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In most Western countries, routine ultrasounds have become an integrated part of 
antenatal care (Garcia, 2002). Routine ultrasounds may not only have clinical benefits, 
but also psychological. Psychological benefits often mentioned in this context are a 
reduction of pregnancy-specific anxiety and an increase of prenatal mother-to-infant 
bonding1,2. Since the introduction of the ultrasound, however, there has been discussion 
about the amount and timing of routine ultrasound screening throughout pregnancy, 
which is reflected by the different antenatal screening policies across Western countries3. 
In the Netherlands, at the moment, two routine ultrasounds are offered throughout 
pregnancy: one dating scan at the beginning of pregnancy, and one structural anomaly 
scan (SEO in Dutch) around 20 weeks’ gestation. Debate is going on about whether or 
not to introduce a third trimester routine ultrasound to monitor foetal growth and detect 
intrauterine growth retardation (IUGR). In this thesis we aim to provide insight in the third 
trimester routine ultrasound in relation to pregnancy-specific anxiety and mother-to-
infant bonding, while addressing gaps in our knowledge about these two psychological 
processes. In this chapter, we will provide the context and rationale for this thesis by 
first describing the developments of ultrasound usage in antenatal care throughout 
the years, including the recent third trimester routine ultrasound. Next, an overview of 
research focusing on potential psychological consequences of offering antenatal routine 
ultrasounds in terms of pregnancy-specific anxiety and mother-to-infant bonding will be 
presented. Finally, the current state of knowledge regarding these two psychological 
processes will be addressed.

ROUTINE ULTRASOUNDS

HISTORICAL BACKGROUND 
Human interest in visualising the developing child is already apparent in sketches of 
Leonardo Da Vinci around 1510 entitled “studies of the foetus in the womb”. However, 
it was not until halfway the 20th century that diagnostic ultrasound technology was 
developed, which enabled foetal imaging as we know it today. In a Lancet paper in 1958, 
the first ultrasound pictures of the foetus were published4. These pictures were taken 
with a so-called compound ultrasound scanner, which was able to create a single image 
from combining three or more images from different steering angles. The introduction 
of the compound ultrasound scanner was important because approaches until then 
were impractical in usage and uncomfortable for the patient. For example, a technique 
called water-delay scanning was used which required the body part to be examined 
under water. After the invention of the compound ultrasound scanner, the technique was 
further refined, enabling images with shades of grey (instead of just black and white) 
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and real-time imaging (instead of static images). In the 1970s, companies were able to 
create small, cheap scanners, making the technique available for a wider audience5. 

With the wider availability of this technique, use of ultrasound as a diagnostic tool was 
getting more common to locate the placenta and conduct foetal biometry for example, 
and by the mid-1980s, routine ultrasound screening was offered in most hospitals in the 
United States to detect foetal anomalies5. Through the next decades, routine ultrasounds 
also became more common in European countries, including the Netherlands. At 
first, ultrasounds in the Netherlands were only available in hospitals and were always 
performed by gynaecologists. Later on, also paramedical healthcare providers (e.g. 
radiologists, nurses) were allowed to perform ultrasounds. In the 90s, ultrasounds also 
became available in midwifery practices6. Since 2006, all women in the Netherlands are 
offered a foetal anomaly scan around 20 weeks’ gestation. In 2011, it was decided that 
the estimated duration of pregnancy should be based on the dating scan, and not on the 
last day of the menstruation6. As the uptake for both of these ultrasounds approximate 
the 100%7,8, most women in the Netherlands currently receive at least two ultrasounds 
throughout their pregnancy. 

THIRD TRIMESTER ROUTINE ULTRASOUND
Some countries, for example Germany, France and Belgium, not only offer a routine 
ultrasound in the first two trimesters, but also in the third trimester9. In the Netherlands, 
a third trimester ultrasound is not part of routine care, but there is an on-going trend 
of offering pregnant women one or two ultrasounds in the third trimester. The primary 
aim of this third trimester ultrasound is to detect intrauterine growth retardation (IUGR), 
which is defined as failing to achieve full fetal growth potential. IUGR implies that the 
growth of the fetal is pathologically restricted, and is an important risk factor for severe 
adverse perinatal outcomes including perinatal death10. Therefore, timely detection of 
IUGR to enable appropriate obstetric care is warranted. The term IUGR is often used 
interchangeably with the label small for gestational age (SGA). However, only 50-70% 
of the SGA children are growth restricted, and only a proportion of IUGR children are 
SGA11–13. In practice, though, it is difficult to differentiate between the two and suspicion 
of SGA, mostly defined as those with an estimated fetal weight below the 10th percentile 
for gestational age, is often used as a proxy of IUGR14–17. 

The general approach used by midwives to detect IUGR by serial fundal height 
assessments has not proven to be very successful, due to poor sensitivity rates and 
low interobserver agreement18,19. As a result, the third trimester ultrasound has been 
used as an alternative to detect IUGR. Until now, however, evidence supporting the 
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effectiveness of a third trimester routine ultrasound is limited. According to a meta-
analysis, which included 13 trials carried out among nearly 35000 low-risk pregnant 
women, third trimester routine ultrasound screening is not associated with improved 
perinatal outcomes20. Several methodological shortcomings of these trials, however, 
have been noted. In addition, the ultrasound technology used in these trials is out-
dated and therefore results might not be generalizable to current practice. Another 
shortcoming of trials examining the effectiveness of third trimester routine ultrasound 
screening up till now is the neglect of the potential psychological impact on women. 
Our general aim, therefore, is to address the potential psychological consequences of 
offering a third trimester routine ultrasound for pregnant women.

PSYCHOLOGICAL CONSEQUENCES
The introduction of the ultrasound not only offered a tool that may help to prevent adverse 
pregnancy outcomes, but also changed the experience of pregnancy. Especially the 
introduction of routine ultrasounds, which are offered to all pregnant women irrespective 
of whether their foetus is at risk for any abnormality, had a major role in this. From 
that moment on, all women were offered the opportunity to get more information about 
the health of their baby during pregnancy. In addition, ultrasounds gave women the 
opportunity to get a real-time image of their baby.

Especially in the 80s and 90s, when routine ultrasounds were relatively new and limited 
to the first two trimesters, several studies have addressed how pregnant women 
perceived routine ultrasounds. According to a review by Garcia including 25 studies 
across a variety of countries 21, women are generally positive about routine ultrasounds. 
They see it as an opportunity for themselves and family members to meet their unborn 
baby, which in turn contributes to their imaginary child becoming more real. Another 
often mentioned positive aspect is the reassurance provided about the health of the 
baby. A minority of women mentioned negative aspects such as worries about what the 
scan might show. Also, concerns about an ultrasound being painful for them or harmful 
for the baby were mentioned rarely by pregnant women, and mostly in older studies or 
in countries where ultrasounds were not common22,23. This overall positive evaluation of 
routine ultrasounds was also reflected in studies showing that almost all women feel that 
ultrasounds should be available for all women during pregnancy24.

Based on these findings and some observational studies showing that women 
experience lower anxiety levels and higher mother-to-infant bonding levels after a routine 
ultrasound than before25–27, some policy makers and professionals involved in antenatal 
care are convinced of the psychological benefit of routine ultrasound screening 1,28. 
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However, findings of these observational studies might just reflect the natural decrease 
of anxiety29, and the natural increase of mother-to-infant bonding30,31 over the course of 
pregnancy. The very few experimental studies that have been performed, failed to find 
a relationship between routine ultrasound screening and maternal anxiety or mother-to-
infant bonding 32,33.

In addition to the generally poor study designs of studies performed thus far, most 
studies have focused on routine ultrasounds in the first two trimesters and they 
were performed when routine ultrasound technology was relatively new. Meanwhile, 
technology has improved and ultrasonography has become routine in pregnancy. In 
addition to the two routine ultrasounds that most women have received when they reach 
their third trimester, they may also have received some clinically indicated ultrasounds 
or keepsake ultrasounds. This might affect how women experience third trimester routine 
ultrasounds, and its psychological impact in terms of pregnancy specific anxiety and 
mother-to-infant bonding. For example, it might not be that exciting anymore in the third 
trimester as it was in the first trimesters to get information about the health of the baby 
and to see the baby. On the other hand, the increased role of ultrasounds in pregnancy 
nowadays might have made women more dependent on ultrasounds to get reassurance 
and develop a bond with their child compared to the time when routine ultrasounds had 
just been introduced.

In addition to studying the relationship of a third trimester routine ultrasound with 
pregnancy-specific anxiety and mother-to-infant bonding, it would be useful to 
understand more about factors that could moderate the relation of a third trimester routine 
ultrasound on these outcomes. For example, it has been suggested that primiparous 
women are affected more by ultrasounds than multiparous women34,35. Also, certain 
aspects of the ultrasound procedure such as good interaction with the ultrasonographer 
have been suggested to be important for the psychological impact of an ultrasound 
36,37. Previous studies have not taken these factors into account, possibly due to small 
sample sizes. Therefore, an important aim which will be addressed in chapter 5, is to 
examine the relationship of offering a third trimester routine ultrasound with pregnancy-
specific anxiety and bonding in a large cluster randomized controlled trial, while taking 
into account maternal characteristics and satisfaction with the ultrasound. In addition, 
in chapter 6, we will explore the experiences of women with a third trimester routine 
ultrasound by conducting interviews as we believe that qualitative data can provide 
valuable insight which may help us to interpret the quantitative data.

Insight in the relationship of a third trimester routine ultrasound with pregnancy-specific 
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anxiety and mother-to-infant bonding, in addition to its clinical effectiveness in terms 
of improving perinatal outcomes, is needed to be able to make a balanced decision 
about introducing a third trimester routine ultrasound. Especially since the evidence 
of any clinical relevance of the third trimester routine ultrasound is very limited at the 
moment20, addressing the relationship between a third trimester routine ultrasound and 
psychological outcomes in terms of pregnancy-specific anxiety and mother-to-infant 
bonding becomes highly relevant. Elevated pregnancy-specific anxiety levels and 
poor mother-to-infant bonding quality can have important short-term and long-term 
consequences for the development of the child, which we will elaborate on in the next 
paragraphs. In addition, we will identify gaps of knowledge concerning pregnancy-
specific anxiety and mother-to-infant bonding that need to be addressed before studying 
their relationship with a third trimester routine ultrasound. 

PREGNANCY-SPECIFIC ANXIETY

CONCEPT
Pregnancy is often depicted as a happy, wonderful or magic phase in a woman’s life in 
which she should be on cloud nine. Although this might be true for some women and to 
some extent, in reality, pregnant women may experience several worries or fears related 
to their pregnancy. For example, women may be worried about the health of their baby, 
the pain during labour, their appearance, their role as a mother, and their changing 
relationship with their partner38. This so-called pregnancy-specific anxiety (also referred 
to as pregnancy-related anxiety), is frequently experienced by women. 

STATE OF KNOWLEDGE
A large survey among pregnant women indicated that half of all pregnant women 
experienced fears concerning their child’s health, and fear of giving birth was reported 
by 40%39. Pregnancy-specific anxiety might not only affect a woman’s experience 
of pregnancy and her emotional well-being, it might also adversely affect her childs 
development. Several studies have indicated that pregnancy-specific anxiety is more 
strongly associated with adverse pregnancy outcomes and long term child development 
than other psychological stressors such as general anxiety, or depression40–42. In several 
large prospective cohort studies carried out among diverse populations, pregnancy-
specific anxiety has consistently been found to be associated with preterm birth41,43,44. 
As Dunkel Schetter and colleagues (2011) summarize in their review38, the effect sizes 
found across studies are equal to or exceed the effect sizes of other known risk factors 
such as smoking. 
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While the role of pregnancy-specific anxiety in adverse pregnancy outcomes is well 
supported by research, the mechanisms behind it are still poorly understood. One 
explanation is that the negative affect of the mother activates the hypothalimic-pituitary-
adrenal (HPA) axis, which is involved in releasing hormones that play a role in the 
onset of labour45–47. Some studies indeed found evidence for HPA activity mediating the 
relationship between prenatal anxiety levels and the timing of delivery48. Alternatively, as 
stress is generally associated with increased chances of inflammation which in turn is a 
known risk factor for preterm birth during pregnancy, pregnancy-specific anxiety might 
increase preterm birth through inflammation processes49. A third explanation focuses on 
health behavior as a possible mediator between pregnancy-specific anxiety and health 
outcomes. It is well known from research that negative affect is associated with poor 
health behaviour such as smoking and alcohol use42,50–52, which are in turn associated 
with negative health outcomes of the baby53–55. Lobel and colleagues indeed found that 
smoking mediated the association between pregnancy-specific stress and preterm 
birth42. Interestingly, a study by Goedhart and colleagues suggested a U-shaped 
relationship between pregnancy-specific anxiety and smoking: both women with low 
and high levels of pregnancy-specific anxiety continued smoking during pregnancy56. 
This might suggest that a small level of anxiety, compared with very low levels, might 
lead to healthy behaviour during pregnancy.

Another gap in knowledge concerns the characteristics of the women at risk for elevated 
pregnancy-specific anxiety levels. Suggested sociodemographic risk factors include for 
example being nulliparous57,58, being unmarried57, being younger58–60,  and an unwanted 
pregnancy57. However, only a few studies have been performed thus far, and sample 
sizes of these studies were low. One of our aims, which will be addressed in chapter 3 
of this thesis, is to explore which maternal background characteristics are associated 
with elevated levels of pregnancy-specific anxiety by using data from a large nationwide 
cohort study. This knowledge can provide insight in which women are at risk, and might 
benefit more from a third trimester routine ultrasound in terms of pregnancy-specific 
anxiety. Additionally, we examine whether pregnancy-specific anxiety is associated 
with adverse health behaviours during pregnancy (smoking, alcohol use, too much 
weight gain). This knowledge may contribute to understanding the relationship between 
pregnancy-specific anxiety and adverse pregnancy outcomes.

MEASURING PREGNANCY-SPECIFIC ANXIETY
The first attempts to understand the concept of pregnancy-specific anxiety were made 
already in the 1950s61. The operationalization of pregnancy-specific anxiety, however, 
has progressed rather slowly. Several instruments have been developed over the years, 
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but most of them do not have a solid theoretical foundation and are not well validated62. 
Consequently, most studies examining anxiety during pregnancy use general anxiety 
measures such as the state-trait anxiety questionnaire63,64, which is also recommended 
by the NICE clinical guidelines to use among pregnant women65.  

However, because these general anxiety questionnaires have been validated for diverse 
populations, they might overlook the specific fears and worries that are experienced by 
pregnant women, and include symptoms that reflect anxiety in an average population, 
but are common for women in a pregnant population (e.g. being nauseous) and do not 
necessarily reflect anxiety. Evidence that pregnancy-specific anxiety is indeed a unique 
construct was found in studies showing that pregnancy-specific anxiety is only partly 
related to general anxiety66. Moreover, as we described above, pregnancy-specific 
anxiety has been shown to be a better predictor of adverse pregnancy outcomes than 
general anxiety40,42. Lobel and colleagues42 hypothesize that worries and concerns 
related to pregnancy evoke a more potent type of stress than general anxiety, and 
therefore are more likely to trigger physical arousal and neuroendocrine changes, which 
is supported by some research47.

Further validation of existing pregnancy-specific anxiety scales might contribute to a 
better understanding of the concept and further research on its possible correlates. 
Among the available scales, the PRAQ-R, or revised version of it, has been used in 
several studies and seems promising. The 55 items of the original PRAQ were partly 
derived from the Pregnancy Anxiety Scale (PAS), which was in turn based on the 
Prenatal Anxieties and Attitudes questionnaire61. The PRAQ-R was first reduced to 34 
items, and later further reduced to ten items, consisting of three subscales: ‘fear of giving 
birth’, ‘fear of bearing a handicapped child’ and ‘concern about one’s appearance’. 
The PRAQ-R showed good internal consistency and predictive validity67,68, however, the 
instrument was developed for nulliparous women and contained an item not suitable for 
parous women: “I am anxious about the delivery because I have never experienced one 
before”. Therefore, in 2016, Huizink and colleagues introduced the PRAQ-R2, in which 
they adjusted this item, making the instrument useful for both nulliparous and parous 
women69. At the moment of writing chapter 3 of this thesis, however, the PRAQ-R2 was 
not available, and therefore it was unknown whether the original PRAQ-R could be used 
for both nulliparous and parous women. Therefore, we examined whether the PRAQ-R as 
developed by Huizink and colleagues66 could be used as a tool to measure pregnancy-
specific anxiety among all pregnant women (chapter 2). 
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MOTHER-TO-INFANT BONDING

CONCEPT
The concept of mother-to-infant bonding was first mentioned by Rubin in the 1960s and 
became widely known through the book Maternal–Infant Bonding by Klaus & Kennell70. 
Over the years, there has been some discussion about the exact definition of mother-
to-infant bonding. According to a concept analyse by Kinsey and colleagues71, mother-
to-infant bonding should be defined as the emotional tie experienced by the mother 
towards her child. This emotional or affective tie can be manifested through a behavioral 
component (e.g. cuddling), and a biological component (e.g. oxytocin) which has also 
been used in some definitions of mother-to-infant bonding72–74. Mother-to-infant bonding 
should not be confused with attachment, which has been extensively addressed in 
literature75,76 and refers to the bond experienced by the child towards its mother or other 
significant caretakers. 

When the concept was first introduced by Klaus and Kennel70, the immediate postpartum 
period was considered to be a sensitive period for forming a bond with the child, and 
therefore thought to be crucial for mother-to-infant bonding. Considering the current 
knowledge, however, bonding should be defined as an ongoing process which continues 
to develop over the first year, and possibly even longer71,77. Furthermore, current 
knowledge indicated that the process of bonding starts already during pregnancy78,79. 

STATE OF KNOWLEDGE
According to Klaus and Kennel, adequate bonding gives rise to certain needs in a woman 
such as proximity to her child, which might positively contribute to the development of 
the child. Indeed, poorer bonding has been associated with less sensitive parenting80,81. 
Less sensitive parenting, in turn, is associated with poorer socio-emotional development 
of the child (e.g. insecure attachment, depression, anxiety82–86. Also, women with 
suboptimal bonding levels are assumed to show more unhealthy behaviours87, which 
might negatively affect both the mothers and the child’s health88.   

The knowledge that bonding starts already during pregnancy widens the window to 
promote long term outcomes for the child already at an early, prenatal onset. Compared 
to attachment, which has received considerable amount of attention over the years, 
however, relatively little is known about factors associated with bonding. An up to date 
overview of factors associated with mother-to-infant bonding is lacking, as reviews that 
have been performed are at least ten years old30,31,89,90. One of our aims was to provide 
an up-to-date overview of factors associated with mother-to-infant bonding quality by 
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conducting a systematic review (chapter 4). This knowledge is important to understand 
which women are at risk for poor mother-to-infant bonding quality, and might benefit 
most from a third trimester routine ultrasound in terms of mother-to-infant bonding.

RESEARCH DESIGN

Most of our data (chapter 2, 3, 5, 6) were obtained through two Dutch nationwide studies: 
The Deliver study and the IUGR Risk Selection (IRIS) study.

THE DELIVER STUDY
The Deliver study was a cohort study carried out in the Netherlands between September 
2009 and April 2011 which aimed to explore the current status of midwifery care from 
both the clients’ and the midwife’s perspective. The three main goals were to examine 
the quality of midwifery care (e.g. client experiences and satisfaction) the organisation 
of midwifery care (e.g. division of tasks and collaboration) and the accessibility of 
midwifery care (e.g. reachability, health care use). Questionnaires were sent to midwifery 
practices, their clients and other maternity healthcare professionals. For this thesis, 
secondary analyses were performed on questionnaire data from clients from twenty 
purposively selected midwifery practices. Selection criteria were region, urbanization 
level and practice type. For the duration of the study, these twenty midwifery practices 
invited their clients to participate in the Deliver study by filling in questionnaires. Based 
on their gestational age at the moment of inclusion, which was possible at any moment 
during pregnancy, up to three questionnaires were sent: before 35 weeks gestation, 
between 35 weeks gestation and birth, and around six weeks postpartum. Only data 
from women with live born singletons were included. For chapter 2 (in which we address 
whether the PRAQ-R can be used as a tool to measure pregnancy-specific anxiety 
among all pregnant women), and chapter 3 (in which we explore which background 
characteristics and adverse health behaviours during pregnancy are associated with 
elevated levels of pregnancy-specific anxiety) data from the first questionnaire, which 
contained information on pregnancy-specific anxiety, were used. For chapter 3, also 
one item from the second questionnaire was used. A detailed description of the Deliver 
study can be found in the Deliver design paper91. 

THE IRIS STUDY
The IRIS study was a Dutch nationwide cluster-randomized trial carried out between 1 
February 2015 and 28 February 2016 to assess the effectiveness and cost-effectiveness 
of routine third trimester ultrasound screening in comparison with care as usual in 
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reducing severe adverse perinatal outcome among low-risk pregnant women. Sixty 
midwifery practices across the country were included. These practices in turn asked 
their clients permission to obtain information on perinatal outcomes from the national 
perinatal registry and documents held by healthcare providers, and foetal growth 
measurements from ultrasonography data. Eligible women were singleton, low-risk 
pregnant women between 20-24 weeks of gestation, who were at least sixteen years 
old. All 60 midwifery practices started in the control condition in which they monitored 
foetal growth according to current standard care (serial fundal height measurements 
and ultrasonography only if clinically indicated). After three months, the first cluster of 
twenty randomly selected midwifery practices switched to the intervention group, in 
which they offered two routine ultrasounds (between 28-30 weeks gestation and 34-36 
weeks gestation) to measure foetal growth in addition to standard care. After another 
four months, the next twenty practices switched to the intervention group, and finally, 
after ten months, all midwifery practices had switched.

A subsample of women included in the IRIS study were asked to participate in the 
questionnaire study between May 2015 and October 2015. These women were 
approached by their midwife, or by email. Eligible women were women with a gestational 
age of 20-27 weeks who had given permission to be approached for additional research 
at the time of inclusion in the IRIS study. Questionnaires were sent by email between 
20-27 weeks of gestation, around 32 weeks of gestation, and six weeks and six months 
postpartum. In chapter 5 (in which we examine the relationship between offering a third 
trimester routine ultrasound and mother-to-infant bonding), we used data from the first 
two questionnaires, which contained questions on pregnancy-specific anxiety and 
prenatal bonding, and additionally we used ultrasonography data. For chapter 6 (in 
which we explore the experiences of pregnant women with a third trimester routine 
ultrasound), we carried out interviews with pregnant women who participated in the 
IRIS study and who had received at least one third trimester routine ultrasound. More 
information about the design of the IRIS study can be found elsewhere92.

OUTLINE OF THIS THESIS

Before the main research questions in our studies can be addressed, attention needed 
to be given to the measurement of pregnancy specific anxiety. In chapter 2 we examine 
whether the PRAQ-R as developed by Huizink and colleagues66 can be used as a 
tool to measure pregnancy-specific anxiety among all pregnant women. We applied 
a confirmatory factor analysis to see whether the factor structure of the PRAQ-R was 
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noninvariant across nulliparous and parous women. 

In chapter 3 we explore which background characteristics are associated with elevated 
levels of pregnancy-specific anxiety by using backwards logistic regression analysis. 
Additionally, we examine whether pregnancy-specific anxiety is associated with adverse 
health behaviours during pregnancy (smoking, alcohol use, too much weight gain).

Next, information on bonding is presented. In chapter 4 an overview of correlates of 
mother-to-infant bonding is provided  based on a systematic review of the literature. 

The main question is addressed in chapter 5, where the relationship of offering a third 
trimester routine ultrasound with pregnancy-specific anxiety and bonding is studied. 
We also provide insight into which women might benefit from this ultrasound in terms of 
pregnancy-specific anxiety and bonding, and whether satisfaction with the ultrasound 
plays a role. 

Chapter 6 gives insight into the experiences of pregnant women with a third trimester 
routine ultrasound by using qualitative data obtained through interviews.

Finally, in chapter 7, we present the general findings of this thesis, discuss the meaning 
of these findings and address the methodology applied. Implications for research and 
practice are given.  
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