were estimated using umbilical cord blood and a blood sample of the child several 
hours after birth. At 3 months, 8 months and 2 years after birth behaviour and 
mental development were tested using the ICQ (infant behaviour questionnaire) 
and CBCL (child behaviour list)6,7. The results of the two study groups were 
compared. Plasma concentrations of the different antidepressants were studied in 
the three trimesters of pregnancy. Dose-effect relations and level of exposure-effect 
relations were evaluated. 
The study results will expand the knowledge on the effects of antidepressant use 
during pregnancy. This may help physicians to make a risk-benefit decision on 
continuation versus discontinuation of antidepressants during pregnancy. The 
results can also be used to develop management protocols. The study size does 
not allow risk estimation of birth defects. An overview of the items that were 
studied is shown in table 1.
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Table 1 Overview OAZE Research Antidepressants during Pregnancy, an Evaluation 

N = 400 Period Maternal measurements Fetal/infant measurements

Pregnancy 16-18 weeks General demographic information
Socio-economic status
Smoking and drinking habits
Stress and depression questionnaires
Body weight
Medication
Cortisol in sliva during Ultrasound and day curve
Blood sampling

Ultrasound recording of fetal behavior 
during 1 hour

27-29 weeks Smoking and drinking habits
Stress and depression questionnaires
Body weight
Medication
Cortisol in sliva during ultrasound and day curve
Blood sampling

Ultrasound recording of fetal behavior 
during 1 hour
Heart rate during 1 hour

36-38 weeks Smoking and drinking habits
Stress and depression questionnaires
Body weight
Medication
Cortisol in sliva during ultrasound and day curve
Blood sampling

Ultrasound recording of fetal behavior 
during 2 hour
Heart rate during 2 hour

Birth Day 0 Blood sampling
Details on delivery

Gestational age and birth weight
Apgar score 1/5 minutes
Arterial/venous cord blood and amniotic 
fluid sampling

Neonatal 
period

Day 0-2 Neonatal adaptation every 4-6 h
Blood sampling, 12-48 h after birth

Day 3-10 Observed morphological anomalies
Neonatal adaptation, once daily

Infancy 3 months Medication
Stress and depression questionnaires

Infant temperament questionnaire (ICQ)
Baby dairy

8 months Medication
Stress and depression questionnaires

Infant temperament questionnaire (ICQ)
Baby dairy

2 years Medication
Stress and depression questionnaires
General demographic information

General health status of the infant
Child Behavior Checklist (CBCL)
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Participating medical centers
University Medical Center Utrecht, drs. F.F.T.Ververs, prof.dr. G.H.A. Visser  
St. Antonius Hospital, Nieuwegein, dr. L.S.M. Ribbert, 
Bronovo Hospital, The Hague, drs. J. Brogtrop
Hospital Hilversum, drs. J.C. Stolk
Isala Clinics, Zwolle, dr. I.M. Pinas
Groene Hart Hospital, Gouda, dr. C.A. van Meir
Albert Schweitzer Hospital, Dordrecht, drs. A.A.M. Toolenaar
Meander Medical Center, Amersfoort, E. Lenters
St.Elisabeth Hospital, Tilburg, drs. C.M. van Oirschot
Onze Lieve Vrouwe Gasthuis, Amsterdam, drs. P.G. Valerio
Catharina-Hospital, Eindhoven, drs. S.M.I. Kuppens
Gelre Hospital, Apeldoorn, dr. K.M. Paarlberg
Twenteborg Hospital, Almelo, drs. S.K. Dekker
TweeSteden Hospital, Tilburg, drs. A.P. Drogtrop
Zuwe Hofpoort Hospital, Woerden, dr. A. van Egmond-Linden 
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Abstract
Introduction
Increasing numbers of women in childbearing years are treated with 
antidepressants. Concerns regarding fetal exposure to medication led to large 
studies on drug effects on birth outcome and on the risk of congenital anomalies. 
The risk of adverse effects due to paroxetine use during pregnancy has been 
associated with the extent of exposure. Nevertheless few studies cover dosing 
aspects in order to minimize fetal antidepressant exposure while limiting the risk of 
treatment failure. Essential pharmacokinetic data in pregnancy are lacking, even on 
paroxetine, one of the most used antidepressants. 

Objective
We examined the changes of maternal paroxetine concentrations during pregnancy 
in relation to CYP450-2D6 genotype.

Methods
In an observational cohort study 74 pregnant women aged from 25 to 45 years 
treated with paroxetine during pregnancy participated. Blood samples and 
information on dosing, weight, smoking and mood were provided at 16–20, 
27-31, and 36-40 weeks of pregnancy. Samples were analyzed for paroxetine 
plasma concentrations and CYP2D6 genotype. 

Results
Women who were genotyped as extensive metaboliser or ultra rapid metaboliser for 
CYP2D6 (EM, n = 43, UEM, n = 1) showed steadily decreasing plasma 
concentrations during the course of pregnancy with 0.3 µg/L (95%CI:-0.58; -0.07) 
for each week of pregnancy. In contrast plasma concentrations of intermediate (IM, 
n = 25) and poor metabolisers (PM, n = 5) increased during pregnancy, resulting 
in an additional increase of 0.82 µg/L (95%CI: 0.42; 1.22) for each week of 
pregnancy to the decreasing effect of the reference group EM. Weight gain, 
maternal age or smoking did not influence plasma concentrations. Decreasing 
plasma concentrations in extensive metabolisers are in accordance with induced 
CYP2D6 activity during pregnancy. Accumulation of paroxetine in women with 
impaired CYP2D6 metabolism may be explained by competition with an 
endogenous substrate. In EM/UEMs the depressive symptoms increased 
significantly during the course of pregnancy, while in the IM/PM group these did 
not change.

Conclusions
Differences in CYP2D6 genotype may have divergent effects on maternal paroxetine 
plasma concentrations during pregnancy with therapeutic consequences. 
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Accumulation of paroxetine in a considerable group of pregnant women will lead to 
unintended increased exposure of paroxetine to the unborn child. Knowledge about 
a patients CYP2D6 genotype is indispensable when prescribing paroxetine in 
pregnancy.
Trial registration: Current Controlled Trials number, ISRCTN25383361
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Introduction
Background
Antidepressant use during pregnancy is increasing.1-3 Although the safety of 
gestational antidepressant use is still under debate, approximately 2% of all 
pregnant women in the Netherlands use antidepressant drugs. Paroxetine is the 
drug most frequently used.4 Antidepressants are prescribed for various psychiatric 
and somatic illnesses but predominantly for depression and anxiety disorders. The 
lack of knowledge concerning risks and benefits, optimal dosing and pharmacoki-
netic behaviour is in contrast to the extensive use of antidepressants during 
pregnancy.5,6 Changes in activity of metabolising enzymes during pregnancy, 
differences in enzyme activity due to genetic constitution and the fact that 
paroxetine metabolism is easily saturable are of concern. There are few data 
available indicating increased clearance of selective serotonin reuptake inhibitors 
(SSRIs) during pregnancy, but paroxetine has not been studied yet.6-9 
Paroxetine is inactivated through oxidative pathways catalyzed by the cytochrome 
P450-2D6 enzyme system (CYP2D6) in the liver.10-17 The pharmacokinetic 
characteristics of paroxetine show high inter individual variability due to the 
existence of genetic CYP2D6 polymorphism, nonlinear kinetics and interactions 
with inhibitors of CYP2D6 isozyme.18 According to their CYP2D6 genotype 
subjects are divided in four major phenotypes: poor metabolisers (PMs), interme-
diate metabolisers (IMs), extensive metabolisers (EMs) and ultra rapid metabolis-
ers (UEMs). PMs representing 4–10% of Caucasian populations are individuals 
with the absence of a functional enzyme that has been associated with the 
accumulation of various drugs.19-23 An IM is defined as being heterozygous for a 
defect allele and EMs are carrying two functional alleles, representing 30-40% 
and 50-70% of the Dutch population, respectively.24 UEMs are carrying more 
than two functional alleles and are present in 1-10%. 
Pregnancy influences pharmacokinetics by changing CYP2D6 activity, plasma 
volume, hepatic blood flow and plasma protein binding.25 Low plasma concentra-
tions of SSRIs in the third trimester of pregnancy compared to postpartum 
concentrations have been attributed to increased CYP2D6 activity.6,9 Since the 
exact onset and magnitude of changing plasma concentrations is unknown, it is 
difficult to anticipate on resulting therapeutic failure.6 However, in the light of 
poor neonatal adaptation, which commonly occurs after third trimester paroxetine 
use, decreasing drug exposure of the fetus may also be profitable.26 
The aim of our study was to evaluate the effect of pregnancy on paroxetine 
maternal plasma concentrations and the influence of CYP2D6 genotypes on 
pharmacokinetic variation in particular. 
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Methods
Study Design and Subject Eligibility 
In this study we investigated paroxetine plasma concentrations during pregnancy 
in women who were treated with paroxetine for depression or anxiety disorders. 
Subjects were enrolled in an ongoing observational cohort study on the effects of 
antidepressants during pregnancy on mother and child (OAZE). The study protocol 
was approved by the Central Committee on Research Involving Human Subjects 
(CCMO) and the local Medical Ethical Committees of the 12 collaborating centers. 
Recruitment started in July 2003 and ended in July 2007. Informed consent was 
obtained from each woman before inclusion in the study. 
Participants were considered eligible if information on medication use, co-medica-
tion, smoking habits, alcohol use and CYP2D6 genotype could be provided 
(n=74). Decisions about treatment were made by the women’s own health care 
provider and were independent of participation in our study. Blood sample 
collection did not continue if paroxetine treatment had been stopped near the end 
of pregnancy. Effect changes were estimated with the Edinburgh Postnatal 
Depression Scale a 10-item questionnaire validated for pregnancy.27

Blood sample collection and drug analysis
Maternal venous blood samples (4.5 ml) were collected at appointment time 
during routine visits at 16-20 weeks, 27-31 weeks and 36-40 weeks of preg-
nancy. Time between drug intake and sample collection varied depending on the 
dosing regimen: evening or morning dosing. The blood cells and plasma were 
separated and stored at -20˚C until analysis.
Plasma concentrations of paroxetine were analyzed using a modified straight 
phase high-performance liquid chromatography with ultraviolet detection (HPLC/
UV) or in case plasma sample volumes were smaller than 500 µL or concentra-
tions were 1.0 µg/L or lower: liquid chromatography-tandem mass spectrometry 
(LC/MS-MS).28,29 The overall intra- and inter assay coefficients of variation were 
<15% over the ranges: 5 µg/L (lower limit of quantification on 500 µL sample) to 
150 µg/L using HPLC/UV and 1 µg/L (lower limit of quantification on 100 µl) to 
350 µg/L using LC/MS-MS. 

Determination of CYP2D6 genotypes and phenotypes 
Genotype analyses for the CYP2D6*3, *4, *5, *6, *9,*10, *41 alleles on isolated 
DNA obtained from the blood sample drawn at the first visit, were performed by 
polymerase chain reaction using the method described by Schenk et al. 200830. 
Alleles with none of the mutations were classified as CYP2D6*1. 
Subjects were defined as EM if they were homozygous for coding alleles 
(CYP2D6*1) and as UEM in case of gene duplications. Subjects were defined as 
IM or PM if they were heterozygous or homozygous for non-functional alleles 
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(CYP2D6*3, *4, *5, *6) respectively. If subjects were heterozygous or homozy-
gous for decreased activity alleles (CYP2D6*9, *10 or *41) they were categorised 
as EM or IM respectively. Considering the prevalence of other non-functional 
alleles in the Dutch population of less than 10%, the chance of misclassification 
is small.
Factors that may have an effect on the CYP2D6 phenotype were all considered; 
i.e. concomitant use of drugs metabolised by the same enzymatic mechanisms as 
paroxetine, substrates for CYP2D6 enzyme system (for instance bupropion) or 
known inhibitors of paroxetine metabolism (for instance cimetidine), maternal 
weight gain, cigarette smoking and alcohol use.

Data analysis
Paroxetine plasma concentrations were examined over time. If the plasma 
concentrations were under the limit of quantification the value 0.5 µg/L was used 
in calculations9. A linear mixed-effects model was used to study the effect of 
genotype and gestational age on paroxetine plasma concentrations and to test the 
influence of weight gain, smoking, co-medication and age. 
P-values < 0.05 were regarded as statistically significant. All available patient 
data were included. To assess the model’s goodness of fit we created plots of 
observed plasma concentrations versus fitted plasma concentrations and exam-
ined residuals. Normality of distribution of effects in the final model and normality 
of residuals was tested with the Kolmogorov-Smirnov test. In order to compare 
paroxetine concentrations in the different periods they were adjusted for daily 
dose by multiplying plasma concentrations by a factor representing the daily 
defined dose (20 mg) divided by the actual dose, thereby ignoring possible dose 
dependent pharmacokinetics. The influence of pregnancy and of genotype on 
EPDS scores across pregnancy were also analysed using a mixed effects model. 
Analyses were performed with SPSS for Windows, version 15.0 and R, version 
2.6.2 with library ‘nlme’. 

Results 
Participants
All participants (n = 74) were using paroxetine, at least since early pregnancy, 
when entering the study at 16 weeks. Main patient characteristics are sum-
marised in table 1. The mean maternal age was 32.5 ± 4.8 (range, 23-45 
years). Potential confounders did not differ significantly among the different stages 
of pregnancy, except for maternal weight and smoking. 
Seventeen subjects smoked during pregnancy (23%), one of them also used 
alcohol. We determined 43 EMs (58%), one UEM (1%), 25 IMs (34%) and 5 
PMs (7%) (Table 1). 
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Table 1 Characteristics of the study population women using paroxetine during pregnancy (n = 74)

Characteristic n Range

Maternal age in years, mean (SD) 32.5 (4.9) 23 – 45
Gravity, mean (SD) 2.4 (1.7) 1 – 12
Parity, n (%)
 0 26 (35.1))
 1 33 (44.6)
 ≥ 2 15 (21.3)
Daily dose in mg, mean (SD)
 16-20 weeks, n = 54 20.4 (9.4) 5 – 60 
 27-31 weeks, n = 67 20.3 (9.5) 5 – 60
 36-40 weeks, n = 70 19.9 (8.8) 3 – 40
Weight in kg, mean (SD)
 16-20 weeks, n = 55 76.3 (18.3) 47 – 135
 27-31 weeks, n = 58 80.4 (17.5) 50 – 132
 36-40 weeks, n = 59 85.4 (19.5) 53 – 144
Cigarette smoking, n (%) 17 (23.0)
Alcohol use, n (%) 1 (1.4)
Co medication, n (%) 30 (40.5)
Co medication metabolised by CYP2D6a, n (%) 2 (2.8)
Ethnicity, n (%)
 Caucasian 71 (95.9)
 Asian 2 (2.7)
 African 1 (1.4)
Genotype, n (%) 
 EM
  CYP2D6 wt/wt 30 (40.5)
  CYP 2D6 wt/*9 2 (2.7)
  CYP 2D6 wt/*10 2 (2.7)
  CYP 2D6 wt/*41 9 (12.2)
 UEM
  CYP2D6 wt/wt*n 1 (1.4)
 IM 
  CYP 2D6 wt/*4 19 (25.7)
  CYP 2D6 wt/*5 3 (4.1)
  CYP 2D6 wt/*6 1 (1.4)
  CYP 2D6 *4/*41 1 (1.4)
  CYP 2D6 *9/*9 1 (1.4)
 PM 
  CYP 2D6 *4/*4 4 (5.4)
  CYP 2D6 *3/*4 1 (1.4)

 a Haloperidol and mirtazapine 
  EM = extensive metaboliser; UEM = ultra rapid metaboliser, IM = intermediate metaboliser; PM = poor metaboliser;  

wt = wild type.
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Measurements
The 74 participants provided a total of 190 plasma paroxetine concentrations. 
Longitudinal results are presented in figure 1. Of 20 women plasma concentra-
tions of the first period were not available because of late entry in the study. In 
eight cases sampling in the second period was omitted. Four third trimester 
samples were lacking: two due to preterm delivery, one because medication was 
stopped a few weeks before delivery, one that was lost to follow-up. 

Modelling of changes in plasma concentrations over time and the relation with 
genotype and other patient characteristics 
We ran several models incorporating the characteristics listed in table 1, except 
for gravity and parity, and observed the log-likelihood, AIC and p-values of the 
coefficients and thus obtained the best model. The final model incorporated 
genotype, gestational age and dose, and the interactions of genotype with 
gestational age and dose as fixed effects and patient as random effect. 
Finally, the observed paroxetine plasma concentration in the second and third 
trimester of pregnancy is described by equation 1: 

C~I + (gestational age + D) + genotype(gestational age + D)
(Eq. 1)

Where I denotes the intercept, Genotype = ‘EM’ or ‘IM/PM’ and D is the daily 
dose.

Figure 1A,B  Paroxetine plasma concentration normalised to 20 mg by dividing the observed plasma 

concentration by the dose and multiplying by the standard dose of 20 mg. Symbols 

represent: EM  (n = 43),UEM  (n = 1), IM  (n = 25), and PM  (n = 5).
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The interaction of body weight with plasma concentrations was not significant, as 
was smoking, co-medication or maternal age (Table 2). Random effects and 
residuals were normally distributed. We found no significant non-linearity in the 
relation between dose and paroxetine plasma concentrations. The model shows 
that in EMs paroxetine plasma concentrations decreased as pregnancy proceeds 
(-0.33 µg/L per week, p = 0.012)). However, in IMs and PMs plasma concentra-
tions increased during the course of pregnancy (Table 2. Effect of IM/PM genotype 
on plasma concentrations: 0.82-0.33 = 0.49 µg/L per week, p< 0.001). Scatter 
plots of population predicted and individual predicted paroxetine concentrations 
are shown in figure 2. The percentage of predicted values within the range of 
±10 µg/L of the observed concentrations was 79.5% and 96.8% was within the 
range of ±20 µg/L of the observed concentrations.
Although we expected a non-linear relation between dose and concentration, we 
did not find a deviation from the linear relation in the higher dose range. Results 
of patients using haloperidol (one EM) and mirtazapine (one IM) did not deviate 
from mean results in their groups. As an example: for a woman on a daily dose of 
30 mg paroxetine the model predicted plasma concentration at 38 weeks would 
be: 1.7 - 0.33*38 + 1.15*30 = 23.7 µg/l if she was genotyped EM. The same 
women if genotyped IM would have a three times higher a plasma concentration: 
(1.7 - 0.33*38 + 1.15*30) -32.1 + 0.82*38 + 1.59*30 = 70.4 µg/L. In 
figure 3 we present the results of dose-corrected plasma concentrations of 
subjects with complete samplings. Differences between the periods were analysed 
using the Wilcoxon rank test. 
Clinical effects are expressed by EPDS test results which we obtained from all 
subjects (n = 74), who responded at least once to the questionnaires. Using a 
linear mixed-effects model to test the effect of genotype and the influence 

Table 2 Values for the fixed effects of the final model

Variables Value (95% CI) Pvalue

Intercept [µg/L] 1.69 (-10.98; 14.35) 0.792
Weeks of gestation [wks] -0.33 (-0.58; -0.07) 0.012
Dose [mg] 1.15 (0.74 ; 1.55) <0.001

Genotype
 EM 0 (reference)
 IM/PM -32.1 (-52.1; -12.1) 0.002

Interactions
Weeks of gestation (IM/PM) [wks] 0.82 (0.42; 1.22) <0.001
Dose (IM/PM) [mg] 1.59 (0.88; 2.30) <0.001
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gestational age we found that depression, with an intercept of 4.8 (95%CI: 
2.1-7.5), worsened 0.08 points (95%CI:0.001-0.15; p=0.05) on the EPDS-
scale for each proceeding week of pregnancy. According to the model, the 
subjects in the group IM/PM showed 2.8 points (95%CI: 0.5- 5.0; p=0.02) 
higher EPDS scores compared to the EM-group. 
The prevalence of EPDS scores exceeding 12 (indicating depression) in the whole 
study group increased from 15% in the first period to 21% in the second period 
and 29% in the last weeks of pregnancy. Differences in prevalence of high EPDS 
scores between EMs and IM/PMs were not statistically significant. 

Figure 2 Scatter plots of A) population predicted paroxetine concentration versus observed 

paroxetine concentration and B) individual predicted paroxetine concentration versus 

observed paroxetine concentration. The solid lines represent the line of identity. 
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Discussion
We found that PMs and IMs have higher paroxetine plasma concentrations than 
subjects genotyped EM or UEM. Plasma concentrations of EMs tend to decline 
during pregnancy. This is in accordance with the findings of Tracy and colleagues 
who found a temporal increase in CYP2D6 activity during pregnancy in EMs using 
dextromethorphan/dextrorphan urinary ratios.31 Our research extends their study 
by differentiating between extensive metabolisers and intermediate or poor 
metabolisers. Our results demonstrate that a drug biotransformed by CYP2D6 not 
necessarily will show decreasing plasma concentrations during pregnancy. On the 
contrary: paroxetine levels of PMs and IMs increased. In 1997 Wadelius and 
colleagues32 found almost doubled dextromethorphan/metabolite ratios in 
Cyp2D6 poor metabolisers during pregnancy compared to postpartum ratios. As 
CYP2D6 PMs do not express functional CYP2D6, the metabolism in these 
subjects depends exclusively on other enzymes which have a decreasing activity 
during pregnancy. These findings however, have never been linked to antidepres-
sants. In IMs both processes may middle the effect out.
We hypothesise that during pregnancy CYP2D6 activity is induced by rising 

Figure 3 Dose normalised paroxetine plasma concentrations during pregnancy of longitudinal data 

of women with complete samplings EM (n = 32), IM (13) and PM (n = 2). Boxes 

represent 50% of the population and median, whiskers represent values within 1.5 times 

box width,  indicate values between 1.5 and 3 times box width and * represent extreme 

values more than 3 times box width. P-values for differences between first and last period 

for each subgroup were <0.01 for EMs and 0.05 for PMs. The p-value for the difference 

between the first and second period for IMs was 0.04. 
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concentrations of endogenous substrates. As steroid hormones and chorionic 
gonadotrophin do not induce CYP2D6, the nature of this substrate is yet un-
known. According to observations by Dickman and colleagues33 high concentra-
tions of substrate indeed catalyse 2D6 enzyme activity. In extensive metabolisers 
this leads to decreasing concentrations of exogenous substrates, e.g. paroxetine. 
However, in poor or intermediate metabolisers the induction may not hold pace 
with the increased supply of substrate. In those patients the endogenous substrate 
may act as competitive inhibitor for the metabolism of paroxetine and paroxetine 
levels will rise.
Our model gives an estimate of the probable level of plasma concentrations and 
the direction of change in the course of pregnancy from the 16th week till the end 
of pregnancy in the doses ranges of 10 – 40 mg for the different genotypes.
Although some aspects of our findings remain to be studied and no clear-cut 
relation between paroxetine concentration and antidepressant effect has been 
provided, the results are useful when evaluating the necessity of antidepressant 
drug therapy during pregnancy.34

Generally depressive symptoms worsen during the course of pregnancy.35 Low to 
undetectable plasma concentrations may attribute to this effect and to therapeutic 
failure. An increase in mean EPDS-scores as observed in the EM group was not 
seen in the IM/PM group. 

The accumulation of paroxetine in IMs or PMs is of concern, since it becomes 
more and more clear that adverse effects to the child such as low birth weight, 
poor neonatal adaptation and cardiac teratology are related to the extent of 
antidepressant exposure.36-38 Our study adds to the work of DeVane and his 
research group.39 They strongly advocate individualised drug treatment using 
therapeutic drug monitoring during pregnancy in order to achieve optimal treat-
ment while minimising exposure to the fetus. 

One of the limitations of our study was that, because the blood sampling had to 
take place during regular visit times, the time between drug intake and blood 
sampling varied between subjects, although not so much within subjects. By 
standardising the sampling time some of the observed variability may be reduced. 
Moreover we did not have data on some of the other variables, which may cause 
variation of blood values measured during pregnancy, such as protein levels and 
hemodilution.



129

CYP2D6 genotype and paroxetine during pregnancy 

Conclusion
Decreasing as well as increasing plasma concentrations in the course of pregnan-
cy, demonstrate that the effect of pregnancy on paroxetine pharmacokinetics is far 
from uniform. Decreased plasma concentrations in EMs can lead to therapeutic 
failure and relapse. Although increasing paroxetine concentrations in IMs and PMs 
are not substantially attributing to the mother’s wellbeing they may result in 
unintended and unwanted exposure to the unborn child. Our results show that 
knowledge about a patients CYP2D6 genotype is indispensable when prescribing 
paroxetine in pregnancy. Studies with comparable outline are needed before our 
findings can be extrapolated to other antidepressants such as tricyclic antidepres-
sants and SSRIs metabolised by CYP2D6.
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Abstract
Symptoms of poor adaptation are often seen in newborn infants prenatally exposed 
to selective serotonin reuptake inhibitors (SSRIs). These problems might be due to 
SSRI-induced alterations in fetal neurobehavioral development, but confirmative 
data are non-existent.
We studied developmental milestones of fetal behavior during the pregnancy of 
women with psychiatric disorders who took SSRIs throughout gestation (n=96 ) or 
who had discontinued medication early in gestation or before (n=37). Healthy 
unexposed fetuses comprised the control group (n=130). Ultrasound observations 
of fetal behavior were made three times in pregnancy (T1-T3). Effects of SSRIs 
were studied over a wide range of doses and for different types.
Fetuses exposed to standard or supra-standard SSRI doses compared with control, 
unexposed, or low-medicated fetuses showed increased motor activity at the 
beginning (T1) and end of the second trimester (T2). They also exhibited disturbed 
emergence of quiet or non-REM sleep during the third trimester, characterized by 
continual bodily activity and, thus, poor inhibitory control of motor output during 
this sleep state near-term (T3). The SSRI-effects were dose-related, but 
independent of SSRI type.
The results demonstrate ontogenetic changes in fetal neurobehavior induced by 
standard and high SSRI doses and are observable throughout gestation. Although 
long-term sequelae of disrupted fetal sleep regulation are unclear, the present 
findings may be helpful when counselling (pregnant) women in their decision to 
maintain or discontinue SSRI treatment.
Trial registration: Current Controlled Trials number, ISRCTN25383361
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Introduction
Selective serotonin reuptake inhibitors (SSRIs) are commonly utilized in pregnancy 
to treat affective (anxiety, depression) and other psychiatric disorders. Their use 
during pregnancy has dramatically increased over the past 10-15 years1,2, 
despite the potential for adverse fetal outcomes3-6. In addition, neonatal problems 
(‘poor adaptation’) are abundant after prenatal exposure to SSRIs often requiring 
specialized medical care. SSRI-induced neonatal symptoms include among others 
increased motor activity, irritability, and disturbed sleep regulation7-9. It is 
unknown whether the symptoms result from acute cessation of SSRI exposure at 
birth (withdrawal), or result from alterations in neurodevelopment or neuroregula-
tory systems secondary to sustained prenatal exposure (an in utero effect)10.

SSRIs taken by the mother might directly affect the fetus. They readily cross the 
placenta equilibrating between maternal and fetal plasma, and enter the fetal 
brain where serotonin and its neurons and receptors are present from early in 
life11. The fetus’ inability to metabolize SSRIs and their second pass through 
re-uptake from the amniotic fluid render the fetus also indirectly but continually 
exposed to raised drug levels.
Previous ultrasound studies on the effect of prenatal maternal stress/anxiety and 
of untreated depression have reported observable differences in human fetal 
behavior12,13. In sheep, maternal infusion of fluoxetine has been shown to alter 
fetal breathing, rapid eye movement (REM) sleep, and electrical brain activity14. 
To date, however, no data have been collected regarding the possible effect of 
SSRIs on neurobehavioral development in the human fetus.

The aim of this study was to compare behavioral development in a group of 
otherwise healthy fetuses exposed to SSRIs from conception with a control group 
of healthy unexposed fetuses. To separate potential effects of SSRIs on fetal 
behavior from those of mental disorders per se, we included a third group of 
fetuses of women who suffered from psychiatric problems but were unmedicated. 
SSRIs share the same mechanism of action. However, drug types in this class are 
structurally different15, and the importance of SSRI dosage regarding perinatal 
outcomes has generally been neglected16. We, therefore, examined longitudinally 
fetal motor behavior, heart rate patterns, and the emergence of behavioral 
(sleep-wake) states with special emphasis on SSRI type and dosage.
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Subjects and Methods

Subjects
This controlled prospective study enrolled a total of 133 pregnant women with 
mood disorders and other psychiatric illnesses from August 2003 to March 2008. 
The women were recruited from the antenatal clinic at University Medical Center 
Utrecht or were referrals for research purpose only from first and second line 
obstetric practices. All the participants had been taking SSRI therapy for at least 
6 months. Psychiatric diagnosis and decisions about SSRI assignment, dose 
management, and drug discontinuation were at the discretion of the treating 
physician. Diagnoses comprised major depression (n=51), panic disorder 
(n=12), a combination of both (n=62), generalized anxiety disorder (n=4), 
obsessive-compulsive disorder (n=2), and bulimia (n=2). Exclusion criteria were 
fetal abnormality, multiple pregnancy, and preexistent disease (diabetes, hyperten-
sion, thyroid dysfunction).

At study entry (15-19 weeks’ gestational age; wGA), 96 women (72%) were 
receiving SSRIs. They had conceived during treatment and 90 of them remained 
on medication throughout pregnancy with no change of drug type (medicated 
study group). Thirty-seven (28%) women were currently not receiving SSRI 
therapy and did not resume taking SSRIs during the remainder of their pregnancy. 
They had discontinued their medication prior to conception or before 12 wGA 
(unmedicated study group). 
The control group comprised 130 healthy women with no history of psychiatric or 
other physical and mental illnesses and their fetuses. These were singleton 
unexposed pregnancies which remained uncomplicated throughout the entire 
gestation. No maternal or fetal complications occurred during delivery and all 
infants did well in the neonatal period (comparison group).

All pregnancies were dated by the last menstrual period and an ultrasound scan 
before 12 wGA. Follow-up of the pregnancies and obstetric care were provided at 
the participating centre. Subjects were enrolled on a voluntary basis after written 
informed consent had been obtained. The study was approved by the Central 
Committee on Research Involving Human Subjects (CCMO), the local Ethics 
Committee, and similar boards at each of the participating centres.

Methods
A longitudinal design with three times of assessment was used and aimed to 
collect data for the mother and her fetus at 15-19 weeks of gestation at Time 1 
(T1), 27-29 wGA at Time 2 (T2), and 37-39 wGA at Time 3 (T3). A set of 
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questionnaires was mailed to the participant about one week before the appoint-
ment. Upon completion, they were returned directly to the study coordinator 
(FTTV). The women were requested not to mention possible mental problems and 
use of SSRIs during the ultrasound session. This way, the principal investigator 
(EJHM) remained blinded to women’s mental health and drug status until all data 
on the fetus had been collected and analysed. 

Maternal data collection
At T1, data was collected on socio-demographic status, life style, and medical 
and obstetric history, both past and present. The information gathered related to 
maternal age, socio-economic status (SES; highest achieved educational level: 
low, medium, high), marital status (married; unmarried), parity (nulliparous; 
multiparous), psychiatric diagnosis, duration of therapy, time at discontinuation as 
appropriate, type and dosage of SSRI, smoking and alcohol consumption (yes; 
no), use of benzodiazepines (yes; no), and use of other medications (none; class 
A; class B-C17). Depression was assessed using the Edinburgh Depression Scale 
(EDS), a 10-item instrument with satisfactory sensitivity and specificity for 
assessing antepartum depression18. Total scores may range from 0 to 30, with a 
cut-off point of ≥12 indicating mild to severe depressive symptoms. Except for 
demographic data, the information was collected again at T2 and T3. 

Recommended daily doses of SSRIs used in this study were considered to be 20 
mg for paroxetine (Seroxat®), fluoxetine (Prozac®), and citalopram (Cipramil®); 
50 mg for sertraline (Zoloft®); and 100 mg for fluvoxamine (Fevarin®) and 
venlafaxine (Efexor®). These values were set arbitrarily to 1 to indicate standard 
exposure. Subsequently, for each woman the total daily dose was expressed as a 
multiple of the standard value, the daily defined dose (DDD)19. For example, a 
woman using 60 mg of paroxetine had 3 DDD. On this basis, participants were 
categorized as having low intake (0 < DDD < 1), standard intake (DDD = 1), or 
high intake (DDD > 1). The absolute DDD-values were also used to compare 
drug effects across the different SSRI types.

Fetal data collection
For the recordings women were semi-recumbent, slightly tilted to the left, in a 
quiet environment. All recordings were made between 10.00 h and 17.00 h at 
least two hours after a meal following established procedures20,21. Ultrasound 
observations of fetal generalized body movements (GM) were made for one hour 
(T1, T2) or for two hours (T3); the images were stored for off-line analysis. 
Recording of the fetal heart rate (FHR) is not feasible in early gestation, but 
continuous FHR monitoring occurred simultaneously with fetal visualization at T2 
and T3. Proper identification of behavioral states near term requires the additional 
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observation of fetal rapid eye movements (EM)21,22. These were marked on-line 
at T3 by a second investigator using another ultrasound device. 

The presence of GM was marked during image-replay. For each recording, the 
number and duration (in seconds) of GM bursts were determined; their sum 
duration was calculated as percent of time (incidence).
The FHR tracings were judged visually and divided into episodes of heart rate 
pattern (HRP) A through D21. HRP A represents a stable heart rate with a narrow 
oscillation bandwidth (flat tracing); isolated FHR accelerations may occur, but 
they must be disregarded when evaluating this pattern. HRP B has a wider 
bandwidth with frequent accelerations. HRP C is stable but with a wider band-
width than pattern A. HRP D is unstable with large long-lasting accelerations 
often fused into tachycardia. 
The incidence of GM was determined for total recording and for episodes of HRP 
A and B if their duration was ≥ 10 min (micro analysis). All data collected on-line 
(FHR, EM) and off-line (GM, HRP) was synchronized and stored for further 
analysis of their temporal association (Fig. 1).

The 3-min moving window technique was used to draw up profiles for each T3 
recording, indicating the on and off time of GM and EM combined with the HRPs 
(macro analysis)21,22. The temporal association between parameters of the three 
state variables, HRP, GM, and EM was then assessed by two complementary 
procedures. First, the presence of each of four distinct behavioural states (1F-4F) 
was identified21,22. An episode of coincidence 1F (C1F) was defined by HRP A 

Figure 1 Fetal behavioral state recording obtained for 2 h continuously at 38 week’ gestation from 

an unmedicated woman with psychiatric problems. Fetal state organization is normal and 

comparable with that seen in healthy unexposed fetuses in the comparison group. 

Indicated are fetal heart rate (FHR), heart rate pattern (HRP), and presence and absence 

of fetal general movements (GM) and rapid eye movements (EM). 
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and absence of both GM and EM (quiet; non-REM sleep); C2F defined by HRP B 
and presence of both GM and EM (active; REM sleep); C3F defined by HRP C, no 
GM, but EM present (quiet awake); and C4F defined by HRP D and presence of 
both GM and EM (active awake). No-coincidence (NoC) was considered if none of 
the C1F through C4F combinations was valid. Presence of C1F-C4F and NoC was 
expressed as percent of total observation. 
Second, based on our results the linkage between pairs of state parameters was 
also analyzed23. For each recording, we calculated the time that one of the three 
variables was absent (-) or present (+) during the time that another variable was 
absent or present. With HRP A denoted as (-) and HRP B as (+), twelve possible 
comparisons (EM± vs HRP±; EM± vs GM±, and GM± vs HRP±) were ob-
tained. The degree of association was expressed as % linkage (100% in case of 
perfect association between pairs).

At birth
Birth weight was expressed as z-score according to Dutch growth charts adjusted 
for parity, sex, and gestational age24. Severe neonatal complications considered 
were respiratory distress (>60 breaths/min; apnea; need for oxygen supply); 
restlessness or irritability; hypotonia; decreased reactivity; feeding problems; and 
convulsions16. Their presence was filled out on a checklist every 3-4 hours on the 
first three days after birth and once daily during the next 7 days. An infant was 
noted to have poor neonatal adaptation (PNA) if at least one of the severe 
symptoms occurred (yes; no).

Statistics
SPSS for Windows (version 16, SPSS Inc., Chicago, Ill.) was used for data 
management and statistical analysis. Results were summarized with the use of 
standard descriptive statistics: counts and percentages for categorical variables, 
and means and standard deviations (SD) or errors (SE) for continuous variables. 
Main groups were evaluated for equivalence using the Chi-square or Fisher exact 
test for categorical measures and t-tests and analysis of covariance for continuous 
variables (Sidak method for post hoc multiple comparisons). Distributions of 
HRPs A-D and behavioural states (C1F-C4F, NoC), which are interrelated as their 
sum is 100% for each recording, were evaluated with multivariate ANOVA. 
Analyses were performed cross-sectionally in two steps. First, possible differences 
between the three main groups were determined. Second, we studied the differ-
ences between the unmedicated group and the medicated subgroups (low, 
standard, high DDD). Linear relationships between variables were studied by 
Pearson product moment correlations. Non-normally distributed variables were 
included as their square root transformation. With all tests, significance was 
assumed at the level of α = 0.05 (two sided). 
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Results
Descriptive statistics and preliminary analyses
At T1, the unmedicated and medicated groups did not differ as regards to 
psychiatric diagnoses (Χ2=0.82, df=3, P=0.84), history of admission to a 
psychiatric clinic (yes; no) (Χ2=1.70, P=0.19), and SSRI dosage before T1 
(median DDD 1; range, 0.2-3.0 for both groups; P=0.44).

Women in the medicated group compared with control women were older, more 
often multiparous, had shorter gestation, and had infants with lower 5-min Apgar 
scores (Table 1). Female fetuses were overrepresented in the unmedicated group. 
There were no significant differences in the use of alcohol and tobacco, (adjusted) 
birth weight, mode of delivery, SES, marital status, or proportion of infants with 
Apgar scores <7 across the main groups (Table 1, or data not shown). The 
infants showed no structural anomalies, except for one born with tetralogy of 
Fallot. This infant was retained in the study as its inclusion or exclusion from 
analyses did not alter the main results. Infants of medicated women presented 
more often with poor neonatal adaptation symptoms than infants of unmedicated 
women (Table 1). The proportion of affected infants increased with the level of in 
utero exposure to SSRIs (21.2%, 40.9%, 62.8%, and 58.3% for the unmedi-
cated group and the low, standard and high medicated subgroups, respectively; 
Χ2=12.2 for trend; P<0.001). This was mainly due to a dose-dependent 
increase in the presence of respiratory distress and restlessness/irritability, while 
hypotonia, decreased reactivity, and convulsions occurred infrequently (in 5%, 
6%, and 2% of infants, respectively). Feeding problems were similarly distributed 
across the unmedicated and medicated subgroups.

Of the 133 women in the study groups, 67% attended at T1, 89% at T2, and 
70% at T3. For the comparison group, the values were 100%, 98%, and 86%, 
respectively. Twenty-eight women in the study groups attended once, 45 twice, 
and 60 completed all three sessions. For the comparison group, these numbers 
were 2, 16, and 112, respectively. Several factors account for the difference in 
participation rate. Study group participants compared with control subjects were 
allowed to enter the study at any stage of pregnancy and they were more likely to 
drop out because of loss of interest, physical or mental discomfort, or delivery 
before the last session.
For fetal recordings among participants there were modest differences in gestation 
and time of day (Table 1). The attending women in the study groups compared 
with control women had higher EDS scores at T1-T3. However, scores of unmedi-
cated women did not differ statistically from scores reported by the medicated 
group (or its subgroups). Benzodiazepine use was similar in the study groups, but 
SSRI-treated women more often took additional category B-C medications 
(P<0.001 on each occasion; Table 1).
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Table 1 Characteristics of participants in the comparison group (n = 130), unmedicated study 

group (n = 37) and medicated study group (n = 96). Data are presented as Mean (SD) 

or number (%).

Comparison Group

Study Group

Unmedicated Medicated

Maternal age (y) 30.8 (5.1) 31.4 (4.5) 32.5 (4.8)b

Nulliparous (n; %) 123 (94.6%) 19 (51.4%)a 47 (49.0%)b

Smoking (yes) (n; %) 23 (17.7%) 8 (25.0%) 17 (20.7%)
Alcohol use (yes) (n; %) 15 (11.5%) 3 (9.1%) 2 (2.5%)

Gestation at delivery (wk) 40.0 (1.1) 39.4 (1.9) 39.1 (1.9)b

Delivery < 37 wk (n; %) 0 (0%) 2 (5.4%)a 8 (8.3%)b

Cesarean section (n; %) 10 (7.7%) 4 (10.8%) 15 (15.6%)
Birth weight (g) 3463 (444) 3395 (561) 3395 (584)
Birth weight z-score 0.10 (0.96) 0.09 (1.03) 0.08 (0.98)
Male sex (n; %) 62 (47.7%) 11 (29.7%) 54 (56.3%)c

5-min Apgar score 9.7 (0.7) 9.7 (0.8) 9.2 (1.3)b,c

Poor neonatal adaptation (yes) (n; %) --- 7 (21.2%) 50 (56.2%)c

No. of recordings at T1; T2; T3 130; 128; 112 25; 32; 29 64; 86; 64
Recording morning T1; T2; T3 (%) 46%; 44%; 40% 56%; 52%; 62%a 58%; 66%b; 66%b

Gestational age T1 (wk) 16.3 (0.9) 18.1 (1.9)a 17.8 (1.4)b

Gestational age T2 (wk) 27.5 (0.5) 27.9 (0.7)a 28.1 (0.9)b

Gestational age T3 (wk) 37.8 (0.5) 37.4 (0.6)a 37.4 (0.6)b

Depression (EDS) T1 5.6 (4.7) 10.9 (6.5)a 8.0 (5.8)b

Depression (EDS) T2 5.9 (5.2) 8.8 (6.6)a 8.1 (5.8)b

Depression (EDS) T3 5.2 (4.4) 10.4 (5.3)a 9.3 (5.8)b

Benzodiazepines T1; T2; T3 (yes; %) 0%; 0%; 0% 8%; 3%; 4% 2%; 7%; 8%

Use of other medications
 None (T1; T2; T3; %) 92%; 91%; 93% 78%; 90%; 77% 71%; 77%; 62%
 Category A (T1; T2; T3; %) 8%; 9%; 7% 13%; 7%; 11% 11%; 7%; 21%
 Category B-C (T1; T2; T3; %) 0%; 0%; 0% 9%; 3%; 12% 18%; 16%; 17%

 a : unmedicated group vs comparison group;
 b : medicated group vs comparison group;
 c : medicated group vs unmedicated group. 
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The majority of women (44%) used paroxetine (type 1), 21% used fluoxetine 
(type 2), 20% used citalopram (type 3), 7% used venlafaxine, 4% used fluvoxam-
ine, and 4% took sertraline (the latter three combined; type 4). This distribution 
remained constant during the study. The median DDD was 1 (range, 0.2-3.0) on 
each occasion, with a maximum DDD of 2 for type 1; 2.5 for type 3; and 3 for 
types 2 and 4.
Clinical and other factors mentioned above were examined as potential confound-
ers. In case of a significant relationship with the outcome measures, they were 
included as a confounder in the analyses. Time of day, gestational age at record-
ing, and EDS met the criterion occasionally.

SSRIs and fetal general movements (GM)
The percent time spent making GM was similar in the comparison group, unmedi-
cated group, and low exposure subgroup (micro analysis; Table 2). However, the 
%GM was increased in the standard exposure subgroup and particularly in the 
subgroup with high exposure. These fetuses were more active at T1, during 
episodes of HRPB at T2 (but not T3), and notably during episodes of HRPA both 
at T2 and T3 (Fig. 2). Similar results were obtained for the number of GM/h, but 
the mean burst duration and mean burst-to-burst interval per recording did not 
differ statistically across (sub)groups and occasions (data not shown). There were 
linear relationships between the absolute DDD-values and %GM (Table 2). In 
contrast, drug type (types 1-4) was not significantly associated with %GM on any 
occasion.

Figure 2 Fetal behavioral state recording obtained for 2 h continuously at 38 week’ gestation from 

a woman with psychiatric problems and long-term use of a high-dose SSRI. Indicated are 

fetal heart rate (FHR), heart rate pattern (HRP), and presence and absence of fetal 

general movements (GM) and rapid eye movements (EM). Note disruption of the two 

1F-combinations (HRPA and absence of EM) through continual presence of GM bursts. 
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Table 2 Incidences of fetal general movements, heart rate patterns, and coincidence in the 

comparison, unmedicated, and medicated study groups. The medicated group was 

divided into subgroups of low (0 < DDD <1), standard (DDD = 1), and high (DDD > 1) 

SSRI exposure. Data are presented as Mean (SE) adjusted for confounders. Linear 

relationships between the absolute DDD-values and fetal movement parameters are 

presented by their level of statistical significance.

Comparison 
Group

Unmedicated
Study Group

Total Medicated
Study Group

Low 
exposure

Standard 
exposure

High 
exposure

Dosage 
(DDD); P

General movements (%)

T1; total recording 12.0 (0.4) 13.6 (0.9) 16.1 (0.5)b,c 15.3 (1.2) 17.3 (0.8)d 16.2 (0.9)e < 0.05
T2; total recording 10.7 (0.4) 10.8 (0.8) 14.0 (0.5)b,c 13.5 (1.1) 14.1 (0.9) 16.2 (1.0)e < 0.005
T2; during HRPA 2.4 (0.4) 1.9 (0.7) 4.1 (0.6)c 3.5 (1.1) 4.1 (0.9)d 5.0 (0.9)e < 0.01
T2; during HRPB 11.6 (0.4) 13.0 (0.8) 15.4 (0.5)b 15.1 (1.1) 15.0 (0.9) 16.9 (1.0)e < 0.05
T3; total recording 8.7 (0.4) 9.6 (0.7) 9.5 (0.5) 9.2 (0.9) 9.2 (0.8) 10.2 (0.9) 0.75
T3; during HRPA 1.8 (0.2) 1.9 (0.4) 3.9 (0.2)b,c 1.9 (0.5) 3.6 (0.5)d 5.2 (0.6)e < 0.0001
T3; during HRPB 11.0 (0.4) 12.8 (0.7) 11.7 (0.5) 12.6 (0.8) 10.9 (0.7) 11.8 (0.8) 0.19

T2; Heart rate pattern 

HRPA (% of time) 17.2 (1.1) 22.1 (2.3) 11.6 (1.4)b,c 12.8 (2.6)a 10.9 (2.0)d 11.5 (2.2)e < 0.005
HRPB (% of time) 81.1 (1.2) 77.3 (2.5) 86.9 (1.5)b,c 84.2 (2.9) 88.7 (2.3)d 86.7 (2.5)e < 0.005
HRPD (% of time) 1.7 (0.6) 0.6 (1.1) 1.5 (0.7) 3.0 (1.5) 0.4 (1.2) 1.8 (1.3) 0.58

T3; Heart rate pattern

HRPA (% of time) 30.3 (1.4) 34.1 (2.5) 35.4 (1.6) 38.2 (3.0) 36.3 (2.6) 34.3 (3.0) 0.64
HRPB (% of time) 57.5 (1.6) 61.7 (2.9) 59.1 (1.9) 54.5 (2.9) 60.1 (2.6) 59.6 (3.0) 0.47
HRPC (% of time) 4.7 (0.7) 1.6 (1.3) 2.4 (0.9) 3.7 (1.0) 0.9 (0.9) 3.0 (1.1) 0.78
HRPD (% of time) 7.5 (1.2) 2.6 (2.1) 3.1 (1.5) 3.6 (1.3) 2.7 (1.2) 3.1 (1.4) 0.75

T3; Coincidence

C1F (% of time) 24.8 (1.2) 28.4 (2.1) 22.3 (1.5)c 28.8 (2.8) 21.9 (2.4) 15.2 (2.9)e < 0.0001
C2F (% of time) 52.4 (1.5) 56.2 (2.6) 53.1 (1.9) 48.5 (3.2) 55.1 (2.8) 53.7 (3.3) 0.77
C3F (% of time) 3.6 (0.7) 1.1 (1.2) 2.0 (0.8) 3.6 (1.0) 0.9 (0.9) 2.9 (1.1) 0.18
C4F (% of time) 5.4 (1.0) 2.2 (1.8) 2.8 (1.3) 3.2 (1.4) 2.5 (1.2) 3.0 (1.5) 0.98
NoC (% of time) 13.8 (0.9) 12.1 (1.6) 19.8 (1.2)b,c 15.9 (2.3) 19.6 (2.0)d 25.2 (2.4)e < 0.0001

  The number of fetuses in the low, normal, and high exposure subgroups were 14, 29, and 21 at T1, respectively;  
22, 35, and 29 at T2, respectively; and 20, 25, and 19 at T3, respectively.

 a: unmedicated group vs comparison group;
 b: medicated group vs comparison group;
 c: medicated group vs unmedicated group;
 d: normal exposure subgroup vs unmedicated group;
 e: high exposure subgroup vs unmedicated group.
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SSRIs and the distribution of fetal heart rate patterns and behavioral states
At T2, one or more episodes of HRPB were present in all recordings. HRPC was 
never seen; recordings with HRPD occurred similarly across the main groups. 
However, recordings with episodes of HRPA were less frequently seen in the 
medicated group (69%) as compared with the unmedicated (94%) and compari-
son (93%) groups (Χ2=25.52, df=2, P<0.0001).
The incidences of HRPs A-D were similarly distributed between the comparison 
and unmedicated groups (Table 2). However, fetuses in the medicated group (and 
its subgroups) spent less time in HRPA and more time in HRPB (F[6,482]=3.42, 
P<0.005). The effect of SSRIs on the distribution of HRPs was dose-dependent 
(Table 2), with no significant effect of drug type or any other covariate.
At T3, episodes (≥ 1) of HRPs A and B were present among all recordings. The 
proportions of recordings with HRPC or HRPD present were similar across the 
main groups (n.s.; Χ2 tests). The incidences of HRPs A-D, adjusted for EDS score 
(P<0.05), showed similar distributions across the groups (F[8,400]=2.04, n.s.; 
Table 2), which were affected neither by drug dosage nor drug type.
However, analysis of temporal association between the 3 state variables demon-
strated differential behavioral state distribution (%C1-4F) across the main groups 
(F[10,388]=2.76, P<0.005). State distribution was similar in the comparison 
and unmedicated groups, but the medicated group showed less %C1F and 
increased %NoC in a dose-dependent manner (Table 2). The %NoC was highest 
in the standard- and high exposure subgroups. The same dosage effect was found 
after adjustment for wakefulness (F[6,392]=3.97, P<0.001). There were no 
significant effects on state distribution of drug type or other covariates.

The reason for the SSRI-induced increase in %NoC can be read from the 2x2 
analysis of state parameters (Fig. 3). The simultaneous occurrence of episodes of 
HRPA and those of EM absent (HRPA/EM-) and vice versa (EM-/HRPA) was high 
in all (sub)groups. A similar comparison for GM-/HRPA and GM-/EM- also showed 
excellent linkage. However, the linkage of HRPA and absence of GM was highly 
disturbed, and so was the linkage of EM absent and GM absent in fetuses 
exposed to standard and high doses. While the parameters of HRP and EM 
changed direction almost simultaneously at transition from 2F into 1F and vice 
versa in the medicated subgroups, GM bursts associated with concomitant FHR 
accelerations continued to be present during (most of) the 1F-combination (Fig. 
2). Linkage of state parameters for 2-F combinations was excellent, as expected. 
The aberrant associations (GM+/HRPB; GM+/EM+) are fully explained by 
distortion through continual GM during 1F. If the latter was taken into account, 
neither the number of transitions nor the durations of continuous ‘states’ differed 
statistically across (sub)groups (data not shown).
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The % linkage of HRPA/GM- was poorly associated with overall presence of 
neonatal adaptation problems (R=-0.23; P=0.072), but was well associated 
with respiratory distress (R=-0.48; P<0.001), and not with restlessness/
irritability (R=0.06; P=0.63).

Discussion
The present findings demonstrate that neurobehavioral development in fetuses of 
low-medicated and unmedicated women with psychiatric problems is indistin-
guishable from development in healthy control fetuses. However, fetuses exposed 
to standard or supra-standard SSRI doses exhibited a different developmental 
trajectory irrespective of SSRI type. Characteristics were increased motor activity 
at the beginning (T1) and end of the second trimester (T2), and most strikingly 
absence or lack of inhibitory control of motor output at times fetuses are supposed 
to be ‘at rest’ (T2) or in ‘quiet’ or non-REM sleep at term (T3). Thus, fetal effects 
of standard to high SSRI doses were observable throughout pregnancy, but effects 
were most prominent on the architecture of non-REM sleep near-term.

In early human pregnancy, general movements occur randomly. GM become 
progressively clustered to appear as phases of rest and activity around 28 weeks, 
which are fairly associated with patterns of low (HRPA) and high (HRPB) heart 
rate variability, respectively. As the fetus grows older, episodes of rest and activity 

Figure 3 Linkage (% of time) of pairs of fetal behavioral state parameters. Data was obtained from 

fetal behavioural state recordings made near-term and presented for the comparison 

(control) group, unmedicated group, and for the three medicated subgroups with low, 

standard and high SSRI exposure. 
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and their HRPs become increasingly linked to absence and presence of EM, 
respectively. Eventually, well-developed 1F (quiet, non-REM sleep) and 2F (active, 
REM sleep) states with sharp transitions in between are present near term (Fig. 
1). At transition from a 1F- into 2F-episode, the parameters (HRPA, GM-, EM-) 
change almost simultaneously (<3 min) into HRPB, GM+, and EM+ of the 
2F-combination, respectively20-23.
Compared with normal development, we observed increased bodily activity in 
SSRI-exposed fetuses already at 16-19 weeks (T1). These fetuses also spent 
more time in the activity phase at 27-29 weeks (T2) and showed more GM 
during both episodes of HRPA and HRPB. At term (T3), SSRI-exposed fetuses 
showed good association between episodes of HRPA and absence of EM, and 
parameters changed in concert on either side of the 1F ‘state’ as expected. 
However, frequent GM bursts disrupted this state’s stability, and their often 
continual presence at the time HRP and EM changed direction led to lack of 
complete and synchronized transitions (Fig. 2). Overall, state 1F dissociation was 
reflected by a large amount of no-coincidence. The building up and maintenance 
of REM sleep and awake states were not influenced by exposure to SSRIs. 

Contrary to common assumption that women who discontinue SSRIs have a less 
severe form of their mental disorder, clinical characteristics and depression level 
of women were similar between the unmedicated and medicated groups at study 
entry. A number of other factors, including SSRI type, did also not essentially 
confound alterations in fetal performance. This suggests that the observed fetal 
effects are due to the shared mechanism of action of SSRIs (i.e. raising of CNS 
serotonin), but not to structural variations among different SSRI types. Our 
findings in fetuses of medicated women, therefore, were not explained by factors 
other than SSRI dosage.

The SSRI-induced effect on fetal non-REM sleep seems to be specific for this class 
of drugs. It has never before been described with other fetal exposures12,25-30, 
and is already manifest before birth. The findings do not lend support to the 
hypothesis of in utero overstimulation of the serotonergic system or SSRI-induced 
intoxication16.

Serotonin and its neurons and receptors are present in the human CNS from 5-10 
weeks’ gestation onward11. Serotonin acts as a trophic factor, neuromodulator 
and -transmitter, and serves various roles in neurodevelopment. Serotonergic 
neurons in the raphe nuclei project extensively to other brain nuclei which 
regulate motor activity and sleep-wake cycling. The serotonergic system also 
interacts with other neurotransmitter systems31. Both serotonin neurons and 
receptors undergo quantitative ontogenetic changes. In light of this information, 
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modulation of fetal serotonin by SSRI exposure at different stages of pregnancy 
may affect structural and functional processes leading to varied behavioral effects.
The mechanisms underlying our findings are unclear. Increased activity in SSRI-
exposed fetuses supports the view that serotonergic neurons can increase motor 
output and facilitate execution of repetitive movements in particular32. Normalized 
fetal activity seen during REM sleep at term as compared with increased activity 
during its precursor ‘state’ at T2 (episode of HRPB) suggests a shift in motor 
regulation over the third trimester. Ontogenetic changes in fetal neurobehavior in 
the medicated group may also underlie dysregulation of motor control during both 
non-REM sleep at term and its precursor ‘state’ at T2 (episode of HRPA). It is 
puzzling why fetal GM frequently occur in non-REM sleep and withdraw selec-
tively from inhibitory control after prolonged SSRI-exposure. This phenomenon 
resembles adult sleepwalking, which has been described occasionally with the 
use of SSRIs33. Comparative developmental studies on sleep-wake organization 
are virtually non-existent14, but fetal observations like ours are of importance for 
revealing basic biological and pathophysiological mechanisms34,35.
The reactive heart rate tracings seen in SSRI-exposed fetuses are not alarming to 
obstetricians since they do not indicate current distress. Follow-up studies up to 5 
years of age are also reassuring as to the safety of SSRIs. Apart from subtle motor 
deficits in prenatally exposed children36, no major differences have been found in 
cognition, temperament, or internalizing and externalizing behaviours37-39. 
However, from a neurodevelopmental view, the observed signs of sleep disruption 
may pose the SSRI-exposed fetus to future risks. In rodents, persistent long-term 
neurobehavioral effects have been described after perinatal exposure to 
SSRIs40,41. The programming hypothesis suggests that altering key developmental 
processes in utero can predispose the offspring to late-onset disorders42. Long-
term problems in prenatally exposed individuals may, therefore, not become 
evident for years after birth. Our results predict sleep problems in children 
antenatally exposed to SSRIs. Child sleep problems, in turn, are linked to later 
behavioral difficulties, anxiety and depression43. Hence, future follow-up studies 
should focus on sleep development and neurophysiological and -psychological 
tests that challenge autonomic control and inhibition mechanisms in children who 
had been exposed to SSRIs when in utero. 

Treatment decisions for women with psychiatric problems when pregnant or with 
intention to be are difficult due to conflicting risks44. The present study provides 
data showing that fetal performance varies as a function of different SSRI dos-
ages, not drug type. To stay free of drugs appears to be the optimal choice with 
respect to fetal and obstetrical complications, but relapse of mental disorders is 
imminent45. For women who continue SSRI medications, the dose should be 
limited to below-standard dosage for a particular SSRI type, if possible. 
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Abstract
Background 
Fetal exposure to antidepressants is associated with poor neonatal adaptation 
(PNA). Therefore it is advised to keep the child under clinical observation after 
birth. It is not known why the majority of exposed children develop none or only 
mild symptoms while others have to be treated at an ICU for several days. 

Objective 
To develop a risk index based on predictors for PNA which are easily assessable 
during routine antenatal visits.

Methods 
In a prospective study 262 pregnant women with ongoing or previous 
antidepressant use were included. General and medical information, as well as 
estimations of the level of mental distress was obtained by standardised 
questionnaires. In the newborns the prevalence of antidepressant associated 
symptoms were assessed. Logistic regression was used to derive a score from 
maternal characteristics for predicting PNA.

Results 
30% of infants showed severe symptoms of PNA, including 5 with neonatal 
convulsions (2.7%) and 48 with respiratory distress (25.9%). Antidepressant use, 
smoking and pregnancy related anxiety were risk factors for development of PNA. 
Respiratory distress, including apnea mainly occurred after late antidepressant 
exposure. According to the developed risk index, 45% of unborn children in this 
population would be test-positive and therefore considered to be at risk of PNA. Of 
these, 43% might eventually suffer from severe PNA.

Conclusion 
During pregnancy antidepressant use, smoking and anxiety should be assessed in 
order to predict severe symptoms of PNA. This screening tool has to be validated in 
order to be used in routine practice. 
Trial registration: Current Controlled Trials number, ISRCTN25383361.
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Introduction
Neonatal characteristics which are referred to as poor neonatal adaptation (PNA), 
may occur after in utero exposure to selective serotonin reuptake inhibitors 
(SSRIs) 1-7. As in adults, neonates may show effects of abrupt withdrawal of 
antidepressants attributed to an acute shortage of serotonin at neuronal synapses, 
leading to dizziness, nausea, emesis, insomnia and irritability. 
About 1 out of 50 woman use antidepressants during pregnancy; in 30% of these 
cases neonates develop PNA1,3. In most instances, symptoms are mild and not 
persisting. However, in some of the cases symptoms are severe including respira-
tory distress or neonatal convulsions which need to be treated in a special care 
unit4. Current policies on intensity and duration of postnatal observation after 
third trimester antidepressant exposure differ widely between doctors and clinical 
settings. This not only threatens the child’s health, it is also much to the fear and 
insecurity of pregnant women who are already more vulnerable to stress and 
anxiety. A considerable number of women stop using antidepressants in the 
course of pregnancy or near the end8. There is no evidence that this policy is 
beneficial in avoiding neonatal problems, since relapse of maternal disease may 
also impair a favourable start of life. It has been reported that maternal stress and 
anxiety are associated with neonatal problems and low Apgar scores9. 
In order to be able to anticipate on critical neonatal conditions it is essential to 
indentify women whose infants are at high risk of developing severe symptoms of 
PNA after birth. Children of women at high risk may benefit from close monitoring 
and from early intervention when problems are timely acknowledged. 
Identification of high risk individuals should be based on factors that are known to 
influence birth outcome such as maternal age, smoking and stress. The overall 
risk of antidepressant related PNA is estimated at 30% for all antidepressants, 
except from paroxetine which has shown to have a higher risk7. Moreover the 
duration of gestational exposure has been found to be indicative for the risk of 
neonatal respiratory distress and for low birth weight when controlled for maternal 
depression5. Although no association has been found with dose, the pharmacoki-
netic properties of a specific antidepressant may still be an important factor. A 
relationship between high cord blood or maternal plasma concentrations and toxic 
effects have been described in case-reports but not in prospective follow-up 
studies2. It should be noted that there are various reasons why neonates have a 
difficult start of life, especially after complicated deliveries. Even in the absence of 
maternal co-morbidity obstetricians can never assure a favourable outcome4. 
Nevertheless risk identification is indispensable for development of efficient 
policies on neonatal management of newborns prenatally exposed to antidepres-
sants. At present, however, available data do not allow to make reliable predic-
tions for individual children. 
The purpose of our study was to develop a clinically easy to use risk index to 
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stratify women using antidepressants during pregnancy according to the risk of 
symptoms of PNA that require clinical management. 

Methods
Study design and setting
This prospective observational cohort study is part of an ongoing research project 
on the effects of antidepressants during pregnancy on mother and child (OAZE). 
The study protocol was approved by the Central Committee on Research Involving 
Human Subjects (CCMO) and the local Medical Ethical Committees of the 12 
collaborating medical centers. Recruitment of subjects started in July 2003 and 
ended in July 2007. Informed consent was obtained from each subject before 
inclusion in the study. 

Participants
Pregnant women visiting the outpatient clinic of one of the participating obstetric 
centers were asked to enrol in the study at 16 weeks of pregnancy. They were 
considered eligible if they were treated for depression or anxiety disorder using 
one of the modern antidepressants or tapered off their antidepressant medication 
for pregnancy reasons. Subjects were asked to provide general information and 
information on medication use, co-medication, smoking habits and alcohol use. 
Decisions about treatment during pregnancy were made by the women’s own care 
provider independent of their participation in this study. Exclusion criteria were 
preterm birth (<37 weeks of gestation), birth weight <2500 g and maternal 
co-morbidity such as diabetes and co-medication (3).

Outcome
The outcome of this study was severe symptoms of PNA, not attributed to 
co-morbidity. Severe symptoms of PNA were defined as: neonatal problems in the 
first days of life, including respiratory distress, feeding problems and convulsions, 
needing medical treatment or requiring special care unit admission. 

Predictors
As a rule of thumb, the number of predictors considered should not exceed 10% 
of the number of occurrences of the outcome, i.e. PNA in the current study. 
Therefore, a limited number of five candidate predictors was selected based on 
existing literature while taking into account their applicability in practice, includ-
ing maternal age, antidepressant use, paroxetine use, anxiety and smoking. For 
the present analysis antidepressant use and the use of paroxetine were coded as 
dichotomous (yes/no) variables. 
Maternal anxiety and stress related to pregnancy and giving birth were assessed 
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using a validated 10-item questionnaire PRAQ10. The PRAQ consists of ten 
questions with items addressing fear of childbirth, fear for the child’s health and 
worries about changes in the personal life of the mother. Pregnancy specific 
anxiety measures are able to predict birth outcome at least as well as general 
anxiety questionnaires11. Therefore we chose the PRAQ as a tool to estimate 
stress, which would be easy to use in a midwifery or obstetric practice. For 26 
women, the rating on the PRAQ scale in the third trimester was missing and was 
estimated using a single imputation technique. In the final model we defined the 
presence of anxiety as a score greater than or equal to the 85th percentile to 
facilitate application in the current study population. Smoking was accessed by 
the questionnaire and it was scored as yes/no. Predictor information used in the 
present analysis regarded the third trimester of pregnancy. 
After birth the occurrence of symptoms of PNA were recorded according to a 
checklist. Mild symptoms were defined as: excessive crying, sleeping less than 3 
hours after feeding, restlessness or tremors, pale skin or hypo/hyperthermia. 
Severe symptoms of PNA, indicated as PNA for the analysis in this study, were 
defined as: decreased reactivity, hypotonia, emesis, difficulty in feeding, respira-
tory distress or convulsions. Respiratory distress included increased respiratory 
rate (>60 per minute), need for oxygen supply and apnoea. The checklist was 
filled in every three to four hours during the first three days and once a day during 
the 7 following days. The items on the PNA checklist are derived from papers by 
Chambers and colleagues and Laine and colleagues1,2. Care takers were request-
ed to record all other problems observed in the child. In the home-situation 
observations and recordings were performed by the mother under the supervision 
of the midwife or family practitioner, who routinely visited mother and child after 
birth or was consulted when the mother thought that she noticed signs of PNA. 
Additional information on labour and the postnatal period was extracted from the 
medical records and discharge reports.

Analysis
The aim of our study was to create a brief easy-to-use instrument to assess the 
probability of severe PNA. The approach we used is appropriate whenever a set of 
potential predictors is to be reduced and transformed into a risk score for applica-
tion in clinical practice12. The initial model was a multivariable logistic regression 
model with all potential predictors as the independent variables and PNA as the 
dependent variable. Potential predictors were age, smoking, pregnancy related 
anxiety, use of antidepressants, specifically paroxetine. The set of predictors was 
reduced in view of the following considerations. Stepwise selection techniques 
based on the statistical significance of the association of each predictor with the 
outcome variable may result in bias and has shown limited value in prognostic 
modelling13,14. Moreover, full models with all candidate predictors in the model 
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regardless of p-values, are frequently more predictive than those in which predic-
tors are first screened for a certain level of statistical significance14. Therefore, we 
did not select our predictors for the final model on the basis of statistical signifi-
cance. Instead, we selected predictors only on the basis of the plausibility of the 
direction of their associations with the outcome as indicated by the sign of the 
multivariable regression coefficient. This method is known as the ‘sign OK 
method’ and not only improves the predictive capacity of the model but also 
enhances its clinical credibility and, consequently, its use in clinical practice13. 
The goodness of fit of the reduced model was assessed using the Hosmer and 
Lemeshow test. The discriminatory power of the model, i.e. the extent to which it 
separates newborns with PNA from those without PNA, was quantified by 
constructing Receiver Operating Characteristic (ROC)-curves. The ROC-curve is a 
plot of the sensitivity of the model-predicted probability on the vertical axis 
against 1-specificity of the predicted probability on the horizontal axis for all 
possible cut-off values. Combinations of high sensitivities and high specificities 
result in a curve close to the top left corner and thereby in a large Area Under the 
Curve (AUC). The AUC of the ROC-curve is a summary measure of the predictive 
accuracy of a prediction model, independent of the cut-off value of the predicted 
probability. A value of 0.70 or more can be interpreted as reasonably, 0.80 up to 
0.90 as good and 0.90 or over as excellent15. 
The prediction model was subsequently validated by correcting for over-fitting or 
over-optimism using bootstrapping techniques16. For this purpose 100 random 
bootstrap samples were drawn with replacement and the model was fitted in each 
sample. From these repeated analyses a shrinkage factor was calculated to correct 
the logistic regression coefficients and the AUC for over-optimism. The model’s 
predictive performance after correction by bootstrapping is the performance that 
can be expected when the model is applied to future similar populations17. 
Unfortunately, the AUC cannot be interpreted in a way that allows practical 
application, as its value corresponds to the probability that for a random pair of 
subjects, one with and one without the outcome of interest, the one with the 
outcome has the highest predicted probability. 
To obtain a practically applicable instrument yielding the absolute probability of 
PNA, a PNA risk score was developed. This was accomplished by transforming 
the beta coefficients, i.e. all coefficients except for the intercept (constant), from 
the bootstrapped model to a round number of points. Because the beta coeffi-
cients indicate the relative weight of the predictors, this transformation was 
performed in a uniform way: multiplication by 10 and subsequent rounding to the 
nearest integer. A total PNA score for each newborn could then be calculated by 
adding the number of points for each predictor present. Note that the absolute 
score value has no direct meaning and that this addition was done for presenta-
tion reasons only. The predicted probability of PNA was presented in four 
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categories of the PNA score, taking into account their size, in connection with 
statistical stability, as well as practical applicability of the score. We proceeded 
with the analyses by creating dichotomous ‘prognostic’ tests from the PNA score 
using the same cut-offs as those used to delineate the PNA score categories. By 
relating them to the presence or absence of PNA, the sensitivity, specificity and 
predicted values of these tests were calculated. The data were analyzed using 
SPSS 16.0 and S-plus 2000.

Results
Participants
A total of 262 women met the inclusion criteria and gave consent. Women with 
risk factors for neonatal complications which were known before 37 weeks of 
pregnancy were excluded. Finally 185 women completed follow-up and could be 
analysed (see flow diagram, Figure 1). 

Descriptive data
Table 1 shows the characteristics of the study population. The percentage of 
children in the total study population who were born preterm was 8.4 % (n=21): 

Figure 1 Study flow diagram 
 a Benzodiazepines n=11, antipsychotics n=5, levothyroxine n=6, anti-epileptics n=2, sedative analgesics n=4.
 b Insufficient data on PNA of infants with major congenital anomalies: n=2 (Tetralogy of Fallot, Feingold syndrome)

Gave consent
(n=262)

Included
(n=250)

Analysed
(n=185)

Excluded (n=12) 
Lost to follow-up <37 wks (n=11)
Twins (n=1) 

Excluded from analysis: risk factors known < 37 wks (n=55)
Stillbirth (n=1)
Therapeutic abortion (n=1)
Preterm delivery (n=21)
Intra uterine growthretardation (n=2)
Co-medicationa (n=28)
Diabetes (n=2)

Excluded from analysis because of:
Insufficient maternal or infant datab (n=10)
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Table 1 Characteristics of study population (N=185). 

Characteristics Mean ± SD or n (%)

Maternal age, yr
Parity
Smoking
Alcohol use
PRAQ score
Antidepressant
 Paroxetine
 Citalopram
 Fluoxetine
 Sertraline
 Fluvoxamine
 Venlafaxine
 Other*
 Discontinued before 16 weeks of gestation
Induced delivery
Mode of delivery
 Vaginal
 Vaginal, vacuum extraction
 Secondary Caesarean section
 Elective Caesarean section
Meconium-stained amniotic fluid
Gestational age, wk
Birth weight, g
1-min Apgar score
1-min Apgar score <7
5-min Apgar score
5-min Apgar score <7
Mild symptoms of PNA
 Excessive crying
 Sleeping less than 3 hours after feeding
 Restlessness or tremors
 Pale skin
 Hypo/hyperthermia
Severe symptoms of PNA
 Respiratory distress (including tachypnea)
 Hypotonia
 Decreased reactivity
 Feeding difficulties
 Vomiting/ abundant regurgitations
 Convulsions

32.3 ± 4.7
0.8 ± 0.9
35 ± 18.9

5 ± 2.7
13.5 ± 7.6

68 (36.8)
23 (12.4)
22 (11.9)

9 (4.9)
7 (3.8)
6 (3.2)
3 (1.6)

47 (25.4)
35 (18.9)

139 (75.1)
21 (11.4)
14 (7.6)
11 (5.9)

34 (18.4) 
39.6 ± 1.2

3477.8 ± 470.2
8.4 ± 1.2
16 (8.9)

9.4 ± 0.9
2 (1.1)

29 (15.7)
61 (33.5)
45 (24.3)
21 (11.4)

4 (2.2)

48 (25.9)
10 (5.4)
5 (2.7)

47 (25.4)
12 (6.5)
5 (2.7)

  Mean DDD ± SD of the different antidepressants were: paroxetine 1.0 ± 0.4, citalopram 1.2 ± 0.5, fluoxetine: 1.2 ± 
0.6, sertraline 1.4 ± 1.0, fluvoxamine 0.9 ± 0.4 venlafaxine: 1.1 ± 0.4, clomipramine 0.5, mirtazapine 1 ± 0.0.

 * Mirtazapine n=1, clomipramine n=2
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6% (n=15) of the children had a low birth weight (<2500g). In the same time in 
the Netherlands the percentage preterm birth was 7.4 %, resulting in a relative 
risk of 1.1 (95%CI: 0.8-1.7) for our study group. And 6.4% of the Dutch popula-
tion had a low birth weight (relative risk for our group: 0.9, 95%CI: 0.6-1.5)18. 
Two infants were born with major malformations including tetralogy of Fallot and 
Feingold syndrome. The mothers used fluoxetine 150mg and paroxetine 20mg 
respectively. Details on PNA of these two infants were not available. 
Antidepressant exposure was expressed relative to daily defined dose (DDD). For 
the different antidepressants the DDD was defined: paroxetine, fluoxetine and 
citalopram: 20 mg, fluvoxamine and venlafaxine: 100 mg, sertraline 50 mg and 
mirtazapine 30mg. The high frequency of paroxetine use in pregnancy mirrors its 
use in the Dutch population at that time. 
A total of 55 infants (29.7%) showed severe symptoms of PNA, 106 infants 
(57.3%) showed only mild symptoms and 46 infants (24.9%) had no symptoms 
at all (Table 1). There were five cases with convulsions (2.7%), two after fluox-
etine exposure and three neonates with only early exposure to sertraline, parox-
etine and citalopram respectively. Respiratory distress was observed mainly as 
tachypnea, four neonates (2.1%) suffered from decreased saturation including one 
neonate with apnea. These four neonates were exposed in late pregnancy to 
paroxetine (3) and sertraline (1).
The initial model (Table 2) with all predictors included yielded an AUC of the 
ROC-curve of 0.70 (95%CI: 0.61 – 0.78). Age was the only variable with a 
regression coefficient that was considered implausible, i.e. increasing age was 
associated with a decreasing risk of PNA. Therefore it was removed from the final 
model. The reduced final model , after correction for over-optimism, yielded a 
modest AUC of 0.67 (95%CI: 0.59-0.75). The p-value from the Hosmer-
Lemeshow test was 0.39 indicating no deviance of model fit. The model present-
ed in table 3 can be used to calculate an exact predicted probability of PNA as 1 / 
(1 + exp (-(-2.237 + 0.132*smoking + 0.723*PRAQ + 1.294*use of antide-
pressant + 0.332*use of paroxetine))). The coefficients in this formula are 
corrected for over-optimism by multiplying them by the shrinkage factor (0.86) 
obtained from the bootstrapping procedure. Alternatively, the probability of PNA 
can be estimated by calculating the total PNA score using the formula at the 
bottom of Table 4. For instance, a mother who smokes and uses an antidepres-
sant other than paroxetine in the third trimester of her pregnancy has a total PNA 
score of 14 (1+13). The approximate predicted risk of PNA can subsequently be 
read from table 4. Table 4 shows the predicted probabilities of PNA according to 
four score categories together with the observed probabilities. The predicted and 
observed probabilities agreed well. 
For all three possible cut-offs, the sensitivity, specificity and predicted values are 
shown in table 5. A scenario could be that in a future similar population the 
middle cut-off (≥16) is used to indicate ‘test positive’.  



Chapter 10

164

This means that 45% of unborn children in this population will be test-positive 
and will therefore be considered at risk of PNA. Of those, 43% (PPV) will eventu-
ally suffer from severe PNA. This cut-off would also implicate that for a maximum 
of 66% (sensitivity) of all children with PNA precautions will be taken justly. 
Further, 19% (1-NPV) will still show PNA on a negative test result while for 96% 
(specificity) correctly no precautious measures might be taken.

Table 3 Final reduced multivariable model to predict poor neonatal adaptation (N=185)

Predictor
Regression 
coefficient

Odds ratio for the presence of 
predictor  

(95% confidence interval)

Contribution to poor 
neonatal adaptation 

score if predictor present

Intercept (constant) -2.237 - -
Smoking 0.132 1.14 (0.49 – 2.65) 1
Anxiety (PRAQ scale score  
≥ 85th percentile)

0.723 2.06 (0.90 – 4.73) 7

Use of antidepressants 1.294 3.65 (1.24 – 10.69) 13
Use of paroxetine 0.332 1.39 (0.68 – 2.84) 3

 1)  Predicted probability of poor neonatal adaptation = 1 / (1 + exp (-(-2.237 + 0.132*smoking + 0.723*pregnancy 
related anxiety + 1.294*use of antidepressants + 0.332*use of paroxetine))) 

 2)  PNA score = 1*smoking + 7*pregnancy related anxiety + 13*use of antidepressants + 3*use of paroxetine.

Table 2 Initial full multivariable model to predict poor neonatal adaptation

OR (95%CI)* pValue 

Maternal age (per 5-years) 0.81 (0.57 – 1.16) 0.25
Smoking (yes/no) 1.18 (0.51 – 2.74) 0.69
Anxiety (PRAQ scale score ≥ 85th percentile) 1.03 (0.98 - 1.08) 0.20
Use of antidepressants 4.46 (1.53 – 12.97) 0.01
Use of paroxetine 1.51 (0.73 – 3.13) 0.26

 * Odds ratio with 95% confidence interval
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Discussion
In this prospective cohort study, the prevalence of severe symptoms of PNA was 
30%. This is comparable to the prevalences of severe symptoms reported in the 
studies of Boucher et al 2008 and Chambers 19961,3. Since some of these 
symptoms are also seen in case of SSRI toxicity it is unclear whether PNA is a 
result of intoxication or withdrawal or both (Boucher).
Reported prevalences of respiratory distress and convulsions differ. Boucher et al 
showed a prevalence of tachypnea of 43% in the exposed group compared to 
26% in a non affected non exposed group3. Oberlander et al. found slight 
differences in prevalence of respiratory distress between early and late exposure of 
10% and 14% respectively5. We found that 26% of the neonates suffered from 
respiratory difficulties including insufficient saturation. 
Smoking and depression are known to co-occur and smoking may adversely affect 
birth outcome19. In our observations smoking added to the risk of PNA. The risk 
of PNA and the need for admission to a special care nursery after early exposure 
in our study group was comparable to risks of early exposure of 8.9 – 11.9% as 
found by Chambers et al 19961.

Table 4 Risk of PNA according to score categories: predicted and observed probability.

PNA score N (%) Predicted probability (min;max) Observed probability n/N (%)

 0-10 47 (25%) 12 % (10; 20) 5/47 (11%)
11-15 55 (30%) 28 % (28; 31) 14/55 (26%)
16-19 60 (32%) 36 % (35; 38) 23/60 (38%)
20+ 23 (12%) 48% (44; 56) 13/23 (57%)
Total 185 (100%) 29 % (10;56) 55/185 (30%)

 N denotes total number of newborns; n denotes the number of newborns with PNA

Table 5 Test characteristics of dichotomized poor neonatal adaptation scores

Cutoff PNA score Test positive
N (%)

Sensitivity Specificity PPV 1  NPV

≥ 11 138 (75%) 91% 32% 36% 11%
≥ 16 83 (45%) 66% 64% 43% 19%
≥ 20 23 (12%) 24% 92% 57% 26%

  Note:  PPV = positive predictive value; 1 - NPV = 1- negative predictive value, i.e. the probability of PNA in case of a 
positive and negative test, respectively. 
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Oberlander et al showed that the risk of adverse neonatal outcomes increased 
with length of exposure during pregnancy, whereby they did not find an associa-
tion with the dose5. Therefore we considered that analysing antidepressant use as 
a dichotomous variable was appropriate. PNA may reflect the effects of prolonged 
fetal exposure on various mechanisms, including changes in serotonergic-related 
neurodevelopment. In our study paroxetine exposure was associated with an 
increased risk of PNA, an observation that is in accordance with earlier find-
ings7,20. Although studying the onset and duration of symptoms was not an 
objective or our study we found that symptoms start early – from the first hours or 
days - after birth. They seem to occur along a continuum starting with signs of 
intoxication and evolving into effects of antidepressant withdrawal6. All these 
effects may be negatively influenced by maternal anxiety11.
The results of the present study demonstrate that the occurrence of PNA after 
early or late gestational antidepressant use can be predicted using easily assess-
able characteristics of the mother during pregnancy, i.e. third trimester use of 
antidepressants or paroxetine in particular, the level of pregnancy related anxiety 
and smoking. The use of antidepressants and especially paroxetine increase the 
risk of PNA compared to conditions were antidepressants were discontinued early 
in pregnancy, while also pregnancy related anxiety and smoking attribute substan-
tially to this risk19. Although one of the largest in its kind, the current study still 
had a limited sample size. Therefore it should be emphasized that before imple-
mentation, a replication study with a larger sample size aiming to establish the 
definite predictive capacity of our risk index is mandatory.
In practice the mother is often advised to have a delivery under supervision of a 
specialist when antidepressants are used in the third trimester of pregnancy6. 
However the efficiency of this clinical practice has not been studied. Some 
policies allow a home delivery when a low dose of antidepressants is being used, 
while others advocate 48 hours observation in a special care unit where doctors 
are asked to motivate the separation of mother and child after birth. Our study 
comes at a time when Dutch professionals are being accused of being too 
expectative and having too much confidence in a non-intervention policy21. It is 
important that signs of PNA are acknowledged timely. Parents can be counselled 
and made aware that symptoms are of short duration and self limiting. Beneficial 
effects of interventions as supplying low dose of antidepressants or administering 
chlorpromazine because of its sedative and antiserotonergic effects have not been 
proven22,23. Based upon management of neonatal signs of opioid withdrawal it 
has been recommended to give the infant supportive care in a quiet, low-light 
environment room and promoting mother-infant skin-to skin contact6. However 
none of all proposed recommendations have been prospectively studied. Nor has 
breastfeeding been evaluated in its proposed ability to prevent PNA. 
We have presented the results using three scoring thresholds that were relatively 
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arbitrary. In general, the choice of a particular threshold will depend on the 
relative (cost)-effectiveness of the consequences of false-positive and false-nega-
tive predictions. Because we have not evaluated these parameters, and because 
our sample size was limited, we can not give firm recommendations for clinical 
management on the basis of the current study. Realistic scenario analyses are 
complicated and beyond the scope of the present paper. Nevertheless, if found 
valid in future studies, our index can be used to identify women at increased risk 
of severe PNA. As the incidence of PNA in the whole population is assumed to be 
10% our index could identify cases with an above average risk (score > 10, PNA 
risk > 11%); these children should be monitored for PNA. This group can be 
identified using the risk scoring system. However, this cut-off level of identification 
is even easier to assess since it consists of all women who used one of the 
antidepressants throughout the third trimester of pregnancy. 

Conclusion
Neonatal effects associated with gestational antidepressant use, regarded as 
symptoms of withdrawal or serotonin toxicity may be severe and may require 
treatment. We have demonstrated that the occurrence of antidepressant-related 
neonatal symptoms can be predicted using a scoring system consisting of four 
items which are easily assessed during routine visits in the last trimester of 
pregnancy. Measures, such as neonatal observation, can be taken accordingly. 
The efficacy of these measures, however, remains to be evaluated. External 
validation of the scoring tool is necessary before it can be applied in clinical 
practice. 
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Abstract
Objective
To study infant temperament and behavior in infants following prenatal 
antidepressant exposure.

Methods
In a prospective cohort study ratings of perceived prenatal stress, anxiety and 
depression were collected from women who used antidepressants throughout 
pregnancy or stopped using these drugs early in pregnancy. Temperament of the 
children was assessed at 3 and 8 months using the Infant Characteristics 
Questionnaire (ICQ). Healthy nulliparous women and their children formed the 
control group.

Results
Women who used antidepressants were less depressed as compared to women 
who discontinued antidepressants early in pregnancy. Both groups experienced 
more pregnancy related stress compared to the control group. Antidepressant use 
throughout pregnancy was not associated with increased scores on the ICQ at 3 or 
8 months when compared to children of women who stopped medication or 
women of the control group. ICQ-scores after adjusting for confounding factors 
including maternal age, alcohol consumption, smoking remained comparable.

Conclusion
Antidepressant use during pregnancy is not associated with altered temperament 
scores at early age. Discontinuation of antidepressants during pregnancy to avoid 
fetal exposure did not positively nor negatively influence child behavior estimated at 
3 or 8 months. Follow-up studies are needed to investigate possible long term 
behavioural effects 
Trial registration: Current Controlled Trials number, ISRCTN25383361
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Introduction
Pharmacological treatment of depression and anxiety during pregnancy is still 
under debate1. Antidepressants may affect the fetus negatively but untreated 
stress and depression may also affect the child2. It is not known if the expected 
positive effects of pharmacotherapeutic treatment outweigh the risks. Maternal 
depression has been associated with preterm delivery, reduced fetal growth and 
impairment of neurobehavioral development3. Gestational antidepressant use may 
also increase the risks of preterm delivery and low birth weight. Furthermore 30% 
of neonates prenatally exposed to antidepressants show signs of poor neonatal 
adaptation including irritability, feeding problems, respiratory distress and 
convulsions4. 
All antidepressants cross the placenta and may therefore have direct pharmaco-
logical effects as well as effects on fetal development. Animal studies on long-
term effects have shown that fetal exposure to antidepressants is associated with 
impaired neurodevelopment5-7. Although doses used in animal studies were 
generally higher compared to human drug use similar effects may be seen in 
humans. And these effects may be dose-related7. Available human data on 
long-term or persisting effects are limited and authors report differently on 
possible negative influences of these drugs (Table 1). Complicating factors in 
evaluating exposures are the effects of stress or depression or both on child 
development and other confounding factors such as genetics and child environ-
ment8. Since difficult temperament early in life has been found to be associated 
with an increased risk of problem behavior in children, temperament may in part 
reflect neurodevelopment9,10.
The aim of this study was to assess the effects of antidepressant use during 
pregnancy on early infant temperament. 

Methods
Study design and setting
The effects of antidepressants on mother and child are studied in an ongoing 
research project OAZE. The study was approved by the Central Committee on 
Research Involving Human Subjects (CCMO) and the local Medical Ethical 
Committees of the 12 collaborating centres. Subjects were recruited between July 
2003 and July 2007. A written informed consent statement was obtained before 
entering the study. 

Participants
Pregnant women visiting the outpatient obstetric clinic of one of the participating 
medical centers received information on the study and were asked to enrol in the 
study at 16 weeks of pregnancy. Women were considered eligible for the 
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antidepressant group if they had been receiving pharmacological treated for 
depression or an anxiety disorder and were using one of the modern antidepres-
sants or tapered off their antidepressant medication because of pregnancy. 
General information and information on smoking habits and alcohol use was 
obtained using questionnaires. Decisions about treatment during pregnancy were 
made independent of participation in our study by the women’s own care provid-
ers. A total of 262 women agreed to participate. There was one therapeutic 
abortion and one stillbirth. Eleven women discontinued the study before delivery 
and 71 did not respond at 3 months after birth nor at 8 months, leaving a cohort 
of 178 women corresponding to 68% (178/262) response rate. Of these women 
142 continued antidepressant use during pregnancy and 36 had stopped using 
antidepressants before 16 weeks of pregnancy. The control group consisted of 
123 healthy nulliparous women with healthy term babies who enrolled in our 
earlier stress study published by Huizink and Gutteling et al.8,11 Seventy-five 
percent (n = 92) of this control group responded to the ICQ-questionnaire. 

Table 1 Published studies on children’s neurodevelopment following prenatal exposure to 

antidepressants

Study Exposure 

No. of 
exposed 
children

Age of examined 
children, years Findings

Nulman et al., 
2002

Tricyclic antidepressant
Fluoxetine
Healthy control group

N=46
N=40
N=36

1.25 - 5.9 No effect of exposure to antidepressants 
on cognition, language development or 
temperament. IQ was negatively 
associated with maternal depression after 
birth.

Casper et al., 
2003

Fluoxetine, sertraline, 
paroxtine, fluvoxamine.
Control group of women 
with major depressive 
disorder and no medication

N=31

N=13

0.5 - 3.4 Antidepressant exposure had subtle 
negative effects on motor development 
and motor control.

Mortensen et al., 
2003 

Antidepressants  
(type not specified) 
Healthy control group

N=50 0.6 - 0.8 Antidepressant exposure had a negative 
effect on psychomotor development

Misri et al.,  
2007 & 
Oberlander et al., 
2007

Fluoxetine, paroxetine, 
setraline
Healthy control group

N=22

N= 14

4 -5 No effect of exposure to antidepressants 
on behavior. Child behavior was negatively 
associated with actual impaired maternal 
mood.
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Measurements
Data on stress, pregnancy related anxiety and depression were assessed at 16, 
27 and 36 weeks of pregnancy using standardised questionnaires: pregnancy 
related anxiety questionnaire, PRAQ and the Edinburgh postnatal depression scale 
EPDS, validated in a pregnant population8. Details on delivery and birth outcome 
were collected after delivery. Smoking was defined as smoking at any time during 
pregnancy. Similarly, alcohol use was defined as alcohol use at any time in 
pregnancy. 
Infant temperament at 3 and 8 months was assessed by a validated Dutch 
translation of the Infant Characteristics Questionnaire (ICQ)12,13. On a 7-point 
Likert scale mothers fill out how difficult they experience the toddler’s tempera-
ment to be. Score 0 corresponds with easy temperament (for example: child does 
not often get upset, does not often do unexpected things, is easy to calm/soothe) 
and score 7 corresponds with very difficult temperament (for example: child gets 
upset very often, often does unexpected things, is difficult to calm/soothe). From 
these items a total score is calculated which was used in the present analysis. 

Data analysis
Analyses of temperament were conducted using data from the three study groups 
while making two comparisons. The first comparison was made within the group 
of women that had used antidepressants in pregnancy between those who 
continued antidepressants till the end of pregnancy and those who discontinued 
taking antidepressants. The second comparison was between the control group 
and the whole study group of women who had used antidepressants, irrespective 
of whether they had stopped or not. In each analysis infant temperament as 
assessed by the ICQ was used as the outcome variable. This variable was checked 
for normality using p-p plots. Separate analyses were conducted for temperament 
assessed at 3 and 8 months of age. Comparisons were initially made unadjusted 
for confounders using unpaired t-tests. Differences in temperament levels between 
the groups while adjusting for potential confounders were determined using 
multiple linear regression analyses. Mean values adjusted for confounders were 
calculated using analysis of covariance. The confounders we included were 
mother’s age, socioeconomic status, smoking, alcohol use, depression and anxiety 
level. Estimates of differences in mean ICQ between groups were supplied with a 
95% confidence interval. The statistical significance level was set at 0.05 and all 
analyses were conducted using SPSS 16.0.
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Results
Maternal characteristics are shown in table 2. The women who used antidepres-
sants throughout gestation used: paroxetine (47.2%, n = 67), fluoxetine (18.3%, 
n = 26), citalopram (13.4%, n = 19), sertraline (9.2%, n = 13), fluvoxamine 
(4.9%, n = 7), venlafaxine (3.5% n = 5), mirtzapine (0.4%, n = 1) and 
clomipramine (2.8%, n = 4). The mean daily dose related to the defined dose 
(±SD, range) was: 0.97 ± 0.40 for paroxetine, 1.22 ± 0.58 for fluoxetine, 1.04 
± 0.41 citalopram, 1.21 ± 0.89 for sertraline, 1.45 ± 0.93 for vanlafaxine, and 
1.0 ± 0.0 for mirtazapine. 
There were no differences in maternal age between the groups. Women who 
discontinued antidepressants were more depressed than the continuously using 
group. Both antidepressant groups had higher scores on anxiety and depression 
compared to the control group. Women in the control group used more alcohol 
than the antidepressant groups. Table 3 shows the ICQ scores of infants assessed 
at 3 and 8 months after birth. The ICQ scores of children of the antidepressant 
groups did not differ from each other nor did they differ from the control group, 
nor after adjusting for the various confounding factors. 

Table 2 Maternal characteristics, mean ± SD or n/N (%).

Characteristic

Anti depressants 
continued
N = 142

Anti
depressants 
discontinued
N = 36

Control
Group
N = 92

P, differences 
between 
continued and 
discontinued

P, differences between 
combined 
antidepressants groups 
and control group

Age 32.5 ± 4.4 31.1 ± 4.8 31.5 ± 4.9 0.091 0.246

Maternal mood
Anxiety (PRAQ) 13.2 ± 6.8 13.3 ± 7.1 9.3 ± 5.0 0.889 <0.001
Depression (EPDS) 8.3 ± 4.9 10.5 ± 5.7 5.2 ± 4.4 0.021 <0.001

Alcohol (Yes) 6/111 (5.4) 2/33 (6.1) 15/92 (16.3) 1.000 0.007
Smoking (Yes) 27/120 (22.5) 7/33 (21.2) 13/92 (14.1) 1.000 0.119
Social Economic State

Low 8/139 (5.8) 8/35 (22.9) 4 (4.7)
Medium 98/139 (70.5) 23/35 (65.7) 41 (48.2) 0.004 <0.001
High 33/139 (23.7) 4/35 (11.4) 40 (47.1)
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Discussion
Women who stopped using antidepressant during pregnancy were more depressed 
than those who continued antidepressants. This is in accordance with findings of 
Cohen et al. who found a relapse of depressive symptoms in the majority of 
women who discontinued antidepressants14. Although the efficacy of antidepres-
sants in minor depression has been questioned these findings indicate a positive 
effect of antidepressant use on maternal mood15. Both groups, however, experi-
enced more pregnancy related stress than healthy control mothers. From these 
findings we may conclude that antidepressant use does not improve symptoms of 
pregnancy related stress.
In our study we found no differences in observed temperament between children of 
mothers who continuously used antidepressants compared to children of mothers 
who discontinued antidepressants early in pregnancy. The ICQ contains items that 
assess difficult behavior, adaptability and attention regulation. Factor analysis to 
investigate temperament more specifically has yet to be performed. Significant 
behavior differences may appear later in life and therefore our studies will continue 
with evaluating observed behavior of children in this study group at 2 years of age. 

Table 3 Child temperament at 3 and 8 months according to group, uncorrected and corrected for 

maternal age, anxiety, depression, alcohol use, smoking en social economic state. Values 

are mean ICQ-score ± SD.

Anti depres
sants 
continued
N = 142

Anti depres
sants 
discontin
ued
N = 36

Control 
group
N = 92

Absolute 
differences 
continued 
and 
discontin
ued (95%CI)

P, differ
ences 
continued 
and 
discontin
ued

Absolute 
differences 
total 
antidepres
sants group 
and control 
group 
(95%CI)

P, differ
ences total 
antidepres
sants group 
and control 
group

Uncorrected
ICQ 3 months 88.7 ± 20.7 89.5 ± 23.3 86.4 ± 17.5 -0.8  

(-9.0; 7.5)
0.857 -2.5  

(-7.7; 2.7)
0.348

ICQ 8 months 99.9 ± 18.4 96.3 ± 22.3 99.3 ± 18.1 3.6  
(-4.8; 11.9)

0.398 0.08  
(-5.1;5.3)

0.976

Corrected
ICQ 3 months 93.5 ± 4.0 90.2 ± 2.1 86.7 ± 2.3 3.3  

(5.7; 12.4)
0.473 3.8  

(-2.4; 9.9)
0.226

ICQ 8 months 97.5 ± 4.5 99.7 ± 2.0 100.5 ± 2.4 -2.3  
(-12.2; 7.7)

0.655 -1.7  
(-8.0; 4.7)

0.607
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Limitations
Since all measures were performed using maternal-rated questionnaires based on 
perceived symptoms and on maternal observations there may be information bias. 
Because the subjects were not randomly assigned to a group factors as differences 
in medical histories and genetics may play a role in that an association between 
the mother’s depression and child outcome can be confounded by these factors. 
Our findings are difficult to extrapolate to other populations of pregnant women 
because our study group consisted mainly of women who were well educated and 
may have received sufficient supportive care. Therefore the child environment 
may have positively influenced healthy development and behavior2. Although the 
response rate with 68% can be considered in agreement with what one could 
expect from studies, some non-response bias is hard to exclude. Importantly, 
however, it is in our view unlikely that this type of selection bias has affected our 
results in a substantial way because it has been shown that non-response is 
particularly a threat to the validity of prevalence estimates, and not so much to 
the validity of estimates of associations between risk factors and outcomes16. 

Conclusion
We studied the relation between gestational antidepressant use and infant 
temperament. By studying two groups of antidepressant users (continued and 
discontinued) we were able to separate effects of late exposure from early 
exposure. Since temperament is predictive for behavior problems later in the 
child’s life, our results until now do not indicate deleterious consequences of 
antidepressant use or discontinuing these drugs during pregnancy. However 
persistence of the observed behaviour in this study group will be determined in a 
planned follow-up study.

Acknowledgements
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Introduction
The use of antidepressant drugs during pregnancy is increasing to up to 8% of 
pregnant women in the USA1. This has happened without firm evidence on safety 
or efficacy. When managing depression and anxiety with antidepressants, the 
expected benefits must outweigh the risks. But does the paper thin prove of 
efficacy of antidepressants make worth any risk?2,3. On the other hand: how 
health threatening is the disease when compared to adverse effects of antidepres-
sants? Untreated depression has a negative impact on child development. There 
are, however, no cut off values of severeness of depression during pregnancy for 
adverse effects to the child. Moreover, if depression holds risks for the child, does 
antidepressant use prevent the occurrence of unwanted effects of the illness, or 
does drug treatment introduce other adverse effects? For health care processionals 
it is impossible to balance the benefits against the risks without incontestable 
scientific information4,5. Scientific data on the effects of each antidepressant are 
limited. Exposure studies bear methodological problems and lack sensitivity6. 
Therefore clinical data are urgently needed to identify the risks of antidepressants 
during pregnancy and to estimate the impact of pharmacotherapy with antide-
pressants on the health of mother and child. 
In this thesis the relation between antidepressant use during pregnancy and 
adverse effects on mother and child are studied. The body of the thesis consists of 
four parts: I. qualitative research on the need for information and current policies 
on pharmacotherapeutic management of depression during pregnancy, II. preva-
lence and patterns of antidepressant use during pregnancy and the relation with 
child health care use in the first year after birth, III. animal studies on short and 
long term effects and on the influence of dosing, IV. clinical multi disciplinary 
cohort study on effects of prenatal exposure to antidepressants on perinatal 
outcome and fetal/infant development.
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Summary
The introduction of the thesis, Chapter 1, describes the context of the performed 
studies and the relation with the ongoing longitudinal cohort study OAZE of which 
the results are elucidated in the following paragraphs. 

I Qualitative research
Chapter 2 describes the main concerns about antidepressant use during preg-
nancy from the patient’s perspective. Despite the fact that antidepressants are not 
registered for use during pregnancy they may have been used accidentally in the 
first trimester but also intentionally throughout pregnancy. Women and medical 
professionals may have concerns about unlicensed use of antidepressants during 
pregnancy and may need information on risks of exposure or on measures that 
have to be taken after exposure. Our survey of questions received by the Drug 
Information Line (DIL) and the Teratology Information Service, RIVM (TIS), 
provide insight into the main concerns of both patients and medical professionals. 
Most questions concerned safety of antidepressants for the child when used 
during pregnancy. It was typically that the DIL and the TIS were also consulted 
because contradictory advice had been given. Moreover patients complained 
about not being able to stop antidepressants. Also questions about management 
of the neonatal phase were frequently asked. This is a question typically for the 
Dutch situation where home delivery is common. As long as there are no easily 
accessible information sources or guidelines, and recommendations in literature 
remain conflicting, questions on the safety of antidepressant use during pregnancy 
are difficult to answer. 
Chapter 3 gives an overview of the way health care professionals deal with 
dilemmas when treating depression and anxiety. This was investigated by sending 
a questionnaire to 700 general practitioners and 700 pharmacists. Our data show 
that sources of information differ within medical professional groups and between 
them. According to the source used (the manufacturer or opinions of research 
groups in the field) the advice may differ day and night. Some say “safe” others 
say “antidepressants are not safe to use during pregancy”. The answers to the 
questionnaires reflect the existing uncertainty: no experience, unknown in the 
field, unfamiliar with TIS, unaware of adverse effects of illness, unaware of effects 
off untreated illness, or unaware of special needs for the child after birth. The 
responders all mention a different compound as the antidepressant of first choice. 
Just a few first-line professionals advocate ‘preferably no antidepressive medica-
tion at all’. Need for guidelines during pregnancy to prevent contradictory informa-
tion and to come to adequate management of mother and child is mentioned by 
almost al care givers.
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II Epidemiology
In Chapter 4 the magnitude of antidepressant use in the Netherlands is present-
ed. In a study of insurance data of VGZ we found that 2% of all expectant 
mothers use antidepressants during pregnancy. More than half of them discon-
tinue antidepressants before or in the first trimester of pregnancy. A small sub-
group restarts again during pregnancy and a few women with no history of using 
antidepressants start sometime during pregnancy. Not only fluoxetine is used but 
all different antidepressants are used with the main contribution of paroxetine. 
This extensive use will have impact on the demand for special care and supervi-
sion of the mothers and their newborns during the first days of life. On the other 
hand, the relatively large group of women who stop taking the medication may 
need special guidance and may be at risk for relapse of their illness. Health care 
providers should be equipped to treat both groups adequately. 

Secondly we studied the relation between gestational antidepressant use and 
child health care utilisation (Chapter 5). By studying health care utilisation of a 
large population, by exploring insurance data of VGZ, we found associations 
between antidepressant use and specific area’s of child’s health. Children of 
mothers who used antidepressants during pregnancy showed increased health 
care use during the first year of life, independent of the mother’s health care use. 
In the groups of infants of mothers who continuously used antidepressants and of 
mothers who discontinued antidepressants there were more visits to the general 
practitioner and more prescriptions for infection and inflammation especially of 
the respiratory tract. This may indicate that the maternal illness and/or exposure 
to antidepressants are associated with impaired function of the immune system. 
Our observation of a relationship between major cardiac interventions and 
continuous use of antidepressants during pregnancy were consistent with earlier 
reports of a possible association between SSRIs and heart defects. Gestational 
antidepressant use forms therefore an indication for prenatal echocardiography 
screening. The increased risk of physiotherapy in our antidepressant group as 
compared to the control group may be in line with findings of Chambers et al. 
who found more motor movement problems in children exposed to antidepres-
sants7. The findings that irregular antidepressant use during pregnancy resulted in 
intermediate effects support the conclusion that feral exposure to antidepressants 
may indeed have effects on the infant’s health beyond the neonatal period. 

III Animal studies
In Chapter 6 two animal studies are presented. We showed that prenatal exposure 
to antidepressants in mice is related to serious hart defects. Moreover we showed 
lasting effects on behavior, resembling depression and anxiety at adult age. The 
effects were dose related. Although there might be differences in exposure due to 
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differences in placental passage and differences in dose-effect relations between 
animals and humans, these findings indicate that similar effects may occur in 
humans. In future research cut off values for adverse-effects should to be studied.

IV Observational cohort studies
An overview of the study design of our multidisciplinary-multi center observational 
cohort study OAZE (Research Antidepressants during Pregnancy, an Evaluation, 
Dutch: Onderzoek naar Antidepressiva tijdens de Zwangerschap, een Evaluatie) is 
presented in Chapter 7. In this study the effects of antidepressant use during 
pregnancy on mother and child are assessed in a population of 200 women who 
continuously used antidepressants during pregnancy and in a comparable group of 
women (200) who discontinued the use of antidepressants before inclusion, at 16 
weeks of pregnancy. Main outcome measurements were fetal behavior, maternal 
wellbeing, birth outcome, neonatal effects and infant behavior. Data were col-
lected using standardised questionnaires, which were sent to the participants, 
ultrasound recordings and blood sampling. 
In order to study the extent of exposure in the human, maternal paroxetine plasma 
concentrations during pregnancy were studied in a longitudinal study (Chapter 8). 
Generally plasma concentrations of antidepressants such as fluoxetine and 
citalopram decline in the course of pregnancy and this may be the reason for 
increased dosing demands during pregnancy. We found that also paroxetine 
shows declining plasma concentrations. Remarkably we found that a subgroup 
showed increasing plasma concentrations of paroxetine in the course of pregnan-
cy. This effect was closely related to women genotyped as intermediate or poor 
metabolisers for the CYP2D6-liver enzyme system.

Our study on the effects of antidepressant exposure on fetal behavior which is 
presented in Chapter 9, gives insight in the developmental milestones of fetal 
behaviour during the pregnancy of women who took SSRIs throughout gestation 
or who had discontinued medication before or early in pregnancy, compared to a 
healthy control group. Fetal observations were made three times in pregnancy 
(T1-T3). Fetuses exposed to standard or supra-standard SSRI dosages compared 
with control, unexposed, or low-medicated fetuses showed increased motor 
activity at the beginning (T1) and end of the second trimester (T2). They also 
exhibited disturbed emergence of quiet or non-REM sleep during the third 
trimester, characterized by continual bodily activity and, thus, poor inhibitory 
control of motor output during this sleep state at term age (T3). These effects 
were observed throughout gestation and were dose-related. Findings could not be 
related to a specific antidepressant. It is not clear if the sequelae of disrupted fetal 
sleep regulation persist after birth nor do we know what impact these findings 
have on the child’s development later in life. 
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The risk of neonatal symptoms, which have been described previously after third 
trimester antidepressant exposure, were studied using birth outcomes of women 
of our pregnancy cohort, and are presented in Chapter 10. We developed a risk 
index based on predictors for antidepressant related poor neonatal adaptation 
(PNA). The choice of predictors was a priori, i.e. based on the existing literature. 
A total of 30% of infants showed severe symptoms of PNA, including neonatal 
convulsions and apnea. Antidepressant use, smoking and pregnancy related 
anxiety were risk factors for development of PNA. By assessing these risk factors, 
the risk of severe symptoms of PNA can be predicted, although with modest 
accuracy. Late antidepressant use bears a risk of PNA of 36%. The use of 
paroxetine and/or high scores on pregnancy related anxiety increases this risk to 
43-57%. Discontinuation of antidepressants before the second trimester and 
avoiding all other risk factors including, smoking and anxiety resulted in a risk of 
PNA of 11%, which is comparable to the common population. Before clinical 
recommendations can be made, this study needs validation in a larger sample. 
Ultimately, the results of our study may contribute to guidelines on management 
of the neonate whose mother used antidepressants during pregnancy. 

Associations between antidepressant use and possible effects on infant behavior 
were investigated at the age of 3 and 8 months. Chapter 11 presents the results 
of this study. Temperament of the child was evaluated by parental reports using a 
validated and standardised questionnaire (ICQ). High scores on the ICQ may 
indicate possible problem behavior in the longer term. The data were corrected for 
possible confounding factors measured during prenatal life such as maternal 
depression, pregnancy related anxiety, smoking and alcohol use. Women who 
discontinued antidepressants before the second trimester scored higher on the 
Edinburgh Depression Scale compared to women who continued antidepressants. 
Pregnancy related anxiety in both antidepressant groups was significantly higher 
compared to the control group. Results showed that antidepressant use, whether 
or not discontinued during pregnancy, was not related to deviant temperament 
scores in infants as compared to the control group of children of healthy mothers. 
In addition, there were no differences in ICQ-scores of the children at 3 or 8 
months postnatal between those who continued and those who discontinued 
antidepressant use. When corrected for depression and pregnancy related anxiety 
the ICQ-scores remained comparable in all groups. To investigate behavior and 
behavior problems which may only appear later in life, this will be investigated 
again in the children of our study group at 2 years of age.
At the end of this chapter (Chapter 12), we place the subject of this thesis in a 
broader perspective and provide recommendations for health care professionals 
and for future research. 
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Conclusions
The aim of optimizing maternal wellbeing with the use of antidepressants is to 
minimize the risks that are associated with the disease, while minimizing expo-
sure to harmful compounds to the child as much as possible. On the other hand, 
in fear of harm done by medication many women try to discontinue antidepres-
sant use. Others continue or start pharmacotherapy for the very same reason of 
avoiding negative effects, but in this case caused by the disease. Treatment with 
psychoactive drugs in case of severe depression or major relapse is not questioned 
here, nor is managing situations with psychiatric co-morbidity or co-existence of 
complex psychosocial problems with help of medication. But it is difficult to 
obtain information on risk-benefits of antidepressants in case of minor depression 
or mild to intermediate symptoms of anxiety. There are no randomised controlled 
studies during pregnancy and results from controlled observational studies are not 
always comparable because study groups differed or information on main con-
founders was not registered or not recorded in a standardised way. Yet observa-
tional studies, when performed longitudinally and prospectively, with a suitable 
control group while recording all interacting variables, are the highest achievable 
quality of study design. Schaefer et al. gave methodological considerations on the 
use of observational cohort data for studying adverse effects of drug use in 
pregnancy on birth outcome8. Not only the risks but also the benefits of therapy 
should be evaluated. Kirsch et al. showed in a meta-analysis that antidepressants 
have only clinically significant effects compared to placebo when baseline severity 
of depression is above a score of 28 on the Hamilton Rating Scale of Depression 
(HRSD)2. Unfortunately it is still customary that investigations on safety of drug 
use during pregnancy have to be performed after a medicine is already 
marketed4,9. 
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Recommendations for health care providers
•	 One	of	the	largest	groups	of	antidepressant	users	are	women	in	their	child	

bearing years. Therefore physicians should anticipate on a future pregnancy 
when prescribing antidepressants to women. 

•	 Antidepressants	should	preferably	not	be	prescribed	if	the	severity	of	the	
depression is below a Hamilton score of 28. 

•	 If	pharmacotherapy	is	unavoidable,	the	first	choice	is	the	drug	of	which	there	
is the most evidence for safe use during pregnancy. At this moment fluoxetine, 
citalopram, sertraline and fluvoxamine comply with these requirements. We 
recommend not to use paroxetine as a first line choice in pregnancy, since the 
association with increased risks of congenital heart disease and poor neonatal 
adaptation is stronger compared to the other SSRIs. Moreover we advice to 
avoid recently released formulations until information is available regarding the 
effects of the drug in human pregnancy. Drugs are not “safe” until proven 
“unsafe”. Views on risks versus benefit may change with time when more 
scientific data become available. 

•	 Since	dosing	is	a	relevant	issue,	efforts	should	be	made	to	titrate	to	the	lowest	
effective dose. There is no evidence that striving to reach euthymia provides 
the best birth outcome10,11. Changes in metabolism of the different antide-
pressants should be considered12. Genotyping will help indicating the course 
of blood concentrations during pregnancy and may help to explain observed 
therapeutic effects. Antidepressant use during pregnancy forms an indication 
for ultrasound assessment of the fetal heart, usually at 18 to 20 weeks of 
gestation. 

•	 Antidepressant	use	during	pregnancy	forms	also	an	indication	for	monitoring	
the newborn during the first 48 hours after birth, especially when there is 
substantial maternal stress (chapter 9). There is no evidence that lowering the 
dose at the end of the third trimester prevents from occurrence of severe 
symptoms of poor neonatal adaptation.

•	 Children	of	mothers	who	have	a	history	of	antidepressant	use	during	pregnan-
cy, whether it was stopped or not, may show more health care problems, such 
as pulmonary disease and asthma, than other children. They may also show 
more motor movement problems in the first year, requiring physiotherapy. 
Patients should be informed about risks of lasting long-term effects on the 
child.

•	 The	efficacy	of	SSRIs	in	minor	depression	compared	to	placebo	is	argued2.	
During pregnancy, the risks of the partially unknown effects of antidepressants 
should outweigh the assumed benefits. Other treatment options with scientifi-
cally proven positive results should not be withheld to the patient. Besides 
psychosocial interventions psychotherapy such as cognitive behavioral therapy 
and interpersonal psychotherapy should be applied promptly once pregnancy 
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has been confirmed. Among recent developments cognitive behaviour therapy 
by internet has been developed and evaluated by the TRIMBOS institute and it 
has been proven to be effective13. The internet course teaches the participants 
to be aware of their negative thoughts that may pop up at several occasions 
and that it is possible to change automatic thoughts into positive thoughts. 
Participants learn that feelings and mood are influenced by thoughts and not 
by the occasion as such. Planning nice things to do and applying techniques 
to stop worrying are items that are thought to positively influence mood. 
However, psychotherapy may not be without adverse effects. Stress and 
anxiety may initially increase, not only because of the awareness of the 
problems that have to be tackled in the coming sessions. Moreover the effect 
of psychotherapy is not lasting and therapy often has to be repeated. 
Nevertheless one should not underestimate the strength of the mind nor the 
effects of therapeutic alternatives that have been proven to be effective in 
mood disorders, such as biking, walking and bright light therapy, which has 
been proven to be beneficial even in non-seasonal depression14,15. 

Encouraging drug studies in pregnant women
Although randomised controlled trials (RCTs) are the gold standard, the value of 
well-designed prospective observational research has been established16. When 
this is conducted and reported appropriately it is not necessarily inferior to 
RCTs17. Although Schaefer et al describe how to address methodological prob-
lems of studying drug effects on pregnancy outcome using observational data of 
birth registries, there are no guidelines on how to perform clinical trials in 
pregnant women and there is no guidance on avoiding pitfalls or choosing the 
optimal control group and introducing blinding during measurements and evalua-
tions8,18. Researchers and reviewers should overcome their fear for methodologi-
cal obstacles. Pregnant women also deserve more attention from research 
institutions such as TI pharma, who do not have pharmacotherapy in pregnant 
women in their programs. Also ZonMW has not funded drug studies unless the 
drug was intended for obstetric complications. 
It will take years before results of currently started research projects will be 
released. Studies must be of prospective controlled observational design with 
sufficient sample size and length of follow-up to evaluate functional teratology and 
long term effects of both exposure to drugs versus refraining from medication19. 
The initiatives for this type of studies and their quality depends solely on the 
efforts of special interest groups and their funders. Since there is an urgent need 
for information other strategies must be considered. 

Pregnancy Investigation Plan (PRIP)
According to the requirement of the European Medicines Agency (EMEA) a 
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contra-indication to the use of a drug during pregnancy must be mentioned in the 
drug label if the risk to mother and/or child significantly outweighs the potential 
benefits. Drug companies comply with this requirement by mentioning that their 
product should be used only in conditions where the benefits outweigh the risks. 
Furthermore drug companies, or Marketing Authorisation Holders (MAHs) as they 
are called by the EMEA, must submit a Pharmacovigilance Plan as part of the 
Risk Management Plan with the Marketing Authorisation application for registra-
tion of medicinal products (http://www.emea.europa.eu). In this 
Pharmacovigilance Plan the MAH should describe a summary of the identified 
risks, potential risks and missing information. The EMEA has developed a 
post-authorisation guideline on how to monitor accidental or intended gestational 
exposure of drugs. Antidepressants fulfil at least two of the four criteria to which 
the guideline is applicable: 1) products for diseases where drug treatment is 
frequently given and 2) products for conditions where pharmacotherapy is 
essential and omission of treatment would increase the risk for mother and/or 
child. 
The guideline recommends reviewing potential sources of information to evaluate 
risk of exposure or to provide missing information: 
•	 Data	collection	of	outcome	of	inadvertent	exposure	that	has	taken	place	during	

pre-autorisation studies.
•	 Spontaneous	reports	of	exposure	and	case	series	collection	Post-Authorisation
•	 Record	linkage	of	exposure	registries	with	registries	of	diseases	occurring	later	

in life20 
•	 Birth	defect	registries	and	pregnancy	registries.	
•	 Clinical	trials	and	comparative	observational	studies	such	as	cohort	studies	

and case control studies.
Although the guideline acknowledges pharmacokinetics and pharmacogenetics as 
study areas of specific interest, the guidelines on data-collection on pregnancy 
exposure do not contain these items (Annex A). Nor does the guideline recom-
mend the estimation of incidence and prevalence of exposure, placental passage, 
exposure during lactation or sample size and duration of follow-up studies. All of 
the actions to be undertaken are dependent on the good will of the companies. In 
order to achieve the highest level of documentation, a full pregnancy register 
should in fact be made obligatory. The least regulating authorities can do is to 
develop similar regulations for pregnant women as they have recently adopted for 
children: Pediatric Investigation Plans (PIPs) which have to be submitted when 
applying for registration of a medicinal product. All the requirements of the PIP 
can be applied to gestational drug use, although trivial modifications must be 
made. Therefore a network similar to the European Pediatric Network is indis-
pensable for developing a PRIP. It is up to the regulatory authorities to adopt this 
idea. 
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Birth registries and pregnancy registries
Birth registries and exposure registries like TIS, ENTIS, OTIS and EUROCAT 
should work together and take an effort in pooling data. Recently the Netherlands 
Perinatal Registry (PRN) and PHARMO, institute for drug outcome research, have 
joint in a research project connecting pregnancy data and birth registries with 
pharmacy dispensing data. 

Lareb Intensive Monitoring Pregnancy Program
Pregnancy registers are generally dependent on spontaneous reporting. Exposure 
registries should have access to evaluations of all unlicensed use and be able to 
perform a systematic prospectively follow-up. Recently Lareb, the Dutch pharma-
covigillance bureau, reported on the success of their web-based intensive monitor-
ing program, a tool for early detection of rare side effects, soon after introduction 
of a new medicine on the market21. With some procedural and technical changes, 
this tool can be used for research of drug use during pregnancy. In a flow-diagram 
(figure 1) the procedure of applying Lareb Intensive Monitoring to gestational drug 
use is presented and actions are explained. Figure 2 shows a card which can be 
sent to the pharmacy to inform the pharmacist of his/her patient’s pregnant state. 
This research tool will enable inclusion of large groups needed to estimate adverse 
effects of drug use during pregnancy and to follow them prospectively. 
Researchers are free to add all necessary questionnaires to monitor effectiveness 
as well as side effects. The design of the method has the advantage of allowing 
follow-up studies of women who discontinued medication which may provide 
unique insight in the risks associated with untreated disease provided that the 
disease state is also monitored. 

Pregnancy is a state in which all treatment modalities that are normally being 
considered safe have to be re-evaluated. Patients and health care providers find it 
difficult to balance risks and benefits and consider it extremely disappointing to 
discover that essential information is lacking. Experts in the field are not univocal 
about the risks associated with continuing antidepressants during pregnancy and 
there is little knowledge about the effects of discontinuation. With the joint efforts 
of researchers, drug companies and governmental institutions knowledge about 
safety and efficacy of antidepressants during pregnancy should grow; hopefully to 
such an extent that in the future women will feel reassured knowing that the best 
evidence based treatment is chosen for her and her baby. Putting effort in prosper-
ous pregnancies is investing in a whole new generation. 
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Figure 2 Free pregnancy postcard for notifying the pharmacy early in pregnancy.  
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              Geachte mevrouw,

U kunt deze kaart invullen en inleveren bij uw apotheek. 

Als uw arts u een medicijn voorschrijft, dan kunnen wij in 

de apotheek nagaan of dit medicijn geen problemen oplevert

voor de gezondheid van uw baby. Wilt u het ook doorgeven 

als deze controle onverhoopt niet meer nodig blijkt te zijn? 

Vraag ons gerust om advies.

         Dear madam,

You can fill in this form and hand it in at your pharmacy. 

In the pharmacy we can check whether the medicine 

prescribed by your physician is safe for the health of your 

baby. Would you be so kind to inform us when this check 

appears to be unnecessary?

Feel free to ask for advice. M
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vermoedelijke geboortedatum kind expected date of delivery of the child

ik ben van plan borstvoeding te geven I intend to  breast-feed my child          

 ja yes

 nee no



193

Summary and general discussion

References
1 Andrade SE, Raebel MA, Brown J, et al. Use of antidepressant medications during pregnan-

cy: a multisite study. Am J Obstet Gynecol 2008;198(2):194 e1-5.

2 Kirsch I, Deacon BJ, Huedo-Medina TB, Scoboria A, Moore TJ, Johnson BT. Initial severity 

and antidepressant benefits: a meta-analysis of data submitted to the Food and Drug 

Administration. PLoS Med 2008;5(2):e45.

3 Turner EH, Matthews AM, Linardatos E, Tell RA, Rosenthal R. Selective publication of 

antidepressant trials and its influence on apparent efficacy. N Engl J Med 2008;358(3):252-

60.

4 Hampton T. Antidepressants and pregnancy: weighing risks and benefits no easy task. Jama 

2006;295(14):1631-3.

5 Frost Widnes SK, Schjott J. Advice on drug safety in pregnancy: are there differences between 

commonly used sources of information? Drug Saf 2008;31(9):799-806.

6 Diav-Citrin O, Shechtman S, Weinbaum D, et al. Paroxetine and fluoxetine in pregnancy: a 

prospective, multicentre, controlled, observational study. Br J Clin Pharmacol 2008.

7 Chambers CD, Johnson KA, Dick LM, Felix RJ, Jones KL. Birth outcomes in pregnant women 

taking fluoxetine. N Engl J Med 1996;335(14):1010-5.

8 Schaefer C, Ornoy A, Clementi M, Meister R, Weber-Schoendorfer C. Using observational 

cohort data for studying drug effects on pregnancy outcome--methodological considerations. 

Reprod Toxicol 2008;26(1):36-41.

9 Fisk NM, Atun R. Market failure and the poverty of new drugs in maternal health. PLoS Med 

2008;5(1):e22.

10 Einarson A, Selby P, Koren G. Abrupt discontinuation of psychotropic drugs during pregnancy: 

fear of teratogenic risk and impact of counselling. J Psychiatry Neurosci 2001;26(1):44-8.

11 Cohen LS, Altshuler LL, Harlow BL, et al. Relapse of major depression during pregnancy in 

women who maintain or discontinue antidepressant treatment. Jama 2006;295(5):499-

507.

12 Heikkinen T, Ekblad U, Palo P, Laine K. Pharmacokinetics of fluoxetine and norfluoxetine in 

pregnancy and lactation. Clin Pharmacol Ther 2003;73(4):330-7.

13 Spek V, Nyklicek I, Cuijpers P, Pop V. Predictors of outcome of group and internet-based 

cognitive behavior therapy. J Affect Disord 2008;105(1-3):137-45.

14 Mead GE, Morley W, Campbell P, Greig CA, McMurdo M, Lawlor DA. Exercise for depression. 

Cochrane Database Syst Rev 2008(4):CD004366.

15 Tuunainen A, Kripke DF, Endo T. Light therapy for non-seasonal depression. Cochrane 

Database Syst Rev 2004(2):CD004050.

16 Concato J, Shah N, Horwitz RI. Randomized, controlled trials, observational studies, and the 

hierarchy of research designs. N Engl J Med 2000;342(25):1887-92.

17 von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: 

guidelines for reporting observational studies. J Clin Epidemiol 2008;61(4):344-9.

18 Briggs GG, Polifka J. Better data needed from pregnancy registries. Birth Defects Res A Clin 

Mol Teratol 2008.



Chapter 12

194

19 Berard A, Ramos E, Rey E, Blais L, St-Andre M, Oraichi D. First trimester exposure to 

paroxetine and risk of cardiac malformations in infants: the importance of dosage. Birth 

Defects Res B Dev Reprod Toxicol 2007;80(1):18-27.

20 Ekelund H, Finnstrom O, Gunnarskog J, Kallen B, Larsson Y. Administration of vitamin K to 

newborn infants and childhood cancer. Bmj 1993;307(6896):89-91.

21 van Grootheest AC, Groote JK, de Jong-van den Berg LT. Intensive monitoring of new drugs 

based on first prescription signals from pharmacists: a pilot study. Pharmacoepidemiol Drug 

Saf 2003;12(6):475-81.



Samenvatting



Chapter 12

196

Introductie
Het gebruik van antidepressiva in de zwangerschap is in de afgelopen jaren 
toegenomen tot circa 8% van alle zwangeren in de USA. Dit heeft plaatsgevonden 
zonder hard bewijs voor veiligheid en werkzaamheid bij deze doelgroep. Bij de 
behandeling van depressie en angststoornis met antidepressiva moeten de 
voordelen opwegen tegen de nadelen. Maar zijn de verwachte voordelen, gezien 
het flinterdunne bewijs van effectiviteit van antidepressiva ten opzichte van 
placebo, de risico’s voor moeder en kind waard? Aan de andere kant: hoe groot is 
het gevaar van depressie van de moeder op de gezondheid van het kind in 
vergelijking tot de (mogelijke) negatieve effecten van antidepressiva? Het is 
bekend dat onbehandelde depressie de ontwikkeling van het kind kan beïn-
vloeden, maar er zijn geen cut-off waarden voor de ernst van de depressie die 
aangeven wanneer dit een risico vormt voor het kind. Bovendien is niet bekend of 
antidepressiva deze negatieve effecten kunnen beïnvloeden, of dat ze nieuwe 
risico’s introduceren. Zonder eenduidige wetenschappelijke informatie, die wat 
betreft antidepressiva tijdens zwangerschap schaars is, is het niet mogelijk om 
een goede afweging te maken tussen de voordelen en nadelen van de diverse 
behandelopties en blijft het dilemma: stoppen of doorgaan met antidepressiva 
tijdens de zwangerschap bestaan. De studies die tot nu toe zijn verricht hebben 
verschillende methodologische tekortkomingen en missen vaak sensitiviteit.
In dit proefschrift beschrijven we de relatie tussen antidepressiva gebruik tijdens 
de zwangerschap en de effecten hiervan op moeder en kind. Het geheel bestaat 
uit vier delen: I. kwalitatief onderzoek naar informatiebehoefte en het beleid ten 
aanzien van farmacotherapeutische behandeling van depressie tijdens de 
zwangerschap, II. Prevalentie en patronen van antidepressiva gebruik tijdens de 
zwangerschap en de relatie met gezondheidszorgconsumptie in het eerste jaar na 
de geboorte, III dierexperimenteel onderzoek naar zowel korte als lange termijn 
effecten en de invloed van de dosis, IV multidisciplinaire klinische studie naar de 
effecten van antidepressiva op perinatale uitkomst en op de ontwikkeling van de 
foetus/het kind.



197

Samenvatting

Onderzoek
De introductie van dit proefschrift (hoofdstuk 1) beschrijft de context van het 
uitgevoerde onderzoek en de samenhang met de lopende longitudinale cohort 
studie OAZE (Onderzoek naar Antidepressiva tijdens de Zwangerschap, een 
Evaluatie) waarvan de resultaten worden toegelicht in de volgende paragrafen.

I Kwalitatief onderzoek
Hoofdstuk 2 beschrijft wat de belangrijkste vragen en zorgen zijn van vrouwen die 
antidepressiva gebruiken en zwanger zijn of een kinderwens hebben. Ondanks het 
feit dat antidepressiva niet zijn geregistreerd voor gebruik tijdens de zwanger-
schap, kunnen ze zowel per ongeluk gebruikt zijn in het eerste trimester als 
bewust bedoeld als onderdeel van de therapie gedurende de zwangerschap. 
Zwangere vrouwen en medische zorgverleners rondom hen moeten belangrijke 
afwegingen maken ten aanzien van de toepassing van antidepressiva tijdens de 
zwangerschap en hebben wellicht behoefte aan informatie over de risico’s van 
blootstelling of over maatregelen die genomen moeten worden na blootstelling. 
Ons onderzoek, waarbij gebruik werd gemaakt van de vragen die door de 
Geneesmiddelen Informatie Lijn en door de Teratologie Informatie Service, RIVM 
(TIS) zijn ontvangen van respectievelijk patienten en medische hulpverleners, laat 
zien wat er onder hen leeft. De meeste vragen betroffen de veiligheid van antide-
pressivagebruik voor het ongeboren kind. Het viel op dat zowel de Genees-
middelen Informatie Lijn als de TIS ook werden geconsulteerd naar aanleiding van 
tegenstrijdige adviezen die gegeven waren. Daarnaast waren er patiënten die 
aangaven dat ze tevergeefs hadden geprobeerd te stoppen met hun antidepres-
siva, in het kader van een zwangerschap of kinderwens. Tenslotte werden ook 
vaak vragen gesteld over welk beleid er gevoerd zou moeten worden in de fase 
rond en kort na de geboorte, omdat deze vraag met name in Nederland van 
belang is in verband met een wens om thuis te bevallen. 
Zolang er geen toegankelijke informatiebronnen of richtlijnen zijn en er tegenstrij-
dige conclusies in de literatuur blijven verschijnen, zal het moeilijk zijn om alle 
vragen over de veiligheid van antidepressivagebruik tijdens de zwangerschap te 
beantwoorden.

Hoofdstuk 3 geeft een overzicht weer van de wijze waarop huisartsen en apothe-
kers omgaan met de dilemma’s waarmee ze geconfronteerd worden bij het 
behandelen van depressie tijdens de zwangerschap. Dit werd onderzocht door het 
versturen van vragenlijsten aan 700 huisartsen en 700 apothekers. De onder-
zoeksgegevens laten zien dat de gebruikte informatiebronnen zowel binnen de 
groep huisartsen en apothekers als tussen deze twee verschillen. Afhankelijk van 
de gebruikte bronnen kunnen de adviezen die aan de patiënt worden gegeven 
hemelsbreed verschillen. Sommigen vermelden: “antidepressiva zijn veilig” 
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anderen zeggen “niet veilig” in de zwangerschap. De antwoorden op de vragen in 
de vragenlijsten weerspiegelen de bestaande onzekerheid: ‘geen ervaring’, 
‘onbekend terrein’, ‘niet bekend met de TIS’, ‘niet bewust van de negatieve 
effecten van onbehandelde ziekte’ of ‘niet bekend met eventuele speciale maat-
regelen voor het kind na de geboorte.’ 
De respondenten in ons onderzoek noemen verschillende antidepressiva als eerste 
keuze. Slechts een paar zijn van mening dat de voorkeur uitgaat naar helemaal 
geen medicatie tijdens de zwangerschap. Vrijwel alle huisartsen en apothekers 
gaven aan dat er behoefte is aan richtlijnen om tegenstrijdige adviezen te 
voorkomen. 

II Epidemiologie
In hoofdstuk 4 wordt de omvang van antidepressivagebuik bij zwangeren in 
Nederland bestudeerd. In een onderzoek waarbij de verzekeringsgegevens van 
VGZ-zorgverzekeringen zijn geanalyseerd, vonden we dat 2% van alle zwangeren 
een antidepressivum tijdens de zwangerschap gebruikt. Meer dan de helft van de 
vrouwen die voor de zwangerschap een antidepressivum gebruikte stopt hiermee, 
waarvan een klein aantal in de loop van de zwangerschap herstart. Er zijn ook 
vrouwen die tijdens de zwangerschap voor het eerst starten. Niet alleen fluoxetine 
werd aan zwangeren voorgeschreven, maar alle moderne antidepressiva kwamen 
voor, met een overrepresentatie van paroxetine, dat ten tijde van het onderzoek 
marktleider was. De omvang waarmee antidepressiva tijdens de zwangerschap 
worden gebruikt zal een weerslag hebben op de vraag naar speciale zorg voor de 
aanstaande moeder en het kind na de geboorte. Aan de andere kant zal de relatief 
grote groep vrouwen die gestopt is met hun medicatie eveneens begeleiding nodig 
hebben omdat zij risico lopen op terugkeer van hun klachten en de gevolgen 
daarvan voor de zwangerschap. Zorgverleners moeten toegerust zijn om beide 
groepen adequaat te behandelen.
Vervolgens hebben we de relatie tussen antidepressivagebruik en medische 
zorgconsumptie van het kind onderzocht (hoofdstuk 5). Door middel van het 
bestuderen van een grote populatie verzekeringsdata, hebben we de relatie 
gevonden tussen antidepressivagebruik tijdens de zwangerschap en enkele 
specifieke items die de gezondheid van kinderen betreffen. Kinderen van moeders 
die antidepressiva gebruikt hebben tijdens de zwangerschap lieten meer zorgcon-
sumptie zien in het eerste jaar, onafhankelijk van de zorgconsumptie van de 
moeder. In de groep kinderen van moeders die antidepressiva continue gebruikten 
maar ook van moeders die gestopt waren met antidepressiva tijdens de zwanger-
schap waren er meer huisartsenbezoeken en werden meer recepten uitgeschreven 
voor infecties en ontstekingen, vooral van de luchtwegen. Dit zou erop kunnen 
wijzen dat zowel de psychische aandoening van de moeder als de blootstelling 
aan antidepressiva een relatie heeft met een verminderd functioneren van het 
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immuunsysteem. Ook vonden we een relatie tussen antidepressivagebruik van de 
moeder en cardiovasculaire ingrepen. Dit komt overeen met wat er in de literatuur 
gevonden is over de relatie tussen SSRI’s en aangeboren hartafwijkingen. 
Antidepressivagebruik zou dan ook een indicatie moeten zijn voor echo-onderzoek 
van de cardiale ontwikkeling van het ongeboren kind. Het toegenomen risico op 
fysiotherapie in het eerste levensjaar zou in overeenstemming zijn met eerdere 
bevindingen van onderzoekers die een associatie vonden tussen foetale blootstel-
ling aan antidepressiva en risico’s voor de ontwikkeling van de motoriek. Dat de 
kinderen in de groep van zwangeren die antidepressiva volgens een wisselend 
patroon hadden gebruikt, resultaten lieten zien die tussen de continue-gebruik-
sters en de stoppers inlagen, wijst erop dat foetale blootstelling aan antidepressiva 
inderdaad invloed kan hebben op de ontwikkeling van het kind en wijst op een 
dosis- respons effect

III Dierexperimenteel onderzoek
In hoofdstuk 6 worden twee dierstudies gepresenteerd. We vonden dat prenatale 
blootstelling aan antidepressiva in muizen gerelateerd is aan ernstige hartafwijkin-
gen. Bovendien werden blijvende effecten op het gedrag gezien, die gelijkenis 
vertonen met depressie en angst, op volwassen leeftijd. Deze effecten waren 
afhankelijk van de dosis. Op basis van deze bevindingen kan niet geconcludeerd 
worden dat antidepressiva veilig zijn voor gebruik tijdens de zwangerschap. Er 
zouden evenwel verschillen kunnen zijn in blootstelling door verschillen in 
placentapassage en verschillen in dosis-effect-relaties tussen muizen en mensen.

IV Observationele cohort studies
Een overzicht van de studie-opzet van de multidisciplinaire-multicenter cohort-
studie wordt gegeven in hoofdstuk 7. Om de effecten van antidepressiva tijdens 
de zwangerschap op moeder en kind te bestuderen, werd een populatie van 200 
vrouwen die antidepressiva bleven gebruiken tijdens de zwangerschap gevolgd en 
werden de onderzoeksuitkomsten vergeleken met een groep zwangeren die vóór 
het tweede trimester van de zwangerschap met antidepressiva waren gestopt. 
Door juist de groep die de hele zwangerschap deze middelen gebruikt te vergeli-
jken met de groep die vanwege de zwangerschap is gestopt met innemen hopen 
we een antwoord te vinden op de vraag welke van deze twee opties nu de beste 
is. De belangrijkste uitkomstmaten waren: verloop van de zwangerschap, farma-
cokinetiek, foetaal gedrag, neonatale effecten en gedrag op peuterleeftijd. 

Om de mate van foetale blootstelling in de mens te bestuderen, is het verloop van 
de kinetiek van paroxetine gevolgd in een longitudinale studie bij deze zwangeren 
(hoofdstuk 8). In het algemeen dalen plasmaconcentraties van antidepressiva 
zoals fluoxetine en citalopram in de loop van de zwangerschap. Dit zou de 
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behoefte aan een hogere dosis aan het eind van de zwangerschap kunnen 
verklaren. We vonden dat ook paroxetine dalende plasmaconcentraties laat zien 
naarmate de zwangerschap vordert. Maar tegelijkertijd vonden we een groep 
zwangeren waarvan de plasmaconcentraties toenamen. Dit effect was gerelateerd 
aan het behoren tot ‘poor’ en ‘intermediate’-metaboliseerders volgens het CYP2D6 
genotype, een enzym dat nodig is voor de afbraak van paroxetine. 

Onze studie naar de effecten van blootstelling aan antidepressiva op foetaal 
gedrag, die gepresenteerd wordt in hoofdstuk 9, geeft inzicht in de ontwikkel-
ingsmijlpalen van foetaal gedrag bij vrouwen die SSRI’’s gebruikten gedurende de 
hele zwangerschap en van vrouwen die gestopt zijn met deze middelen, vergelek-
en met een gezonde controle groep. Foetale echoscopische observaties werden 
drie maal in de zwangerschap verricht (T1-T3). Foetussen die blootgesteld waren 
aan de standaard of meer dan de standaarddosering lieten meer bewe-
gingsactiviteit zien aan het begin (T1) en het einde (T2) van het tweede trimester 
vergeleken met de controle groep, de niet-blootgestelde of de laaggedoseerde 
groep. Zij vertoonden bovendien een verstoord patroon van de non-REM of rustige 
slaap tijdens het derde trimester (T3). Dit uitte zich in continue lichaamsactiviteit 
tijdens de non-REM slaap, wat wijst op een slechte remmende controle over 
beweging aan het eind van de zwangerschap. Effecten van SSRI’s werden gezien 
gedurende de hele zwangerschap en waren gerelateerd aan de dosis, maar niet 
aan een specifiek antidepressivum. Het is onbekend of de verschijnselen van de 
verstoorde foetale fase persisteren na de geboorte of dat deze bevindingen een 
impact hebben op de ontwikkeling van het kind op latere leeftijd.

Het risico op symptomen bij het pasgeboren kind, die zijn beschreven na prena-
tale blootstelling aan antidepressiva, is onderzocht, gebruikmakend van de 
geboorte-uitkomsten van de vrouwen in het OAZE-cohort (hoofdstuk 10). We 
hebben een risico-index ontwikkeld gebaseerd op voorspellende factoren voor het 
optreden van ernstige neonatale symptomen gerelateerd aan foetale blootstelling 
aan antidepressiva (PNA, poor neonatal adaptation). De keuze van de predictoren 
was gebaseerd op gegevens uit de literatuur. In totaal hadden 30% van de 
kinderen symptomen van PNA, waaronder neonatale convulsies en apneu 
(stokkende ademhaling). Antidepressivagebruik, roken en zwangerschapsgerela-
teerde stress waren risicofactoren voor het optreden van PNA. Door deze factoren 
te bepalen kan het risico op PNA met een bepaalde nauwkeurigheid worden 
voorspeld. Blootstelling aan antidepressiva gedurende de hele zwangerschap 
levert een risico op PNA op van 36%. Wanneer paroxetine gebruikt is of hoge 
scores worden gevonden op de zwangerschapsgerelateerde stresstest dan neemt 
dit risico toe tot 43-57%. Het stoppen van antidepressiva vóór het tweede 
trimester onder vermijding van alle andere risicofactoren zoals roken en stress 
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levert een risico op PNA van 11%, wat overeenkomt met de normale populatie. 
Voordat het model gebruikt kan worden in de praktijk, zal het gevalideerd moeten 
worden in een grotere populatie. De resultaten van onze studie kunnen wel een 
aanvulling vormen bij het opstellen van beleid ten aanzien van de neonatale zorg 
wanneer er sprake is van antidepressivagebruik tijdens de zwangerschap.

In hoofdstuk 11 worden de resultaten gepresenteerd van een onderzoek naar een 
mogelijk verband tussen antidepressivagebruik tijdens de zwangerschap en het 
gedrag van de baby op een leeftijd van 3 en 8 maanden. Het temperament van de 
kinderen uit het OAZE-cohort is vastgesteld door middel van een gestandaardi-
seerde vragenlijst (de ICQ). Hoge scores op deze vragenlijst worden geassocieerd 
met probleemgedrag op langere termijn. De data in ons onderzoek werden 
gecorrigeerd voor mogelijke verstorende factoren zoals mate van depressie van de 
moeder, zwangerschaps gerelateerde stress, roken en alcoholgebruik tijdens de 
zwangerschap. De zwangeren die voor het tweede trimester gestopt waren met 
antidepressiva hadden vervolgens hogere scores op de Edinburgh Depression 
Scale vergeleken met de groep zwangeren die het antidepressivagebruik conti-
nueerden. Zwangerschapsgerelateerde stress was in deze twee groepen hoger 
vergeleken met een gezonde controle groep. De resultaten van het onderzoek 
lieten zien dat noch antidepressivagebruik, noch het stoppen van de medicatie tot 
verschillen leidt in temperament ten opzichte van de controle groep op 3 en 8 
maanden. Ook was er geen verschil in ICQ-scores aan te tonen tussen de twee 
onderzoeksgroepen, ook niet wanneer gecorrigeerd werd voor maternale depressie 
en stress tijdens de zwangerschap. Gedrag en gedragsproblemen die zich op de 
peuterleeftijd kunnen openbaren zullen opnieuw worden onderzocht op 2-jarige 
leeftijd.
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Conclusies
Het doel van de toepassing van antidepressiva tijdens de zwangerschap is het 
optimaliseren van het welzijn van de moeder, maar daarbij de mate van foetale 
blootstelling aan schadelijke stoffen voor het kind zoveel mogelijk te beperken. Uit 
angst voor mogelijke schadelijke effecten van medicatie op hun ongeboren kind 
stoppen veel vrouwen met antidepressivagebruik. Anderen daarentegen continu-
eren juist de farmacotherapie of starten zelfs om dezelfde reden: het vermijden 
van schadelijke effecten. Hier echter betreft het de te vrezen nadelige gevolgen 
van de psychische ziekte voor henzelf maar ook voor het kind. Wij vinden het 
belangrijk om te stellen dat de noodzaak van het behandelen van ernstige vormen 
van depressie of onder zeer complexe sociaal-psychiatrische omstandigheden, hier 
niet ter discussie staat. Maar de afweging van de risico’s ten opzichte van de 
voordelen is veel moeilijker voor zwangeren met matige vormen van depressie of 
angststoornissen, te meer daar het klinisch effect van antidepressiva in deze 
groepen ten opzichte van placebo weinig lijkt toe te voegen. Er zijn geen geran-
domiseerde studies naar de effecten van SSRI’s in de zwangerschap verricht, 
bovendien verschillen de controlegroepen die gebruikt zijn in observationele 
studies sterk, én er is niet altijd voor de belangrijkste confouders gecorrigeerd. 
Toch zijn observationele studies naar geneesmiddeleffecten, mits goed uitgevoerd, 
zeer waardevol gebleken en zijn er diverse mogelijkheden om dergelijk onderzoek, 
ook in Nederland, te faciliteren. Helaas is het nog steeds een feit dat onderzoek 
naar de veiligheid van geneesmiddelen in de zwangerschap pas wordt uitgevoerd 
nadat het middel al op de markt is gebracht. Op basis van de bevindingen uit ons 
onderzoek adviseren wij om bij vrouwen die zwanger zijn of kinderwens hebben 
alternatieven voor farmacotherapie te overwegen en indien medicatie noodzakelijk 
is, het middel te kiezen waarmee de meeste ervaring van veilig gebruik is en dan 
bij voorkeur in een zo laag mogelijke dosis. Bij antidepressivagebruik door de 
moeder vanaf het tweede trimester moet rekening gehouden worden met verhoogd 
risico op neonatale effecten die of wel behandeling behoe ven of wel extra obser-
vatie noodzakelijk maken. Ten slotte moet onderzoek naar lange termijn effecten 
van antidepressivagebruik tijdens de zwangerschap op de ontwikkeling van het 
kind verder onderzocht worden, zodat belangrijke informatie op dit gebied 
meegenomen kan worden in de overweging: stoppen of doorgaan met antidepres-
siva tijdens de zwangerschap. 
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Een ieder die heeft bijgedragen aan de totstandkoming van dit proefschrift wil ik 
hier bedanken. 
In de eerste plaats mijn promotoren Gerard Visser en Fred Schobben en mijn 
copromotoren Edu Mulder en Huib Burger. 
Beste Gerard, onvergetelijk was de dag waarop jij mij vroeg om bij jou pro-
motieonderzoek te gaan doen, waarna ik hartelijk werd ontvangen op de afdeling. 
In al die jaren zijn jouw niet aflatend enthousiasme en scherp zicht op de koers, 
een baken voor het onderzoek geweest. 
Ook veel dank aan Fred, die ons af en toe weer met beide benen op de grond wist 
te zetten en een enorme eindsprint heeft ingezet zodat alles toch op tijd is 
afgekomen. 
Edu, je hebt vast af en toe met gekrulde tenen gezeten, toen ik de deelneemsters 
het hemd van het lijf vroeg. Enorm bedankt dat ik zelf mee mocht registreren en 
iedere keer weer het wonder mocht aanschouwen van een kind dat groeit in de 
buik van de moeder. 
Huib, één van de mannen van het eerste en het laatste uur, je hebt mij laten zien 
hoe vreselijk spannend statistiek kan zijn. 

De leden van de beoordelingscommissie, Prof. Dr. D. Lindhout, Prof. Dr. F. van 
Bel, Prof. Dr. H.W. Bruinse, Prof. Dr. J. Meulenbelt en Prof. Dr. D.R.A. Uges wil ik 
bedanken voor het beoordelen van mijn manuscript.

Een bijzonder woord van dank voor alle deelneemsters aan het OAZE onderzoek 
die zo trouw aan het onderzoek hebben meegewerkt en voor alle stafleden van de 
deelnemende ziekenhuizen, verloskundigen praktijken, huisartsen en apothekers 
zonder wie dit onderzoek niet mogelijk was geweest. 

Vervolgens wil ik alle co-auteurs van de diverse hoofdstukken bedanken voor hun 
enthousiasme en voor de bijzondere ideeën en oplossingen.

In de loop van het onderzoek hebben vele anderen meegewerkt aan diverse 
onderdelen of op een of andere manier een bijdrage geleverd: medewerkers van 
het lab van de apotheek Haagse Ziekenhuizen, het klinisch-chemisch lab Erasmus 
MC Rotterdam, de afdeling endocrinologie, immunologie, obstetrie en neonatolo-
gie van het UMC Utrecht, de medewerkers van de Teratologie Informatie Service 
van het RIVM, het Lareb. De medewerkers van de disciplinegroep Farmaco-
epidemiologie en Farmacotherapie, die voor mij altijd wel een plaats hadden in de 
herberg. Al deze mensen wil ik bedanken voor hun inzet. 
De volgende personen wil ik in het bijzonder noemen: Toine Egberts, bedankt voor 
je input en begeleiding bij diverse onderdelen van het proefschrift; ik ben blij dat 
je het aandurfde om een relatief weinig gebruikte bron van gegevens aan te boren 
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voor onderzoek, n.l. verzekeringsdata. Barbara Gutteling en Anja Huizink, ik ben 
blij dat ik hun onderzoek als springplank kon gebruiken. Roel de Heus voor zijn 
hulp bij het maken van de lange foetale echo-registraties. Martin Smidt en 
Cornelle Noorlander: dank voor de dierstudie, die zeer waardevolle informatie 
heeft opgeleverd. Jan Buitelaar, die mij wat meer inzicht heeft gegeven in de 
psychiatrie en in de kracht van cognitieve gedragstherapie. 
Heronimus Voorbij: eindelijk samen, vereeuwigd in dit proefschrift. Ron van 
Schaik, bedankt voor je supersnelle actie; zullen we er op drinken in Montreal? 
Marja van der Heide-Jalving, het is altijd fijn als iemand van de praktijk het 
onderzoek kritisch bekijkt. Svetlana Belitzer, die alle statistische hoogstandjes ook 
duidelijk wist uit te leggen. Colleen Higgins, die standvastig aan het Engels heeft 
vastgehouden en mijn manuscripten naar het hoogste niveau heeft getild. Diane 
Raaymakers, Ruud Weeda en Johan van Os, die het ICT-werk achter de schermen 
verzorgden en het programma ‘Depressa’ draaiende hielden. Mieke Helman en 
alle onderzoeksstage studenten: Jeroen Hassink, Ginny Penders, Judie Hulsbosch, 
Anne-Marie Schachtschneider (je blijft in onze gedachten), Somaye Yousofi, Hetty 
Rijksen, Jamila Abou, Canan Yildrim, Frederiek Kuster, Hora Qaume, Yasmin Al 
Khalil, Elif Yasar, Felicia Tjiptakusuma en Jessica de Vries. Frank Boesveld, die de 
start heeft meegemaakt met het maken van de posters en het verhaal ook perfect 
heeft afgemaakt in de vorm van dit proefschrift. Peter Hendriks, omdat ik bij de 
‘geboorte’ van het proefschrift zelf de navelstreng mag doorknippen. En tenslotte 
Leo Oosterom, mijn personal coach, die mij nu vast op zijn lijstje met referenties 
gaat zetten.

Alle medewerkers van de apotheek die het mogelijk hebben gemaakt dat ik aan 
het onderzoek kon beginnen kan ik nu eindelijk bedanken. 
Ook komt lof toe aan mijn analisten. Sorry, als ik er niet genoeg was geweest toen 
jullie mij nodig hadden, bedankt voor jullie support en jullie onvoorwaardelijke: “t 
lukt vast!”. 
Ziekenhuisapothekers io, jullie inzet was onontbeerlijk voor het afronden van het 
onderzoek. Hopelijk hebben jullie de lab-perioden ook als waardevol ervaren. 
Tevens wil ik iedereen bedanken die mij heeft waargenomen op het lab of die het, 
in welke vorm dan ook, mogelijk heeft gemaakt dat ik vervangen werd. 

Ik wil de “Viaanse Vrouwen” bedanken, dat zij mij meegesleurd hebben naar de 
sportschool (ja, en dan ben ik zeker die blonde van die zanger?). De meiden van 
de middelbare school, dat we na al die jaren nog de “Vriendinnenclub uit Deurne” 
vormen. De sneeuwhappers van “Le Penseur”; jongens, volgend jaar (lustrum!) ga 
ik echt mee.
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Vaak lees je ‘zonder jullie was het niet gelukt.’ en dan bekruipt je het gevoel dat 
het meer een gemeenplaats is, dan dat de boel echt helemaal geen doorgang had 
gevonden zonder deze, de hemel in geprezen, mensen. Maar zonder wie ik het al 
lang had moeten opgegeven zijn Nelly, Rinus en Sandra. Nelly, dank zij jouw 
goede zorgen, maar nog meer door jou liefde voor de kinderen, zijn ze misschien 
wel net zo veel van jou gaan houden als van ons: kom niet aan Nelly! Rinus, jij 
lijkt wel op de achtergrond, maar wij weten wel dat jij de motor achter alles bent. 
Sandra, wat heb ik ongelofelijk geboft met jou, dat ik in al die jaren met een 
gerust hart de deur achter me dicht heb kunnen trekken.

Mijn ouders wil ik bedanken omdat ze ons stimuleerden om de top te bereiken. 
Niet omdat ze dat zo belangrijk vinden, maar omdat het daar goed toeven is. Als 
perifeer medisch specialisten kijken jullie misschien wat ambivalent tegen ‘De 
Academie’ aan, maar jullie moeten geloven dat ik, net zo goed als jullie destijds, 
veel “lol” in mijn werk, het onderzoek & onderwijs en natuurlijk in mijn pro-
motieonderzoek heb gehad.

Je vraagt je misschien af: hoe is het mogelijk dat ik zo’n lieve man en drie 
wonderkinderen heb gekregen? Bedankt Bill, Lobke en Ghislaine voor het in elkaar 
timmeren van mijn bureau en mijn wit leren bureaustoel, want “alleen promotie 
telt”. André, wat een geluk dat nu juist jij destijds mijn studentenhuis bent binnen 
komen wandelen. Fijn dat jij en Daphne mijn paranimfen willen zijn. Maar je weet 
dat ik zou liegen als ik je zou bedanken voor alles wat je voor mij hebt moeten 
laten schieten de afgelopen jaren. Ben je ook zo benieuwd hoe het is ‘met een 
doctor’? We zullen het gauw genoeg weten… 

Tenslotte, wil ik alle professionals bedanken die mijn enthousiasme voor toxicolo-
gie en haar raakvlakken hebben versterkt. Ik hoop dat ik me kan blijven inzetten 
voor het vak en dat we als labapothekers de banden met het Nationaal 
Vergiftigingen Informatie Centrum-RIVM, de Nederlandse Vereniging voor 
Toxicologie en het Nederlands Forensisch Instituut nog verder kunnen versterken. 
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Tessa Ververs was born on the 28th of September 1963 in Tilburg. She graduated 
at the Peelland College Deurne in 1982 and started to study pharmacy at the 
Utrecht University in 1983. After she performed a research internship at the 
Department of Pharmaceutics of the University of Florida, USA, she obtained her 
Master’s degree at the Utrecht University in 1989, followed by her Pharmacist 
degree in 1992. 

She worked as a pharmacist at the Diaconessenhuis Eindhoven in 1992. From 
December 1992 until December 1995 she worked as a hospital pharmacist in 
training at the Department of Clinical Pharmacy of the University Medical Center 
Utrecht. From January 1996 she holds a position as a hospital pharmacist and 
head of the laboratory of the Department of Clinical Pharmacy of the University 
Medical Center Utrecht with special interest in drug safety, therapeutic drug 
monitoring and clinical toxicology. 

Tessa is married to André Gresnigt. They are the proud parents of Bill, Lobke and 
Ghislaine.
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