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ABSTRACT 

BACKGROUND
Third trimester routine ultrasounds are increasingly offered to monitor fetal growth. In 
addition to limited evidence for its clinical effectiveness, not much is known about its 
importance for pregnancy-specific anxiety and mother-to-infant bonding. 

METHODS
1275 low-risk women participated in a Dutch nationwide cluster randomized trial, 
and answered questionnaires on pregnancy-specific anxiety (PRAQ-R) and prenatal 
mother-to-infant bonding (MAAS) before and after a third trimester routine ultrasound 
was offered to the intervention group. Linear mixed model regression analyses were 
performed to examine the effect of offering a third trimester routine ultrasound on 
pregnancy-specific anxiety and mother-to-infant bonding. Also, we examined whether 
the effect depended on maternal background characteristics and level of satisfaction 
with the ultrasound procedure. 

RESULTS
We found no effect of offering a third trimester routine ultrasound on pregnancy-specific 
anxiety and mother-to-infant bonding. However, interaction analyses showed that 
women with high levels of depressive symptoms at baseline and women who were very 
satisfied with the ultrasound procedure benefited somewhat more from offering a third 
trimester routine ultrasound in terms of mother-to-infant bonding compared with women 
with low or no depressive symptoms, or less satisfied women. 

CONCLUSIONS
The relationship of offering a third trimester routine ultrasound with pregnancy-specific 
anxiety and mother-to-infant bonding is limited. A beneficial effect only applies to a 
few subgroups of women. These results do not support implementation of routine third 
trimester ultrasounds for psychological reasons. 
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INTRODUCTION

During the last three decades ultrasounds have become an integral part of pregnancy-
related care in Western countries (Garcia et al., 2002; Manning et al., 2007). In the 
Netherlands, women are currently offered at least two ultrasounds during pregnancy, 
which are covered by health care insurance: the dating scan at the beginning of 
pregnancy and the fetal anomaly scan at approximately 20 weeks of gestation. 
Recently, primary care midwives, who take care of low-risk women in the Netherlands, 
increasingly offer third trimester routine ultrasounds to monitor fetal growth since the 
effectiveness of serial fundal height assessments has been found to be limited (Bais 
et al., 2004; Hargreaves et al., 2011; Sparks et al., 2011). Monitoring fetal growth is 
important, as intrauterine growth retardation is associated with a higher risk of perinatal 
mortality (Unterscheider et al., 2014) and morbidity (Bernstein et al., 1996; Walker and 
Marlow, 2008).

However, firm evidence for the effectiveness of a third trimester routine ultrasound in 
reducing severe perinatal outcomes is lacking (Bricker et al., 2015). The IUGR Risk 
Selection (IRIS) study, a large cluster randomized controlled trial, was designed to 
evaluate the (cost-)effectiveness of offering third trimester routine ultrasounds in 
reducing severe perinatal outcomes in low-risk pregnant women (Henrichs et al., 2016). 
The IRIS study also aimed to examine the experiences of low-risk pregnant women with 
third trimester routine ultrasounds, as these might have a positive psychological effect 
in pregnant women (Persutte 1995; Health Council of the Netherlands 2001). So far, 
psychological experiences have not been addressed in trials of third trimester routine 
ultrasounds (Bricker et al., 2015). 

Ultrasounds offer women a chance to get a real-time image of their baby. In case of no 
abnormalities, this experience is believed to positively affect pregnant women in terms 
of reducing pregnancy-specific anxiety levels and increasing the prenatal mother-to-
infant bond (West 1995; Health Council of the Netherlands 2001). Both pregnancy-
specific anxiety and mother-to-infant bonding have received considerable attention over 
the years, since pregnancy-specific anxiety and mother-to-infant bonding difficulties are 
associated with an increased likelihood of adverse neonatal outcomes (Dunkel Schetter 
2011; Alhusen et al. 2013) and poorer executive functioning and social-emotional 
development of the child (Buss et al., 2011; Mason et al., 2011). 

Evidence for a positive effect of routine ultrasounds on pregnancy-specific anxiety 
and mother-to-infant bonding is limited. Several studies, mostly involving primiparous 
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women, have shown that women value routine ultrasounds positively (Baillie et al., 
1999). However, the role of ultrasounds in reducing maternal anxiety and increasing 
mother-to-infant bonding has only been suggested in qualitative studies (e.g. Fletcher 
and Evans, 1983; Villeneuve et al., 1988) and in observational studies without a control 
group (e.g. Michelacci et al., 1988; Kovacevic, 1993; Zlotogorski et al., 1995). The few 
conducted trials failed to find an effect (Heidrich and Cranley 1989; Kemp and Page 
1987). Also for the few trials which focused on the effect of ‘high feedback’ ultrasounds 
(ultrasounds in which women can see the monitor, and receive detailed information 
about the ultrasound scan during the procedure) on maternal anxiety, no reduction in 
maternal anxiety was found (Nabhan and Faris 2010). Aside from the limited number of 
trials conducted and inconclusive evidence, these studies were mostly carried out in the 
80s and 90s, when ultrasounds were relatively new and less often part of routine care. 
This might limit the generalizability of previous findings. Furthermore, most studies have 
focused on ultrasounds in the first two trimesters. Studies focusing on psychological 
experiences with a third trimester routine ultrasound have been underrepresented 
(Bricker et al., 2015). As pregnancy-specific anxiety and mother-to-infant bonding 
continue to develop throughout pregnancy, a study specifically focusing on the effects 
of offering ultrasounds in the third trimester is warranted. 

Our primary research question is: What is the effect of offering a third trimester routine 
ultrasound on pregnancy-specific anxiety and prenatal mother-to-infant bonding 
in current antenatal care practice. Our second research question is whether certain 
subgroups of women would benefit more from a routine ultrasound regarding our 
outcomes of interest than others. More specifically, we assessed whether pre-scan 
levels of pregnancy-specific anxiety and mother-to-infant bonding (research question 
2a), background characteristics (research question 2b), and the level of satisfaction 
with the ultrasound procedure (research question 2c) are potential moderators. 

METHODS

PARTICIPANTS AND PROCEDURE
The IRIS study is a cluster randomized controlled trial carried out among 60 primary care 
midwivery practices across the Netherlands. Between February 2015 and February 2016, 
all singleton low-risk pregnant women who were at least 16 years old and in midwife-
led care at the time of inclusion (20-24 weeks of gestation), were included by their 
midwife. Written informed consent was obtained for permission to use information from 
the national perinatal registry and documents held by health-care providers involved in 
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their pregnancy, including ultrasonography data. Also, women were asked permission 
to be approached for additional research. All midwivery practices started in the control 
condition, which consisted of offering standard care (serial fundal height measurements 
and ultrasonography only if clinically indicated). Every three months, a randomly selected 
cluster of 20 practices switched to the intervention condition. In the intervention condition, 
two routine ultrasounds were offered to women in addition to standard care; one between 
28-30 weeks of gestation and one between 34-36 weeks of gestation. More details about 
the study design are described by Henrichs and colleagues (2016).
 
A random subsample of participants enrolled in the IRIS study were invited between 
May and December 2015 to fill out questionnaires on maternal- and newborns physical 
health, maternal mental health (including pregnancy-specific anxiety), mother-to-infant 
bonding, and use of and experiences with healthcare. We aimed to include at least 450 
women in the control group and 450 women in the intervention group. Inclusion criteria 
were: a gestation of 27 weeks or less, sufficient knowledge of the Dutch language and 
permission given to be approached for future research at the time of inclusion for the 
IRIS study. All women who met the inclustion criteria were invited to participate by their 
midwife, or through an e-mail invitation. After informed consent, women received two 
prenatal questionnaires, which were sent before (between 20-27 weeks of gestation, T1) 
and after (around 32 weeks of gestation, T2) the first third trimester routine ultrasound 
was offered to the intervention group. If women did not fill out the questionnaires, two 
reminders were sent by e-mail. Only participants who filled out at least one of our main 
outcome measures (pregnancy-specific anxiety or mother-to-infant bonding) at T1 
and T2 were included in the current study. Ethical approval of the IRIS study, and the 
questionnaires used for our study, was provided by the Medical Ethics Committee of 
the VU University Medical Centre on December 17th 2013 (reference 2013.409) and 
February 5th 2015 respectively (reference 2015.033).

MEASURES
Psychological variables 
Pregnancy-specific anxiety (T1 and T2) was measured with the adjusted version of 
the Pregnancy-Related Anxiety Questionnaire (PRAQ-R2; Huizink et al., 2016). This 
questionnaire consists of 10 items, and contains three subscales: “fear of giving birth” 
(3 items, e.g. “I am worried about the pain of contractions and the pain during delivery”), 
“fear of bearing a handicapped child” (4 items, e.g. “I am afraid that our baby will 
suffer from a physical defect or worry that something will be physically wrong with the 
baby”), and “concerns about one’s appearance” (3 items, e.g. “I am worried about my 
enormous weight gain”). Items are rated on a 5-point likert scale, ranging from definitely 
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not true, to definitely true. Total scores range between 10 and 50, with higher scores 
indicating higher levels of pregnancy-specific anxiety. No cut-off score to distinguish 
clinical levels of pregnancy-specific anxiety from normal levels has been established for 
the PRAQ-R2. Sufficient reliability and validity has been shown for both primiparous and 
multiparous women (Huizink et al., 2016). 

Prenatal mother-to-infant bonding (T1 and T2) was measured with the Maternal Antenatal 
Attachment Scale (MAAS; Condon 1993). The MAAS consists of 19 items, divided over 
two subscales: a subscale which represents the “intensity of preoccupation” with the 
fetus (8 items, e.g. “Over the past two weeks I have been trying to picture in my mind 
what the developing baby actually looks like in my womb:” (1) all the time – (5) not at 
all), and a subscale which represents the “quality” of the mother’s feelings towards the 
fetus (11 items, e.g. “Over the past two weeks my feelings about the baby inside me 
have been:” (1) very positive – (5) very negative). The total score ranges between 19 
and 95. Higher scores indicate higher levels of prenatal bonding. No cut-off score to 
distinguish clinically relevant problems from the normal range has been established 
for the MAAS. The MAAS has been found a reliable and valid measure of antenatal 
attachment (Condon 1993; Condon and Corkindale 1997). 

Depressive symptoms (T1) were measured with the shortened version of the Edinburgh 
Depression Scale (EDS; Cox et al., 1987). This version consists of 10 items asking about 
depressive symptoms during the last 7 days. All items are rated on 4-point likert scales. 
The total score ranges between 0 and 30 and higher scores indicate more symptoms of 
depression. Above the cut off level of 10 indicates severe depressive complaints in the 
second and third trimester (Bergink et al., 2011). The scale has been validated for both 
antenatal and postnatal usage (Gibson et al., 2009; Murray and Cox 1990; Bergink et 
al., 2011; Pop et al., 1992). 

General anxiety (T1) was measured with the six-item short-form of the state scale of the 
Spielberger State-Trait Anxiety Inventory (STAI; Spielberger et al., 1970). Items are rated 
on 4-point scales, resulting in a sum score ranging from 6 to 24. Higher scores represent 
higher general anxiety levels. No cut-off score to distinguish clinical levels of general 
anxiety from normal levels has been established for the shortened version of the STAI. 
This measurement is a valid instrument both for pregnant and non-pregnant populations 
(Marteau and Bekker 1992).

Ultrasound exposure 
In the questionnaire at T2, women were asked whether they had received any ultrasounds 
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since the completion of questionnaire T1 and if so, how many of these were initiated by 
their midwife and how many on their own request (keepsake). Based on this information 
and ultrasonography data, the number of ultrasounds between T1 and T2 was extracted. 
Women in the intervention group who received at least one midwife-initiated ultrasound 
between T1 and T2, were labeled as having received a third trimester routine ultrasound. 

Fetal growth 
Based on the growth measurements provided in the ultrasound data, we determined 
whether there was suspicion of growth-restriction, macrosomia, or decreased amniotic 
fluid (the three most likely adverse outcomes of a third trimester routine ultrasound). In 
accordance with the IRIS study protocol, we defined suspicion of growth restriction as 
an abdominal circumference below the 10th percentile, suspicion of macrosomia as an 
abdominal circumference above the 90th percentile, and decreased amniotic fluid as the 
deepest pocket below 2 centimeter. 

Satisfaction with ultrasound procedure
We developed a questionnaire of 11 items to measure how women generally experienced 
midwife-initiated ultrasounds received since T1. Two items concerned the information 
received prior to the ultrasound (clarity and sufficiency), 7 items concerned the 
experience of the ultrasound itself (e.g. time spent by healthcare provider, visibility and 
recognisability of what was shown on the screen), and 2 items concerned the information 
received about the results of the ultrasound afterwards (clarity and sufficiency). Items 
were rated on 5-point likert scales (fully disagree to fully agree). Sum scores could 
range between 11 and 55, with higher scores indicating a higher degree of satisfaction 
with the ultrasound procedure. Cronbach’s alpha was found to be good (α=0.91). The 
full list of items is presented in the appendix.

Sociodemographic variables
At the time of enrollment in the IRIS study, participants reported their date of birth and 
expected date of delivery. Based on these, we calculated their gestational age at the 
time of filling out T1 and T2. Highest completed educational level was categorized as 
low (medium-level secondary education or below), moderate (higher-level secondary 
education or lower vocational education), and high (higher vocational education or 
above). Women reported the relationship status with the father of the unborn child and 
their parity. Midwives were asked to fill out the ethnicity of the participant at enrollment 
of the study, which was dichotomized into Dutch and non-Dutch.
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STATISTICAL ANALYSES
We performed descriptive statistics (e.g. means, frequencies) to describe the 
study sample and T-tests and chi-squares to explore differences in background 
characteristics between the control- and intervention group. To answer research 
question 1, whether offering a third trimester routine ultrasound affects pregnancy-
specific anxiety and mother-to-infant bonding, we performed linear mixed model 
analyses. In the first model, we only entered condition (intervention vs control group) 
as a fixed effect. In the subsequent models, we consecutively added a) midwivery 
practice to account for the clustered nature of the data, b) baseline (T1) levels of our 
outcomes of interest (pregnancy-specific anxiety and mother-to-infant bonding), and 
c) background characteristics associated with pregnancy-specific anxiety (parity, 
ethnicity, general anxiety, depressive symptoms) (Westerneng et al., 2017; Arch 2013; 
Madhavanprabhakaran et al., 2015) and mother-to-infant bonding (general anxiety, 
depressive symptoms) (Figueiredo et al. 2007) measured at baseline. Midwivery practice 
was added as a random effect, all other variables were added as fixed effects. As a per-
protocol analysis, we repeated these analyses but excluded women from the control 
group who received ultrasounds between T1 and T2. From the intervention group, we 
excluded women who received no ultrasounds, and women who received non-routine 
ultrasounds. Additionally, as a sensitivity analysis, we further excluded women in the 
intervention group with suspicion of fetal growth restriction, macrosomia or decreased 
amniotic fluid based on a third trimester routine ultrasound and compared them to 
women in the control group who did not receive any ultrasounds. For all analyses, in 
addition to the sum scores of pregnancy-specific anxiety and mother-to-infant bonding, 
we also analysed the PRAQ-R2 subscale “fear of bearing a handicapped child”. We 
hypothesized a third trimester routine ultrasound may affect child-related concerns, but 
not concerns about one’s appearance or fear of giving birth. 

Next, we repeated the mixed model analyses to assess whether the following two sets of 
variables measured at baseline (T1), moderated the effect: pregnancy-specific anxiety 
and mother-to-infant bonding (research question 2a); and: background characteristics 
associated with pregnancy-specific anxiety and mother to-infant bonding (research 
question 2b). Based on Fournier et al., 2009, we first entered main effects and interaction 
terms to our mixed model for each set of variables. For research question 2b, in which 
multiple interaction effects were tested, interaction terms with p values below 0.20, 0.10, 
and 0.05 were retained in a stepwise fashion. Main-effects were retained as long as the 
interaction terms were retained. We used the web program ModGraph to obtain simple 
slopes of the associations for the control and the intervention group. To analyse whether 
satisfaction with the ultrasound procedure is a moderator (research question 2c), we 
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repeated the mixed model analyses, only this time condition was divided into three 
groups: a control group, an intervention group who scored above the 50th percentile 
(score ≥ 44) on the ultrasound satisfaction scale and an intervention group who scored 
below the 50th percentile on the ultrasound satisfaction scale (score < 44). 

All analyses were performed with SPSS version 20. Results were considered to be 
significant at p <0.05. We did not apply a correction for multiple testing (e.g. Bonferroni), 
since all analyses were prespecified. Alternatively, we described all p-values and 
interpreted them with caution.  

RESULTS

BACKGROUND CHARACTERISTICS OF THE STUDY SAMPLE AT BASELINE (T1) 
A subsample of 1475 women (N control group = 523, N intervention group = 952) enrolled 
in the IRIS study, filled out the first questionnaire (T1). From this group of women, 83% 
of the control group (N=434) and 88.3% (N=841) of the intervention group completed 
T2, leaving a total of 1275 respondents for further analyses (Figure 1). Questionnaire 
T1 was completed at a mean of 24.1 (sd = 1.96) weeks of gestation, questionnaire T2 
was filled out at a mean of 32.1 (sd = 0.72) weeks of gestation. Women in the control 
group were similar to women in the intervention group in background characteristics 
and baseline levels of psychological symptoms, except for ethnicity (Table 1). In the 
intervention group, more women were of non-Dutch ethnicity (19.1%) than in the control 
group (13.4%), χ2 (1) = 6.64, p = 0.01. Our total sample was representative for the Dutch 
population in terms of maternal age and parity (Euro‐Peristat project, 2015). Women with 
a high educational level and women of Dutch ethnicity were overrepresented (Statistics 
Netherlands, 2019). 
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Figure 1. Flow chart study sample
T1: 22-27 weeks of gestation, T2: 32 weeks of gestation
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Table 1. Baseline (T1) characteristics of the study sample (N = 1275)*
Control group 
(N = 434)

Intervention group
 (N = 841)

p

Age (years) Mean (sd) 
<25
25-35
>35
Missing

31.65 (3.84)
19 (4.4)
321 (74.1)
93 (21.5)
1

31.58 (4.24)
45 (5.4)
609 (72.5)
186 (22.1)
1

0.78
0.71

Parity Primiparous
Multiparous
Missing

209 (48.5)
222 (51.5)
3

409 (48.9)
427 (51.1)
5

0.88

Ethnicity Dutch
Non-Dutch
Missing

375 (86.6)
58 (13.4)
1

680 (80.9)
161 (19.1)
0

0.01

Educational level Low
Moderate
High
Missing

30 (6.9)
130 (30.1)
272 (63.0)
2

55 (6.6)
395 (35.6)
479 (57.8)
12

0.15

Relationship with father unborn 
child

Yes
No
Missing

426 (98.6)
6 (1.4)
2

810 (97.2)
23 (2.8)
8

0.12

Pregnancy-specific anxiety 
(PRAQ-R2) 

Mean (sd) 
Missing

19.94 (5.83)
10

20.14 (6.21)
15

0.58

Mother-to-infant bonding 
(MAAS) 

Mean (sd) 
Missing

75.70 (5.81)
12

76.21 (6.13)
26

0.16

General anxiety (STAI) Mean (sd) 
Missing

12.75 (2.84)
5

13.05 (2.90)
12

0.08

Depressive symptoms (EDS) Mean (sd) 
Missing

5.48 (4.26)
7

5.82 (4.02)
21

0.16

*Results are presented as N (%), unless stated otherwise

ULTRASOUND EXPOSURE 
In the intervention group, 826 women (98.2%) received an ultrasound between T1 and 
T2, while 222 women (51.3%) in the control group received at least one ultrasound 
during this period. Among women in the intervention group who received one or more 
ultrasounds between T1 and T2, 539 women (65.3%) received a routine ultrasound only. 

FETAL GROWTH
For 433 (80.3%) of 539 women in the intervention group who received a routine ultrasound 
only, ultrasonography data were available. It was found that in 54 (10.0%) women fetal 
growth restriction, macrosomia, or decreased amniotic fluid was suspected. 

The effect of offering a third trimester routine ultrasound on pregnancy-specific anxiety 
and mother-to infant bonding (research question 1)
Table 2 presents the results of linear mixed model analyses examining the effect of 
offering a third trimester routine ultrasound on sum scores of the PRAQ-R2 and MAAS 
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at T2. Both the unadjusted model and the final adjusted model are presented. No 
differences between the control and intervention group were found for the PRAQ-R2 
sum score at T2, and for the subscale “fear of bearing a handicapped child”. Also no 
differences were found for the MAAS sum score at T2. 

Table 3 presents the results of our per protocol analysis in which we excluded 223 
women from the control group and 287 women from the intervention group who received 
non-routine ultrasounds. Also, 15 women in the intervention group who received no 
ultrasounds were excluded. Women in the intervention group who only received a 
routine ultrasound between T1 and T2 (n = 539), scored lower on the PRAQ-R2 sum 
score at T2 than women in the control group who received no ultrasounds within this 
period (B (95% CI) = -0.61 (-1.18 - - 0.04), p = 0.04) in the final model. No differences 
were found for “fear of bearing a handicapped child”, or for the MAAS sum score. The 
sensitivity analysis, in which we additionally excluded 54 women from the intervention 
group with suspicion of fetal growth restriction, macrosomia or decreased amniotic fluid 
based on a third trimester routine ultrasound, yielded similar results (results not shown).

Table 2. The effect of offering a third trimester routine ultrasound on pregnancy-specific anxiety 

and mother-to infant bonding obtained from linear mixed model analysis 
Control group
(N = 434)

Intervention group
(N = 841)

Mean (sd) Mean (sd) B (95% CI) p-value
Pregnancy-specific anxiety sum 
score (PRAQ-R2 T2)

Unadjusted model 
Final model 

19.74 (5.62) 19.65 (6.05) -0.09 (-0.78 – 0.60)
-0.31 (-0.74 – 0.11)

0.81
0.15

Prenatal bonding sum score 
(MAAS T2)

Unadjusted model 
Final model 

74.42 (5.76) 75.04 (5.67) 0.65 (-0.07 – 1.37)
0.37 (-0.18 – 0.92)

0.08
0.18

In the unadjusted model, the crude associations are presented. 
In the final model we adjusted for midwivery practice, baseline levels of our outcomes of interest, baseline levels 
of general anxiety and depressive symptoms for both our outcomes of interest, and also for parity and ethnicity 
when examining pregnancy-specific anxiety.
Sample sizes slightly differ per analysis due to missings on outcomes or confounding variables.
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Table 3. The effect of a third trimester routine ultrasound on pregnancy-specific anxiety and 

mother-to-infant bonding: per protocol-analysis 
Control group 
(N = 211)

Intervention group 
(N = 539)

Mean (sd) Mean (sd) B (95% CI) p-value
Pregnancy-specific anxiety sum score 
(PRAQ-R2 T2)

Unadjusted model 
Final model 

20.13 (5.60) 19.33 (5.83) -0.80 (-1.73 – 0.13)
-0.61 (-1.18 – - 0.04)

0.09
0.04

Prenatal bonding sum score 
(MAAS T2)

Unadjusted model 
Final model 

77.52 (5.86) 78.23 (5.86) 0.71 (-0.24 – 1.65)
0.38 (-0.36 – 1.11)

0.14
0.31

In the unadjusted model, the crude associations are presented. 
In the final model we adjusted for midwivery practice, baseline levels of our outcomes of interest, baseline levels 
of general anxiety and depressive symptoms for both our outcomes of interest, and also for parity and ethnicity 
when examining pregnancy-specific anxiety.
Sample sizes slightly differ per analysis due to missings on outcomes or confounding variables.

MODERATING FACTORS
Baseline (T1) levels of pregnancy-specific anxiety and mother-to-infant bonding (research 
question 2a)
No significant interaction was found for baseline levels of the PRAQ-R2 sum score and 
offering a third trimester routine ultrasound in our final model, indicating no differences 
in the effect of offering a third trimester routine ultrasound on pregnancy-specific anxiety 
between women with different baseline levels of pregnancy-specific anxiety. Also no 
interaction effect was found for the subscale “fear of bearing a handicapped child”. 
For the MAAS baseline sum score, a significant interaction with the intervention was 
found (B (95% CI) = -0.09 (-0.17 – -0.01), p = 0.03). Women with lower mother-to-infant 
bonding levels at baseline, showed higher levels of mother-to-infant bonding at T2 in the 
intervention group compared to the control group (Figure 2). 

Background characteristics (research question 2b)
No moderating effect was found for general anxiety, depressive symptoms, parity and 
ethnicity when examining the PRAQ-R2 sum score and “fear of bearing a handicapped 
child” subscale. However, a significant interaction for the MAAS sum score at T2 was 
found for baseline levels of depressive symptoms with the intervention (B (95% CI) = 
0.19 (0.02 – 0.36), p = 0.03). Women with higher baseline levels of depressive symptoms 
had higher mother-to-infant bonding levels at T2 in the intervention group than in the 
control group (Figure 3). 
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Figure 2. Interaction of baseline level of mother-to-infant bonding with the intervention on mother-

to-infant bonding at T2

Figure 3. Interaction of baseline level of depressive symptoms with the intervention on mother-to-

infant bonding at T2

Satisfaction with the ultrasound procedure (research question 2c)
Data on the moderating effect of satisfaction with the ultrasound procedure were 
available for 671 women in the intervention group who received a third trimester routine 
ultrasound. No significant differences were found for the PRAQ-R2 sum score, and 
“fear of bearing a handicapped child”. The women with higher satisfaction scores in the 
intervention group, scored higher on the MAAS at T2 than the control group (B (95% CI) 
= 0.82 (0.22 – 1.42), p = <0.01), while there was no significant difference between the 
women in the intervention group and the control group with lower satisfaction scores. 
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DISCUSSION

Our study shows that offering a third trimester routine ultrasound to low-risk women in 
current Dutch antenatal care is not associated with pregnancy-specific anxiety levels 
or mother-to-infant bonding levels. After excluding the substantial group of women who 
received non-routine ultrasounds from both the intervention and control group, we found 
that women who received a third trimester routine ultrasound scored somewhat lower 
on pregnancy-specific anxiety than women who received no ultrasounds. In addition, 
we found that women with lower mother-to-infant bonding levels at baseline, showed 
higher levels of mother-to-infant bonding at T2 in the intervention group compared to 
the control group. These differences, although statistically significant, were small and 
therefore the clinical relevance of these findings is questionable. A somewhat stronger 
effect, concerned the protective effect of offering a third trimester routine ultrasound 
on mother-to-infant bonding for women with higher levels of depressive symptoms at 
baseline. Also, women who were very satisfied with the ultrasound procedure seemed 
to some extent benefit from being offered a third trimester routine ultrasound in terms 
of mother-to-infant bonding. This was not the case for women who were less satisfied.

As far as we are aware, our study is the first to examine the effect of routinely offering a 
third trimester ultrasound on pregnancy-specific anxiety and mother-to-infant bonding 
levels. Our results show that although offering a third trimester routine ultrasound does 
not have a psychological benefit for all pregnant women, it might be beneficial in terms 
of mother-to-infant bonding for women with higher levels of depressive symptoms. 
Depressive symptoms have been found to be negatively associated with mother-to-
infant bonding (Figueiredo et al. 2007; McFarland et al. 2011; Tichelman et al., 2019a). 
Possibly, getting a glimpse of the baby might be helpful for women who have difficulties 
to feel connected to their baby due to depressive symptoms. 

In addition, women who were very satisfied with their ultrasounds slightly benefited from 
being offered a third trimester routine ultrasound in terms of mother-to-infant bonding. 
This indicates that aspects of the ultrasounds procedure such as receiving enough 
and clear information and being able to ask questions might matter for psychological 
outcomes. In line with Nabhan and Faris (2010), however, we did not find that satisfaction 
with the ultrasound procedure moderated the effect of an ultrasound on anxiety levels. 

Although offering a third trimester ultrasound might have a small psychological benefit 
for subgroups of low-risk women, especially in terms of mother-to-infant bonding, the 
overall impact of offering third trimester routine ultrasounds on (clinical) birth outcomes 
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is limited (Henrichs et al., 2019). This suggests that a routine offer of third trimester 
ultrasounds is not warranted. Therefore, other ways to reduce pregnancy-specific 
anxiety and promote mother-to-infant bonding may be more promising. Recently, 
positive results of mindfulness skills (being aware of and accepting one’s present 
feelings) on psychological outcomes, including pregnancy-specific anxiety, have been 
found for pregnant women (Hofmann 2001; Khoury et al. 2013; Nyklíček et al. 2018). 
The effectiveness of mindfulness skills on prenatal mother-to-infant bonding, has not 
been examined yet (Tichelman et al. 2019b), although women indicated that they 
found it helpful when their midwife encouraged them to be more mindful in order to 
stimulate bonding with their child (Seefat-van Teeffelen et al. 2011). Therefore, instead 
of providing a visual image of the baby, it might be worthwile for midwives and other 
antenatal healthcare providers to spend extra time supporting women to be more aware 
of their bodily signals and their baby, for example by encouraging them to feel their 
baby’s movements and position.  

We examined the psychological effects of a routine third trimester ultrasound in low-
risk pregnant women in an experimental design. By including midwifery practices 
across the Netherlands, our study population represents low-risk pregnant women with 
diverse background characteristics. The high number of respondents and high follow-
up rate further contribute to the validity of our findings, and gave us the opportunity to 
compare the effect of a third trimester routine ultrasound between women with different 
background characteristics and different levels of satisfaction with the ultrasound 
procedure. Nevertheless, some limitations should be mentioned. First, the voluntary 
nature of the questionnaire study might have led to an overrepresentation of women with 
a more positive state-of-mind (e.g. higher bonding levels and lower pregnancy-specific 
anxiety levels), and thus to an underestimation of the magnitude of our effects. On the 
other hand, women with a less positive state-of-mind may also have responded more 
easily, as they might have seen it as an opportunity to express their feelings. Secondly, 
there is some discussion on whether the PRAQ-R covers all facets of pregnancy-
specific anxiety. According to Bayrampour and colleagues (Bayrampour et al. 2016), 
who performed a content analysis on pregnancy-specific anxiety, the PRAQ-R fails to 
cover fears regarding mother’s well-being, health-care, financial concerns, and feelings 
of being confident or in control. Especially the latter might be important regarding an 
extra ultrasound in the third trimester. Thirdly, given the timing of the questionnaires, 
we were not able to include the effect of the second third trimester routine ultrasound 
offered in the IRIS study. It is possible that receiving two ultrasounds would have had 
more impact than one, although we hypothesize that it is unlikely that this would have 
drastically changed our main findings. 
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In sum, our study shows that offering a third trimester routine ultrasound might have 
some small psychological benefit for subgroups of pregnant women, especially in terms 
of improved mother-to-infant bonding. These results do not warrant implementation of 
routine third trimester ultrasound for psychological reasons. 
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APPENDIX

Questionnaire to assess experiences with the third trimester routine ultrasound procedure
1. Prior to the ultrasound procedure, I received sufficient information about the 

ultrasound 
2. Prior to the ultrasound procedure, I received clear information about the ultrasound 
3. During the ultrasound procedure, the healthcare provider took enough time for me 
4. During the ultrasound procedure, I was sufficiently able to look at the screen myself
5. During the ultrasound procedure, I could recognise (body parts of) the  baby
6. During the ultrasound procedure, the healthcare provider sufficiently explained 

what was visible on the screen
7. During the ultrasound procedure, the healthcare provider clearly explained what 

was visible on the screen
8. During the ultrasound procedure, I had the chance to ask questions to the healthcare 

provider
9. During the ultrasound procedure, I had the chance to see how the baby reacted to 

my behaviour (e.g. touching the belly, talking)
10. After the ultrasound procedure, I got sufficient information about the ultrasound 

result
11. After the ultrasound procedure, I got clear information about the ultrasound result
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