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Abstract  
 
Background 

Presentation with decreased fetal movements (DFM) is associated with adverse pregnancy outcomes 

including fetal growth restriction and stillbirth. The optimal approach to fetal movement monitoring and 

management of presentations for DFM is controversial. Further, information provided to pregnant women 

about fetal movements is inconsistent, in part due to a paucity of data about normal fetal movement 

patterns in healthy pregnancies. For women with high body mass index (BMI) the significance of DFM 

has also been contested. Thus, the aims of this thesis are to describe perceived fetal movements, 

including strength, frequency and pattern, in women with normal pregnancy outcome, women with late 
stillbirth, and women with obesity. 

 

Methods 

Fetal movement data were collected using an identical interviewer-administered questionnaire across 

three studies. The first was a cross-sectional study of fetal movements in women (n=274) in the third 

trimester with subsequent normal pregnancy outcome. The second was a case-control study of late 

stillbirth; cases (n=164) were interviewed within six weeks of a third trimester stillbirth about fetal 

movements in the two weeks before their baby died and controls (n=569) were matched by location and 
gestation but had ongoing pregnancies. The third study compared maternally perceived fetal movement 

quality and pattern in women with obesity (n=239) to women with normal BMI (n=149).  

 

Results 

In the cross-sectional study, a diurnal fetal movement pattern, involving increasing likelihood of 

perception of strong fetal movements later in the day was present. In the case-control study, perception 

of quiet fetal movement in the evening was associated with increased odds of stillbirth (aOR 3.82, 95% 
CI 1.57-9.31), as was perception of decreased frequency (aOR 2.14, 95% CI 1.25-3.67). In women with 

obesity, compared to women with normal BMI, perceived strength and frequency of fetal movements 

were not different. However, women with obesity were more likely to report strong fetal movements when 

hungry (29.1% vs 17.7%, p=0.001) and quiet fetal movements after eating (47.4% vs 32.0%, p=0.001). 

 

Conclusions 

The fetus has a diurnal movement pattern. Fetal movement strength and frequency are not altered in 

women with obesity. Quiet fetal movements in the evening may indicate fetal compromise. 
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Chapter 1  Introduction 
 

1.1. Overview  
 

Maternally perceived fetal movements are indicative of fetal wellbeing and considered a reassuring sign 

by both clinicians and pregnant women (Bradford and Maude, 2018; Frøen, 2004). Normal fetal 

movements provide evidence of intact and functioning musculoskeletal, cardiac and neurological fetal 
body systems (Visser et al., 2010). The fetus begins to move at around 7.5 weeks’ gestation (Birnholz 

et al., 1978). Initially, fetal movements are frequent, but also random and chaotic (de Vries et al., 1982, 

1985). With normal growth and development, fetal movements become increasingly co-ordinated, 

smooth and organised (D’Elia et al., 2001). In the context of pathology, fetal movements may be altered; 

first in quality and then in quantity (Einspieler et al., 2008; Visser et al., 2010). In stillbirths attributable to 

chronic or gradually developing pathologies, such as placental insufficiency, fetal movements may cease 

for 12 to 48 hours before fetal death, a period during which a vulnerable fetus could potentially be rescued 
(Frøen, 2004; Pearson and Weaver, 1976).  

 

Pregnant women first perceive fetal movements at 16 to 20 weeks’ gestation but perception can occur 

later in primigravidae or when the placenta is anterior (Gillieson et al., 1985). With advancing pregnancy, 

women perceive fetal movements to be increasingly strong and frequent (Bradford and Maude, 2018). 

By 32 to 34 weeks, perceived frequency plateaus and periods of activity and rest become more apparent 

to pregnant women. Near term, movement types change from strong kicks to stretches, shuffles and 

squirming movements as the fetus becomes increasingly cramped within the uterus (Rådestad and 
Lindgren, 2012; Raynes-Greenow et al., 2013). Pregnant women report that it is important for them to 

feel the baby move every day (Saastad et al., 2008). When movements are reduced or absent this can 

be a cause of worry (Georgsson et al., 2016).  

 

Presentation for decreased fetal movements (DFM) is a common problem in maternity care occurring in 

4% to 16% of pregnancies (Frøen, 2004). Most cases are benign, and a normal pregnancy outcome 

follows. However, DFM is associated with increased risk of adverse pregnancy outcomes including: fetal 

growth restriction, fetal congenital anomalies, cord-accident, fetal death and neurodevelopment delay in 
offspring (James et al., 2000; Norman et al., 2018). Clinicians routinely ask pregnant women about the 

presence of fetal movements as part of antenatal care (McArdle et al., 2015). Numerous studies have 

investigated maternal fetal movement monitoring via fetal movement counting or encouraging increased 

maternal awareness of fetal movements in the hope of reducing stillbirths (Winje et al., 2016). Some of 

these studies have reported promising reductions in stillbirths (Moore and Piacquadio, 1989; Tveit et al., 

2009a; Westgate and Jamieson, 1986) and others have reported no benefit (Grant et al., 1989; Lobb et 

al., 1985). A systematic review concluded that interventions to enhance maternal awareness of fetal 
movements may reduce adverse outcomes (Winje et al., 2016). But subsequently, a large trial of 

encouraging maternal awareness of fetal movements in the United Kingdom (UK) reported no significant 

reduction in stillbirths and an increase in inductions of labour and prolonged neonatal unit stays (Norman 
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et al., 2018). Thus, despite decades of research, high-quality studies are yet to determine a method of 

maternal monitoring of fetal movements that is effective in reducing stillbirths. Furthermore, optimal 

management of women with DFM is a topic of ongoing debate (Gardener et al., 2017).  

 

It has long been observed that women with obesity appear more likely to present with DFM (Timor-

Tritsch et al., 1978) and observational studies support this impression (Pagani et al., 2014a, 2014b). 

However, the significance of DFM in women with obesity is contested, with many expressing the view 
that women with increased abdominal fat are less able to detect normal fetal movements and therefore 

such presentations are more likely to be benign (Tuffnell et al., 1991). Given that risks of adverse 

pregnancy outcomes, including stillbirth, are increased in women with obesity, the issue demands 

explication. 

 

1.2. Aims of this research 
 

The broad aim of this research is to investigate maternally reported fetal movement strength, frequency 

and pattern in both normal and complicated pregnancies, including in women with normal pregnancy 

outcome, women with late stillbirth and women with obesity. 

 

1.3. Structure of the thesis 
 

Chapter 2 begins with a literature review comprising four sections. The first section provides an overview 

of fetal movements and normal fetal development, including the emergence of fetal movements, theories 

of motor development, temporal aspects of fetal movement and alterations of fetal movement in the 

context of pathology. The second section considers maternal perspectives on fetal movements, including 

social significance of fetal movements, maternal factors purported to influence perception and 

awareness of fetal movements, and the experiences of women who seek care when concerned about 
fetal movements, including those with stillbirth. The third section provides a narrative account of research 

into maternal monitoring of fetal movements to prevent stillbirth, from the 1970s until the present day. 

The final section provides an overview of the significance and associations of fetal movements in women 

with overweight and obesity.  

 

From the literature review four main research questions emerge; 

• What are the features of maternally perceived fetal movements in the third trimester of normal 
pregnancy? 

• How are maternally perceived fetal movements altered in the context of late stillbirth? 

• What is the relationship between maternal overweight or obesity and fetal movements? 

• Are maternally perceived fetal movements altered in the context of obesity? 

The body of the thesis is divided into four parts, representing the four studies conducted to investigate 

these research questions. These studies have all been published in international peer-reviewed journals.  
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The chapters of the body of the thesis are as follows: 

 

Chapter 3 is a completed manuscript entitled “A diurnal fetal movement pattern: findings from a cross-

sectional study of maternally perceived fetal movements in the third trimester of pregnancy”, published 

in PLoS ONE (2019;14(6):e0217583). This study reports descriptive data on maternally perceived fetal 

movement strength, frequency and pattern in a cross-sectional cohort of women interviewed at >28 

weeks’ gestation who subsequently delivered a live, appropriately grown infant at term gestation. It 
investigated the hypothesis that women in the third trimester would report increasingly strong movements 

in the evening. 

 

Chapter 4 is a completed manuscript entitled “Association between maternally perceived quality and 

pattern of fetal movements and late stillbirth”, published in Scientific Reports (2019;9(1):9815). This study 

reports fetal movement data collected as part of the Multi-Centre Stillbirth Study (MCSS), a case-control 

study of late stillbirth conducted across seven healthcare regions in New Zealand. It tests the hypothesis 
that perception of decreased strength and frequency of fetal movements is associated with stillbirth. 

 

Chapter 5 is a completed manuscript entitled “Understanding the associations and significance of fetal 

movements in overweight or obese pregnant women: a systematic review”, published in Acta Obstetricia 

et Gynecologica Scandinavica (2018;97(1):13-24). This study is a systematic review of the literature 

comparing maternally perceived fetal movements in women of normal and increased body size. It 

assessed the hypothesis that maternal obesity does not influence maternal perception of fetal 

movements but may alter fetal behaviour itself. 
 

Chapter 6 is a completed manuscript entitled “Maternally perceived fetal movement patterns: the 

influence of body mass index”, which has been accepted for publication in Early Human Development 

and is in press. This study compares maternally reported fetal movement strength, frequency and pattern 

at 36 weeks’ gestation in women with body mass index (BMI) >30 kg/m2 and women with normal BMI. It 

investigated the hypothesis that women with obesity are more likely to perceive fewer fetal movements 

in the third trimester of pregnancy, than women with normal BMI. 
 

The final chapter, Chapter 7, summarises and discusses the findings of studies presented, including 

clinical and research implications.  
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Chapter 2  Literature Review 
 

2.1. Fetal movements and normal development 
 

2.1.1. Historical background 
 
For centuries maternal reports of fetal movement provided the only tangible evidence of fetal life. In 

matters of gestation or quickening the Hippocratic corpus emphasised that above all else, physicians 
should trust the woman’s report (Duden, 1992). Duden refers to Ploucquet (1751), medical ethicist and 

obstetric student, who produced a dissertation on timing of first perception of fetal movements by the 

mother. Ploucquet outlined the method of visualisation and palpation of fetal movements by physicians, 

endorsing such observations as a means of confirming pregnancy (as cited in Duden, 1992). Infanticide, 

a perturbing moral and social problem of the day, often followed concealment of pregnancies by 

unmarried women. As a remedy, Ploucquet advocated for obligatory public baths for unmarried women 

of childbearing age to allow visualization of fetal movements and detection of pregnancies. Thus, 
observation of fetal movements transitioned from being an event in which women themselves had sole 

expertise to one of external, clinical and even public interest. This tension between maternal, medical 

and public interest in fetal movements has remained, even as technological advancements in 

observation of the fetus and pregnancy care alter the context.  

 

In 1818, Mayor put an ear to the abdomen of a pregnant woman in an attempt to listen to the fetus move 

(Goodlin, 1979). Instead of hearing the fetus splash in its amniotic fluid as anticipated, Mayor identified 

the rapid patter of fetal heart tones. The discovery of auscultation of the fetal heartbeat, was soon put to 
use in identifying multi-fetal pregnancy, determining fetal position and diagnosing fetal distress. Goodlin 

refers to Pajot (1876) and Ahlfield (1879) who each advanced different hypotheses to explain the bruit 

de choc foetal or rushing sounds auscultated in the presence of active fetal movements (as cited in 

Goodlin, 1979, p.325). Although they disagreed on how these sounds were produced, both were certain 

that auscultation of active fetal movements was a reassuring sign (Goodlin, 1979). In 1893, Winckel 

devised a set of criteria for identifying fetal distress, which included fetal tachycardia, fetal bradycardia, 

meconium liquor and ‘gross alteration of fetal movements’ (not further defined) (Goodlin, 1979). At the 

time, both excessive fetal movement and absent fetal movements had been noted to occur prior to cases 
of intrauterine fetal death (Goodlin, 1979). Auscultation of the fetal heart and observation of fetal 

movements are two external means of confirming fetal life which have become entwined in both the 

history of study of fetal behaviour and in clinical assessment of fetal wellbeing. Both methods are widely 

used in maternity care, but each have limitations in their ability to predict ongoing fetal wellbeing. 

 

Techniques for auscultation of the fetal heart soon developed beyond applying the listening ear or the 

stethoscope to the pregnant abdomen and came to include more sophisticated methods such as 
phonocardiography (PCG) using sound recording technology developed for Hollywood movies and 

electrocardiogram (ECG) (Goodlin, 1979). These methods are also able to record fetal movements. 

Technological advancements in recording and observation of fetal movements and the fetal heart have 

often proceeded in tandem. However, the location of the fetus within the mother’s body made access for 
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observation problematic for both clinicians and scientists developing these techniques, which continues 

to be the case today. Study of the anatomical and functional development of embryonic and fetal body 

systems informs scientific understanding of motor function and the beginnings of human development, 

understandings which in turn inform clinical innovation and care. 

 

2.1.2. Theories of motor behaviour 
 

Before the advent of ultrasound imaging, the study of the fetus was limited to observation of non-viable 

preterm neonates and aborted fetuses in a terminal condition. When observing the movements of 

aborted fetuses, early investigators noted that as hypoxia worsened, complex movements disappeared 

first and simple or reflex movements were the last to disappear before death (Marsal, 1983). These 

empirical observations were interpreted using the theoretical frameworks of the time which 

conceptualised development as linear and progressive. Hence, theories of motor behaviour held that 

development occurred in a hierarchical fashion with the appearance of so-called lower reflexes first, 
followed by an unfolding of pre-determined patterns in the central nervous system as a result of 

increasing cortical control (Hadders-Algra, 2007).  

 

This theory of early motor behaviour as primarily controlled by reflexes has since been overturned and 

a conceptual change has occurred whereby development is viewed not as linear but as a complex 

process driven by interaction between genetic programmes of patterned movement and environmental 

signals (Hadders-Algra, 2007; Hayat and Rutherford, 2018). According to current theories of motor 
development, rhythmical movements such as locomotion, sucking and respiration are understood to be 

under the control of central pattern generators (CPGs) which are able to co-ordinate muscle activity 

without supraspinal information (Hadders-Algra, 2007). The variable repertoire of spontaneous 

movements exhibited by anencephalic fetuses provides evidence of spinal as opposed to exclusively 

supraspinal drivers of early motor behaviour (Visser et al., 1985a). Frequent bursts of spontaneous motor 

activity initiated from within the spinal cord and brain-stem serve to establish the cortical networks for 

movement (Giganti et al., 2001; Hadders-Algra, 2007). These networks are subsequently pruned through 

an experiential process, favouring more efficient movement (Hadders-Algra, 2018; Smotherman and 
Robinson, 1990). Spontaneous motor activity in the fetus, rather than being seen solely as an output of 

the central nervous system, is now understood to be an input: an afferent source of information that 

sculpts the developing nervous system (Hadders-Algra, 2018). 

 

2.1.3. Methods for fetal movement observation by researchers 
 

A wide range of methods for observation and monitoring fetal movements have been used for furthering 
knowledge of fetal development. These include animal models of human fetal movement, methods 

involving maternal perception, ultrasound observation, detection by Doppler, actography, 

cardiotocography and a range of less common methods such as electrical impedance, magnetic 

resonance imaging (MRI) and electromyographic imaging (EMG). Those methods commonly used in 

clinical care, namely, cardiotocograph (CTG) and ultrasound scanning, have also had the greatest use 

in fetal movement research. Methods most familiar to clinicians include; maternal perception, Doppler, 

actography and ultrasound. 
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2.1.4. Maternal perception 
 

When a fetal movement is sufficiently large, it can distort the wall of the uterus and maternal abdomen. 

These events can be perceived by pregnant women from 16 to 20 weeks of gestation onwards (Stanger 

et al., 2017). Maternal sensitivity to fetal movement varies considerably between individuals, but has 
been shown to remain fairly stable in both quantitative and qualitative features over the third trimester 

within individuals (Bradford and Maude, 2018; Winje et al., 2012a). Maternal detection of fetal motion is 

more likely, when the fetal movement contacts maternal structures, is large, is part of a series of 

movements, or is complex (involves more fetal body parts) (Brown et al., 2016; Hijazi et al., 2010). A 

number of approaches have been used to enlist maternal observation of fetal movements in research 

including daily logs, kick counting over a prescribed period of observation and subjective description. 

Maternal perception of fetal movement has been established as a reliable indicator of actual fetal 

movement and used for comparison with other methods to establish their validity (Lowery et al., 1995; 
Valentin et al., 1986). Maternal perception of fetal movements is addressed in more detail in the next 

section of this literature review.  

 

2.1.4.2. Doppler 
 

The Doppler effect, first proposed by Christian Doppler in 1842 to explain the binary nature of the colour 

of the stars, was later employed for viewing objects underwater. Doppler technology for viewing 
underwater advanced significantly during World Wars I and II due to obvious military applications. Further 

development of this technology in the post-war years meant that by the 1960s and 1970s inexpensive 

Doppler devices became available for auscultation of the fetal heart (Goodlin, 1979). Ultrasound imaging 

in obstetrics is complemented by use of pulsed or continuous Doppler waves to measure the velocity of 

moving objects, usually blood flow, in the umbilical cord or other parts of the fetal or placental vasculature 

(Stanger et al., 2017). However, Doppler ultrasound can also detect fetal movements by the same 

means. When using a hand-held Doppler device to auscultate the fetal heart, vigorous fetal movements 

are translated into audible rushing sounds emitted by the device (Stanger et al., 2017). Although no 
formal protocols exist for assessing fetal movement in this way, maternity care providers generally 

recognise the sound of fetal movements during doppler-based auscultation of the fetal heart and 

consider them reassuring. 

 

2.1.4.2. Actography 
 

Actography, or automated charting of fetal movement duration and frequency over time, encompasses 
a range of approaches commonly used in both research and clinical care. Actographs use pressure 

sensors applied to the maternal abdomen that automatically detect distortions in the shape of the 

abdomen and record these events electronically. Doppler based actography machines such as the Toitu 

actograph have been widely used by developmental psychologists investigating fetal neurobehavioural 

functioning (DiPietro et al., 1999). Vigorous somatic movements are associated with fetal heart 

accelerations. Coupling of fetal movements and accelerations of the fetal heart is considered a feature 

of normal development (DiPietro et al., 1996a). 
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Fetal movement markings produced by CTG machines are another form of actography. The tocometer 

detects not only contractions of the uterus, but also the deflection of the mothers’ abdominal wall caused 

by fetal movement (Stanger et al., 2017). However, this method is not completely reliable as events such 

as the mother laughing, hiccupping or even moving can generate the appearance of fetal movement as 

an artefact, when no fetal movement has occurred. Furthermore, movements that do not cause a 

deflection of the mother’s abdominal wall such as smaller movements or movements that are not in the 

direction of the anterior aspect of the mother’s abdomen may not be detected. And finally, accelerations 
of the fetal heart are not entirely reliable as indicators of fetal movement. A study of 11 healthy 

pregnancies which involved ultrasound recording of both fetal movements and fetal heart rate showed 

that 20% of fetal heart accelerations were not associated with a fetal movement, and a total of 30% of 

observed fetal movements were not associated with a fetal heart acceleration (Natale et al., 1985).  

 

2.1.4.3. Ultrasound 
 
Of all methods of fetal movement observation, ultrasound has been proved the most impactful to date, 

for advancing knowledge of fetal motor development. Pregnancy provides an excellent situation for use 

of ultrasound. The convex surface of the pregnant abdomen facilitates good contact with the ultrasound 

transducer. The woman’s bowel is displaced by the uterus and the fetus, which has water-filled lungs 

and gut, floats in amniotic fluid, an excellent medium for ultrasound waves (Marsal, 1983). The advent 

of ‘real-time ultrasound scanning’ in the late 1960s allowed for the first time, safe visualisation of the 

healthy fetus during its development in the uterus leading to significant advancements in understanding 
of fetal physiology and behaviour. Marsal (1983) reported that the earliest ultrasound imaging of the 

pregnant abdomen by Hoffman and Hollander (1968) noted the presence of fetal movements (as cited 

in Marsal, 1983, p543). 

 

However, ultrasound has limitations when it comes to observing fetal movements. As the fetus grows it 

becomes impossible to view all fetal parts simultaneously and therefore movements occur outside of the 

ultrasound beam. This problem can be overcome to a certain extent in magnetic resonance imaging, or 

functional MRI (Hayat and Rutherford, 2018). However, cost is a barrier to use of MRI and the technology 
has had only limited use in fetal movement research to date, although it may be used more in the future. 

In addition, a number of wearable devices have been developed in recent years, which may feature more 

in future research (Ryo et al., 2012). 

 

2.1.5. Fetal movements in the first half of gestation 
 

During the 1970s and 1980s a group of Dutch investigators, made a series of pioneering studies 
documenting the emergence of fetal movements and their typical developmental course through 

gestation, which has provided foundational understandings of fetal development. Using an ultrasound 

scanner that captured 15 to 16 cross-sectional images per second, Reinhold (1973) was the first to 

classify fetal movements into types: lively, inert, elicited and absent movements. Reinhold documented 

evidence of spontaneous human fetal movements by 8 to 10 weeks of gestation, considerably earlier 

than first perception of fetal movements by pregnant women (Reinhold, 1973). Reinhold categorised 

strong whole-body movements which might cause the fetus to change position in the womb as ‘lively’ 
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and isolated limb movements as ‘inert’ (Reinhold, 1973).  Reinhold also described ‘elicited’ fetal 

movements, prompted by the operator applying pressure to the mother’s abdomen. The ability to elicit 

movement in the embryo or fetus by applying an external stimulus had long held interest for scientists 

as a test of neurologic function (Marsal, 1983).  

 

Birnholz and colleagues (1978) performed 40 examinations on 37 women from 6 to 40 weeks’ gestation 

and with the benefit of 30 frames/second continuous ultrasound imaging, documented the onset of 
spontaneous movements as early as 7.5 weeks’ gestation (Birnholz et al., 1978). Birnholz et al. (1978) 

advanced on Reinhold’s system by classifying 11 separate fetal movement patterns. The potential for 

ultrasound observation of fetal movements to be used in clinical maternity care was not lost on these 

early investigators with Reinhold concluding that ultrasound observation of absent fetal movements 

indicated a fetus at risk and hypothesising that the predominance of so called ‘inert’ movements might 

indicate impaired fetal state (Reinhold, 1973). Birnholz et al. (1978) proposed that categorisation of fetal 

movement types and their usual developmental course through gestation may allow for means to identify 
developmental delay or other compromised states in the fetus (Birnholz et al., 1978). 

 

However, it was the classification of fetal movement types, and their quantitative and qualitative features 

made by de Vries and colleagues (1982,1985) that has provided the knowledge of fetal motor 

development and behaviour on which current understandings continue to be founded. De Vries et al. 

(1982,1985) undertook a longitudinal study of fetal movements in 12 healthy women in their first 

pregnancy scanning weekly for 60-minute periods from enrolment at 7 to 8 weeks until 20 weeks’ 

gestation (de Vries et al., 1982, 1985). The decision to limit examinations to pregnancies under 20 weeks’ 
gestation was purely a technical one in that the fetus was small enough to be visualised entirely on the 

screen. However, this was not to prove a limitation, as de Vries et al. (1982,1985) were able to document 

the emergence of 16 different types of fetal movements, all present by 15 weeks’ gestation, including 

startle movements, stretches, general movements and hiccups (de Vries et al., 1982, 1985). 

Investigators of fetal development during the 1970s and 1980s noted the striking similarity between fetal 

movements and those undertaken by the preterm infant, neonate and young infant. Fetal movements 

were thus recognized as homologous to infant movements and given the same names (Marsal, 1983).  
 

First fetal movements, when the embryo is just two centimetres in length, are whole body movements, 

involving twitching or sideways bending, descriptively termed ‘vermicular’ (wormlike) or ‘barely 

perceptible movements’ (Marsal, 1983). Following these first simple whole-body movements, startles 

and hiccups are next to appear at 8 to 10 weeks’ gestation. Then between 9 and 13 weeks, isolated arm 

movements, leg movements, and head retroflexions and rotations follow. By 10 to 12 weeks, hand-face 

contacts, breathing movements, jaw opening, stretches and head anteflexions are seen. Finally yawns 

and suck-swallow movements emerge at 12 to 15 weeks. By 12 weeks’ gestation whole body movements 
have already assumed a graceful character in the healthy fetus (de Vries et al., 1982). A remarkable 

feature of fetal movements in early gestation is their high frequency and impressive complexity so early 

in development. Indeed, median length of quiescent periods in the first half of pregnancy is just four to 

six minutes (de Vries et al., 1985). 
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Some movement types are altered in frequency with progressive maturity, others decrease and still 

others remain constant. Movement types that occur with increasing frequency include breathing 

movements, head rotations, jaw openings and suck-swallow movements. General movements and 

isolated arm movements increase in frequency until they reach a plateau around 14 weeks. Some 

movements such as stretches and startles increase in frequency after their onset and then decrease (de 

Vries et al., 1985). In the first half of gestation, general movements increasingly take on a graceful 

character but at times may have jerky twitches or clonus superimposed. Isolated limb movements may 
be rapid or slow, they may be small or very large and can occur with a single twitch or even as rapid 

rhythmical spasms. By 18 to 22 weeks the instances of jerky movements begin to decrease and the fetus 

can be seen to cycle through alternating periods of high and low activity (Groome et al., 1998). Although 

the fetus already displays an impressive repertoire of movement types by 15 weeks, it is the quality and 

patterning of these movements that indicate ongoing normal development. Movements in the first half of 

gestation are frequent and complex, but also random, often jerky, and chaotic.  

 

2.1.6. Fetal movements in the second half of gestation 
 

With the exception of eye movements and grimacing, all movement types have already emerged by 15 

weeks’ gestation. Ongoing fetal development is evidenced not by the addition of new movements but by 

increasing co-ordination and organisation of movements. Changes in quality include a progressive 

reduction in jerky movements and a concomitant shift to sustained and co-ordinated movements 

(Groome et al., 1998). Frequency of various movement types changes with advancing gestation and 
may increase, decrease or stay the same depending on developmental stage (D’Elia et al., 2001). For 

example, fetal breathing movements, continue to increase in the second half of gestation, reaching a 

plateau at 30 to 32 weeks and then decreasing slightly at 36 weeks. Fetal eye movements increase as 

do mouthing movements, whereas stretches, startles and hiccups decrease in frequency. Jaw 

movements increase until 28 weeks’ gestation and thereafter decline. Periods of quiescence continue to 

increase in length throughout the second half of gestation (D’Elia et al., 2001; Nijhuis, 2003).  

 

With increasing maturity, fetal movement types become more differentiated and some types of 
movements cluster together. For example, two types of mouth movements have been described; 

‘mouthing activity’ and ‘other mouth movements’ (Pillai and James, 1991). Mouthing activity involves 

small rhythmic movements of mouth and chin and are analogous to the sucking or ‘non-nutritive sucking’ 

movements made by the infant after birth. Mouthing activity occurs more often when the fetus is in a 

state of quiet sleep (D’Elia et al., 2001; van Woerden et al., 1988). Other mouth movements, which 

include opening and closing of the mouth and protruding the tongue, are positively correlated with fetal 

eye movements and gross body movements. This coalescing of movement types is not observable at 

28 weeks’ gestation, but is apparent by 34 and 38 weeks’ gestation (D’Elia et al., 2001). Pillai and James 
(1991) demonstrated that observation of mouthing movements in the fetus is associated with normal 

neurological outcome. Thus, synchronising of activities in this way is suggestive of normal neurological 

development and likely prepares the fetus for co-ordinated sucking and breathing in post-natal life. Otera, 

and colleagues (2013) noted a relationship between fetal heart rate and mouthing movements, 

suggesting that mouthing movements may be controlled by similar areas of the brain as heart activity 
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(Otera et al., 2013). Pillai and James (1991) suggest that absence of gross body movements during 

biophysical profile scoring is normal if mouthing activity is also present (Pillai and James, 1991). 

 

2.1.7. Frequency of movements in the third trimester  
 

Available studies provide conflicting information on frequency of fetal movements in the third trimester. 
Early maternal fetal movement counting studies demonstrated a reduction in fetal movement frequency 

towards birth (Ehrström, 1979; Pearson and Weaver, 1976; Sadovsky and Yaffe, 1973; Wood et al., 

1979). A number of investigators have also documented decreasing frequency of fetal movements in the 

third trimester by ultrasound (D’Elia et al., 2001; Nasello-Paterson et al., 1988; Natale et al., 1985; 

Roodenburg et al., 1991). Roodenberg and colleagues (1991) observed that the percentage of time 

spent moving reduced from 24% at 20 weeks to 11% at 36 weeks, and the frequency of general 

movements decreased significantly (p<0.01) between 20 and 36 weeks’ gestation (Roodenburg et al., 

1991). De Vries and colleagues also reported decreased incidence of general movements between 21 
and 37 weeks (de Vries et al., 1988). D’Elia et al. (2001) documented an inverse relationship towards 

term between the number of truncal movements and gestation (D’Elia et al., 2001). Natale and 

colleagues (1985) reported a significant (p<0.05) reduction in mean number of fetal movements, and 

percentage of time spent moving (p<0.01) in association with gestational age, observed during 

consecutive 2-hour ultrasound recordings in 11 women between 24 and 32 weeks’ gestation (Natale et 

al., 1985). Nasello-Paterson and colleagues (1988) conducted 24-hour ultrasound studies in 10 women 

with normal pregnancies between 24 and 26 weeks’ gestation and 10 women at 26 to 28 weeks’ 
gestation. No difference between the two gestational age groups was seen in percentage of time spent 

moving but the mean number of movements per hour was significantly higher (p<0.005) in the 24 to 26 

week group compared to the 26 to 28 week group (Nasello-Paterson et al., 1988).  

 

Others have reported no decrease in frequency of fetal movements with advancing gestation. Roberts, 

and colleagues (1980) recorded fetal movements by ultrasound in 100 normal pregnancies at term and 

reported a significant (p<0.001) decrease in mean number of fetal truncal movements per 30-minute 

observation in association with gestational age. However, the duration of movements also increased in 
relation to gestation so that the mean incidence of trunk movements was constant (Roberts et al., 1980). 

Patrick and colleagues (1982) conducted 24-hour studies of fetal movements in 31 women in the last 10 

weeks of pregnancy; 9 women at 30 to 31 weeks, 11 at 34 to 35 weeks and 11 at 38 to 39 weeks and 

reported mean number of gross fetal movements and mean percentage of time spent moving did not 

vary between gestational age groups (Patrick et al., 1982).  

 

The apparently conflicting conclusions from these studies are likely to reflect differences in methods, 

including number of subjects, length of observation periods, type of movement observed, and lack of 
longitudinal observation within individuals. Hayat et al. (2011) have contributed new information to the 

understanding of fetal movements near term, and in particular appreciation of the effect of reduced 

intrauterine space on fetal somatic movement by observation using MRI (Hayat et al., 2011). Hayat et 

al. (2011) quantified fetal movements in a group of 37 healthy, neurologically normal fetuses between 

20 and 37 weeks and reported a “significant decreasing trend in overall movement frequency with age” 

(Hayat et al., 2011,p331). This decrease was largely attributable to a significant reduction in frequency 
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of leg movements in fetuses of >30 weeks’ gestation. Hayat et al. (2011) also measured volumes of fetal 

and free space occupied within the uterus and determined that the ratio of fetal to free-uterine space 

doubles between 18 and 37 weeks, proposing that this reduction in free space within the uterus may 

restrict fetal movement in later gestation. In a subset of 24 fetuses in the same study, Hayat et al. (2011) 

reported a significant correlation between decreased frequency of fetal movement and increased volume 

of fetal occupancy of the uterus (r -0.703, p=0.001). A constraining effect of reduced uterine space on 

fetal movement near term has been demonstrated in fetal rats who are significantly less active in the last 
few days of gestation compared to those exteriorised at the same age into a neutral fluid medium with 

unimpaired uteroplacental attachment (Smotherman and Robinson, 1987). Overall, there seems to be 

evidence for a degree of reduction in frequency of fetal movement towards term due to the altered 

periodicity that occurs with normal neurological development and mechanical factors such as space 

constraints and diminishing liquor volume. 

 

2.1.8. Temporal aspects of fetal movements  
 

The term ‘pattern’ is often used in the fetal movement literature particularly in information for women but 

is rarely defined. By 20 weeks’ gestation, movement patterns, or ‘repeating sequences of movements 

over time’, are beginning to emerge, and these continue to develop progressively until the time of birth 

and indeed show continuity post birth. Three distinct fetal movement patterns, have been widely 

documented to occur in the human fetus, each of which warrant further consideration. The first is the 

general movement first described in infants by Heinz Prechtl. General movements are also observed in 
fetuses and constitute a globalised sequence of movements involving flexion and extension of the limbs 

with superimposed rotation and directional changes that wax and wane in intensity and can last from a 

few seconds to several minutes (Prechtl et al., 1997). The second pattern is an ‘ultradian’ rhythm, which 

involves alternating periods of activity and rest over the day. These ultradian patterns become 

increasingly organised in later gestation (Nijhuis et al., 1982). The third involves a 24-hour or circadian 

pattern. 

 

2.1.8.1. General movements 
 
General movements refer to a distinct set of movements performed by term infants during the first 12 

weeks after birth. Assessment of general movement quality can be used to predict neurodevelopmental 

disorders (Einspieler et al., 1997; Hayat and Rutherford, 2018). In the normal neonate, general 

movements are performed when the infant is laying supine and in an active, awake state. Normal general 

movements are characterised by their complexity, variation and fluency. Abnormal general movements 

may be monotonous or limited in repertoire, appear rigid, or chaotic and abrupt (Einspieler et al., 1997).  
 

The concept of ‘Gestalt perception’ is often invoked when assessing general movement quality. Gestalt 

perception is a theory of human perception developed by German psychologists including Kurt Koffka 

who advanced the notion that in human perception of a phenomenon or object, ‘the whole is other than 

the sum of its parts’ (not greater than, as is often misquoted) (Koffka, 1922). Influenced by Koffka, Konrad 

Lorenz exhorted scientists not to overlook Gestalt perception as a powerful instrument for observing 
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complex patterns in nature. Precht adopted this concept when proposing assessment of general 

movements as a test of neurological development in neonates (Prechtl et al., 1997). 

 

General movements are also performed by the fetus and were observed amongst the first substantive 

classification of fetal movement types made by de Vries and colleagues (de Vries et al., 1985). Luchinger 

and colleagues (2008) explored emergence of general movements by performing weekly ultrasound 

examinations in the first trimester in 18 fetuses and reported that general movements emerged abruptly 
between 9 and 13 weeks’ gestation in normally developing fetuses (Luchinger et al., 2008). Assessment 

of fetal general movement quality (using Gestalt perception) by ultrasound and MRI is possible and can 

identify neurological abnormalities before birth (Andonotopo et al., 2004). Hayat and colleagues (2018) 

combined analysis of ‘fetal motor behaviour’, fetal brain MRI and neurodevelopment outcome post-birth 

in 21 fetuses with normal brain imaging findings, and 22 fetuses with abnormal brain imaging findings. 

The findings from the study showed that normal general movements in fetuses predicted normal 

postnatal outcome (p=0.021), and that there was a significant relationship among general movement 
quality, neurodevelopmental outcome and findings of brain MRI (p=0.02) (Hayat et al., 2018). 

 

2.1.8.2. Behavioural state development 
 

Another important fetal movement pattern is the ultradian pattern, or short-term cycling between active 

activity and rest. Although a degree of ultradian cycling is apparent in the first half of gestation, fetal 

movements become increasingly organised in the second half of gestation with certain movement types 
increasingly seen to occur in association with one another, until they reach a point where they may be 

defined according to behavioural states. In the infant five distinct behavioural states have been identified 

and are named as follows; quiet sleep (S1), active/rapid eye movement (REM) sleep (S2), quiet awake 

(S3), and active awake without crying (S4), and active awake with crying (S5). These states are 

identifiable by the recurring pattern of variables such as; eye movement, heart rate pattern and breathing 

movements, fluctuating in stable association with one another (Nijhuis et al., 1982).  

 

The conditions for defining behavioural state in the infant cannot be directly applied to the fetus, due to 
differences in the conditions of fetal life, the fetus for example does not cry. However, measurement of 

heart rate and gross body movement in the fetus is possible and following the discovery by Bots and 

colleagues (1981) that fetal eye movements were detectible with ultrasound, exploration of behavioural 

states in the fetus became possible (Bots et al., 1981). Nijhuis and colleagues (1982) analysed the 

temporal association of body movements, eye movements and heart rate patterns in singleton fetuses 

of 14 women between 32 and 40 weeks’ gestation. Four different behavioural states were able to be 

observed, and these were considered analogous to infant behavioural states S1 through S4 and so 

named 1F to 4F (Nijhuis et al., 1982).  
 

Subsequent investigators confirmed the existence of distinct behavioural states in term fetuses (Arduini 

et al., 1985; Pillai and James, 1990a; van Woerden et al., 1988). However, in the extensive ultrasound 

studies by Pillai and James (1990) of 80 low-risk fetuses between 36 and 40 weeks, only three fetal 

behavioural states could be identified; 1F (quiescence) and 2F and 4F (both active states). No evidence 

was found of behavioural state 3F in which the fetus would have rapid eye movement but no body 
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movement (Pillai and James, 1990a). According to Pillai and James, the normal term fetus spends 

between 50% and 60% of its time in state 2F, which is characterised by continuous eye movements, 

frequent bursts of body movement accompanied by heart rate accelerations, and wide variability of the 

fetal heart baseline. Time spent in State 4F, which involves continuous eye movements and almost 

continuous body movements with a sustained tachycardia, increases slightly with advancing gestation 

from 7.0% at 36 to 37 weeks, to 10.2 % at term. State 1F, where there are no eye movements, a narrow 

baseline variability of the heart rate and no body movements other than the occasional startle, is present 
around a third of the time. In 3% of recordings, the fetal state was indeterminate; these periods normally 

occurred during transitions from one state to the next (Pillai and James, 1990a). 

 

Behavioural state development has important implications for understanding fetal movements and 

normal development. In some pathological conditions, behavioural state development is delayed or does 

not occur. When monitoring the fetus near term, absence of body movements in certain circumstances 

(1F) is normal, which has implications for antenatal testing in distinguishing normal from abnormal. 
Determining the presence of normal behavioural state development in a fetus near term is involves 

technical complexity and prolonged periods of ultrasound visualisation. Although it is uncommon, the 

healthy fetus near term may occasionally be inactive for long periods of time, up to an hour or more, 

making it difficult to differentiate the well fetus in a resting phase from a chronically ill fetus. These 

practical limitations have led to a declaration that assessment of behavioural state is not an effective tool 

for clinical assessment of fetal wellbeing (Nijhuis, 2003). 

 

2.1.8.3. Circadian pattern 
 
Finally, the fetus has been observed to display 24-hour or circadian patterns in many types of movements 

including, heart rate, respiratory movement, body movements and eye movements (Birkenfeld et al., 

1980; Horimoto et al., 1993; Kintraia et al., 2005; Patrick et al., 1980, 1982; Visser et al., 1982). In a 

series of studies involving continuous ultrasound examination over 24-hour periods, circadian patterns 

were present in all cases (Patrick et al., 1980, 1982; Roberts et al., 1979; Visser et al., 1982). Roberts 

and colleagues (1979) were the first to conduct such a study, recording fetal movements in 21 women 
between 28 and 39 weeks’ gestation continuously over a 24-hour period and reporting a peak in fetal 

truncal movements between 22:00 and 01:00 hours (Roberts et al., 1979). Patrick and colleagues (1980, 

1982) subsequently confirmed circadian patterning of both fetal breathing movements and fetal body 

movements, adding that fetal breathing movements appeared to be related to maternal meals (Patrick 

et al., 1980, 1982). Patrick et al. (1982) reported that in the last 10 weeks of pregnancy, fetal quiescence 

was more likely to occur in the morning and peak fetal body movements occurred between 22:00 and 

02:00 hours (Patrick et al., 1982). (Figure 2.1). This pattern of fetal activity was noted to be in keeping 

with maternal reports of times when the fetus was most active (Pillai et al., 1992). 
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Figure 2.1. Maternal glucose concentrations, the average number of movements, and the 
percentage of time spent moving by fetuses plotted each hour of the day in 11 fetuses at 38 to 
39 weeks’ gestational age.  

 

Reproduced from Papers of the Society for Gynecologic Investigation, from Patrick et al., 142, 
pp363-371,1982. With permission from Elsevier. 

 

 

Visser and colleagues (1982) subsequently reported marked diurnal variations in fetal heart rate and 
heart rate variation. Compared to the morning, fetal heart accelerations were noted to be 15% higher in 

the afternoon and 50% higher at midnight (Visser et al., 1982). De Vries and colleagues (1987) 

investigated the emergence of diurnal fetal movement patterns in 10 nulliparous women. At 13 weeks’ 

gestation the fetuses were observed for three 1-hour ultrasound examinations at 0800, 1300 and 2200, 

and no diurnal patterns were able to be observed in any fetal heart rate or fetal movement parameters. 

However, by 20-22 weeks 2-hour ultrasound examinations were conducted at the same times of day and 

diurnal rhythms were found to be present in both fetal breathing movements and fetal body movements. 

Furthermore, total fetal activity increased from 20% in the morning to 30% in the afternoon, and 33% in 
the evening. Frequency of general movements were also noted to increase over the course of the day, 
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although the difference only reached significance (p<0.05) in the evening recording compared to 

morning. The fetal heart rate also showed a diurnal pattern with the lowest variability occurring between 

06:00 and 11:00 and the highest between 14:00 and 23:00 (de Vries et al., 1987).   

 

Although it is well established that the fetus has circadian patterns of movements, the drivers of these 

patterns are not fully understood. Challis and colleagues (1980) identified diurnal variation in maternal 

plasma cortisol (Challis et al., 1980) and so it was proposed that fetal circadian rhythm may be driven by 
maternal cortisol (Pillai et al., 1992).  Serón-Ferré and colleagues (2001) assessed the 24-hour cortisol 

production in the fetus by taking cord blood samples from 57 neonates born by elective caesarean 

section scheduled every 2 hours around the clock and demonstrated that fetal plasma cortisol showed 

a diurnal rhythm in the umbilical artery but not the vein (Serón-Ferré et al., 2001a). Experiments in rats 

and hamsters have demonstrated that the fetus has a circadian system that is endogenous but also 

subject to entrainment by maternal systems (Reppert and Schwartz, 1983; Reppert et al., 1988). Chief 

among these putative entraining zeitgebers or time-givers is maternal melatonin. In mammals, the 
circadian system is organised by the biological clock located in the suprachiasmatic nucleus of the 

hypothalamus (SCN). This master clock receives information from the environment including light and 

dark information and in turn controls circadian functions in the peripheral organs (Brooks and Canal, 

2013; Serón-Ferré et al., 2012) (Fig.2.2). In the fetus, maternal melatonin has been identified as the 

primary source of light and dark information (Mendez et al., 2012; Reppert et al., 1988; Torres-Farfan et 

al., 2011). 
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Figure 2.2. Schematic representation of the proposed entrainment pathways of the fetal 
circadian system.  

 

Reproduced from Molecular and Cellular Endocrinology, from Serón-Ferré et al, 349, pp68-
75,2012. With permission from Elsevier.  

 

 

Melatonin is known to cross the placenta unaltered and the human fetus has functioning melatonin 

receptors by 20 weeks’ gestation (Reppert et al., 1988). This timing is in keeping with ultrasound 

observation of the emergence of diurnal variation in fetal movements at 20 to 22 weeks’ gestation 

described by de Vries (de Vries et al., 1987). However, other entraining signals are also suggested to 

contribute to the fetal circadian system including maternal meals and activity (Torres-Farfan et al., 2011). 
Maternal melatonin rhythm is increased in pregnancy and it has been suggested that the fetal circadian 

system rather than being an immature version of the adult circadian system, may have immediate 

functional significance in maintaining intrauterine life, by acting as a peripheral maternal oscillator 

(Serón-Ferré et al., 2001b).  

 

2.1.9. Fetal breathing movements 
 
Human fetal breathing movements were first described by Ahlfield in 1888 who recorded the movements 
as pressure changes transmitted from the fetal thorax to the maternal abdominal wall (Goodlin, 1979). 

Fetal breathing movements have a range of important functions in relation to fetal development including 
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facilitating growth and expansion of the lungs, ensuring patency of the respiratory tract, developing the 

musculature of the thorax in preparation for postnatal breathing and perhaps even regulating amniotic 

fluid (Boddy and Dawes, 1975; Harding and Hooper, 1996; Harding et al., 1993). Near term, the fetus 

performs breathing movements 31% of the time (Patrick et al., 1980; Roberts et al., 1980). Fetal 

breathing movements are related to maternal glucose and have been demonstrated to increase after a 

maternal meal or after administering a glucose load (Goodman, 1980; Patrick et al., 1980). They also 

have a circadian pattern in that they tend to be less frequent between the hours of 19:00 and 20:00 when 
gross fetal movements themselves peak, but are most frequent in the early hours of the morning (Patrick 

et al., 1980). Fetal breathing movements occur more frequently during quiescent states (Mulder et al., 

1994), particularly near term, as a feature of behavioural state development (Arduini et al., 1986).  

 

Fetal breathing movements gained the interest of clinicians after Boddy and colleagues (1974) 

demonstrated that fetal breathing movements occurred periodically in all healthy fetal lambs, but ceased 

in the context of hypoxia (Boddy et al., 1974; Breen et al., 1997). This observation led to inclusion of fetal 
breathing movements in the biophysical profile score (BPP), a test of wellbeing involving ultrasound 

observation of fetal breathing movements, gross body movements and assessment of fetal tone, 

alongside liquor volume estimation and CTG (Manning et al., 1980). Initial observational studies 

suggested use of the BPP in fetal assessment reduced fetal death rates (Platt et al., 1985). However, 

systematic reviews of high-quality studies have concluded that use of BPP does not reduce the incidence 

of either stillbirth or low Apgar scores, but does increase interventions such as induction of labour and 

caesarean section (Lalor et al., 2008). Use of fetal breathing assessment as an indication of fetal 

wellbeing is problematic in that the normal fetus commonly has periods of apnoea. Patrick et al. (1980) 
conducted 24-hour ultrasound studies in healthy pregnancy to determine rate and frequency of fetal 

breathing movements and observed absences of fetal breathing movements for up to 68 minutes at 30 

to 31 weeks and up to 122 minutes at 38 to 39 weeks (Patrick et al., 1980). Furthermore, experiments in 

the fetal lamb involving inducing hypoxia gradually over a number of days demonstrated no change in 

fetal breathing or body movements. Thus, the normal fetus may be apnoeic for long periods and the 

chronically hypoxic fetus may display breathing movements (Martin, 2008). 

 

2.1.10. Fetal hiccups 
 
Fetal hiccups have been documented since the late 19th century and were considered an indicator of 

fetal health (Witter et al., 2007). Hiccups were also documented amongst the earliest categorisations of 

fetal movement type (de Vries et al., 1982). The hiccup is an involuntary medullary reflex, essentially a 

spasm of the diaphragm (Howes, 2012). Fetal hiccups are observed on ultrasound as rapid, large inward 

and outward movements of the chest wall, which may occur randomly in a single instance or typically in 

episodes lasting several minutes (Patrick et al., 1980). Hiccups are present in other fetal animals and a 
number of hypotheses have been put forward for their existence including that they provide exercise for 

respiratory muscles (Lewis, 1985), regulate amniotic fluid in early pregnancy (Murchison, 2015),  regulate 

heart rate in the third trimester (Popescu et al., 2007; van Woerden et al., 1989), expel air from the 

stomachs of suckling infants (Howes, 2012) and finally that they are a vestigial reflex evolved in aquatic 

ancestors for the purpose of gill breathing that has persisted in modern humans (Straus et al., 2003). 
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Van Woerden and colleagues (1989) reported that hiccups have no relationship with behavioural state 

(van Woerden et al., 1989), although this was disputed by Pillai and James (1990b) who observed that 

hiccups occurred more frequently in active fetal states (Pillai and James, 1990b). Fetal hiccups are 

related to developmental course in that they occur more frequently in early gestation. In the first half of 

pregnancy fetal hiccups can occur up to 100 times per hour, dominating movement pattern by comprising 

up to 20% of all movements of any type (de Vries et al., 1985). In serial ultrasound recordings of 45 low 

risk fetuses from 14 to 40 weeks’ gestation, hiccups were noted to be the predominant diaphragmatic 
movement before 26 weeks’ gestation, after which fetal breathing movements predominated (Pillai and 

James, 1990b). This trajectory is in keeping with the observation in postnatal life that frequency of 

hiccupping decreases with advancing age (Stark et al., 1994). 

 

Some have suggested that hiccups are a pathologic feature, potentially indicative of meconium aspiration 

in utero, or cord-accident (Collins, 1997; Marsal, 1983). However, Goldkrand and Farkouh (1991) 

reported that hiccups were absent in cases with non-reactive CTG following vibroacoustic stimulation, 
speculating that absence of hiccups may indicate fetal compromise (Goldkrand and Farkouh, 1991). 

Fetal hiccups have also been observed when the fetal stomach is distended with amniotic fluid and may 

be indicative of fetal swallowing, itself a reassuring fetal activity (Patrick et al., 1980). Stacey et al. 

(2011a) reported that maternal perception of fetal hiccups was associated with reduced odds of stillbirth 

in a case-control study of late stillbirth (Stacey et al., 2011a). Although the origin and significance of 

hiccups remains unclear, on balance evidence suggests fetal hiccups to be a reassuring feature.  

 

2.1.11. Biomechanical aspects of fetal movements 
 

The fetus develops in a unique environment in comparison to that of the infant. Fetal motion is critical to 

fetal development and yet is subject to mechanical factors such as the volume and location of amniotic 

fluid and the shape and constraint to free movement afforded by the uterus. Abnormalities such as fetal 

immobilisation, absence of amniotic fluid and malformation of the uterus can result in deformities in the 

fetus through restriction of free movement (Moh et al., 2012; Nowlan, 2015).  

 

2.1.11.1. Amniotic Fluid 
 

In early pregnancy, the amniotic fluid is more abundant relative to the size of the fetus. The amniotic fluid 

provides numerous benefits to the fetus during development, including cushioning protection from 

trauma, nutrients in the form of skin cells and lanugo which are ingested by the fetus, antibacterial factors 

that prevent infection, and a medium allowing for patency of the gut and lungs (Brace et al., 2018). 

Amniotic fluid also has a critical role in facilitating fetal movement in early pregnancy by distending the 
uterus, which reduces gravitational pressure on the developing fetus and provides space for free-

movement (Wood, 1970). Average volume of amniotic fluid increases progressively from 10 weeks’ 

gestation to a peak at 32 to 34 weeks, after which small progressive reductions occur towards term 

(Brace and Wolf, 1989). When amniotic fluid volume is decreased or absent in early pregnancy the 

consequences for the fetus can be severe; developing limbs may be compressed against the wall of the 

uterus due to absence of liquor and may fail to grow or develop normally. In situations where the fetus 

is immobilised, deformities can result illustrating how movement serves to develop the fetal 
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musculoskeletal system (Moh et al., 2012). In addition, fetal movement provides a biomechanical 

stimulus to the growth plates of the fetal bones promoting growth. Computer modelling has demonstrated 

how the characteristic shapes of different joints are formed during early fetal life by the forces applied 

through movement, e.g., rotational movements forming ball and socket joints (Nowlan, 2015).  

 

After 32 weeks’ gestation the amniotic fluid volume begins to decrease incrementally, whilst at the same 

time the fetus grows larger and takes up more space within the uterus. In this increasingly cramped 
situation, the walls of the uterus essentially provide the fetus an opportunity for resistance training, which 

serves to build bone density and muscle mass. Just as the astronaut weightless in space quickly loses 

bone density and muscle mass without a strict regime for resistance exercise, the preterm infant born 

before 28 weeks is at risk of bone disease in part due to a lack of biomechanical stimulation from attempts 

to move within a constrained uterine space at the end of gestation (Sharp, 2007). Therefore, frequent 

fetal movement in early gestation sculpts the neurological system, movement of the limbs sculpts the 

joints.  
 

2.1.11.2. The shape of the uterus 
 

As early as 10 weeks’ gestation de Vries et al. (1982) noted that the forceful whole-body movements 

performed by the fetus contributed to frequent changes of position within the uterus (de Vries et al., 

1982). These changes of position peaked at 13 to 15 weeks and then decreased after 17 weeks. De 

Vries et al. (1982) noted that after 16 weeks’ gestation the fetus was more likely to assume a longitudinal 
lie within the uterus, adding that this was not the result of a change in frequency of body movement but 

rather resulted from the spatial limitations afforded by the ovoid shape of the uterus (de Vries et al., 

1982). A similar process ensures that majority of fetuses are in a cephalic presentation by term. Prior to 

37 weeks, sufficient liquor is present to allow the fetus to switch periodically between cephalic and breech 

presentations. However, owing to both the shape of the uterus with its roomier fundus and diminishing 

liquor, fetal whole body position changes are less able to be achieved near term. When the fetus does 

undertake large movements, the bulkier bottom and legs are more easily accommodated in the fundus 

whilst the heavier and smaller head comes to occupy the lower pole. Optimal presentation at term is the 
result of normal fetal movement in combination with constrained intra-uterine space and relatively 

diminished liquor volume. In support of this notion, breech presentation is known to occur more frequently 

where free fetal movement is restricted such as by multiple pregnancy or uterine malformations (Moh et 

al., 2012). 

 

At term, the fetus is in close contact with the walls of the uterus and is necessarily in a flexed position 

due to space constraints. Therefore, movements are more cramped, less jerky and often confined to 

stretches and shuffling movements and large movements such us somersaults, or large, rapid limb 
extensions. Near term, changes in position are more difficult to achieve and bilateral leg extensions are 

frequently performed by fetuses (Andonotopo et al., 2004). These movements have been noted to be 

similar to the movements performed by chicks prior to hatching and may have a similar function in 

facilitating birth in humans. Lower fetal heart rate near term is normally considered a feature of nervous 

system maturation but may also relate to the physical environment of the womb at the end of gestation. 

The fetus constrained in the uterus at term has been compared to a newborn who is swaddled (Wood, 
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1970). The neonate when swaddled has a lower heart rate, sleeps longer and is less likely to respond to 

environmental disturbances (Nelson, 2017; Wood, 1970).  

 

2.1.12. Fetal behaviour, individual differences and continuity with infant behaviour 
 
It is generally accepted that newborns display distinct temperamental characteristics that are indicative 
of personality. Goodlin (1979) refers to Liley (1972) proposing that apparent fetal attempts to get 

comfortable in the womb and differences in periods of activity suggest pre-birth rudiments of personality 

(cited in Goodlin, 1979). Anecdotally, women report personality differences in their babies in the womb. 

Patrick et al. (1982) reported wide variation between individual fetuses in frequency of movements, but 

consistency within individuals over a 24-hour period of observation (Patrick et al., 1982). De Vries and 

colleagues studied intra and inter-individual differences in fetal movements in 12 nulliparous women with 

healthy pregnancies in the first half of gestation and reported intra-fetal consistency in frequency of 

general movements and in total fetal activity (de Vries et al., 1988). In a study of 22 twin pregnancies 
both maternal perception and ultrasonographer determination (blinded) accurately determined which 

fetus would be the more active infant at three and six months of age (Degani et al., 2009).  

 

Most studies investigating possible differences between male and female fetuses have reported no 

differences (Pillai and James, 1990a; Pressman et al., 1998). However, Buss et al. (2009) reported that 

sex-specific differences were observed in maturation of fetal heart responses to vibroacoustic 

stimulation. Male fetuses had a larger response to the stimulus than females. However, the male 
response was slower to mature than the female response, suggesting different trajectories of maturation 

(Buss et al., 2009). Almli and colleagues (2001) performed longitudinal quantifications of fetal and 

neonatal leg movements by videotaping ultrasound examinations at 30, 34, and 37 weeks’ gestation and 

in the infants at birth and 6 weeks of age. Almli et al. (2001) reported that female fetuses displayed fewer 

leg movements per minute with advancing gestation and increased leg movements during postnatal 

development. Individual continuity in frequency of leg movements was seen before and after birth and 

males displayed a higher number of leg movements. Females, however, displayed a stronger movement 

continuity pattern (Almli et al., 2001). In summary, fetal temperament and sex may influence fetal 
movement patterns, although differences in frequency overall are likely to be negligible. 

 

2.1.13. Influence of pregnancy pathologies on fetal movements 
 

Alterations in fetal behaviour have been shown in a range of pregnancy complications. It is well 

established that maternal type 1 diabetes has consequences for the fetus. Abnormal general movement 

patterns have been shown to predict neurological impairment in some fetuses of type 1 diabetic women 
(Kainer et al., 1997). Delayed emergence of fetal behavioural state development has also been reported 

in association with type 1 diabetes (Mulder and Visser, 1991). Periodicity of behavioural states is also 

altered in fetuses of diabetic women, with low incidence of behavioural state 1F (Mulder et al., 1987). 

When presented with a vibroacoustic stimulus normal fetuses respond with an increase in heart rate; 

with repeated exposure to this stimulus a healthy fetus habituates or becomes accustomed to the sound 

and no longer responds (Kisilevsky et al., 2009). Kisilevsky and colleagues (2012) compared fetal 

responses to sound recordings of the mothers’ voice in a diabetic group and an overweight group. 
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Fetuses of diabetic women showed no fetal heart response to stimulus (Kisilevsky et al., 2012). Other 

studies have demonstrated that fetuses of women with type 1 diabetes take longer to habituate, i.e., 

require more exposures to the stimulus (Doherty and Hepper, 2000) and habituate less often (Gonzalez-

Gonzalez et al., 2009).  

 

In growth restricted fetuses reduced quality of general movements has also been shown, which does not 

normalise after birth (Bekedam et al., 1985; Sival et al., 1992a, 1992b). Fetal growth restriction (FGR) is 
associated with neurologic sequelae likely to be caused by both hypoxia and nutritional deficiency 

(Brown and Hay, 2016; Miller et al., 2016; Romanini and Rizzo, 1995), which may be reflected in 

alterations in fetal movement. Mor-Yosef and colleagues (1983) compared fetal movement frequency by 

serial ultrasound between 25 and 40 weeks’ gestation in 34 pregnancies with fetal growth restriction and 

reported significantly reduced frequency of fetal movements in fetuses with asymmetrical growth 

restriction compared to symmetrical (Mor-Yosef et al., 1983). Impaired development of fetal behavioural 

states has been demonstrated in growth restricted fetuses, which precede other clinical findings such as 
abnormal CTG (Rizzo et al., 1987; Romanini and Rizzo, 1995; Sival et al., 1992b; van Vliet et al., 1985). 

 

2.1.14. Summary 
 
A number of methods have been used to study development before birth. Chief among these has been 

ultrasound, although data from fetal animals and from analysis of fetal heart rate patterns and actography 

have also been informative. Fetal somatic movement is critical for fetal development. Rather than being 
an output of a normal musculoskeletal and neurological system, the fetus provides an input to their own 

development through movement. In early gestation, movements generated through central pattern 

generators, establish and sculpt the cortical pathways for later movement. Through movement the fetus 

ensures optimal positioning for growth, development and even delivery. The musculoskeletal system 

itself is developed through movement: the shapes of the joints, the density of bones and the mass of 

muscle. 

  

In early pregnancy, movements are frequent, jerky and un-coordinated. With ongoing normal 
development, quiescent periods lengthen, and movements become increasingly smooth, graceful and 

co-ordinated. Normal fetal movements are varied and have a rich temporal pattern, involving general 

movements, ultradian cycling between activity and rest, and circadian patterns. Although frequency of 

fetal movement has been noted to be reduced in some pathologies, fetal movement alterations in the 

context of pathology are primarily qualitative in nature, involving deviations from normal patterning. The 

significance of changes in fetal movement quality and pattern may have implications for maternal 

monitoring of fetal movements for stillbirth prevention. 
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2.2. Fetal movements: the maternal perspective 
 

2.2.1. Social significance of maternally perceived fetal movement  
 
Maternal perception of fetal movement has long been regarded as evidence of fetal life. For centuries, 

maternal reports of the first perceptible fetal movements, or ‘quickening’, provided confirmation of 

conception and an indication of due date (Gillieson et al., 1985). While women historically noted other 

signs of pregnancy, it was only when the child within was felt unmistakably to move that there could be 

no doubt of its existence. From an ethico-legal standpoint quickening was once believed to indicate the 

moment a child’s soul entered the body and the point after which termination of a pregnancy could be 

considered a crime (Duden, 1992). It has been argued that quickening has been diminished in 
importance by advancements in medical technology (Duden, 1992). Indeed, home pregnancy tests are 

so sensitive they can confirm a pregnancy even before the menstrual period has been missed. Near 

universal use of first trimester ultrasound scanning as part of routine pregnancy care in developed 

countries has given women and their significant others opportunity to view the baby before fetal 

movements can be felt by the mother. Yet, studies indicate that perception of fetal movement remains 

of considerable social and psychological importance to pregnant women today.  

 

First perception of fetal movement confirms for the woman that the baby exists, whilst ongoing fetal 
movement sensations are reported to be reassuring, enjoyable and even to impart a sense of being 

accompanied by the child (Bradford and Maude, 2018; Malm et al., 2016; Raynes-Greenow et al., 2013). 

In a cross-sectional survey of 156 women with singleton pregnancies in the third trimester, the 

overwhelming majority of participants expressed positive emotional responses to perception of the first 

fetal movements (Raynes-Greenow et al., 2013). In a qualitative study involving interviews with 21 

nulliparous women experiencing uncomplicated pregnancies, a young participant whose pregnancy was 

unplanned, described perception of the first fetal movement: “’It was unusual for me at first ‘cause I was 
still getting into my head ‘I’m pregnant, I’m pregnant.’ It was a real shock but I kind of felt happy at the 

same time too, yeah.’” (Bradford and Maude, 2018, p.3). Feelings about ongoing fetal movements were 

illustrated by another participant, in the same study: 

 

I like it because it lets me know the baby is there. If it is moving it has got to be a good 

thing…that’s why I stop and notice them during the day because I sort of enjoy them as they 

come along. That’s my way of bonding. (Bradford & Maude, 2018, p.3). 

 
Although contrasting views are also expressed at times, as in this example: “’was irritating me a lot 

because the baby keeps moving.’” (Raynes-Greenow, 2013, p.3). 

 

Saastad and colleagues (2008), surveyed 691 Norwegian women prior to discharge from a maternity 

unit, post-birth, on fetal movements and reported that 99% considered fetal movement to be indicative 

of fetal wellbeing. In addition, 99.9% agreed with the statement ‘it is important for me to feel my baby 

move every day’ (Saastad et al., 2008). In Berndl and colleagues (2013) survey of 304 women in Canada, 
maternal self-reported knowledge of fetal movements and recommended actions if they noticed 
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decreased fetal movements was explored. The majority reported that they found it easy (93.3%) or 

somewhat easy (5%) to feel fetal movements, and 89% agreed it was very important to feel fetal 

movement (Berndl et al., 2013). Malm and colleagues (2016) assessed prenatal attachment in 456 

Swedish women between 34 and 42 weeks’ gestation using the Revised Prenatal Attachment Inventory 

scale. They reported that women who reported perceiving frequent fetal movements on several 

occasions during the previous 24 hours had significantly higher attachment scores (Malm et al., 2016). 

These findings suggest that, despite advancements in technology for confirmation of pregnancy, 
perception of fetal movements remains important for contemporary pregnant women. 

 

2.2.2. Pregnancy factors associated with DFM 
 
A number of maternal characteristics have been shown to be associated with increased presentation for 

DFM, including nulliparity (Mohr Sasson et al., 2016; Tveit et al., 2009b), maternal smoking (Tveit et al., 

2009b), anterior placenta (Fisher, 1999; Mohr Sasson et al., 2016; Tuffnell et al., 1991), term gestation 
(Mohr Sasson et al., 2016) and maternal overweight and obesity (Pagani et al., 2014a; Tuffnell et al., 

1991; Tveit et al., 2009b). Some maternal characteristics associated with DFM presentation are also 

associated with increased risk of poor perinatal outcome such as maternal smoking and maternal 

overweight and obesity. Yet, other associated maternal characteristics, such as anterior placenta (non-

praevia), are not known to be associated with poor outcome. The association of maternal characteristics 

with DFM should not diminish the significance of presentation in those subgroups. For example, women 

with DFM and BMI >25 have increased odds of FGR and stillbirth when compared to normal weight 
women with DFM (Tveit et al., 2010a). 

 

Presentation with DFM may be influenced by a range of factors including pregnancy factors, fetal factors 

and maternal social factors. For example, in a UK study, women of Asian or Afro-Caribbean ethnicity 

were at increased risk of FGR but were not more likely to present with DFM, suggesting social factors 

rather than fetal vulnerability influenced presentation (Pagani et al., 2014b). Teasing out the relative 

influences of normal inter-individual variation in fetal movement perception, social factors influencing 

response to perceived decreased fetal movements and other pregnancy factors that may influence fetal 
wellbeing is problematic. Impaired maternal perception of fetal movement should not be presumed to 

explain a presentation with DFM, although in practice this often occurs. In this section, evidence for 

possible association between various maternal characteristics and perception of fetal movements is 

presented.  
 

2.2.2.1. Maternal awareness of fetal movements  
 
Awareness of a physical event such as pain, pleasure or even fetal movement involves not only 

perception of the physical stimulus but also recognition or understanding of the event. As with any human 

experience of a physical sensation, there are idiosyncratic variations. Accordingly, wide variation exists 

in the timing of quickening. The first fetal movements are normally perceived by the mother at a median 

of 16 to 19 weeks’ gestation, depending on parity and placental location (Gillieson et al., 1985). Yet, in 

a cross-sectional study of maternal perception of fetal movement conducted via questionnaire, maternal 

reports of gestation at quickening ranged from as early as 7 weeks’ to as late as 30 weeks’ gestation, 
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with more than a quarter of women (26%) perceiving the first movements after 20 weeks’ (Raynes-

Greenow et al., 2013) (Figure 2.3). 

 

 

Figure 2.3. Gestational week of first perception of fetal movements amongst 156 pregnant 
women surveyed.  

 

Reproduced from BMC Pregnancy and Childbirth, from Raynes-Greenow, 13, pp1-8, 2013. 
Permission not required from BioMedCentral. 

 

 
Saastad et al. (2008) reported that low-awareness of fetal movements was associated with increased 

likelihood of small for gestational age (SGA) (OR 2.0, 95% CI 3.3, 12.3), low educational attainment, 

single marital status and non-western ethnicity (Saastad et al., 2008). In a follow-up study, Saastad et 

al. (2010) measured maternal awareness of fetal movements and maternal concern about movements 

after receiving an intervention involving fetal movement counting. Pre-intervention, mothers over the age 

of 35 years and women of non-western origin had low awareness of fetal movements. Following the 

intervention, low-awareness remained significantly higher for non-western mothers (Saastad et al., 

2010). In a survey by Berndl et al. (2013), taking the ‘Right Action’, i.e., contacting someone if concerned 
about reduced movement, was associated with movements that were ‘easy to feel’ (Berndl et al., 2013).  

 

2.2.2.2. Placental location 
 

Some studies have reported that women with an anterior placenta present more frequently with DFM 

Gillieson and colleagues (1985) reported that anterior placental location delayed quickening by 

approximately 7 days, an effect that persisted in multiparous women (Gillieson et al., 1985). Neldam 
(1982) compared maternally perceived fetal movements with ultrasound in 284 women between 20 and 

42 weeks’ gestation and reported that accuracy of maternal perception of fetal movement was associated 
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with placental location but this varied by gestation (Neldam, 1982). For example, at 20 to 27 weeks’ 

women with an anterior placenta perceived a significantly smaller proportion of movements seen on 

ultrasound compared to those with posterior placental locations. However, from 28 weeks until 42 weeks 

there was no significant difference in perception of movements according to placental location (Neldam, 

1982). Possible limitations of this study are difficult to ascertain as scant description of the method was 

provided. 

 
Winje et al. (2011) conducted a population-based prospective cohort study which involved 1056 

participants who recorded the time taken to count 10 fetal movements during daily focussed counting, 

from 24 weeks’ gestation until birth. Fetal movement counting times were found to be stable for 

individuals, with a slight increase at term. In individuals with an anterior placenta, or with obesity, counts 

remained stable over time, leading the authors to conclude that factors that remain stable over pregnancy 

such as placental location or obesity should not diminish the significance of reports of DFM in such 

women (Winje et al., 2011).  
 

In a qualitative study of 19 primigravidae in the third trimester, participants interviewed at 28 to 32 weeks’ 

gestation commonly described being able to feel fetal movements with their hands on their abdomen; 

however two participants with anterior placentae provided a divergent account, where fetal movement 

sensations were all internal and not able to be felt with the hands (Bradford and Maude, 2018). Maternal 

detection of fetal movement by placing the hands on the abdomen is a topic that has not been well 

explored. The palmar surface of the hand is very sensitive to touch (Ackerley et al., 2014). Pregnant 

women are frequently seen placing their palms on the abdomen when the fetus is moving. This action 
may serve as an effective means of confirming that the internal sensations are indeed fetal movement. 

It is plausible that maternal detection of fetal movement via this method is less effective in women with 

anterior placental locations, leading to greater uncertainty about fetal movement sensations particularly 

in earlier stages of pregnancy. However, the associations between placental location and perception of 

fetal movements are not well studied. Neldam’s 1982 study mentioned above is now more than 35 years 

old and has not been repeated. 

 

2.2.2.3. Parity and age 
 

Gillieson et al. (1985) reported that parous women first perceived fetal movements approximately 7 days 

earlier than nulliparous women (Gillieson et al., 1985). Other than timing of quickening, parity does not 

appear to be associated with accuracy of fetal movement perception. A number of ultrasound studies 

have reported no association between parity and proportion of total fetal movements perceived by 

mothers (Brown et al., 2016; Gettinger et al., 1978; Hertogs et al., 1979; Neldam, 1982; Rayburn, 1980).  

Similarly in one study of 50 women investigating concordance between ultrasound observed and 
maternally detected fetal movements, no association was found with maternal age (Schmidt et al., 

1984a). It seems more likely that any observed association between age or parity and maternal 

awareness of fetal movements reflects psychosocial factors and differences in experiential knowledge 

of pregnancy.  
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2.2.2.4. Psychological factors 
 

Psychological factors are often suggested to influence maternal perception of fetal movements. 

Harrington et al. (1998) stated that presentation with DFM may be due to factors including maternal 

anxiety, ‘extremes in I.Q. spectrum’ and ‘falsification in order to obtain induction of labour’ (Harrington et 

al., 1998). Sjöström, and colleagues (2003) referred to Wenderlein (1975) who explored the relationship 

between maternal intelligence, ‘neuroticism’ and perception of the first fetal movements, reported that 
the higher the maternal intelligence quotient the less likely were the first fetal movements perceived to 

be ‘clear’, whereas higher maternal neuroticism was associated with the mother being more likely to 

perceive the first movements as ‘clear’ (Sjöström et al., 2003). The term neuroticism is no longer in favour 

but is conceptually similar to trait anxiety. Sjöström et al. (2003) assessed maternal anxiety in 40 healthy 

nulliparous women between 37 weeks’ and 40 weeks’ gestation using the Speilberger State-Trait Anxiety 

Inventory (Sjöström et al., 2003). The authors reported that agreement between maternal perception and 

ultrasound observation of fetal movements was not related to maternal anxiety and that in all women, 
agreement was greater when the fetus was in an active state (Sjöström et al., 2003). However, during 

periods when there were fewer fetal movements, women with higher state-trait anxiety scores had 

improved identification of fetal movements.  

 

Pimenta and colleagues (2016) assessed maternal anxiety and fetal movement patterns in 30 healthy 

pregnant women between 36 and 40 weeks’ gestation. The Beck Anxiety Inventory was used to measure 

anxiety whilst fetal movements were assessed via maternal fetal movement counting, noting the time 

taken to count 10 movements. Higher maternal anxiety scores were reported to be negatively associated 
with the time taken to count 10 fetal movements, i.e. those with high scores counted 10 movements over 

a shorter period of time (Pimenta et al., 2016). Taken together, these studies suggest that maternal 

anxiety does not diminish perception of fetal movements and may even improve ability to accurately 

detect fetal movement, compared to women with low state-trait anxiety. 

 

Importantly, there is evidence to suggest that fetal behaviour itself may be altered in women with anxiety, 

either as a function of inherited personality type or as a result of epigenetic effects of prenatal stress. 

Personality differences are likely to be present before birth, just as some children are less inclined to sit 
still or tolerate discomfort, as a feature of their normal temperament, similar characteristics are likely to 

be present in the fetus and may be inherited (DiPietro et al., 1996b). In addition, maternal mental state 

may affect fetal behaviour. Groome and colleagues (1995) reported that increased maternal anxiety was 

associated with longer time spent by the fetus in state 1F and decreased somatic movement during 

active states (Groome et al., 1995).  

 

There is considerable evidence from both human and animal studies that exposing the mother to stress 
negatively impacts on fetal development, although effects vary according to timing of exposure to the 

stressor, whether the stressor is chronic or acute and moderating factors such as social support and 

coping (Graignic-Philippe et al., 2014; Van den Bergh et al., 2017). Anxiety should be differentiated from 

stress, although the presence of one may contribute to the other, and the two are often measured 

together. Monk et al. (2016) reported that perceived maternal stress is associated with reduced coupling 
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of fetal movements with fetal heart-rate accelerations, proposing that the effect seen may be explained 

by epigenetic mechanisms (Monk et al., 2016).  

 

Therefore, maternal psychological states including anxiety, distress, concurrent mental illness or even 

concurrent stressful life events should not be assumed to diminish the reliability of the woman’s report 

of reduced fetal movements, as perception is likely to be reliable in such women and fetal behaviour 

itself may indeed be altered as a consequence of maternal stress. 
 

2.2.2.5. Maternal perception and amniotic fluid volume  
 

Women who present with DFM are more likely to have decreased amniotic fluid (Ahn et al., 1987; Aviram 

et al., 2016; Sherer et al., 1996). Sival and colleagues (1990) investigated fetal movements in women 

with premature rupture of membranes (PROM) and reported that frequency was not altered, but 

movements were reduced in speed and amplitude in the context of low fluid levels, suggesting that 
absence of liquor may have a mechanical effect on fetal movements by restricting freedom of movement 

(Sival et al., 1990). Thus, DFM in women with decreased amniotic fluid may be attributable to either 

placental insufficiency, mechanical factors reducing maternal detection of movement or a combination 

of the two. 

 

2.2.2.6. Maternal perception and time of day  
 
As described in section 2.1.8.3 on circadian pattern there is considerable evidence from ultrasound 

studies that fetuses are more active during the evening and first part of the night. Unsurprisingly, a 

number of studies exploring maternally perceived fetal movement have also reported that fetal 

movements are perceived more frequently in the evening (Bradford and Maude, 2018; Fisher, 1999; 

Raynes-Greenow et al., 2013). Minors and Waterhouse (1979) explored the relationships between 

maternal position, maternal meals, time-of-day and maternal perception of fetal movements in six women 

who kept daily records for the last 3-4 months of pregnancy. Women recorded when fetal movements 

were felt, their strength and their position at the time. Minors and Waterhouse (1979) reported that fetal 
movement perception was correlated with maternal sitting or lying position, with most movement 

occurring in the evening, and when the mother was in a sitting position. They concluded that increased 

movement in the evening indicated the presence of a diurnal fetal movement pattern which may be 

imposed, in part, by the mother’s activity patterns (Minors and Waterhouse, 1979).  

 

Ehrström (1984) attempted to evaluate frequency of maternally perceived fetal movements during the 

day and at night in a group of 116 women with healthy pregnancies between 31 and 40 weeks’ gestation. 
Subjects were divided into two groups, one which recorded perceived fetal movements during the day, 

and the other who agreed to do the same overnight (Ehrström, 1984). A distinct diurnal pattern of 

movements was observed, with peak activity in the evening between the hours of 9pm and 11pm, and 

quiescence between 1am and 5am (Ehrström, 1984). Fisher (1999) surveyed 78 women presenting with 

DFM over a 3-4 month period, and asking them what time of day their baby was most active, the majority 

reported increased fetal activity at night (Fisher, 1999). (Figure 2.4). Interestingly, despite the agreement 

between maternal accounts of the time of day when fetuses are most active and ultrasound studies, 
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maternal reports of increased fetal movement in the evening are often explained as being secondary to 

increased maternal attention to fetal movements in the evening (Raynes-Greenow et al., 2013). 

 

Figure 2.4. Period of increased fetal activity. 

 

Reproduced from British Journal of Midwifery, from Fisher, M.L., 7, pp733-737,1999.  
Permission not required from Mark Allen Group. 

 

 

2.2.3. Maternal perception of fetal movements; comparison with ultrasound 
 

Maternally perceived fetal movements are generally considered to reliably indicate actual fetal 

movements. Early advocates for maternal fetal movement monitoring as a means to prevent stillbirth, 

attempted to measure agreement between maternally perceived fetal movements and those detected 
by objective measures such as ultrasound imaging.  Sadovsky and colleagues (1973) reported that 87% 

of fetal movements detected by the mother were recorded on an electromagnetic fetal movement device 

(Sadovsky et al., 1973). A subsequent study using ultrasound reported observations of a mean of 60 

movements per 45-minute examination with approximately half of these (mean 31, SD 27) perceived 

simultaneously by pregnant women (Gettinger et al., 1978). Schmidt and colleagues (1984) compared 

maternally perceived movements in 101 women to ultrasound observation and detection by tocography, 

and reported that pregnant women perceived 38% of ultrasound observed fetal movements but just 25% 
of those detected by tocography (Schmidt et al., 1984b).  

 

Differences in reported rates of accordance between maternal perception and objective measurement 

may be explained by limitations in methods of observation, differences in definition of a fetal movement, 

sample size, and length of observation period. In one study, 37% of ‘false positives’ were due to the 

mother marking fetal breathing movements as body movements (Schmidt et al., 1984a). Other 

investigators have attempted to overcome the problem of movements occurring outside of the ultrasound 

view being undetected by using two transducers (Hijazi et al., 2010; Schmidt et al., 1984a, 1984b). 
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Despite limitations in approaches to assessing accuracy of maternal perception of fetal movements, 

taken together available studies report some consistent findings. The mean percentage of fetal 

movements seen on ultrasound that are also detected by the mother ranges between 33% and 56% 

(Brown et al., 2016; Hertogs et al., 1979; Hijazi et al., 2010; Lowery et al., 1995; Rayburn, 1980; Schmidt 

et al., 1984a, 1984b; Valentin et al., 1986). Investigators also agree that some types of fetal movements 

are more likely to be detected by the mother, these include strong movements, complex movements 
involving many fetal parts, movements of longer duration, synchronous movements and fetal movements 

that involve fetal contact with maternal parts i.e. the uterus as opposed to placental contact or fetal hand-

to-face movements (Brown et al., 2016; Hijazi et al., 2010; Rayburn, 1980; Schmidt et al., 1984a, 1984b). 

Finally, studies consistently report wide inter-individual variation in accurate detection of fetal 

movements, with some individual women having very high rates of accurate perception of fetal 

movement and others perceiving almost no movement despite having an active fetus, information that 

is important for clinicians to bear in mind. 
 

2.2.4. Frequency of perceived fetal movements with advancing pregnancy  
 
The question of frequency of maternally perceived fetal movements near term is a problematic one. 

Numerous case reports exist of women with stillbirth being dissuaded from seeking assessment when 

they have noted cessation of fetal movement because they are informed by others that this is normal at 

the end of pregnancy (Rådestad, 2010). Some have declared that the notion that fetal movements reduce 
in frequency near term is a myth of unknown provenance (Rådestad, 2010). Yet the fetal movement 

literature includes numerous studies reporting some decrease in maternally perceived frequency of fetal 

movements near term from the 1930s until the time of writing (Ehrström, 1979; Koshida et al., 2019; 

Kuwata et al., 2008; Pearson and Weaver, 1976; Richards and Newbery, 1938; Sadovsky and Yaffe, 

1973; Sontag and Richards, 1938; Walters, 1964). These reports are consistent with ultrasound and MRI 

studies, discussed earlier, which frequently report small decreases in frequency of fetal movements in 

particular kicking movements, towards term. 

 
Pearson and Weaver (1976) collected daily (9 am to 9 pm) fetal movement count data from 61 out-

patients at >32 weeks’ gestation, and who later delivered a vigorous infant with birthweight above the 

25th centile. Subjects recorded a median of 90 kicks per 12 hours of counting at 32 weeks’ gestation, 

which fell to 50 per 12 hours by 40 weeks’ gestation. Women reporting fewer than 10 kicks per day 

comprised just 2.5% of participants (Pearson and Weaver, 1976). Pearson and Weavers’ report that fetal 

movements normally decrease towards term is often refuted as being derived from a study of high-risk 

women. However, the frequency data were derived from a low-risk pilot study population, as described 

above. 
 

More recently, Kuwata et al. (2008) asked 705 low risk Japanese women to record the time taken to 

count 10 fetal movements during a period of focussed counting, from 22 weeks until birth. Although the 

women were not advised to count at any particular time, most chose to count in the evening. Median 

(Interquartile range) time to count ten movements in minutes was 10.9 (7.3,18.0) at 22 weeks’ gestation, 

which was almost unchanged at 32 weeks (10.0; 6.2,15.6), and thereafter gradually increased until 40 
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weeks (14.8; 9.5,24.0) (Kuwata et al., 2008). Using a similar method, Winje et al. (2011) analysed count 

to 10 time in a group of 1,786 women with singleton pregnancies. Participants were instructed to count 

fetal movements at a time when they knew the baby would be awake and to begin their counting time 

with perception of the first kick alerting them to the fact their baby was awake. Mean count to-ten-times 

were 9.43 minutes at 28 to 31 weeks’, 9.16 minutes at 32 to 36 weeks’ and 10.88 minutes at ≥37 weeks’ 

(p=<0.001). Although count-to-ten time at term was significantly longer, this difference was noted to be 

very small (Winje et al., 2011) and on the basis of this, Winje et al. (2011) declared that fetal movement 
frequency does not decrease near term. In a case-control study of late stillbirth, most controls reported 

that fetal movement frequency at >37 weeks’ gestation was unchanged (43%) or increased (24%), yet a 

sizeable minority 17% reported that frequency decreased (Stacey et al., 2011a).  

 

The likely reason for discrepancies between studies investigating whether or not movements normally 

reduce at term, is differences in study methodology. Earlier studies collected data on daily fetal 

movement counts and so are likely to reflect the woman’s impression of longer quiescent periods with 
fetal development (Ehrström, 1979; Pearson and Weaver, 1976). More recent studies such as those by 

Kuwata et al. (2008) and Winje et al. (2011) have recorded the time taken to count 10 movements, during 

short observation periods at a time when the mother had already determined that the fetus was awake 

and moving. It is questionable to what degree focussed counting by this method reflects women’s 

subjective impressions of their baby’s activity over the course of a number of days or week to week.  

 

2.2.5. Quality of perceived fetal movements with advancing pregnancy 
 

Frequency of fetal movements near term may be a subject for debate, but there is little disagreement in 

the nature of qualitative changes in maternally perceived fetal movements near term. Walters (1964) 

explored maternally perceived frequencies of four types of fetal movements; kicks, squirms, ripples and 

hiccups in 35 women who recorded movement numbers by type, in a 90-minute observation session 

performed weekly over the last three months of pregnancy. Walters (1964) reported that overall 

frequency of fetal movements decreased during the last month of pregnancy, but it was the changes in 

movement types that were most noticeable. She reported that between the 7th and 8th month squirms, 
ripples and hiccups increased whilst kicks decreased slightly. At full term, mean number of squirms had 

increased slightly, whilst ripples and hiccups had plateaued and kicks had reduced (Walters, 1964).  

 

Studies exploring women’s subjective impressions of their baby’s movements by interview or qualitative 

survey in the third trimester have reported descriptions consistent with Walters (1964), where a change 

in type of fetal movements is the most noticeable feature near term. Bradford and Maude (2017) 

compared descriptions of fetal movements in 19 primigravidae with uncomplicated pregnancies 

interviewed at 28 to 32 weeks’ gestation and again at >37 weeks’ gestation (Bradford and Maude, 2018). 
Participants at term reported that there were fewer ‘jerky’ or ‘jolty’ movements and that most movements 

were rolling, pushing or stretching movements. Participants at both gestational timepoints emphasised 

that the movements were increasingly strong. As in the following statement:  
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Oh, heaps stronger now, but it’s not so much kicking, it’s pushing, it’s pushing more, pushes out 

and around and yeah…there’s not the constant kicking feeling. It’s kind of like waves in your 

stomach, like pushing out and moving it along.  (Bradford and Maude, 2017, p.5) 

 

Participants near term also noted longer gaps between movements; “baby just moves 

whenever…whenever it really wants to, I guess. There are big gaps more now than there was before.” 

(Bradford and Maude, 2017, p.5). Similar terminology was used to describe the change in fetal 
movements in later pregnancy by mothers in an Australian study where changes in predominance of 

movement type near term were illustrated by the following statements: “stronger, less kicks more 

squirming” and: “Early movements were sudden kicks and jerks. Later they became more sustained, 

rolling and churning sensations.” (Raynes-Greenow et al., 2013, p.4).  

 

The term ‘kick’ may be problematic when considering fetal movement frequency near term. In a Swedish 

study involving 40 women interviewed at term, participants reported that movements were different to 
earlier in pregnancy and involved more ‘stretching’, ‘gliding’ and ‘pressing’ movements (Rådestad and 

Lindgren, 2012). Rådestad and Lindgren (2012) noted that women were more likely to use the term 

‘movement’ rather than ‘kick’ when describing fetal activity at the end of pregnancy and suggested that 

confusion around normal frequency of fetal movements near term may be due to use of the term ‘kick’ 

as opposed to ‘movement’. Women in all three of these studies described fewer kicks, but increases in 

whole-body movements and increases in strength (Bradford and Maude, 2018; Rådestad and Lindgren, 

2012; Raynes-Greenow et al., 2013). As noted by Pillai et al. (1992), ultrasound observed frequency of 

fetal movement varies so widely between individuals that it has negligible value in predicting fetal status 
outside of the most severe cases (Pillai et al., 1992). It may be that qualitative changes in fetal 

movements have greater significance than changes in frequency, particularly given the changes that 

occur in both behavioural state development and mechanical factors such as diminishing intra-uterine 

space and liquor volume.  

 

2.2.6. Patient information and fetal movements 
 
Maternity care providers generally enquire as to whether the woman has felt fetal movements at 

antenatal assessments, but this enquiry is often limited to a closed question requiring a yes/no answer, 

such as ‘Is your baby moving?’(McArdle et al., 2015). More detailed sharing of information about what is 

normal and when to seek assessment occurs much less often. In a study based in Auckland, New 

Zealand, 25% of women reported receiving no information about fetal movements (Peat et al., 2012), 

whilst a Canadian study found that 34% received no information (Berndl et al., 2013), and in an Australian 

study 40% received no information (McArdle et al., 2015). 

 
When information is shared it is often of poor quality and may include conflicting information about what 

should be monitored. Two main approaches to maternal monitoring of fetal movements exist, fetal 

movement counting, and fetal movement awareness. Women report receiving conflicting information 

about whether or not they should count movements, and if so, what should be counted: “(the information) 

was conflicting as to how many times he should move and whether I should count every kick or count 

every session of movements” (Raynes-Greenow, 2013, p.5). Smyth et al. (2016) reported similar 
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responses from women in the UK: “You hear different things because somebody tells you every 12 hours, 

somebody tells you a certain amount of movement all day. You question yourself, if he gives me two 

kicks, one after the other, do I count as one or two?” (Smyth, 2016, p.6).  

 

Information about awareness of fetal movements, is similarly dissatisfying for women, as illustrated by 

the following statements: “nothing specific…doctor just said as long as baby’s moving”, and:  “Antenatal 

visits: they always ask if the baby is moving but not what is normal or how often is normal” (McArdle, 
2015, p.57). Similarly, in the UK: “They’ve just said what’s felt normal for you” and from another 

participant: “I don’t think they’ve ever said what I should be feeling.” (Smyth, 2016, p.6). Women have 

indicated that they would like more information about what to expect and would like to have both written 

information and information from health professionals, and from midwives in particular (McArdle et al., 

2015). The evident confusion and dissatisfaction reigning in relation to antenatal advice about fetal 

movements likely reflects the wide array of methods tested and lack of high-quality evidence to support 

any one approach. Methods of fetal movement monitoring to prevent stillbirth will be discussed in greater 
detail later in this thesis. 

 

2.2.7. Accessing care with fetal movement concerns 
 
When concerned about fetal movements women often contact care providers for assessment and 

reassurance. Concern about fetal movement is common in normal pregnancy and reported by around 

50% of pregnant women surveyed soon after birth (Saastad et al., 2008). When concerned, women 
consult a range of sources for information around fetal movements including friends and family, the 

internet and written sources as well as direct professional advice (McArdle et al., 2015; Smyth et al., 

2016). Women who seek advice from a health professional for fetal movement concerns can receive 

varying responses ranging from recommendations to attend for urgent assessment, advice to drink water 

or consume sugary foods to ‘wake the baby’ or even reassurance that reduced movements is normal at 

term. Between 4% and 16% of pregnant women will present for DFM at some stage in pregnancy (Frøen, 

2004). Many women try to elicit a movement response from their fetus before seeking care (Bradford 

and Maude, 2018; Malm et al., 2010; Smyth et al., 2016). Some women delay presenting with DFM for 
periods as long as 5 days or more (Saastad et al., 2010). This is a cause for concern as delayed 

presentation with DFM has been shown to be associated with worse pregnancy outcomes (Saastad et 

al., 2010). 

 

When presenting with DFM some women report that their concerns are minimised or dismissed by health 

professionals; some even sense that the care provider suspects them of falsifying their report of concern. 

The idea that women may falsify reports of reduced fetal movements in order to prompt some action 

from health professionals has re-emerged in commentary on the ‘awareness of fetal movements and 
care package to reduce fetal mortality (AFFIRM) trial, a large UK trial that encouraged maternal 

awareness of fetal movements (Walker and Thornton, 2018). However, such reports are based on 

anecdote only and are in contrast to information from maternal sources. Indeed, an attitude of mistrust 

expressed by health professionals may dissuade women with genuine concerns from seeking 

assessment as in the following statement: “I think I would be more nervous to go in if I felt reduced 
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movements again because I got the impression that they just thought I’d gone in to try and get induced 

or to try and persuade them to do something.” (Smyth, 2016, p.6). 

 

A Swedish study exploring reasons for consulting when concerned about fetal movements in 960 women 

reported that the primary reason for attending was worry about the baby (Linde et al., 2017). Some had 

delayed presentation with DFM, and when asked why, many explained that the experience was new, 

and they wanted to wait and see if normal movements returned. However, others reported concern that 
they would appear excessively anxious or be a burden to healthcare services, sometimes from previous 

experience (Georgsson et al., 2016); “I think there is always some health professional who seems 

irritated by you. That is why I think twice before seeking help.” (Georgsson et al., 2016, p.105). And 

similarly, from a UK study: “the impact of their abruptness, it can be quite damaging, they just made me 

feel daft for coming in.” (Smyth, 2016, p.6).  

 

Women with stillbirth report similar experiences of accessing assessment when concerned about fetal 
movements. Sometimes delaying presentation because they thought they were being over-anxious; “I 

convinced myself the whole time it wasn’t anything. I felt dumb for calling” (Malm et al., 2010). Or delaying 

presentation following health professional advice to drink water “I called the delivery unit and they just 

told me to drink cold water and wait a little.” (Malm et al., 2010). When women were asked what 

information they wished to convey to health professionals about presenting with decreased fetal 

movements, the most common response (34%) was to advise health professionals to: “take the woman 

seriously” and to show understanding to women about their worry: “No one consults health care without 

reason and worry is something pregnant women feel every day. So, be kind and humble.” (Georgsson 
et al., 2016, p.105). Generally, a lack of consistency amongst health professionals in antenatal advice 

about fetal movements can lead to potentially frustrating experiences for women and health 

professionals alike.  

 

2.2.8. Stillbirth and perception of altered fetal movements  
 
Early proponents of the use of maternal fetal movement monitoring as a method of stillbirth prevention 
emphasised that alterations in fetal movements in the context of fetal compromise were not limited to a 

decrease in frequency. As noted by Goodlin (1970) when women are carrying “a sick fetus (…) they 

often sense that all is not well in vague terms not necessarily limited to decreased fetal movements.” 

(Goodlin 1979, p.340). Maternal perception of decreased frequency is common, but maternal concern 

about fetal movements can relate to other aspects such as a reduction in strength or intensity, or in some 

cases a period of excessive or ‘frantic’ fetal movement followed by cessation of movements (Goodlin, 

1979; Rayburn et al., 1983). 

 
The retrospective accounts of women who have experienced a stillbirth are a source of information for 

developing an understanding of the fetal movement changes prior to intrauterine fetal death. Malm et al. 

(2010) conducted interviews with 26 women who had experienced a stillbirth, of these 22 had a 

‘premonition’ that something had happened to their baby prior to seeking assessment (Malm et al., 2010). 

The women described this first indication in terms of ‘not feeling in touch with their baby’ or noticing that 

baby was moving less, or not moving when they normally would as in the following: 



 35 

 

(…) when I lay down on the couch around seven or eight o’clock, he would always wake up. But 

he didn’t that evening and it felt very strange the whole evening. I tried to poke a little, but there 

was no reaction at all. (Malm et al., 2010, p.357) 

 

The STARS study, an international internet survey of a cohort of 1,714 women who had experienced a 

stillbirth, collected data on women’s pregnancies including fetal movements. Amongst participants 68% 
reported a ‘gut instinct’ that something was wrong, whilst 63% reported feeling a change in fetal 

movements (Warland et al., 2015). The most common type of change reported was ‘significantly less 

movement’ (30.5%) followed by ‘a little less movement’ (15.9%). Some women reported significantly 

more movement (8.5%) and others a little more movement (7.5%). In some instances, accounts of 

increased activity involved a period of ‘aggressive’ or ‘violent’ movements followed by cessation as in 

the following statement; “overall movement was the same except for the last 24 hours with a big spike in 

movement during the day and then nothing by evening”, or, “moved like crazy and then nothing” (Warland 
et al., 2015, p.4). 

 

Limitations of the STARS study include the long period of time elapsed between the stillbirth and 

completion of the survey median of 19.0 (range 0.75 to 570) months, ie as long ago as 47 years, 

potentially impacting on accuracy of recollections. Further, due to the cohort design there was no 

comparison to perceptions in normal pregnancy and as such inferences cannot be made about specific 

recollections as indicators of impending stillbirth. For example, reports that fetal movements are at times 

excessively strong are also made by women experiencing normal pregnancies (Bradford and Maude, 
2018; Newbery, 1941) and may be coincidental to the stillbirth in some cases. 

 

A study conducted in Auckland, New Zealand used the novel approach of comparing fetal movement 

reports in 155 women with recent stillbirth (<6 weeks) to 310 matched controls with ongoing pregnancy 

at the same gestation (Stacey et al., 2011a). Maternal reports of decreased strength were associated 

with stillbirth (aOR 1.88, 95% CI 0.93, 3.79), as was decreased frequency (aOR 2.37, 95% CI 1.29, 4.35). 

Maternal perception of a single episode of vigorous movement was associated with stillbirth (aOR 6.81, 
95% CI 3.01, 15.41), but multiple episodes of more vigorous than usual fetal movement were not (aOR 

0.53, 95% CI 0.33, 1.03). Absence of perception of fetal hiccups was also associated with stillbirth (3.52, 

95% CI 2.18, 5.68) (Stacey et al., 2011a).  

 

A similar study conducted in the Midlands and North of England, involving 291 women with late stillbirth 

and 733 controls reported similar findings in relation to strength and frequency of fetal movements 

(Heazell et al., 2018). Multiple episodes of vigorous movement was again reported to be protective (aOR 

0.59, 95% CI 0.37, 0.96) and a single episode of more vigorous than usual fetal movement was 
associated with stillbirth (aOR 2.10, (95% CI 1.06-4.17), although this association was less strong than 

had been reported in the earlier Auckland study. Perception of hiccups was once again protective (a OR 

0.31, 95% CI 0.17, 0.56) (Heazell et al., 2018).  
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2.2.9. Summary  
 

Perception of fetal movement is an important experience for pregnant women. Regular fetal movement 

sensations are reassuring and not feeling the baby move can be a source of worry. There are a number 
of maternal characteristics associated with reduced awareness of fetal movements and with presentation 

for DFM. However, pregnancy factors, with the possible exception of anterior placental location, do not 

appear to affect maternal perception of fetal movements when compared with observation by ultrasound. 

Maternal descriptions of fetal movement quality and pattern mirror those detailed in the ultrasound 

literature including transition from jerky to smooth movements, a diurnal pattern and longer quiescent 

periods near term. Generally maternal perception of fetal movement can be considered to reliably 

indicate actual fetal movement. Although there is wide variation between women in perceived frequency 
of kick counts and rates of accurate perception of movements, such variation appears to be stable in 

individuals over time. Idiosyncratic variation aside, factors that impact on accurate perception of fetal 

movement are largely related to the quality of the fetal movements themselves, for example stronger 

movements, complex movements and more synchronised movements are more easily detected by 

mothers.  

 

A great deal of confusion exists amongst pregnant women and health professionals around what 

constitutes normal fetal movements and when a health professional should be contacted. This confusion 
is likely to relate to gaps in knowledge around normal maternally perceived fetal movement quantity and 

quality, particularly near term. Improving understanding of maternally perceived fetal movements in 

normal pregnancy may constitute an important starting point for improving approaches to fetal movement 

screening and stillbirth prevention. 

 

 

 

 
Research question 1: What are the features of maternally perceived fetal movements in 

normal pregnancy? 
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2.3. Fetal movements and stillbirth prevention 
 

2.3.1. Pathophysiology of decreased fetal movements and adverse outcome 
 
It has been reported that in up to 50% of stillbirth cases, the woman presents with DFM prior to diagnosis 

of fetal death (Efkarpidis et al., 2004). In some instances, the report of decreased or absent fetal 

movement sensations may be the result of fetal demise. However, some women with stillbirth describe 

a history of gradually declining strength or frequency of movements leading up to the stillbirth (Malm et 

al., 2010; Warland et al., 2015).  
 

DFM is proposed to be a compensatory response by the fetus exposed to diminishing energy supply in 

the context of placental insufficiency (Warrander and Heazell, 2011). This notion is supported by 

evidence that reduced awareness of fetal movements amongst pregnant women is associated with 

birthweight <10th centile (Saastad et al., 2008). Indeed, the most common pathology detected in women 

presenting with DFM is FGR (O’Sullivan et al., 2009; Sinha et al., 2007). Importantly, stillbirth in turn is 

also associated with FGR. A multi-centre individual participant data meta-analysis of case-control studies 

of late stillbirth reported a population attributable risk of late stillbirth of 30.6% in association with birth 
weight <10th customised centile (95% CI 22.8, 39.1) (Cronin et al., 2019). DFM is also associated with 

abnormalities in placental structure and function regardless of pregnancy outcome (Warrander et al., 

2012). Furthermore, a large retrospective cohort study of more than 19,000 women has demonstrated 

association of DFM at term with abnormal uterine artery Doppler indices at 19 to 23 weeks’ gestation 

(Pagani et al., 2014a), as well as association with first trimester markers of impaired placental 

development; first trimester uterine artery Doppler indices and low PAPP-A levels (Pagani et al., 2014b), 

all measures of placental dysfunction. In prolonged or worsening placental insufficiency, progressive 

decompensation may occur with late signs of fetal compromise such as loss of fetal movements and loss 
of fetal heart-rate reactivity (Warrander and Heazell, 2011). As reduced frequency of fetal movement 

occurs early in the sequence of progressive deterioration (Maulik et al., 2011), maternal perception of 

decreased fetal movements may represent an early warning sign and a window of opportunity within 

which a fetus in jeopardy might be rescued (Higgins et al., 2013).  

 
The mechanisms linking placental insufficiency and DFM are not yet well understood. But animal studies 

have shown effects of fetal malnutrition, hypoxia and acidosis, on developing fetal body systems 
including musculoskeletal, neurological and endocrine systems which may provide explanations for 

changes in fetal movements. Brown and Hay (2017) report on decades of data showing reduced skeletal 

muscle mass and muscle strength in association with FGR. This is thought to occur due to redistribution 

of blood supply to the heart and brain at the expense of the lower limbs and periphery, as well as via 

reduced availability of important growth factors and nutrients for muscle development and growth (Brown 

and Hay, 2016). Conceivably these mechanisms could result in reduced power of fetal limb movements 

and perception of DFM. It has been shown that pregnant women more reliably detect strong fetal 

movements and movements that occur in groups of longer duration. 
 

Abnormal general movements in the fetus are a sensitive indicator of neurological function (Hadders-

Algra, 2007) and have been shown to be altered in the context of FGR (Bekedam et al., 1985; Sival et 
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al., 1992b). Pacora et al. (2019) conducted a retrospective observational cohort study comparing 60 

cases of intra-uterine death in structurally normal fetuses compared to 60 controls, using biomarkers 

from amniotic fluid for hypoxia, myocardial damage and brain injury. They reported that markers of 

hypoxia were present in 88% of stillbirths and evidence for placental dysfunction was present in 74%. 

Thus, hypoxia secondary to placental insufficiency was the mechanism of death in the majority (Pacora 

et al., 2019). Although the final event causing death in normally formed fetuses, as shown by Pacora et 

al. (2019) may be hypoxia, it is likely that alterations in fetal behaviour occur in fetuses exposed to 
malnutrition or chronic hypoxia for some time prior to the final acute event. Studies of fetal behavioural 

pathology show that over the course of progressive decline in fetal status, the quality of fetal movements 

is altered before quantity is affected (Visser et al., 2010). (Figure 2.5.). It is these qualitative changes 

that might, at least in theory, be perceived by pregnant women prior to fetal death. 

 

 

Figure 2.5. Alterations in aspects of fetal behaviour in cases of fetal (central nervous system) 
anomalies, growth restriction and maternal diabetes or induced by exogenous teratogens.  

 

Reproduced from The Journal of Maternal-Fetal and Neonatal Medicine, from Visser et al., 23, 
pp14-16, 2010. With permission from Taylor and Francis. 

 

2.3.2. The origins of fetal movement monitoring to reduce stillbirths 
 
Maternal perception of reduced or absent fetal movements has long been considered an ominous sign. 

As early as the 1880s, inducing birth was proposed as a measure to prevent intra-uterine death in fetuses 

who had stopped moving (Goodlin, 1979). However, genuine efforts to use fetal movement monitoring 

to prevent fetal death really only gained traction in the 1970s following two seminal publications (Pearson 
and Weaver, 1976; Sadovsky and Yaffe, 1973). In 1973, Sadovsky and Yaffe, published a keynote paper 

detailing their observations of decreased or absent fetal movement counts prior to diagnosis of fetal 

death or fetal compromise, in a series of cases studies (Sadovsky and Yaffe, 1973). Sadovsky and Yaffe 

(1973) proposed that daily fetal movement counts (DFMC) could be used as a method of monitoring fetal 

wellbeing in women admitted to hospital with conditions involving placental insufficiency. They were clear 

that the method would not necessarily be useful for detecting acute fetal asphyxia, such as in cord 

accidents, where there may be ‘sudden vigorous movements followed by cessation’, but was suited to 
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clinical conditions such as preeclampsia where chronic hypoxia may lead to gradual rather than sudden 

decline in fetal condition. Sadovsky and Yaffe proposed a three times per day counting method, where 

women counted fetal movements for one hour each in the morning, noon, and evening, with the sum of 

these three counting periods then being multiplied by four to give the daily fetal movement count 

(Sadovsky and Yaffe, 1973). This approach and various later iterations of it came to be known as ‘The 

Sadovsky Method’. 

 
Subsequently, Pearson and Weaver (1976) in Cardiff Wales, used DFMC, alongside conventional 

methods of 24-hour urinary oestrogen estimations and continuous fetal heart rate monitoring during 

labour to monitor 122 antenatal inpatients who had a range of pregnancy complications (Pearson and 

Weaver, 1976). Pearson and Weaver’s DFMC method differed from Sadovsky’s in that it involved daily 

counting from 9 am to 9 pm. Prior to commencing the study, they established normal fetal movement 

count limits in 61 outpatients with no indications of fetal compromise who counted daily from 32 weeks’ 

gestation. DFMC count charts from this group showed that just 2.5% of completed charts recorded fewer 
than 10 movements in 12 hours of counting and this limit was subsequently used for monitoring high risk 

pregnancies. Amongst the 122 high-risk cases studied later, counts of fewer than 10 movements per day 

were associated with birth asphyxia and intrauterine deaths, even when other testing such as urinary 

estriol were normal (Pearson and Weaver, 1976).  

 

Pearson and Weaver documented several cases of fetal death where daily fetal movement counts 

dropped precipitously to fewer than 10 movements per day for three to seven days, followed by cessation 

of movement for 12 to 48 hours, and finally absence of fetal heart tones and formal confirmation of 
intrauterine death. (Figure 2.6.). These accounts echoed Sadovsky and Yaffe’s earlier reports and 

appeared to confirm the notion of a window of opportunity afforded by maternal fetal movement counting 

within which a compromised fetus could potentially be rescued. In concluding their paper, Pearson and 

Weaver opined that DFMC of 10 or more per day were associated with good outcome and afforded the 

obstetrician time to defer delivery in high-risk cases where further fetal maturity was desirable. Thus, the 

‘count-to-ten’ or ‘Cardiff count to ten’ method came about, and with it the notion, still persisting today, 

that 10 fetal movements per day is reassuring of fetal wellbeing.  
 

 

 

 

 

 

 

 

 

 

 

 



 40 

Figure 2.6. DMFC in four patients whose infants died in-utero before labour. ‘D’ indicates date 
of death.  

 

Reproduced from British Medical Journal, From Pearson and Weaver, May 29, pp 1305-
1307,1976. With permission from BMJ Publishing Group Limited. 

 

These publications met with considerable interest by the academic obstetric community of the day. The 

plausibility of maternal monitoring of fetal movements for the purpose of antenatal surveillance was 

supported by other studies emerging in the same period including Reinhold’s first classification of fetal 

movement types by ultrasound which suggested that sluggish, infrequent or absent fetal movements 

might predict fetal compromise (Reinhold, 1973), and Sadovsky’s comparison of maternally perceived 
fetal movements with detection by an electromagnetic device which confirmed the reliability of maternal 

report of fetal movement (Sadovsky et al., 1973).  

 

2.3.3. Fetal movement counting to prevent stillbirth in high-risk pregnancies 
 

Subsequently, there was a proliferation of both fetal movement counting studies, and variations on these 

fetal movement counting methods. Counting methods were generally based on a version of either 

Sadovsky’s method, the Cardiff method, or some combination of the two. By the 1980s a dozen different 
fetal movement counting methods had been described (Frøen, 2004). While fetal movement counting 

studies were multiplying, other methods of fetal surveillance were also advancing, including assessment 

by ultrasound and fetal heart rate monitoring. The development of the fetal biophysical profile (BPP) was 

showing promise as a fetal assessment tool. Included in the scoring system of the BPP was assessment 

of fetal heart rate patterns, and ultrasound assessment of two types of fetal movement: fetal breathing 

movements and gross body movement along with amniotic fluid volume (Manning et al., 1980).  

 
In Sweden, Ehrström (1979) investigated fetal movement counts in 254 women between 22 and 44 

weeks of pregnancy, 118 of whom were high-risk and 122 were low-risk (Ehrström, 1979). The women 
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were instructed to record hourly fetal movements for at least three hours per day and up to 16 hours per 

day if they wished. These counts were then converted into a 12-hourly DFMC. Mean DFMC was found 

to be higher in low-risk pregnancies. In women with high-risk pregnancies, low DFMC was associated 

with stillbirth (two cases), preterm birth, FGR, maternal hypertension, birth asphyxia, haemorrhage and 

postmaturity. Conversely, high-risk pregnancies with no reduction in DFMC tended to have favourable 

outcomes.  

 
Leader and colleagues (1981) monitored 264 high-risk antenatal inpatients between 26 and 40 weeks 

using a version of Sadovsky’s method where women counted for four half-hour periods per day, the sum 

of which was calculated to be their fetal movement count  (Leader et al., 1981). In a pilot phase, Leader 

et al. (1981) analysed fetal movement counts in 169 women and determined that abnormal fetal 

movements could be defined as: a) a day of no fetal movement; or b) two successive days of fewer than 

10 movements per day during the week before delivery. The fetal movement count was not used to guide 

patient management but was instead applied to analysis of fetal movement count charts after delivery. 
Retrospective analysis of the fetal movement charts demonstrated that in all 15 cases of stillbirth fetal 

movement counts were abnormal by the above definition. Amongst the six infants born in poor condition, 

three had abnormal fetal movements. Thus, abnormal fetal movements (by the authors’ definition) were 

significantly associated with poor fetal condition at birth (p=0.013) and with intrauterine death 

(p<0.00001)(Leader et al., 1981).  

 

In Copenhagen, Neldam (1980) conducted a prospective clinical trial involving 2250 primarily high-risk 

pregnant women (Neldam, 1980). Women were randomly allocated to counting or not counting, using 
odd and even numbers. Women allocated to the treatment group counted movements whilst lying down 

for a two-hour period after main meals (three times per day) and were instructed to contact the hospital 

if they could not count 3 movements per hour. Women who thus presented with a fetal movement alarm 

were managed via CTG, ultrasound scan and hormone analysis (serum estriol and human placental 

lactogen). If the fetus was observed to be inactive on scan and remained so after external manual 

stimulation or the CTG indicated asphyxia, the baby was delivered promptly by caesarean section. If the 

fetus was 50% less active than usual on scan (not further described) the woman was admitted for a 24-
hour observation period. Women in the control group who presented spontaneously with fetal movement 

concerns had a CTG and hormone analysis. Over the study period there were eight intrauterine deaths 

of normally formed infants weighing >1500 g, six of which occurred in the control group, meaning stillbirth 

was significantly associated with not counting (p <0.01)(Neldam, 1980).  

 

Liston and colleagues (1982) used Cardiff count to ten charts in 150 women with high-risk pregnancies 

from 28 weeks’ gestation (Liston et al., 1982). Women were instructed to begin counting at 9 am and to 

mark down the time they reached 10 movements; if 10 movements were not felt within 12 hours of 
counting this was considered a ‘movement alarm’ and women were to present for assessment. Amongst 

women who perceived 10 or more movements per day (n=139) there were no perinatal deaths, but there 

were three cases of fetal distress in labour. Amongst those with <10 movements per day (n=11), there 

were two fetal deaths, two cases of fetal distress in labour and a further three cases where delivery was 

required pre-labour due to abnormal CTG. Of the three cases of fetal movement alarm with normal birth 
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outcome, one occurred in a heroin addict on methadone maintenance. Naturally, the authors concluded 

that this method was beneficial for monitoring high-risk pregnancies (Liston et al., 1982). 

 

Authors of fetal movement counting publications over this period commonly reported promising results 

in their respective settings and generally concluded by recommending DFMC for monitoring high-risk 

populations, particularly in relation to timing of delivery. For the most part, the studies were small and 

reported strong associations between low fetal movement counts and poor outcomes including fetal 
death and birth asphyxia. Rates of fetal death and adverse outcome were high in these at-risk historic 

populations.  Fetal movement count limits used in these studies were somewhat extreme compared to 

normal counts, e.g., fewer than 10 movements per day for two consecutive days (Lobb et al., 1985). In 

this setting of high mortality and extreme fetal movement count alarms, specificity of fetal movement 

counting was high. The apparent success of fetal movement counting in high-risk groups led researchers 

to consider its utility in low-risk groups as well. Unanticipated fetal death in apparently low-risk 

pregnancies was a problem in the 1970s, as it is today, and by the mid 1980s investigators had begun 
to investigate fetal movement counting in general pregnancy populations.  

 

2.3.4. Fetal movement counting in general pregnancy populations 
 

An opportunity to study the effectiveness of fetal movement counting in a larger population that included 

both low-risk and high-risk women emerged at Liverpool Maternity Hospital where by chance, the Cardiff 

count to ten kick chart had been introduced by obstetricians in one of two units (Unit A) at the hospital 
(Lobb et al., 1985). The second unit, Unit B, did not routinely recommend use of kick charts and could 

act as a control. However, within Unit B an unspecified number of high-risk women within the unit were 

recommended to use the Cardiff chart. At Unit A, all women (n=6597) were routinely given the counting 

chart at 28 weeks’ gestation and encouraged to count movements daily from 9am until 9pm or until they 

had counted 10 movements. Women were instructed to contact the hospital at 2100 hours, if they 

counted fewer than 10 movements per day for two consecutive days or had cessation of movements for 

12 hours. At Unit B (n=13,705) high-risk women given counting charts were similarly advised. On 

presentation with decreased fetal movements either by spontaneous presentation or due to a kick count 
alarm (high risk women) fetal assessment involved ultrasound scan, CTG and hormone assessment. 

Management of women with a fetal movement count alarm at Unit A was not described.  

 

At end of the trial period, the authors reported no significant difference in stillbirths between the two units. 

The authors speculated that differences in management of reports of DFM between the two units could 

explain the lack of effect, but nonetheless could not recommend routine fetal movement counting based 

on their data. At Unit A it was noted that 5 women had fetal movement count alarms and subsequent 

fetal death with no action having been taken. In one of these cases, the woman did not present as she 
had been reassured by a neighbour there was no need. Another had been similarly reassured by a GP 

after auscultating the fetal heart. In the remaining three cases, abnormal CTGs were not acted upon, or 

in one case the fetus died before emergency delivery could be affected. Although there was no difference 

in stillbirth rates between the two hospital units, the hospital overall was noted to experience its lowest 

ever stillbirth rate during the period of the study. In the 5 years preceding, the stillbirth rate had ranged 

from 11.6/1000 to 15.0/1000 with no declining trend. Over the four-year period of the study the stillbirth 



 43 

rate was 6.5/1000 (Lobb et al., 1985). This observation of a significant reduction in stillbirths across the 

population under study is a recurring theme in studies of fetal movement counting (Frøen, 2004). 

 

In Auckland, New Zealand, Westgate and Jamieson (1986) compared outcomes in a general obstetric 

population in two consecutive 20-month periods each involving more than 8,000 births before, and after, 

introduction of routine fetal movement counting (Westgate and Jamieson, 1986). The perinatal death 

rate was reported to drop significantly (p<0.001) from 20.1/1000 to 14.6/1000 in the intervention period. 
The stillbirth rate also dropped from 10.8/1000 births to 8.2/1000 births. The number of ‘unexplained 

stillbirths’ (death of normally formed fetuses in the absence of major maternal disease) was 48 in the first 

20-month period and 27 in the second 20-month period. The authors noted that of the 27 unexplained 

stillbirths in the intervention period, 26 of the mothers were not using the fetal movement counting card. 

One unexplained stillbirth occurred in a woman using the card, on which fetal movement counts of five 

movements per day had been recorded for several weeks, with no consultation or discussion of this 

documented in the clinical file. Westgate and Jamieson (1986) concluded that fetal movement counting 
was beneficial in low-risk as well as high-risk women, pointing out that more than half of stillbirths occur 

in apparently low-risk pregnancies. They also advised that for fetal movement counting to be effective 

clinicians needed to educate women on the kick counting method and rationale, and enquire about kick 

counts as part of routine assessments and admissions (Westgate and Jamieson, 1986). 

 

In California, two naval doctors Moore and Piacquadio (1989) were concerned at the number of 

unexplained stillbirths occurring in their relatively low-risk population of military dependents (Moore and 

Piacquadio, 1989). On examining the literature, Moore and Piacquadio considered that prior fetal 
movement counting studies may have reported inconsistent results due to poor compliance with counting 

protocols. They speculated that the reason for limited uptake of counting protocols by pregnant women 

was that methods tested to-date generally involved counting during the day when the fetus is least active.  

Citing the ultrasound study by Patrick et al. (1982) that demonstrated increased fetal movements in the 

evening, Moore and Piacquadio hypothesised that an evening fetal movement counting protocol would 

not only assess the diurnal fetal movement pattern but it would be easier for women to use and thereby 

improve compliance. Moore and Piacquadio established normal evening kick counts in a pilot phase 
involving 100 subjects. Women were instructed to lie on their left side during the evening hours (7 pm to 

11 pm) and note the time it took to count 10 fetal movements. The mean (SD) time to count 10 

movements was 20.1 minutes (18.1) and within 60 minutes 87% had counted 10 movements (Moore 

and Piacquadio, 1989).  

 

Moore and Piacquadio (1989) then devised a prospective trial comparing fetal deaths over a seven-

month period following the introduction of their evening fetal movement counting protocol, compared to 

a prior control period where women did not count movements but presented spontaneously with DFM. 
The intervention involved all pregnant women being instructed to perform daily counting from 28 weeks’ 

gestation. The method involved counting between 7 pm and 11 pm whilst lying on the left side. If women 

could not count 10 movements by 2 hours, they were to attend the hospital that evening for fetal wellbeing 

assessment. This two-hour alarm limit was selected based on the pilot data and represented five 

standard deviations from the mean count-to-ten time. It was intended to be highly sensitive for fetal 

compromise and to restrict the number of women presenting with a fetal movement alarm to 1 in 500 
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(Moore and Piacquadio, 1989). The protocol for assessment of women with DFM was largely unchanged 

in the control and intervention periods. Women who presented with decreased fetal movement due to 

subjective impression (in the control period) or due to a movement counting alarm (in the intervention 

period) were to have a CTG or BPP on presentation. If this was reassuring, they were discharged with 

instructions to return 3 to 7 days later for a follow-up CTG. Nonreactive CTGs precipitated a contraction 

stress-test. No woman was discharged unless results of fetal testing were unequivocally reassuring. If 

CTGs were equivocal women were admitted for further monitoring. 
 

During the seven-month control period 2519 births occurred and the stillbirth rate was 8.7/1000. In the 

seven-month intervention period, 1864 births occurred, and the stillbirth rate was 2.1/1000, a significant 

reduction (p<0.00001). Fewer women in the control period compared to the intervention period presented 

with fetal movement complaints (9.8% vs 15.5%, p<0.0001). Of 247 women who presented 

spontaneously with fetal movement concerns during the control period, 11 (4.5%) had a dead fetus on 

arrival. During the intervention period, 290 women presented with a fetal movement alarm but only one 
had a dead fetus on arrival at the hospital (0.3%, p<0.01). The number of antepartum tests administered 

increased by 13% in the intervention period and inductions of labour and caesarean sections for fetal 

distress also increased significantly, often following contraction stress-testing in women with non-reactive 

CTGs. There was no difference in neonatal deaths between the two time periods. As predicted, maternal 

compliance with the evening fetal movement counting protocol was high with >90% of eligible women 

participating in evening fetal movement counting and of these >97% doing so daily. The authors noted 

as a possible caution in considering the implications of their findings that the baseline fetal death rate in 

the control period of 8.7/1000 was higher than the rate across the state of California at the time which 
was 6.7/1000 (Moore and Piacquadio, 1989). Nevertheless, the intervention rate of 2.1/1000 is very low 

indeed. Follow-up data from a 30-month period involving more than 5000 women showed that the fetal 

death rate was 3.6/1000, indicating a sustained reduction from the policy of evening fetal movement 

counting (Elbourne and Grant, 1990). 

 

The results of this observational study might have been considered very encouraging. However, this 

publication coincided with that of a large multi-centre, randomised controlled trial of fetal movement 
counting commonly referred to as the Grant trial (Grant et al., 1989), which reported negative findings. 

 

2.3.4.1. The Grant trial 
 

The Grant trial had been designed to address the question of usefulness of fetal movement counting to 

prevent stillbirth using more robust methodology than had been employed previously. The trial involved 

more than 68,000 women and was conducted across a number of countries including the UK, Belgium, 

Sweden, Ireland and the USA (Grant et al., 1989). Women were randomised to counting or non-counting 
‘clusters’ both within and between hospitals. The counting method used was the Cardiff ‘count to ten 

charts, widely used in the UK at the time (over half of participants were based in the UK). The fetal 

movement alarm was either a) no movements for a day, or b) two consecutive days with fewer than 10 

movements per day. Women allocated to not-counting received ‘usual care’, which might involve asking 

about fetal movements, spontaneous presentations for fetal movement concern and, in some instances, 

recommendations to use Cardiff chart if the attending obstetrician saw fit. The protocol did not advise on 



 45 

management of women presenting with fetal movement concerns and clinicians managed these as they 

deemed appropriate. Analysis was by ‘intention to treat’, i.e., which cluster women had been randomised 

to, regardless of whether they were counting fetal movements.  

 

On analysis of the trial data, the rate of fetal death was not different between the counting and control 

clusters (Grant et al., 1989). Similar to Lobb and colleagues’ earlier study, the fetal death rate was noted 

to be significantly lower across the trial than had been anticipated (fewer than 3/1000). Grant et al. (1989) 
speculated that this may have been due to a Hawthorne effect. The Hawthorne effect or ‘observer effect’ 

is where subjects in a study change their behaviour as a result of knowing they are being observed. 

Alternatively, the reduction in mortality across both counting and non-counting clusters, but not between 

clusters may have been due to contamination. Most women in the trial were enrolled in within-hospital 

clusters and therefore women allocated to counting and those allocated to not counting would have been 

likely to have contact with other participants, either in waiting rooms or in the community. Indeed, fetal 

death rates were lower in counting clusters paired between hospitals, i.e. where the control group 
received no information.  

 

Amongst women with stillbirth, more presented at hospital with fetal movement concerns when the fetus 

was still alive. In a case-series review of 117 unexplained deaths, there were 17 cases where women 

presented with a live fetus, but emergency delivery was not undertaken due to false reassurance from 

CTG or clinical error. Eleven of these cases occurred in the counting group. Thus, counting increased 

presentation at hospital with a live fetus, but this did not translate into lower mortality due to poor 

management. It was also noted that compliance with counting was low; 60% of women in the counting 
group completed counting daily. Completed counting charts were analysed at the end of the trial and 

around 7% of the charts showed at least one movement alarm. However, fewer than half of the women 

with a counting alarm had presented for assessment at the time the alarm was recorded. In other 

instances, women allocated to counting presented spontaneously with fetal movement concerns despite 

not having a counting alarm. Grant et al. (1989) concluded that the likely reason for failure of the 

intervention to reduce fetal deaths was low sensitivity of the counting method and limitations of CTG as 

a diagnostic test for fetal compromise in women presenting with fetal movement concerns, further 
suggesting that education on the method was inadequate. The authors were clear that their results did 

not indicate that a maternally perceived reduction in fetal movements was unimportant but rather that 

routine counting by the method tested was not of benefit. They suggested that fetal movement counting 

could potentially be of benefit if improved maternal compliance with counting protocols and prompt 

reporting of alarms could be achieved, and further that individualised, or more lenient definitions of a 

fetal movement alarm might improve sensitivity (Grant et al., 1989). 

 

Despite the nuanced and considered analysis of the findings provided by the authors of the Grant trial, 
its reception by the obstetric community was altogether more straightforward: fetal movement monitoring 

had been proved ineffective. At the time, interest was growing in improving scientific quality of medical 

trials. In 1979, Archie Cochrane had famously awarded obstetrics a wooden spoon for being the least 

evidence based medical specialty. The Grant trial was considered high-quality evidence and its findings 

were received as a final word on fetal movements by the obstetric community at the time, despite the 
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trial’s limitations. The impact was profound and use of fetal movement counting in clinical practice and 

its investigation in research studies was summarily dropped in much of the world.  

 

2.3.5. Acceptability of fetal movement counting for women 
 

Study of the psychosocial effects of fetal movement monitoring, and in particular fetal movement 
counting have been explored, including anxiety, satisfaction and bonding with the fetus. Draper and 

colleagues (1986), explored the views of 127 women using Cardiff count to ten kick charts and reported 

that just over half of the women found filling out the chart reassuring, 23% found it worrying and 16% 

made unfavourable comments about its usefulness including that their baby normally moved more in the 

evening and that they were unsure which movements constituted ‘kicks’ for counting purposes (Draper 

et al., 1986). In the Grant trial (1989), more women in the counting group compared to not-counting 

reported feeling ‘very anxious’ or ‘quite anxious’ in late pregnancy (mean difference 2.0 per 100 women). 

However, counting women were also slightly more likely to report feeling ‘in control’ and ‘confident’ in 
late pregnancy. Across both counting and not-counting groups, 33% of women reported feeling anxiety 

about fetal movements at some time during pregnancy (Grant et al., 1989). Gibby (1988) conducted a 

RCT involving 33 low-risk women, use of the Cardiff count to ten chart was not associated with increased 

anxiety as assessed by Spielberger’s state trait anxiety scores (Gibby, 1988). In another RCT, this time 

in 100 low-risk primiparous women between 28 and 37 weeks, fetal movement counting was significantly 

associated with decreased anxiety (Delaram and Shams, 2016).   

 
Freda et al. (1993) compared the acceptability of Sadovsky’s method and the Cardiff count-to-ten method 

(Figure 2.7.), in a multi-ethnic, inner-city population of 121 women the majority of whom were unmarried 

and nulliparous (Freda et al., 1993). The majority complied with daily counting (65% and 67%), whilst 

the remainder counted some of the time (25% and 21%) or did not count (10% and 11%). There were 

no statistically significant differences between groups in compliance with charting or in satisfaction 

(Freda et al., 1993). Whilst it might be assumed that a group that have agreed to be part of a study 

involving fetal movement counting are more amenable to it, compliance rates were only a little higher 

than the 60% reported in the Grant study (Grant et al., 1989). Mikhail et al. (1991) conducted another 
study involving 213 women in the same setting as Freda et al. this time exploring effects of fetal 

movement counting on maternal attachment to the fetus. Participants were randomised to counting by 

either the Sadovsky or Cardiff count-to-ten method, with a third group acting as a control group. 

Attachment to the fetus was assessed using the Cranley 24-item scale. Counting by either method was 

found to be associated with significantly improved attachment scores compared to not counting which 

may be considered a benefit (Mikhail et al., 1991). 
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Figure 2.7. The Cardiff “Count-To-Ten” fetal activity chart.  

 

Reproduced from Freda et al., 18, pp314-321, 1993. Reproduced with permission from Wolters 
Kluwer Health, Inc. 

 

Smith and colleagues (1992) compared the acceptability of three types of fetal movement methods, the 
Sadovsky method, Rayburn’s method which involved 60 minutes of counting and presentation for 

assessment if the woman counted fewer than 4 movements in 2 consecutive one-hour counting 

sessions, and Moore and Piacquadio’s method (previously described) (Smith et al., 1992). Subjects were 

85 women between 32 and 40 weeks’ gestation and included both low-risk and high-risk pregnancies. 

Most women (81.2%) completed fetal movement counting during the late afternoon or evening (4-11pm), 

regardless of method used. The preferred method indicated by patients was Moore and Piacquadio’s 

evening count-to-ten method, primarily because it could be completed quickly, and women reported 
feeling reassured once the count had been reached. Average count-to-ten times for women allocated to 

evening counting was 19.7 minutes (range 1-143 minutes) which was very similar to Moore and 

Piacquadio’s original study. Compliance was reported to be ‘similar’ (not further described) to the 97% 

reported by Moore and Piacquadio (Smith et al., 1992).       

 

Gomez and colleagues (2003) conducted a prospective trial of 1,400 high-risk pregnant women in Peru 

who were randomised to one of two fetal movement counting methods (Gomez et al., 2003). The first 

method called FMC, a variant on Sadovsky’s method, involved counting for 30 minutes after each meal 
during the day, and before bed with a sum of fewer than 10 movements across all counting episodes in 

a day constituting a fetal movement alarm. The second method was described as ‘the standard count-

to-ten method’, but not further defined. The authors reported that 64% of women assigned to FMC 

complied with daily fetal movement counting, but 91% using the standard count-to-ten method complied 
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with daily counting. They concluded that the count-to-ten method was more acceptable to women who 

reported that it could be completed quickly and interfered less with daily life (Gomez et al., 2003). 

However, as they did not define the count-to-ten method used, it is not known whether counting involved 

9 am to 9 pm counting as in Pearson and Weaver’s original Cardiff chart or Moore and Piacquadio’s 

count-to-ten method. Given that compliance rates for the ‘standard count-to-ten method’ are closer to 

those previously reported for Moore and Piacquadio’s evening counting method of 97% (Moore and 

Piacquadio, 1989; Smith et al., 1992), than those previously reported for the Cardiff method (60% to 
67%) (Freda et al., 1993; Smith et al., 1992) it would seem the former is more likely. Notably the lead 

author of the study Dr Gomez was affiliated to University of Virginia in the US at the time of the study 

and Moore and Piacquadio’s method was the professionally supported method of fetal movement 

counting method in the US at the time (American Academy of Pediatrics and American College of 

Obstetricians Gynecologists, 2002).  

 

Taken together, studies of maternal acceptability and psychosocial effects of fetal movement monitoring 
suggest either no or very little increase in anxiety, some reassurance, and in some contexts increased 

bonding with the fetus. Both satisfaction and compliance appear to be lower with day-time methods of 

counting or repeated daily counting methods compared to evening count-to-ten. Notably the Cochrane 

review of fetal movement counting concluded that the Cardiff count to ten method was preferred by 

women to the Sadovsky method citing both Smith et al. and Gomez et al. (Gomez et al., 2003; Smith et 

al., 1992). However, as shown above these studies did not compare the Cardiff count-to-10 method but 

rather Moore and Piacquadio’s count to 10 method.  

 

2.3.6. Interest in fetal movement awareness 
 

After the hiatus in fetal movement research following the Grant trial, a systematic review published in 

2004 compellingly titled ‘A kick from within – fetal movement counting and the cancelled progress in 

antenatal care’, questioned the impact of the Grant trial given its numerous limitations and argued that 

fetal movement monitoring and in particular fetal movement counting may yet prove effective in stillbirth 

prevention (Frøen, 2004). Frøen (2004) noted, the very low fetal death rate reported during the Grant 
trial of 2.8/1000 births, a stillbirth rate not achieved in the intervening 15 years since publication of the 

Grant trial by any of the participating countries. Noting the Grant trial authors’ suggestion of a Hawthorne 

effect, Frøen hypothesised that participation in a trial of fetal movement counting conferred a beneficial 

effect simply by increasing awareness of fetal movements regardless of group allocation. Frøen then 

conducted a meta-analysis of reported data from published fetal movement studies that combined the 

results of the five available studies of fetal movement counting in a general obstetric population (Grant 

et al., 1989; Lobb et al., 1985; Moore and Piacquadio, 1989; Neldam, 1980; Westgate and Jamieson, 

1986) and reported that fetal death was significantly reduced in those who counted (OR 0.63, 95% CI 
0.49, 0.79) (Frøen, 2004).  

 

With Frøen’s impactful review, the notion emerged that promoting ‘awareness’ of fetal movements 

amongst pregnant women and their care providers might reduce stillbirths. At the time of publication, the 

academic obstetric community was becoming increasingly frustrated by the stalled progress in reducing 

stillbirths worldwide (Fretts, 2005). Stillbirths had been in steady decline since the 1950s, but despite 
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ongoing advancements in antenatal care in high-income countries the rate of decline had slowed and 

was frequently static (Fretts, 2005). Thus, fetal movements became an area of interest regarding stillbirth 

prevention once again. 

 

Amongst the fetal movement publications that followed, one study has had considerable impact. Tveit et 

al. (2009) compared two cohorts of women before and after the introduction of a fetal movement quality 

improvement initiative in 14 delivery units in Norway (Tveit et al., 2009a). The initiative involved giving 
all pregnant women written information about fetal movements at the 17 to 19 week morphology scan. 

Women were advised that perception of a major and lasting reduction in the baby’s normal activity after 

28 weeks’ gestation was a reason to contact a health professional. In addition, women were advised 

never to wait until the following day to seek assessment if their baby did not kick for a day or if the baby 

kicked less over the course of a few days. If women wished to use it, a kick chart was provided with 

instructions to note the time taken to count 10 kicks “at a time of day when the baby was usually active” 

and to present if fewer than 10 kicks were counted in 2 hours or if the woman perceived the number of 
kicks to be significantly reduction. Guidelines for health professionals during the study included 

recommendations to commence assessment of the woman with DFM within 2 hours of presentation 

using CTG and ultrasound scan to assess amniotic fluid volume and fetal anatomy and growth.  

 

Tveit et al. (2009) reported a significant reduction in stillbirths amongst women with DFM during the 

intervention , reporting a rate of 4.2% compared to 2.4% prior (OR 0.51, 95% CI 0.32, 0.81). In the overall 

population of Norway, stillbirths reduced from 3.0/1000 to 2.0/1000 (OR 0.67, 95% CI 0.48, 0.93). This 

national reduction was subsequently questioned due to inadequate stillbirth case ascertainment and an 
erratum published showing range of possible re-calculations including reductions of borderline 

significance (Tveit et al., 2010b). The pre-intervention cohort included 19,407 births and the post 

intervention cohort 46,143 births. Post-intervention, DFM reports did not increase. Amongst women 

presenting with DFM there was no increase in rates of preterm birth, FGR, neonatal care admissions or 

severe neonatal depression. In the intervention period use of ultrasound to assess DFM increased, whilst 

follow-up visits and admission for induction of labour decreased. Amongst women with DFM, delayed 

presentation (more than 24 hours of no movement; more than 48 hours of decreased movement) was 
reduced. 

 

The authors concluded that introduction of uniform information on fetal movements resulted in fewer 

stillbirths and hypothesised that the effect seen was due to earlier presentation in women with DFM, 

particularly primigravidae and increased identification of SGA as a result of near universal ultrasound 

scanning of DFM cases. Limitations of the study included absence of population-based data on induction 

of labour and caesarean section to address potential concerns about increased interventions and 

iatrogenic harm, and lack of cost analysis. Transferability to other country settings would need to be 
assessed by further trials (Tveit et al., 2009a).  

 

Norman et al. (2018) conducted the subsequent trial of ‘awareness of fetal movements and care package 

to reduce fetal mortality (AFFIRM)’ in the UK anticipating similar reductions to the Norwegian Trial 

(Norman et al., 2018). The AFFIRM trial was a stepped wedge cluster randomised trial involving 

introduction of a DFM care-package across 33 hospitals in the UK and Ireland. Data were collected from 
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more than 400,000 pregnancies. The intervention involved an e-learning package on DFM for clinical 

staff at participating hospitals, a leaflet on fetal movement awareness for pregnant women to be 

distributed at around 20 weeks’ gestation, and a plan for assessment of RFM cases that included CTG, 

ultrasound scan to assess liquor volume, estimated fetal weight (EFW) and abdominal circumference. 

For units with available resource, umbilical artery Doppler was also encouraged. Noting that previous 

studies had identified fetuses in jeopardy who were not saved due to clinical error, the AFFIRM trial 

encouraged a low threshold for induction of labour and recommended delivery for all DFM cases at or 
after 37 weeks with EFW below the 10th centile, a liquor volume in which the deepest pool was <2 cm, 

the CTG was abnormal or where there was recurrent presentation for DFM.  

 

The results showed no significant reduction in stillbirths; 4.40/1000 in the control period, and 4.06/1000 

in the intervention period (aOR 0.90, 95% CI 0.75, 1.07, p=0.23). The incidence of preterm births did not 

differ significantly between groups, and fewer SGA babies were undelivered at 40 weeks in the 

intervention period, compared to the control period (1.5% vs 2.0%, p=0.001). However, inductions of 
labour and caesarean section were more common in the intervention period and although there was no 

difference in rates of neonatal admission, prolonged (>48 hours) admission to the neonatal unit occurred 

more frequently in the intervention period than in the control period. Thus, the intervention was found to 

confer no benefit and even caused some harm.  

 

Limitations to the trial included poor adherence to the protocol with almost 40% of units reporting that 

they complied with four or fewer of the five components of the protocol. The component most cited as 

difficult to comply with was ultrasound scanning. Amongst those units that were compliant with at least 
four of five elements, analysis showed inductions of labour were reduced in the intervention period 

compared to the control period (RR 0.88, 95% CI 0.86, 0.90) and prolonged neonatal unit stays were 

similarly reduced (RR 0.81, 95% CI, 0.77, 0.86). However, even in this subgroup there was no significant 

reduction in stillbirth (RR 0.88, 95% CI, 0.76, 1.02). The authors concluded that the intervention package 

in the form trialled was not effective and therefore could not be recommended but advised awaiting the 

results of two other large trials of fetal movement awareness, the My Baby’s Movements study In 

Australia and New Zealand and the Mindfetalness study in Sweden, before drawing any final conclusions 
as to the effectiveness of encouraging fetal movement awareness. In response, commentators have 

declared that ‘Encouraging awareness of fetal movements is harmful’ (Walker and Thornton, 2018) and 

further, asked ‘When will we stop encouraging awareness of fetal movements?’ (Gidlöf, 2019). The 

effectiveness of encouraging maternal awareness of fetal movements has therefore been called into 

question. 

 

2.3.7. Management of women with decreased fetal movements 
 
Regardless of formal fetal movement monitoring programmes, maternal concern about DFM remains a 

common reason for unscheduled antenatal assessment. The incidence of DFM presentation is generally 

around 7% of pregnancies and a range of 4% to 16% has been reported (Frøen, 2004). Multiple or repeat 

presentations are less frequent. Sinha et al. (2007) reported that amongst women presenting with DFM 

71% presented just once and 27% presented two or more times (Sinha et al., 2007). When compared to 

pregnancies with a single DFM presentation, multiple presentations are associated with increased 
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incidence of pathologies, in particular FGR (Scala et al., 2015). Akselsson and colleagues (2019), 

demonstrated a trend to greater incidence in induction of labour in association with number of 

presentations for DFM (Akselsson et al., 2019). It is well established that women with DFM have 

increased risk of stillbirth and other adverse pregnancy or neonatal complications (Norman et al., 2018). 

Despite this, the majority of cases will have a subsequent normal outcome (Dutton et al., 2012; O’Sullivan 

et al., 2009). This makes assessment of DFM something of a balancing act as a lax approach can mean 

opportunities for rescue are missed whilst an overzealous approach can lead to iatrogenic harm. 
Currently there is a lack of high-quality evidence to guide management of DFM. Common approaches 

to assessment include auscultation of the fetal heart, CTG, ultrasound examination, assessment of fetal 

growth, assessment of liquor volume, umbilical artery Doppler studies, biophysical profile and testing for 

feto-maternal haemorrhage (Gardener et al., 2017).   

 

2.3.7.1. Auscultation 
 
In almost 2% of presentations for DFM, the fetus is found to have died before the woman presents (Whitty 

et al., 1991). Amongst women who experience a stillbirth, more than 40% are diagnosed with fetal death 

on presenting with concern about decreased or absent fetal movement (Stacey et al., 2011a).  For this 

reason, auscultation of the fetal heart is often the first step taken to check for fetal viability and guide 

further management. Auscultation can be achieved rapidly using either a Pinard’s stethoscope or hand-

held doppler. If the fetal heart-beat cannot be heard then follow-up with other auscultation methods is 

usual, followed by visualisation of the fetal heart on formal ultrasound scan to confirm fetal death (Daly 
et al., 2018). Auscultation is an appropriate first step in assessment of fetal wellbeing. However, positive 

identification of the fetal heartbeat should not preclude further assessment, as the presence of fetal heart 

tones does not predict ongoing wellbeing. Unfortunately, reports of women with fetal movement concerns 

who were assessed by simple auscultation of the fetal heart only, and subsequently experienced fetal 

death, are a regular feature in audits of fetal death (Frøen, 2004; Saastad et al., 2007). 

 

2.3.7.2 Cardiotocograph  
 
Cardiotocograph (CTG) is a supported method of fetal assessment in presentations for DFM (Hofmeyr 

and Novikova, 2012). However, opinions vary as to whether CTG is sufficient on its own or whether 

ultrasound scanning should also form part of the routine assessment of DFM presentations. CTG is 

useful in detecting acute hypoxia in the fetus but is less effective in the context of chronic hypoxia 

(Heazell et al., 2005). Alterations in fetal movement, in particular qualitative changes, occur earlier in a 

sequence of deterioration towards death than fetal heart rate changes (Warrander and Heazell, 2011). 

Indeed, changes in fetal heart rate pattern are considered a late sign of deterioration (Visser et al., 1990). 
In fetal sheep, movements are reduced in acute hypoxia but when hypoxia is gradually introduced over 

a period of days no changes in movement occur (Martin, 2008).  Similarly, fetal heart rate patterns may 

appear normal in fetuses with chronic hypoxia in all but the most severe cases (Martin, 2008). Thus, a 

change in fetal movements may be noted by the pregnant woman but due to fetal compensation, 

particularly in a gradually progressing hypoxic state, such as placental insufficiency, the CTG may be 

normal. This scenario  may explain case reports of maternal presentation for DFM with normal antenatal 

assessment and subsequent fetal death (Martin, 2008). Furthermore, normal sleep state in the term fetus 
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can give the appearance of equivocal fetal heart rate pattern leading to unnecessary intervention and 

iatrogenic harm. CTG has limited sensitivity and specificity as both false positive and false negative 

results are possible. A Cochrane review has shown that routine use of CTG antenatally does not improve 

outcomes (Pattison and McCowan, 2010).  

 

Daly and colleagues (2011) reported on a retrospective population-based cohort study of 524 women in 

Ireland with DFM and a live fetus at presentation, where CTG was the primary means of assessment 
(Daly et al., 2011). Ultrasound scanning was not routine but instead reserved for those with a persistent 

abnormal CTG. Amongst women with normal CTG, outcomes were no different to all singleton 

pregnancies at the same hospital. The authors concluded that CTG alone was sufficient for primary 

evaluation of a complaint of DFM (Daly et al., 2011). However, the small sample size in this study is a 

limitation. 

 

A number of studies have reported satisfactory outcomes with routine use of both CTG and ultrasound 
examination to assess DFM cases (Ahn et al., 1987; Awad et al., 2018; Skornick-Rapaport et al., 2011; 

Whitty et al., 1991). Ahn and colleagues (1987), reported retrospectively on their experience of a series 

of 489 women with DFM who were assessed with CTG and ultrasound evaluation of liquor volume (Ahn 

et al., 1987). Within this series, DFM was associated with oligohydramnios. The authors reported that 

amongst women with DFM, a normal reactive CTG with no decelerations, and normal liquor volume, 

subsequent birth outcomes were good (Ahn et al., 1987). Similarly, Whitty and colleagues (1991) 

reported retrospectively on outcomes of 292 low-risk women with DFM (Whitty et al., 1991). On 

presentation, 1.7% had a dead fetus, 4.4% required immediate delivery, 9.2% had incidental 
abnormalities identified on ultrasound and 5.8% had abnormalities on CTG that required further 

assessment. In all, 21% had some abnormality on presentation. Of those with initial normal assessments 

(CTG, USS including liquor volume and estimation of fetal weight, blood pressure and urinalysis) 

outcomes were comparable to low-risk women without a complaint of DFM. Skornick-Rapaport et al. 

(2011) reported on 5-years’ experience of managing DFM cases (n=2393) in a single tertiary hospital in 

which almost a third of women with DFM (31.5%) were admitted for further monitoring. They reported 

that CTG, ultrasound and encouraging fetal movement counting was sufficient for identifying risk 
pregnancies. Hospital admission however was associated with caesarean section, NICU admission and 

no improvement in perinatal mortality (Skornick-Rapaport et al., 2011). However, it is possible admitted 

cases had increased risk compared to cases that were seen fit to discharge. 

 

2.3.7.3. Biophysical profile and umbilical artery Doppler 
 

Opinions differ on use of BPP to assess cases with DFM. One study showed no benefit for BPP 

compared to CTG alone in women with DFM (Dubiel et al., 1997). Yet a recent Canadian study of 579 
women with DFM reported two stillbirths following normal CTG without BPP, and no cases of stillbirth in 

women who were discharged after normal CTG and BPP (Awad et al., 2018). However, these 

retrospective studies constitute low quality evidence. 

 

The incidence of abnormal umbilical artery Doppler studies is low in DFM cases, ranging from one case 

of absent end diastolic flow found in 305 pregnancies (Dutton et al., 2012), to 6.7% in 888 DFM 
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pregnancies (Korszun et al., 2002). In addition, umbilical artery Doppler studies have been shown to be 

more effective in monitoring high-risk pregnancies, particularly with early onset fetal growth restriction, 

whereas there is no evidence of current benefit in low risk pregnancies (Alfirevic et al., 2015, 2017). 

Umbilical artery Doppler should be reserved for cases of DFM where the fetus is SGA or suspected to 

have FGR. 

 

2.3.7.4. Assessment of fetal growth  
 

The most common abnormality newly detected in women presenting with DFM is FGR (Dutton et al., 

2012; Heazell et al., 2005; O’Sullivan et al., 2009). FGR is associated with stillbirth, particularly when 

undiagnosed. Lindquist and Molin (2005) found that improved identification of FGR resulted in a 

reduction in stillbirths through targeted monitoring and management of SGA pregnancies (Lindqvist and 

Molin, 2005). Identification of FGR is a proposed benefit of assessment of DFM. In the study by Tveit et 

al. (2009), routine scanning of women with DFM increased identification of FGR, which was thought to 
explain in part the reduction in stillbirths amongst women with DFM (Tveit et al., 2009a). Methods for 

detecting FGR include abdominal palpation, symphysio-fundal height measurement and ultrasound 

assessment of individual fetal measurements and estimated fetal weight. Each of these methods has 

limitations. In DFM assessment both symphysio-fundal height and ultrasound estimation of fetal weight 

have high specificity for detection of placental insufficiency, but low sensitivity (33%) and low positive 

predictive value (66.7%) (Heazell et al., 2005).  

 

2.3.7.5. Less common causes of DFM 
 
DFM is also associated with less common pathologies such as; fetal neuromuscular abnormalities, fetal 

anaemia, hydrops, or congenital infection (Gardener et al., 2017). Some of these conditions may be 

identified by ultrasound scan. In particular, ultrasound is recommended for assessment in DFM 

presentations where no prior morphology scan has been conducted. In addition, there are a number of 

reports of DFM attributed to feto-maternal haemorrhage (Christensen et al., 2013; Kosasa et al., 1993). 

This is not always apparent clinically and may not necessarily be excluded by palpation and CTG (D’Alton 
and Hehir, 2016). Therefore, testing via Kleihauer Betke test or flow cytometry, and by middle-cerebral 

artery Doppler studies, where available, is recommended by some (Daly et al., 2018), although the 

recommended action for pregnancies where there is positive Kleihauer is less certain.  

 

2.3.8. Summary  
 
Efforts to reduce stillbirths by maternal monitoring of fetal movements began in the 1970s. Maternally 
perceived fetal movements are a reliable indicator of actual fetal movements and are likely to reflect 

intact fetal body systems. A significant body of evidence demonstrates that fetal movements decline in 

quality and then in quantity in the context of deteriorating fetal status. Initially approaches to fetal 

movement monitoring involved daily fetal movement counting in high-risk women. Such studies reported 

promising results and the method was soon applied in general obstetric populations, with some 

encouraging results.  
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A keynote trial, the Grant trial compared daily fetal movement counting with usual care in more than 

68,000 women and reported no benefit for fetal movement counting. However, the trial was later criticised 

for possible contamination, given that many of the women allocated to usual care were counting fetal 

movements and were likely to have been in contact with those allocated to counting. Compliance with 

daily counting is also noted frequently to be low and studies have indicated women prefer evening fetal 

movement counting. One trial of evening fetal movement counting by Moore and Piacquadio reported 

promising results, including more than 90% compliance with counting and a significant reduction in 
stillbirths. A Norwegian quality improvement program that provided uniform information about fetal 

movements to pregnant women and encouraged prompt presentation if movements were absent for a 

day or reduced significantly over a day or few days resulted in a reduction in stillbirths. Following this, 

the large AFFIRM trial in the UK and Ireland encouraged women to be aware of fetal movements and 

present if they noticed any change in movements. Whilst health professionals were provided with a 

detailed management protocol that encouraged a low threshold for induction of labour the intervention, 

as implemented, was found not to reduce stillbirths, but did increase induction of labour and prolonged 
(>48 hours) neonatal unit admissions. 

 

Regardless of fetal movement monitoring method, women continue to present with DFM and require 

assessment as this presentation is associated with adverse outcome. Assessment by auscultation, CTG 

and ultrasound evaluation of fetal growth are supported. However, there is a lack of high-quality evidence 

to guide assessment and management of DFM cases and potential for iatrogenic harm if excessively 

interventionist approaches are used. It may be that maternal monitoring of fetal movements to prevent 

stillbirth without unwanted effects may yet be achievable, if the right method could be found. 
 

 

 
Research question 2: How are maternally perceived fetal movements altered in the context of 

late stillbirth? 
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2.4. Fetal movements and maternal obesity 
 
Pregnant women who are heavy are more likely to present with DFM than normal weight women (Pagani 

et al., 2014a; Tuffnell et al., 1991). This is perhaps unsurprising given that maternal obesity is associated 

with adverse perinatal outcomes including stillbirth. Yet, an influential paper has suggested that 

overweight women are less able to perceive fetal movements despite normal fetal development (Tuffnell 

et al., 1991). Following Tuffnell, DFM in women with obesity is often referred to as ‘non-pathological’ or 

‘physiological’ (Heazell and Frøen, 2008; Higgins et al., 2013).  

 

2.4.1. Maternal obesity and stillbirth 
 
Maternal obesity (BMI >30 kg/m2 ) is a significant and important risk factor for stillbirth and has been 

described as the leading modifiable risk factor for stillbirth in high-income countries, surpassing even 

maternal smoking (Flenady et al., 2011). Pooled data from a meta-analysis of case-control studies of 

late stillbirth showed the population attributable risk of stillbirth in women with obesity was 12.1% (95% 

CI 7.2,17.4) (Cronin et al., 2019). Maternal obesity is associated with poor outcomes across the spectrum 

of childbearing from reduced fertility and increased miscarriage (Silvestris et al., 2018), congenital 
abnormalities (Brite et al., 2014; Stothard et al., 2009), preeclampsia and gestational diabetes (Bautista-

Castaño et al., 2013), fetal death, stillbirth (Aune et al., 2014), preterm birth (McIntyre et al., 2012; 

Persson et al., 2012), neonatal morbidity (Rastogi et al., 2015), to reduced survivability of neonates 

(McGuire et al., 2010).  

 

Some studies report the relationship between maternal BMI and perinatal loss to be J-shaped, meaning 

that a small increase in mortality exists in underweight women, with the lowest perinatal mortality seen 

in women with normal BMI and thereafter the rate of perinatal mortality increases in a linear fashion with 
increasing BMI (Cnattingious et al., 1998; Kristensen et al., 2005; Tennant et al., 2011) (Figure 2.8.). 

Others characterise the relationship between maternal BMI and perinatal loss as linear (McIntyre et al., 

2012; Persson et al., 2012; Stacey et al., 2011b). 

 

Figure 2.8. The association between maternal body mass index and risk of fetal or infant death.  

 

Reproduced from Human Reproduction, Tennant et al, 26(6), pp1501-1511, 2011. With 
permission from Oxford Journals, Oxford University Press. 
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To address the variation between studies, Aune and colleagues (2014) conducted a systematic review 

and meta-analysis of maternal BMI and risk of fetal death, stillbirth and infant death involving 38 studies 

and assessed linearity using a likelihood ratio test. Meta-analysis demonstrated a risk ratio for stillbirth 

of 1.24 (95% CI 1.18, 1.30) per 5-unit increase in maternal BMI (Aune et al., 2014).  

 

In two New Zealand case-control studies of late stillbirth, a linear relationship was demonstrated between 
late stillbirth (>28 weeks) and BMI (McCowan et al., 2017; Stacey et al., 2011b). (Figure 2.9) 

 

 

Figure 2.9. Relationship between BMI and late stillbirth risk. 

 

Reproduced from Plos One, McCowan et al, 12(6), 2017. Permission not required.  

 

 

Causes of stillbirth amongst women with obesity are not fully understood. A significant number of 

stillbirths generally may be attributed to associated pregnancy complications and placental dysfunction 

(2011). In women with obesity, there is evidence to suggest placental dysfunction may be a more 

frequent cause than in non-obese women. Indeed, maternal overweight and obesity are associated with 

conditions that are also associated with fetal and infant death including preeclampsia (Lopez-Jaramillo 

et al., 2018; O’Brien et al., 2003), gestational diabetes (Catalano et al., 2012; Hildén et al., 2019), type 
2 diabetes (Kodama et al., 2012), gestational hypertension (Bodnar et al., 2007; Catalano et al., 2012) 

and congenital abnormalities (Stothard et al., 2009). However, the increased prevalence of pregnancy 

conditions associated with obesity does not entirely explain the excess in perinatal mortality associated 

with increasing maternal BMI. Studies where associated conditions have been excluded still show 

increased risk of stillbirth associated with increases in BMI (Nohr et al., 2005; Tennant et al., 2011). The 

dose-response relationship between maternal BMI and perinatal mortality suggests that overweight and 

obesity is an independent risk factor. This notion is supported by evidence that, increased risk of perinatal 

mortality is seen in women who have a higher pre-pregnancy BMI in a second pregnancy compared to 



 57 

a previous pregnancy (Bogaerts et al., 2013; Whiteman et al., 2011). Given the strong association of 

maternal BMI and stillbirth risk it would seem unwise to dismiss increased maternal reports of DFM to a 

misperception. 

 

2.4.2. Fetal effects of maternal obesity 
 
The effects of maternal obesity on offspring are not limited to perinatal morbidity and mortality. Maternal 

overweight and obesity, both pre-pregnancy and via excessive pregnancy weight gain, have long-term 

consequences for offspring (Black et al., 2013; Okesene-Gafa et al., 2019; Pugh et al., 2016). Other 

factors associated with maternal obesity such as maternal smoking, poverty, low-educational attainment 

and social stressors such as racism and marginalisation in minority ethnic groups, can also contribute to 

poor outcomes for offspring and are potential confounders for poor outcome in epidemiological studies 

(Heslehurst et al., 2010). However, extensive studies in animals have confirmed the causative 

relationship between maternal obesity and subsequent increased risk of obesity, poor glycaemic control 
and changes in behaviour in offspring (Oken, 2009). Maternal obesity has also been demonstrated to 

impact on the development of major body systems in human offspring, including body composition, 

cardiometabolic, endocrine and immune systems (Godfrey et al., 2017). Offspring of obese mothers 

have increased risk of neurodevelopment delay, emotional and behavioural problems, and lower school 

age IQ (Daraki et al., 2017; Mina et al., 2017; Van Lieshout et al., 2011). Given the broad ranging effects 

of maternal obesity on fetal body systems, it is plausible that fetal behaviour itself may be altered in 

association with maternal obesity. This hypothesis warrants consideration as another possible cause of 
increased presentation with DFM amongst women with obesity. 

 

A further possible explanation for increased reporting of DFM amongst women with obesity is that 

pregnancy conditions known to impact on fetal movements occur more frequently in such women. For 

example, alterations in fetal movements have been demonstrated in maternal hypertension, diabetes, 

fetal macrosomia, and fetal growth restriction, perinatal conditions that are themselves associated with 

maternal obesity. Fetuses of hypertensive women have been shown to display fewer body movements 

and decreased coupling of cardiac and somatic responses compared to fetuses of normotensive women 
(Warner et al., 2002). Fetuses of diabetic women have been reported to have lower levels of movement 

(Devoe et al., 1994). Delayed behavioural state development has also been shown in fetuses of women 

with type 1 diabetes (Visser et al., 1985b). In a study of 46 women with gestational diabetes low maternal 

kick counts were associated with macrosomia and maternal kick count was found to be a better predictor 

of macrosomia than post-prandial glucose levels (Zisser et al., 2006). Fetuses with growth restriction 

have been shown to display smaller amplitude movements and lower fetal activity overall compared to 

appropriately grown fetuses (Bekedam et al., 1985; Vindla et al., 1999). 

 

2.4.3. Fetal movement perception in women with obesity 
 
Clinicians observed as early as the 1970s that women with obesity appeared to report decreased fetal 

movements more frequently (Timor-Tritsch et al., 1978). Grant et al. (1989) in discussing the negative 

findings of their fetal movement counting trial suggested that individualised schemes of fetal movement 

monitoring may be of benefit, leading other researchers to consider which maternal factors may be 
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associated with DFM (Grant et al., 1989; Tuffnell et al., 1991). Tuffnell and colleagues (1991) explored 

the incidence of maternal overweight, primiparity and anterior placenta in a group of 180 women with no 

previous pregnancy problems, presentation with DFM, and subsequent normal birth outcome (Tuffnell 

et al., 1991). They compared incidence of these maternal factors amongst the DFM group to the general 

pregnant population at their hospital. According to their data, primiparity was not associated with DFM 

presentation, but women with an anterior placenta were 2.10 times more likely to present (95% CI 

1.51,2.92), whilst women who weighed >80 kg were 1.81 times more likely to present (95% CI, 1.20-
2.93), and women who weighed >90kg were 2.6 times more likely to present with DFM (95% CI 

1.26,5.40). Tuffnell et al. (1991) suggested that “the sensation of fetal movements arises from pressure 

against the body wall structures rather than the uterus or peritoneum” (p 165) and further that DFM “is 

more likely to have serious implications in thin women” (Tuffnell et al., 1991).  

 

It must be noted, that while Tuffnell et al. (1991) described mechanisms by which mothers might perceive 

fetal movements, they did not study these directly, but simply speculated based on an increased 
proportion of overweight women in a DFM cohort (Tuffnell et al., 1991). Their conclusions regarding 

sensitivity to fetal movements and maternal body size were at odds with previously published 

investigations of fetal movement perception (Gettinger et al., 1978; Hertogs et al., 1979; Schmidt et al., 

1984a). Gettinger, and colleagues (1979) had compared maternally perceived fetal movements in 40 

women between 25 and 40 weeks’ gestation to those simultaneously observed on ultrasound. They 

reported that both maternal perception and ultrasound observation were highly correlated, and that 

maternal perception was not influenced by weight (p=0.2), parity (p=0.1), or gestational age (p=0.2) 

(Gettinger et al., 1978). Similarly, Hertogs and colleagues (1979) compared maternally perceived fetal 
movements to ultrasound-observed fetal movements amongst 20 women between 32-40 weeks’ 

gestation, half of whom had a single 30-minute examination and the other half having three 30-minute 

examinations (Hertogs et al., 1979). The authors considered a range of factors both maternal and fetal 

that might contribute to fetal movement perception, including maternal left scapular skinfold thickness 

and reported that parity, obesity, gestational age and placental site were reported not to be related to 

maternal perception. Likewise, no correlation was found between skinfold thickness and proportion of 

major fetal movements perceived (r=0.1, p=0.03), or total fetal movements perceived (r=0.2, p=0.02) 
(Hertogs et al., 1979).  

 

In a larger study involving 82 women, Rayburn (1980) compared maternally detected movements to 

ultrasound observed movements in the third trimester and reported that maternal obesity, parity and 

gestational age did not influence perception of fetal movement (Rayburn, 1980). In an attempt to reduce 

the number of movements undetected by ultrasound Schmidt and colleagues (1984) scanned 50 women 

using two ultrasound transducers, whilst the women simultaneously registered fetal movements using a 

hand-held device. Sensitivity to fetal movement was reported not to be influenced by obesity (Schmidt 
et al., 1984a). Neither was maternal obesity found to have any influence on perception in three 

subsequent studies comparing maternal perception with ultrasound and involving 24, 14 and 21 women 

respectively (Brown et al., 2016; Hijazi et al., 2010; Valentin et al., 1986). One study did report a 

relationship between maternal perception and maternal weight; Lowery and colleagues (1995) compared 

fetal movement detection by; maternal perception, ultrasound observation using two transducers, and 

three Doppler-based fetal heart rate recording systems in 101 low-risk women (Lowery et al., 1995). 
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They measured maternal abdominal wall thickness to determine any effect of this on accuracy of the 

fetal movement detection systems and reported no effect. The authors did report however that as 

maternal weight increased there was a decrease in sensitivity in each of the Doppler-based systems 

tested and in maternal perception (Lowery et al., 1995). However, no data were provided to illustrate this 

decrease and it is not reported if the decrease was statistically significant for maternal perception. 

Available data from observational studies does not appear to support the view that perception of fetal 

movements is impaired in women with obesity. However, existing data have not been evaluated 
systematically.  

 

2.4.4. Decreased fetal movements in women with overweight or obesity 
 
It is relatively well-known that women with obesity are more likely to present with DFM. In a survey of 

obstetricians and midwives on their knowledge of management of DFM, 68% correctly identified that 

maternal obesity was associated with DFM (Heazell et al., 2008). However, many practitioners suggest 
this association may be benign (Pagani et al., 2014b; Tuffnell et al., 1991). The Cochrane review 

‘Management of reported decreased fetal movements during pregnancy’ states “Women’s perception of 

DFM is decreased with… maternal obesity” (Hofmeyr and Novikova, 2012). This interpretation of the 

available evidence is questionable given that ultrasound studies for the most part do not show perception 

itself to be decreased in women with obesity (Brown et al., 2016; Hijazi et al., 2010) whilst observational 

studies show that presentation with DFM is increased (Pagani et al., 2014b; Tveit et al., 2009b).   

 
A cross-sectional survey exploring fetal movement awareness in 691 postnatal women prior to discharge 

from hospital showed no association of low maternal awareness of fetal movements with BMI >25 kg/m2 

(Saastad et al., 2008). Saastad et al. (2010) reported on data from a large study of maternal behaviour 

in response to perception of DFM conducted in Norway, both before and after introduction of a quality 

improvement initiative that involved giving women an information pamphlet about fetal movements and 

encouraging them not to delay presenting if they were concerned about DFM (Saastad et al., 2010). 

There were 19,407 women in the pre-intervention cohort and 46,143 in the post-intervention cohort, with 

a similar proportion of women with DFM in each. Rates of low maternal awareness of fetal movements 
amongst women with BMI >25 kg/m2 were not different to women with BMI <25 kg/m2. Post-intervention, 

significantly more women with BMI >25 kg/m2 reported having concerns about fetal movements (OR 

1.54, 95% CI 1.03,2.31). This did not translate into a significant increase in DFM presentations amongst 

overweight women (OR 1.06, 95% CI 0.93, 2.63). However, the information given to pregnant women 

as part of the intervention included the statement “some mothers have more trouble feeling the kicks 

than others. If the placenta is on the front side of the womb or if you are overweight you will feel the kicks 

less” (Saastad et al., 2010) which might explain the post-intervention increase in concern amongst 

women who were overweight without increase in DFM presentation. 
 

Studies exploring outcomes following DFM presentation generally involve small retrospective cohorts, 

limiting analysis by demographic factors (Dutton et al., 2012; O’Sullivan et al., 2009). One large study of 

742 women with DFM presentation at term reported that median BMI was significantly higher (p=0.001) 

in the DFM group compared to the non DFM group (n=16,907). However, BMI was not associated with 

stillbirth after 36 weeks’ gestation in this cohort (p=0.81) (Pagani et al., 2014a). In a prospective 
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population based cohort study of 2,374 pregnancies compared with a referent group of 614 controls, 

women with DFM were more likely to be smokers, overweight or primiparous (Tveit et al., 2009b). 

Moreover, amongst those women with a DFM presentation and no prior complications of pregnancy 

(n=2,168), those with BMI >25 kg/m2 had increased risk of FGR (aOR 1.6, 95% CI 1.2, 2.1, p=<0.001), 

and of stillbirth (aOR 1.8, 95% CI 1.0, 3.2, p=0.04) (Tveit et al., 2010a). This would suggest that rather 

than being benign, presentation with DFM in women with obesity and a seemingly uncomplicated 

pregnancy has increased risk of poor outcome compared to normal weight women. 
 

2.4.5. Summary 
 

The notion that maternal obesity is associated with physiological DFM or impaired ability to detect DFM 

is widespread. Yet, observational studies do not appear to support either theory. Given that women with 

obesity are overrepresented amongst those with DFM and that there is a strong correlation between 

maternal obesity and perinatal death, as well as effects on body systems of offspring, the nature of this 
relationship demands explication.  

 

 

Research question 3: What is the relationship between maternal overweight 

or obesity and fetal movements? 

 

 

 

 
 

 
 

Research question 4: Are maternally perceived fetal movements altered in 

the context of obesity? 

 

 

  



 61 

 

Chapter 3  Maternally perceived fetal 
movements in the third trimester 
 

3.1. Preamble 
 
The manuscript below was published in the journal PLoS One in 2019 (2019:14(6):e0217583). The study 
sought to address the research question ‘What are the features of maternally perceived fetal movements 

in normal pregnancy?’ This question was prompted by my observation during review of the literature on 

fetal movements that there was a paucity of research data on maternally perceived fetal movements in 

normal pregnancy. In particular, data on qualitative features such as strength, pattern and fetal 

responses to environmental stimuli were limited. I felt that in order to understand maternally identified 

fetal movement pathology one must first understand maternal perception of fetal movement in normal 

pregnancy. The Multi Centre Stillbirth Study (MCSS) provided an excellent opportunity to explore 
perceived fetal movements in women with normal pregnancies due to the standardised nature of the 

data collection method via interviewer-administered survey and the sizeable number of women enrolled 

across multiple centres as controls with ongoing pregnancies. After approaching the Principle 

Investigator for MCSS I was invited to develop a series of fetal movement quality questions for addition 

to the questionnaire. These were subsequently approved for inclusion and added to the version 2 of the 

survey in July 2013. At this time, I commenced involvement in MCSS as a Midwife Researcher recruiting 

and interviewing participants with the intention of later analysing the data as part of a PhD.  

Online release of the manuscript below was accompanied by media interest from a number of New 
Zealand print news outlets as well as an interview on a national radio station and coverage on the three 

main television news stations in New Zealand. The publication has been cited in the updated Perinatal 

Society of Australia New Zealand Stillbirth and Neonatal Death Alliance (PSANZ-SANDA) Clinical 

practice guideline for the care of women with decreased fetal movements published by the Centre of 

Research Excellence in Stillbirth, Brisbane Australia. 

 

Permission 
 
Reproduced from: Bradford B, Cronin R., McKinlay C, Thompson J, Mitchell E, Stone P, McCowan L. A 

diurnal fetal movement pattern: Findings from a cross-sectional study of maternally perceived fetal 

movements in the third trimester of pregnancy. Public Library of Science PLoS ONE 14(6): e0217583. 

Permission not required under the terms of the Creative Commons Attribution License. The manuscript 

is unchanged from the published version other than removal of the abstract and minor alterations to style 

to conform to the thesis. 
 

Received 6 February 2019; accepted 14 May 2019; published online 12 June 2019. 
 



 62 

3.2. Manuscript: Maternally perceived fetal movements in the third trimester 
 
Introduction 
 
Maternal perception of fetal movements is reassuring of fetal wellbeing. It is well established that 
perception of decreased fetal movements (DFM) is associated with stillbirth, and pregnant women are 

routinely asked about fetal movements during antenatal visits (McArdle et al., 2015; Peat et al., 2012). 

However, association of DFM with stillbirth is only moderately strong (odds ratio 2.4-14.1)(Heazell et al., 

2017a; Stacey et al., 2011a) and the majority of presentations for DFM are followed by a normal 

pregnancy outcome (Norman et al., 2018). A large UK trial has reported that encouraging awareness of 

fetal movement, coupled with a management protocol involving a low threshold for induction of labour, 

led to increased intervention and no reduction in stillbirths (Norman et al., 2018). Some commentators 

have concluded that encouraging awareness of fetal movements is harmful and should be discouraged 
(Gidlöf, 2019; Walker and Thornton, 2018). Others have pointed out that maternal concern about DFM 

remains a risk factor for adverse outcome and argued for renewed focus of researchers’ efforts to 

understand this important clinical sign (Flenady et al., 2018).  

 

In a survey, 99.9% of pregnant women reported that it was important for them to feel their baby move 

every day (Saastad et al., 2008). Studies report that women would like to receive more information about 

fetal movements (McArdle et al., 2015; Smyth et al., 2016), preferably written and face-to-face from 

midwives (McArdle et al., 2015).  However, between 25-60% of pregnant women do not recall receiving 
any information about fetal movements (Berndl et al., 2013; McArdle et al., 2015; Olagbuji et al., 2014). 

Despite a lack of evidence for the effectiveness of fetal movement counting (Mangesi et al., 2015), 

women in many parts of the world continue to be advised about normal fetal movements in terms of 

movement counts (Farrant and Heazell, 2016; Smyth et al., 2016; Unterscheider et al., 2010; Warland 

and Glover, 2016). In the past decade, researchers have come to define DFM as the qualitative 

perception of a decrease in fetal movements, as determined by the pregnant woman, rather than any 

numeric definition (Daly et al., 2018). And some maternity care providers also acknowledge the 
importance of the mother’s subjective perception of fetal movements (Raynes-Greenow et al., 2013). 

However, it remains the case that clinically relevant definitions of normal fetal movements have yet to be 

made. Thus, there is little agreement about what is normal or expected and women can receive 

conflicting or inadequate information (Smyth et al., 2016; Warland and Glover, 2016).  

 

The significance of changes in perceived fetal movements at term is another area of debate. Some 

studies have shown that fetal movements are reduced slightly at term (Pearson and Weaver, 1976; 

Roodenburg et al., 1991), whilst others show no reduction (Roberts et al., 1980; Valentin and Marŝál, 
1986). Commentators on the AFFIRM trial have suggested limiting campaigns to encourage awareness 

of fetal movements to women who are >37 weeks’ gestation to minimise risk of iatrogenic harm (Walker 

and Thornton, 2018). However, association between decreased frequency of fetal movements and 

stillbirth has been shown to be stronger between 28 and 36+6 weeks’ gestation than after 37 weeks 

(Stacey et al., 2011a).  

 

Improved understanding of maternally perceived fetal movements in normal pregnancies, including 
qualitative features such as strength, pattern, and changes at term may assist maternity care providers 
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in providing information to pregnant women about what to expect. Informing pregnant women about fetal 

movements has been demonstrated to reduce stillbirths in Norway (Tveit et al., 2009a). The women’s 

experience of fetal movement includes qualitative aspects such as fetal responses to maternal position, 

activity, meals, and noise and touch (Bradford and Maude, 2018) but few data exist about these features. 

For women with a normally progressing pregnancy, providing information about the typical strength and 

pattern of fetal movements may provide reassurance and reduce unnecessary presentations for 

assessment.  
 

Our aim was to describe maternal perception of fetal movements (strength, frequency, and pattern) in a 

group of women >28 weeks’ gestation with non-anomalous, singleton pregnancies, to better understand 

normal fetal movement in late pregnancy. A secondary aim was to describe any variation in perceived 

fetal movements at term as compared to early third trimester. We also sought to explore maternal report 

of variation in fetal movement strength in relation to factors that are commonly believed to provide a 

stimulus to fetal movement such as noise, touch, and ingestion of food and drinks (Bradford and Maude, 
2014). 

 

 
 
Materials and Methods 
 

This cross-sectional study was conducted across seven healthcare regions in New Zealand. Participants 

were initially recruited as controls in a larger study on late stillbirth and were randomly selected from 
hospital booking lists based on gestation-matching with stillbirths in that locality (McCowan et al., 2017). 

At recruitment eligible participants were ≥28 weeks’ gestation, with a non-anomalous singleton 

pregnancy, and provided written consent to participate. Women were interviewed antenatally between 

February 2012 and December 2015. The findings of the stillbirth study have been reported elsewhere 

(Bradford et al., 2018a; McCowan et al., 2017). Birth outcome data were collected from the medical 

records following birth. Ethical approval was obtained from the Northern X Region Ethics Committee: 

NTX/06/05/054. 
 

Participants were included in the present cross-sectional study if they; were recruited after the 1st of July 

2013 and had completed the detailed fetal movement questionnaire (published as Supplementary 

Information in McCowan et al), and subsequently delivered a live, term infant (≥37 weeks’ gestation 

based on early scan or the first day of last menstrual period) of an appropriate-for-gestational-age 

birthweight (customised birthweight centile between the 10th and the 90th centile calculated using the 

New Zealand version of GROW) (Anderson et al., 2012) (Figure 3.1). For women who declined to 

participate or who were not contactable: age, parity and ethnicity data was collected without identifying 
information. Interpreters were arranged for women who had difficulty with reading or speaking English.  

 

Data were collected antenatally via a questionnaire administered face-to-face by trained research 

midwives in the setting of the woman’s choosing, usually her home. The antenatal interview included a 

broad range of questions about lifestyle factors such as diet and sleep in addition to the fetal movement 

questions. Data were collected on a range of fetal movement variables perceived by the woman in the 
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last two weeks. These variables included: fetal movement strength and frequency; fetal hiccups; 

movements that were ‘more vigorous than usual’; perception of fetal movement clusters or ‘busy times’; 

and fetal movement quality in relation to time of day, maternal position and activity, consumption of food 

and drinks, and environmental stimuli, including loud noises and touching the abdomen. 

 

Maternal perception of fetal movement strength and frequency over the last two weeks was categorised 

as ‘increased’, ‘decreased’, ‘stayed the same’ or ‘unsure’. ‘Busy times’ were defined for participants as 
‘a period where there is a group of movements, rather than single isolated movements, which might be 

short (15-45 seconds), or prolonged and involving many movements for up to 20 minutes.’ Participants 

indicated how many times in a day, on average, they perceived fetal ‘busy times’. Changes in duration 

of ‘busy times’ in the last two weeks were categorised as ‘longer than before’, ‘about as long as before’ 

or ‘shorter than before’. If participants were unsure, the fetal hiccups sensation was described as ‘regular 

jerking movements happening at 1-2 second intervals over a period of 1-5 minutes’. Fetal movement 

quality in relation to maternal position, activities, and time of day was categorised as ‘notably quiet’, 
‘subtle or light movement’, ‘moderate movement’, ‘strong movement’, ‘jumps or startles’ and 

‘unsure/don’t notice’.  

 

The category ‘notably quiet’ was rarely selected and was associated with ‘subtle or light movement’. 

Similarly, the category ‘jumps or startles’ was uncommon and was associated with ‘strong movement’. 

Therefore, these categories were collapsed into a ‘quiet or light movement’ category and a ‘strong or 

jumps/startles’ category. Times of day were defined as ‘on waking and before rising’, ‘during the 

morning’, ‘during the afternoon’, ‘during the evening’, and ‘night-time including bedtime’. 
 

Analysis was performed in SAS version 9.4 (SAS institute Inc., Cary, NC, USA). Frequency tabulations 

are presented, illustrating perceived changes in strength, frequency, more vigorous than usual 

movements, fetal hiccups and ‘busy times’. The likelihood of the woman indicating that fetal movements 

were either ‘quiet or light’, ‘moderate’, or ‘strong including jumps/startles’ in relation to a given fetal 

movement variable was calculated using chi-square, with p=0.05 considered statistically significant. 

Finally, a comparison was conducted between women who were interviewed preterm (28+0 to 36+6 

weeks’ gestation, n=123) and those interviewed at term (≥37 weeks’ gestation, n=151), subsequently 

referred to as preterm and term, in order to consider possible differences in fetal movements according 

to gestational age.  

Results 
 
In total, 274 women met the study inclusion criteria (Figure 3.1). Mean (SD) maternal age at interview 

was 29.8 (5.2) years and nulliparous women comprised 42.7% of the sample. Mean (SD) gestation at 

interview was 36.2 (3.3) weeks with approximately half (44.9%) interviewed between 28+0 and 36+6 

weeks’ gestation and the remainder interviewed at ≥37 weeks’ gestation (Table 3.1). Demographics 

characteristics were similar in this sub-study to the larger control group (data not shown). Comparison 

of demographic characteristics between eligible non-participants and recruited participants has already 

been reported (McCowan et al., 2017). Briefly, women of high parity were slightly under-represented, 

whilst women of Indian ethnicity were over-represented and New Zealand Māori women were under-

represented in the recruited population (McCowan et al., 2017).  
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Figure 3.1. Normal fetal movement study population flowchart 

 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Eligible*pregnant women randomly selected as controls for stillbirth 
study n=915 
(*pregnant at >28 weeks; singleton, non-anomalous fetus) 

Declined consent (n=254) 
Unable to contact (n=92) 

Recruited and underwent antenatal interview n=569 
(Interviewed between February 2012-December 2015) 

Completed full fetal movement questionnaire at antenatal interview 
n=345 
 (Interviewed between July 2013-December 2015) 

Excluded due to subsequent birth outcome 
(n=71)  
Preterm birth <37 weeks (n=11) 
SGA <10th centile (n=41) 

• LGA >90
th

 centile (n=19) 

Final fetal movement study population (n=274) 
Preterm (280-366 weeks) at time of interview (n=123; 44.9%) 
Interview occurred at >37 weeks (n=151; 55.1%) 
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Table 3.1. Participant characteristics. 

Characteristics  

 

Participants N=274 

Age (years) 29.8 (5.2)* 

Ethnicity  

 Māori 29 (10.6) 

 Pacific 31 (11.3) 

 Indian 47 (17.1) 

 Other Asian 31 (11.3) 

 European 131 (47.8) 

 Other 5 (1.8) 

Parity  

 0 117 (42.7) 

 1-3 153 (55.8) 

 ≥4 4 (1.5) 

BMI (booking) (kg/m2)  

 <25 147 (53.6) 

 25-29.9 72 (26.3) 

 ≥30 55 (20.1) 

Smoker  25 (9.1) 

In paid work (last month) 161 (61.5) 

Preterm at interview (28+0 to 36+6 weeks) 123 (44.9) 

Term at interview (≥37 weeks) 151 (55.1) 

Gestation at interview (weeks) 36.2 (3.33)* 

Gestation at birth (weeks) 39.5 (1.14)* 

Birthweight (grams) 3556 (372)* 

Female infant sex  143 (52.2%) 

Data are n (%) or *mean (standard deviation). 

 

 

Participants commonly perceived that the strength of fetal movements had increased in the last two 

weeks (Table 3.2). Few women indicated that fetal movements had decreased in either strength (6.2%) 

or frequency (13.9%). Multiple episodes of fetal movements that were more vigorous than usual were 

commonly reported. Perception of fetal hiccups was typical (92.2%), either occasionally (44.5%) or daily 

(42.5%). Most participants (65.9%) indicated that they perceived fetal ‘busy times’ 3 to 9 times per day, 
and that the duration of these busy times in the last two weeks was either unchanged (56.1%) or longer 

than before (36.8%) (Table 3.2). 
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Table 3.2. Fetal movement strength, frequency, hiccups and ‘busy times’ (N=274) 

Interview question 

 
 

N=274 

In the last two weeks did the strength of your baby’s movements? 

Increase 162 (59.3) 

Decrease  17 (6.2) 

Stay the same 89 (32.6) 

Unsure 5 (1.8) 

In the last two weeks did the frequency of your baby’s movements? 

Increase 107 (39.1) 

Decrease 38 (13.9) 

Stay the same 125 (45.6) 

Unsure 4 (1.5) 

During the last two weeks did you notice any time that your baby was more vigorous than usual? 

No  127 (47.6) 

Yes, once 15 (5.6) 

Yes, more than once 118 (44.2) 

Yes, unsure frequency 7 (2.6) 

During the last two weeks did you feel your baby having hiccups? 

No 63 (23.1) 

Yes 200 (73.3) 

Unsure 10 (3.7) 

If yes, how often? 

Unsure if hiccups 10 (5.0) 

Yes, once 11 (5.5) 

Yes, occasionally 89 (44.5) 

Yes, daily 85 (42.5) 

Yes, unsure frequency 5 (2.5) 

In the last two weeks, how many busy times did your baby have in a day? 

0-2 60 (22.0) 

3-9 180 (65.9) 

10+ 33 (12.1) 

In the last two weeks, on average, how long did these busy times last? 

Longer than before 99 (36.8) 

About as long as before 151 (56.1) 

Shorter than before 19 (7.1) 

Data are n (%).  

 
We asked about perceived fetal movement strength in relation to time of day, maternal position, meals, 

and stimuli in the environment. Data in relation to time of day indicated a clear diurnal pattern 

characterised by an increasing likelihood of strong fetal movement as the day advanced and 

corresponding decrease in the likelihood of quiet movement (Table 3.3). On waking, just 22.0% of women 

reported strong fetal movement, which increased to 74.5% by night-time (P<0.001).  
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Table 3.3. Perceived strength of fetal movements and time of day (N=268) 

Time of day Missing  Reported fetal movement strength in the 

last two weeks n(%) 

Chi-square, P 

value 

Quiet  Moderate  Strong  

On waking (before rising) 5 112 (42.6) 93 (35.4) 58 (22.0) reference 

During the morning 7 101 (38.0) 107 (40.2) 58 (21.8) 1.53, 0.46 

During the afternoon 7 43 (16.0) 129 (48.1) 96 (35.8) 45.89, <0.001 

During the evening 7 10 (3.7) 63 (23.5) 195 (72.8) 165.20, <0.001 

Night-time (including bedtime) 8 19 (7.1) 49 (18.3) 199 (74.5) 165.99, <0.001 

Data are n (%). P value is for row comparison with referent. Chi-square tests were calculated where there was complete data for 

both variables for a subject.  

 

 

Quiet fetal movement was commonly reported both before and after meals (Table 3.4).  Compared to 

‘before meals’ there was an increase in strength of fetal movements ‘within fifteen minutes of eating’ 
(p<0.001) and ‘an hour after eating’ (p<0.001) (Table 3.4). However, fewer than a third of women 

reported strong fetal movement after eating.  

 

 

Table 3.4. Perceived strength of fetal movements in relation to meals (N=239) 

Prandial stage Missing Reported fetal movement strength in the last 

two weeks n (%) 

Chi-square, P 

value 

Quiet Moderate Strong 

When you are hungry 31 114 (52.3) 63 (28.9) 41 (18.8) 2.3, 0.31 

Before a usual meal-time 17 132 (59.5) 53 (23.9) 37 (16.7) reference 

While you are eating 24 140 (58.6) 58 (24.3) 41 (17.1) 0.04, 0.98 

Within 15 minutes of eating 28 89 (37.6) 74 (31.2) 74 (31.2) 23.7, <0.001 

An hour after eating 33 90 (39.8) 93 (41.2) 43 (19.0) 19.32, <0.001 

Data are n (%). P value is for row comparison with referent. Chi-square tests were calculated where there was complete data for 

both variables for a subject. Missing data is for referent comparisons. 

 

 

Most women reported moderate (39.9%) or strong (42.9%) fetal movements when sitting quietly (Table 

3.5). In contrast, women typically perceived fetal movements to be quiet when walking (61.0%) or 

standing (57.8%), which was significantly different when compared to the sitting position (all p<0.001) 

(Table 3.5). Fetal movement strength was not significantly different between sitting and side-lying 

(p=0.06) (Table 3.5). 
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Table 3.5. Perceived strength of fetal movements in relation to maternal position (N=266) 

Fetal movement variable Missing Reported fetal movement strength in the 

last two weeks n (%) 

Chi-square,  

P value Quiet                Moderate  Strong  

Maternal position      

Sitting quietly 0 46 (17.3) 106 (39.9) 114 (42.9) reference 

When you lie on your side 8 67 (25.7) 92 (35.3) 102 (39.1) 5.51, 0.06 

Walking around at home or at work 15 155 (61.0) 66 (26.0) 33 (13.0) 112.83, <0.001 

Standing in one spot 12 149 (57.8) 76 (29.5) 33 (12.8) 103.88, <0.001 

Fetal stimulus      

Rub or prod belly/baby 11 71 (27.3) 78 (30.0) 111 (42.7) 9.57, 0.008 

Sitting in a cramped position 38 79 (34.1) 77 (33.2) 76 (32.8) 18.67, <0.001 

Unexpected loud noise 73 84 (43.1) 49 (25.1) 62 (31.8) 37.38, <0.001 

Cold drink  39 79 (34.2) 67 (29.0) 85 (36.8) 19.36, <0.001 

Within 15 minutes of eating 32 89 (37.6) 74 (31.2) 74 (31.2) 26.31, <0.001 

Data are n (%). P value is for row comparison with referent. Chi-square tests were calculated where there was complete data for 

both variables for a subject.  

 

 

We asked about maternally perceived strength of fetal movements in a number of situations that are 

commonly believed to promote fetal activity, including abdominal prodding, sitting in a cramped position, 
loud noises, consuming a cold drink or eating (Table 3.5). In all situations, fetal movement strength was 

less likely to be perceived as strong than when women were sitting quietly (all p<0.001) (Table 3.5).  

 

We also considered variation in fetal movement strength, frequency, hiccups, and ‘busy times’ by 

gestation at the time of interview. The most frequent response relating to strength of fetal movements in 

the last two weeks in both the preterm and term interview groups was an increase in strength (70.7% 

and 50.0%, respectively) (Table 3.6). Most (48.0%) women interviewed preterm reported an increase in 

frequency, whilst most (50.3%) women interviewed at term reported that frequency had ‘stayed the same’ 
(P=0.02). Women interviewed at term were more likely to perceive hiccups, compared to women 

interviewed preterm (78.8% vs 66.4%, P=0.04). Frequency of ‘busy times’ did not differ by gestation, but 

women interviewed at term, compared with those interviewed preterm, were less likely to indicate that 

busy times were longer than before (31.9% vs 42.7%, P=0.01). However, in both groups, women typically 

reported busy times that were ‘about as long as before’ (Table 3.6). 



 
Table 3.6. Fetal movement strength, frequency, hiccups and busy times by gestation at 
interview 

Interview question Preterm at interview  

(28+0-36+6 weeks) N=123 

Term at 

interview  

(≥37 weeks) 

N=151 

P value 

In the last two weeks did the strength of your baby’s movements? 

Increase 87 (70.7) 75 (50.0) 0.005 

  

  

  

Decrease  4 (3.3) 13 (8.7) 

Stay the same 30 (24.4) 59 (39.3) 

Unsure 2 (1.6) 3 (2.0) 

In the last two weeks did the frequency of your baby’s movements? 

Increase 59 (48.0) 48 (31.8) 0.02 

  

   
Decrease 12 (9.8) 26 (17.2) 

Stay the same 49 (39.8) 76 (50.3) 

Unsure 3 (2.4) 1 (0.7) 

During the last two weeks did you notice any time that your baby was more vigorous than usual? 

No  52 (43.3) 75 (51.0) 0.37 

  

  

  

Yes, once 7 (5.8) 8 (5.4) 

Yes, more than once 56 (46.7) 62 (42.2) 

Yes, unsure frequency 5 (4.2) 2 (1.4) 

During the last two weeks did you feel your baby having hiccups? 

No 34 (27.9) 29 (19.2) 0.04 

  

  
Yes 81 (66.4) 119 (78.8) 

Unsure 7 (5.7) 3 (2.0) 

If yes, how often? 

Unsure if hiccups 7 (8.3) 3 (2.6) 0.07 

  

  

  

  

Yes, once 8 (9.5) 3 (2.6) 

Yes, occasionally 36 (42.9) 53 (45.7) 

Yes, daily 31 (36.9) 54 (46.5) 

Yes, unsure frequency 2 (2.4) 3 (2.6) 

In the last two weeks, how many busy times did your baby have in a day? 

0-2 25 (20.3) 35 (23.3) 0.29 

  

  
3-9 79 (64.2) 101 (67.3) 

10+ 19 (15.4) 14 (9.3) 

In the last two weeks, on average, how long did these busy times last? 

Longer than before 67 (42.7) 58 (31.9) 0.01 

  

  
About as long as before 85 (54.1) 106 (58.2) 

Shorter than before 5 (3.2) 18 (9.9) 

 

Data are n(%). P value is for comparison between preterm and term. 

 

 

The pattern of increasing likelihood of strong fetal movements in the evening and at night-time was 
observed in both the preterm and term interview groups. The only difference observed was that 

compared to those interviewed preterm, women interviewed at term were more likely to report quiet fetal 

movement during the afternoon (21.9% vs 9.0%; p=0.008). However, the likelihood of strong movement 

in the evening was not different between women interviewed preterm and women interviewed at term 

(71.5% vs 74.0%; p=0.65) (Supplementary Table 3.1). 
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Similarly, fetal movement strength in relation to prandial state was not different between women 

interviewed preterm and at term, with the exception that strong fetal movement ‘an hour after eating’ was 

less likely to be reported by women interviewed at term (13.1% vs 27.1%, p=0.02). There were no 

differences by gestation at interview in regard to maternal position or purported fetal stimulus. Compared 

to women interviewed preterm, more women at term reported strong movements when touching their 

abdomen (47.9% vs 36.2%), but this difference was not statistically significant (p=0.12) (Supplementary 

Table 3.1). 
 
Discussion 
 
This cross-sectional study of a representative sample of pregnant women who subsequently gave birth 

to live appropriate-for-gestational-age babies at term, provides novel quantitative data on aspects of fetal 

movement that are observed by pregnant women but not currently well described in the literature. We 

found that women typically perceived fetal movements in the third trimester to be increasingly strong, 
likely to include fetal hiccups, and exhibiting a clear diurnal pattern involving strong fetal movements in 

the evening.  

 

Our findings are consistent with a number of qualitative studies of maternal perception of fetal movement 

where perception of strong fetal movement was a notable feature of women’s descriptions, particularly 

at term (Bradford and Maude, 2018; Rådestad and Lindgren, 2012; Raynes-Greenow et al., 2013). 

Increased strength of perceived fetal movements has been shown in case-control studies conducted in 

the United Kingdom and in New Zealand to be associated with lower risk of late-stillbirth (Heazell et al., 
2017a; Stacey et al., 2011a). In our study, decreased strength of fetal movements occurred infrequently 

in at both preterm and term gestations, although decreased frequency was more likely to be reported by 

women interviewed at term than those interviewed preterm. This may reflect a change in fetal behavioural 

state development with longer periods of quiescence at term gestation.  

 

Almost all women in our study reported perception of fetal hiccups, with hiccups perceived more often at 

term. Hiccups (or hiccoughs) appear to be universal in mammals, but their origin and purpose remain 
unknown (Howes, 2012). Ultrasound studies have demonstrated that fetal hiccups are a normal aspect 

of fetal life and occur less frequently later in pregnancy (Patrick et al., 1982; Roodenburg et al., 1991). 

Increased perception of fetal hiccups at term in our study may be due to physiological changes in late 

gestation making the sensation of hiccups easier for women to identify, or it may indicate increased 

recognition of the sensations by the mother. Regardless, fetal hiccups are a normal aspect of fetal 

behaviour and maternal perception of fetal hiccups is associated with reduced risk of stillbirth (Heazell 

et al., 2018; Stacey et al., 2011a). A number of hypotheses have been advanced for the purpose of 

hiccups in fetal life including; developing respiratory muscles, preparing the infant for suckling (Howes, 
2012), and regulating amniotic fluid in early gestation (Murchison, 2015). Regardless, the association of 

perception of hiccups with reduced risk of stillbirth suggests maternal perception of fetal hiccups towards 

term is indicative of fetal wellbeing.  

 

Our data demonstrate a clear diurnal pattern in the strength of fetal movements. Of all factors considered 

in this study, strong or moderate fetal movements were most commonly perceived in the evening and 
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night-time including bedtime. This finding is consistent with  other studies where women report increased 

perception of fetal movements in the evening (Bradford and Maude, 2018; Ehrström, 1984; Fisher, 1999; 

Raynes-Greenow et al., 2013). One commonly advanced explanation is that women are more likely to 

be sitting or lying down in the evening, which we also found were associated with increased perception 

of fetal movement strength. However, Minors and Waterhouse (1979) showed that perceived fetal 

movements increased in the evening, independent of maternal sitting position (Minors and Waterhouse, 

1979). Furthermore, studies in instrumented fetal lambs have shown a significant increase in fetal activity 
in the evening, even though ewes remained in a standing position (King, 2018). 

 

Another commonly advanced explanation is that women are less attentive to fetal movements during the 

day due to competing distractions (Raynes-Greenow et al., 2013). However, ultrasound studies of fetal 

behaviour have objectively demonstrated increased fetal activity in the evening and greater likelihood of 

fetal quiescence during the morning (Patrick et al., 1982; Roberts et al., 1979; de Vries et al., 1988). We 

have previously reported that fetal quiescence in the evening is associated with a more than three-fold 
increased risk of stillbirth (Bradford et al., 2018a). Thus, maternal perception of decreased fetal 

movement strength in the evening, especially if different from their usual diurnal pattern, may be an 

indicator of a compromised fetus. Women should be encouraged to present in the evening if such a 

change occurs, rather than waiting until the morning, as delay in presentation for DFM has been 

associated with increased risk of stillbirth (Saastad et al., 2010).  

 

It has been suggested that a perceived change in the pattern of fetal movements can indicate fetal 

compromise (Warland et al., 2015). However, the term ‘pattern’ has not been well defined for the 
purposes of antenatal education. Ultrasound studies have documented a number of normal fetal 

movement patterns including: a sequence of movements collectively known as a ‘general movement’ 

(Roodenburg et al., 1991); an ultradian or short-term fetal movement pattern involving cycling between 

alternating periods of activity and rest which is comparable to the behavioural states seen in infants (Pillai 

et al., 1992); and a circadian or 24-hour movement pattern characterised by increased movement in the 

evening (de Vries et al., 1987, 1988). In the normal healthy fetus near term, the alternating periods of 

activity and rest that occur in ultradian cycling lengthen and periods of inactivity can last an hour or more. 
This normal development may explain some benign presentations with DFM at term. Indeed, clinical 

practice guidelines recommend pregnant women are informed about these changes in fetal movements 

at term (Daly et al., 2018). In contrast, the diurnal fetal movement pattern of strong movements in the 

evening demonstrated in our study was consistently reported by women interviewed both preterm and 

at term. Therefore, it is reasonable to inform pregnant women that perception of a pattern of increased 

strength of fetal movements in the evening is common throughout late pregnancy and may be reassuring 

of fetal wellbeing.  

 
Studies in the UK, Europe and Australia have found that pregnant women are frequently advised to drink 

cold water or eat sugary foods when concerned about fetal movements (Georgsson et al., 2016; Smyth 

et al., 2016; Warland and Glover, 2016). However, we found that consuming a cold drink or eating were 

significantly less likely to promote strong or moderate fetal movement than simply sitting quietly. Our 

results are consistent with a systematic review that found that the use of glucose did not make fetal 

testing more effective (Tan and Sabapathy, 2012). Furthermore, a study of fetal heart rate reactivity on 
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cardiotocograph in women given oral glucose (n=42) compared to women given water (n=40) found no 

difference between the two groups in mean time to reactivity (Druzin and Foodim, 1986). An evidence-

based clinical guideline for management of women with DFM has emphasised that advising women to 

drink water or eat sugary foods has no basis in evidence and may delay women from seeking fetal 

wellbeing assessment (Daly et al., 2018).  

 

We found more women perceived strong fetal movements when sitting compared to side-lying, however, 
this difference was not statistically significant (p=0.06). A study of maternal position and cardiotocograph 

reported significantly shorter time to demonstrate fetal heart rate reactivity when women were sitting, 

compared to lying supine (Cito et al., 2005). Studies using magnetic resonance imaging have 

demonstrated that maternal supine position is associated with reduced diameter of the inferior vena cava 

and reduced blood flow in the uterine artery when compared to side-lying (Higuchi et al., 2015; 

Humphries et al., 2018; Jeffreys et al., 2006). When the mother is in the supine position the fetus has 

been reported to spend more time in fetal behavioural state one or ‘quiescence’ compared to side-lying 
(Stone et al., 2017). Maternal sitting position is under-explored in relation to fetal movement observation. 

This may be due to early fetal movement research being conducted primarily in the hospital setting 

where, women were more often observed in hospital beds or on examination tables. In day-to-day life 

some pregnant women may find sitting for a period to observe fetal movements more practical than side-

lying. Our data suggest either sitting or side-lying may be effective, although supine position should be 

avoided. 

 

A strength of this study is that we have collected detailed fetal movement data from a group of women 
during pregnancy with subsequent normal outcome. This was a national study with participants recruited 

from multiple sites within New Zealand. The reported strength and frequency data are similar to those in 

an earlier Auckland study and a large UK study (Heazell et al., 2017a; Stacey et al., 2011a), suggesting 

the findings are likely to be generalisable to other populations. Participants in this study were 

representative of New Zealand society, including ethnic distribution. Although women with high parity 

were under-represented in our study, this does not reduce the utility of the information presented as 

parity has been shown to have no effect on perception of fetal movements in the third trimester (Saastad 
et al., 2008). Furthermore, sharing information about fetal movements may be beneficial, specifically for 

women in a first pregnancy (Tveit et al., 2009a). 

 

The women in this study were experiencing normal ongoing pregnancy at the time of interview and had 

no reason to interpret their experience differently in relation to pregnancy outcome, limiting bias. An 

acknowledged source of potential selection bias in fetal movement studies is that women who normally 

do not perceive fetal movements may decline to participate. Women approached to participate in this 

study were informed that the study was about pregnancy and the term ‘fetal movements’ was not used 
in the preamble to gain consent, making this source of selection bias unlikely. A possible limitation of the 

study design is that fetal movement information was derived from maternal report and is therefore subject 

to bias. However, maternal report of altered fetal movements may be clinically important as subjective 

perception of DFM is associated with adverse pregnancy outcomes.  
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We took measures to minimise the risk of interviewer inference by using a structured questionnaire to 

gather the fetal movement data. Midwife interviewers were trained to administer the questionnaire and 

instructed to ask the questions exactly as written. To ensure women’s comfort with responding to 

questions, interviewers began the section of detailed fetal movement questions with the words “there are 

no right or wrong answers to any of these questions”. We anticipated that women may ask midwife 

interviewers for their opinion on factors being investigated in the study and instructed interviewers to 

respond that ‘evidence was inconclusive and that is why we are carrying out this study’. Feedback from 
participants about involvement with the study was overwhelmingly positive. With the exception of BB and 

RC, who conducted a small proportion of the interviews, interviewers had no role in generating the 

hypotheses being explored, or the subsequent data analysis. 

 

One limitation of this study is that we did not have access to more detailed birth outcome data such as 

Apgar score or neonatal intensive care admission. Thus, the study group may have included some 

women who experienced a less than optimal birth outcome. Nevertheless, by only including women who 
gave birth to a live appropriate-for-gestational age infant at term, our data are likely to be broadly 

representative of women with normal outcome.  

 

Conclusions 
 
Pregnant women have indicated they would like more information about fetal movements. Our data 

support informing women in the third trimester that as pregnancy advances it is normal to perceive 

increasingly strong movement, episodes of movements that are more vigorous than usual, fetal hiccups, 
and a diurnal pattern involving strong fetal movement in the evening. This information may help pregnant 

women to better characterise normal fetal movement and appropriately seek review when concerned 

about fetal movements. This study should also inform care providers that it is important to be responsive 

to reports of fetal movement concerns in the evening as such reports are unusual.  

 



Supplementary Table 3.1. Fetal movement strength: Difference between women interviewed 
before 37 weeks and after 37 weeks. 
 

Fetal movement 

variable 

Before 37 weeks, n=123 

Fetal movement strength 
 

After 37 weeks, n=151 

Fetal movement strength 

P value  

Quiet  Moderate Strong Quiet  Moderate Strong 
Time of day 
 

When you first 
wake  

47 (40.2) 40 (34.2) 30 (25.6) 65 (44.5) 53 (36.3) 28 (19.2) 0.45 

During the morning 42 (34.7) 52 (43.0) 27 (22.3) 59 (40.7) 55 (37.9) 31 (21.4) 0.58 
 

During the 
afternoon 

11 (9.0) 68 (55.7) 43 (35.3) 32 (21.9) 61 (41.8) 53 (36.3) 0.008 

During the evening 6 (4.9) 34 (23.5) 88 (71.5) 4 (2.8) 34 (23.5) 107 (74.0) 0.65 
 

Night-time 
(including bedtime) 

5 (4.1) 19 (15.7) 97 (80.2) 14 (9.6) 30 (20.6) 102 (70.0) 0.10 

Around meals 
 

Before a meal 
 

59 (57.8) 21 (20.6) 22 (21.6) 73 (60.8) 32 (26.7) 15 (12.5) 0.16 

When hungry 

 
51 (50.5) 30 (29.7) 20 (19.8) 63 (53.9) 33 (28.2) 21 (18.0) 0.88 

During eating 

 
59 (55.7) 29 (27.4) 18 (17.0) 81 (60.9) 29 (21.8) 23 (17.3) 0.60 

Within 15 minutes 
of eating 

34 (32.4) 35 (33.3) 36 (34.3) 55 (41.7) 39 (29.6) 38 (28.8) 0.34 

An hour after eating 31 (32.3) 39 (40.6) 26 (27.1) 59 (45.4) 54 (41.5) 17 (13.1) 0.02 
 

Maternal position 
 

Walking around  71 (60.7) 29 (24.8) 17 (14.5) 84 (61.3) 37 (27.0) 16 (11.7) 0.77 
 

When you are 
standing in one spot 

66 (56.4) 32 (27.4) 19 (16.2) 83 (58.9) 44 (31.2) 14 (9.9) 0.30 

When you are sitting 
quietly 

18 (14.8) 44 (36.1) 60 (49.2) 28 (19.4) 62 (43.1) 54 (37.5) 0.15 

cramped position 36 (36.0) 31 (31.0) 33 (33.0) 43 (32.6) 46 (34.9) 43 (32.6) 0.80 
 

Lie on side 

 
26 (21.7) 39 (32.5) 55 (45.8) 41 (29.1) 53 (37.6) 47 (33.3) 0.12 

Fetal stimulus 
 

Cold drink  
 

36 (34.6) 32 (30.8) 36 (34.6) 43 (34.0) 35 (27.6) 49 (38.6) 0.80 

Rub or prod parts of 
baby 

38 (32.8) 36 (31.0) 42 (36.2) 33 (22.9) 42 (29.2) 69 (47.9) 0.12 

Unexpected loud 
noise 

35 (39.8) 25 (28.4) 28 (31.8) 49 (45.8) 24 (22.4) 34 (54.9) 0.58 

 
Data are number and (percentage). P value is for difference between term and preterm responses. 
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Chapter 4  Fetal movements and late 
stillbirth 
 

4.1 Preamble 
 
The manuscript below was published in the journal Scientific Reports in 2019 (2019:9:9815). The study 

sought to address the research question ‘How are maternally perceived fetal movements altered in the 

context of stillbirth’. This research question emerged during a 10-year period when I led perinatal 

mortality case review at a regional New Zealand hospital and was also acting as the local co-ordinator 

for the perinatal and mortality review committee (PMMRC). Time and time again, I heard accounts of 

pregnant women who reported DFM before a stillbirth, but I could find very little quality research 

elucidating this phenomenon. The quest to better understand the changes that pregnant women perceive 
prior to fetal death, so that stillbirths may be reduced in future is the central impetus for the research 

reported in this thesis. 

Online release of the manuscript below was accompanied by media reporting of the findings in New 

Zealand by The Herald in a story entitled ‘Quiet bub at night? Call the midwife pregnant mums told’. The 

manuscript has been cited in the PSANZ-SANDA Clinical practice guideline for the care of women with 

decreased fetal movements, published by the Centre of Research Excellence in Stillbirth. Brisbane, 

Australia. An abstract of this study was presented at the 22nd Annual Perinatal Society of Australia New 
Zealand Congress in Auckland, 22-25th March 2018. The presentation won the New Investigator Best 

Oral Presentation Award (midwifery) and the PSANZ Presidents New Investigator Best Oral Presentation 

Award (all disciplines). An abstract of this study was also presented orally at the International Society for 

the Study and Prevention of Perinatal and Infant Death (ISPID) and International Stillbirth Alliance (ISA) 

International Conference on Stillbirth, SIDS and Baby Survival, 6-8th June 2018, in Glasgow Scotland.  
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Reproduced from: Bradford B, Cronin R, McCowan L, McKinlay C, Mitchell E., Thompson J. Association 

between maternally perceived quality and pattern of fetal movements and late stillbirth, Scientific 

Reports, 9, (9815). Springer Nature. Permission not required under Creative Commons Attribution 4.0 

International License. The manuscript is unaltered from the version published by Springer Nature, other 

than removal of the abstract and changes in style to conform to the thesis.  
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4.2 Manuscript: Fetal movements and late stillbirth 
 
Introduction  
 
Maternal perception of decreased fetal movements (DFM) is a frequently encountered problem in 

maternity care, with between 4 and 16% of women presenting with DFM (Frøen, 2004; Heazell et al., 

2005). Perception of altered or decreased fetal movements is associated with stillbirth (Daly et al., 2018) 

and with other adverse outcomes including; feto-maternal haemorrhage, cord accident, oligohydramnios, 

congenital anomaly, being small for gestational age (SGA) and long term neurodevelopmental 

impairment (Daly et al., 2018; Dodds et al., 2012; James et al., 2000). DFM is hypothesised to be a 
compensatory response to placental insufficiency, allowing the fetus to conserve energy, and therefore 

may provide early warning of deteriorating fetal condition (Warrander et al., 2012). 

 

Several studies have concluded that suboptimal care in relation to DFM contributes to potentially 

avoidable stillbirth (Saastad et al., 2007, 2015). However, the optimal management of women presenting 

with DFM has not been established. Women with fetal movement concerns need to present early enough 

for intervention to be possible, if appropriate. However, use of interventions must be balanced against 
the potential for harm if such interventions are too liberally applied. In Norway, introduction of a fetal 

movement awareness quality-improvement programme resulted in a significant reduction in stillbirths 

amongst women with DFM, without increasing overall presentations for DFM or inductions of labour 

(Tveit et al., 2009a). The authors attributed the decrease in stillbirths to a reduction in delayed 

presentation with DFM (>24 hours and >48 hours) and increased identification of fetal growth restriction 

via ultrasound scanning of all women with DFM. Subsequently, a large trial in the United Kingdom 

(AFFIRM) investigated a package of care that included encouraging awareness of fetal movements and 

a management plan involving a low threshold for inducing labour in women with DFM. In the AFFIRM 
trial there was an increase in induction of labour and prolonged neonatal unit stays with no significant 

reduction in stillbirths (Norman et al., 2018). However, data on the frequency of DFM consultations, 

delayed presentation with DFM and utilisation of ultrasound scans were not reported. Compliance with 

the management protocol was sub-optimal with up to 40% of hospitals involved citing difficulties 

complying with the scanning recommendations.  

 

Giving women information about fetal movements can increase maternal concern (Saastad et al., 2008), 

and as the AFFIRM trial has demonstrated potentially lead to unnecessary interventions. An optimal 
approach to fetal movement screening would ensure timely presentation in women with a fetus at risk 

but avoid creating excessive concern in women with a healthy fetus. Clinical practice guidelines 

emphasise the importance of acknowledging women’s subjective concerns about a change in fetal 

movements rather than any fetal movement count per se (Daly et al., 2018). Qualitative aspects of fetal 

movements such as, pattern and intensity are observed by pregnant women but very little is known about 

these features in relation to stillbirth. Improved understanding of alterations in pattern and intensity of 

perceived fetal movements in the compromised fetus could enable development of tailored interventions 
aimed to prevent stillbirth and avoid unnecessary intervention. 
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Thus, we undertook a case-control study to explore the relationship between maternal perception of fetal 

movement quality and pattern and late stillbirth. We hypothesised that late stillbirth would be associated 

not only with perceived changes in fetal movement strength and frequency, but also differences in 

maternal perception of 1) fetal movement clusters or ‘busy times’ and 2) fetal movement quality in relation 

to diurnal rhythm, maternal position and meals. 

 
Methods  
 

Ethical approval was obtained from the Northern X Regional Ethics Committee: NTX/06/05/054, and all 

methods were performed in accordance with the processes outlined in the approved study protocol. All 

participants provided written informed consent. A detailed protocol is available online on figshare doi: 

10.17608/k6.auckland.3483134.v1.  

 

The study was conducted across seven of twenty health regions in New Zealand, which together account 
for two-thirds of New Zealand’s approximately 60,000 births each year. We planned to recruit two 

controls for each estimated eligible case in each region. Recruitment occurred between February 2012 

and December 2015 (see Fig.4.1). Eligible participants were approached by their midwife or doctor and 

asked whether the research midwife could contact them to explain the study and invite them to 

participate. Women with multiple pregnancy or babies with major congenital anomaly were excluded.   

 

Cases were women who had experienced a singleton late stillbirth (≥28 weeks’ gestation) and were 

interviewed as soon as possible after their stillbirth and before six weeks postpartum. Controls were 
women with ongoing singleton non-anomalous pregnancies randomly selected from hospital booking 

lists based on frequency matching of the expected distribution of stillbirths by region and gestation, 

ensuring that controls would be at a similar gestation to stillbirth cases. In addition to questions about 

fetal movements, the structured interview included a range of questions about lifestyle factors such as 

diet and sleep. Eligible participants were informed that the broad aim of the study was to explore 

modifiable risk factors for stillbirth. The specific hypotheses under investigation were not discussed with 

participants. The methods for this study have been described previously (McCowan et al., 2017). 
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Figure 4.1. Fetal movements and late stillbirth participant flowchart 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Participants responded to questions on fetal movement strength, frequency, hiccups, unusually vigorous 

movements and uterine contractions pertaining to the two weeks prior to stillbirth, or prior to interview for 

controls. Data were collected face-to-face via a structured interview questionnaire administered by 

trained research midwives. Interviews were conducted in the location of the woman’s choosing, in most 

cases the woman’s home and lasted approximately one hour. The structured questionnaire was 

supplemented in July 2013 (Part 2) with further questions on perception of fetal movement clusters or 
‘busy times’, and fetal movement strength in relation to: maternal position and activity, time of day, 

consumption of food and drinks, and environmental stimuli, such as loud noises and touch.  

 

Maternal perception of fetal movement strength and frequency over the last two weeks was categorised 

as ‘increased’, ‘decreased’, ‘stayed the same’ or ‘unsure’. If participants were unsure, the fetal hiccups 

sensation was described as ‘regular jerking movements happening at 1-2 second intervals over a period 

of 1-2 minutes’. Busy times were defined for participants as ‘a period where there is a group of 

Ineligible (n=5) 

Declined consent (n=323) 

Unable to contact (n=108) 

Assessment for eligibility* (n=1169) 

Cases (n=254)  Controls (n=915) 

*singleton, non-anomalous, >28 weeks  

Fetal Movement Questionnaire Part 1 (n=733) 

Cases (n=164) Controls (n=569) 

Fetal Movement Questionnaire Part 1 and 2 (n=457) 

Cases (n=112) Controls (n=345) 

Consented to participate (n=733) 

Cases (n=164) Controls (n=569) 
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movements, rather than single isolated movements, which might be short (15-45 seconds), or prolonged 

and involving many movements for up to 20 minutes.’ Participants indicated how many times a day, on 

average, their baby had busy times. Changes in duration of busy times in the last two weeks were 

categorised as ‘longer than before’, ‘about as long as before’ or ‘shorter than before’. Fetal movement 

quality in relation to maternal position, activities, and time of day was categorised as ‘notably quiet’, 

‘subtle or light movement’, ‘moderate movement’, ‘strong movement’, ‘jumps or startles’ and 

‘unsure/don’t notice’.  
 

Decreased frequency and decreased strength were significantly associated with each other and could 

not be used together in a multivariable model. In order to further explore relationships between strength, 

frequency and stillbirth we developed a set of 16 combined strength and frequency variables, prioritised 

according to distribution of the most common response in the control group and similarity of risk between 

variables, in the same manner reported by Heazell et al, 2018 (Heazell et al., 2018). Including each of 

the 16 potential combinations of strength and frequency changes as an independent variable in a 
multivariable model would have greatly reduced statistical power. These strength/frequency prioritised 

variables were then combined in a multivariable model with frequency of hiccups and unusually vigorous 

movements, as well as potential confounders; gestation, parity, employment, maternal body mass index 

(BMI) and infant sex.  

 

Categorical fetal movement variables were compared between cases and controls, odds ratios were 

estimated using logistic regression to determine the effect size of any association with late stillbirth. In 

multivariable analysis, we included any variables that were significant at the 10% level in the univariable 
analysis and with less than 10% missing data. Estimates of late stillbirth risk are presented as adjusted 

odds ratios (aOR) with 95% confidence intervals (95% CI), with significance defined at the 5% level. 

Statistical analysis was carried out using SAS version 9.4 (SAS institute Inc., Cary, NC, USA). 

 
Results  
 

In total, 733 women were enrolled in this study: 164 women with a late stillbirth and 569 control women 
with ongoing pregnancies matched for gestation and locality. This recruitment rate represents 65.9% of 

cases and 62.2% of eligible controls. Causes of stillbirth and sociodemographic associations in this study 

have been reported elsewhere.(McCowan et al., 2017) Briefly, stillbirth was associated with higher 

maternal BMI, maternal age >40 years, and SGA (birthweight <10th centile customised). The median 

(IQR) gestation at time of stillbirth was 37.7 (34.1, 39.9) weeks compared to time of interview for controls 

of 37.4 (34.0, 38.9) weeks (p=0.003). The median (interquartile range, [IQR]) duration from estimated 

time of stillbirth to interview was 24 (16, 32) days. A subgroup of women (those enrolled between July 

2013 and December 2015) who completed both Part 1 and 2 of the fetal movement questionnaire that 
included the additional questions described above (112/164 [70%] cases; 345/569 [61%] controls). 

Characteristics of this subgroup were broadly similar to the study population as a whole (Table 4.1).  
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Table 4.1. Participant characteristics 

 
 Cases N=164 Controls N=569 

Characteristic Part 1 and 2 of 
questionnaire 
N=112 

Part 1 of 
questionnaire only 
N=52 

P Part 1 and 2 of 
questionnaire 
N=345 

Part 1 of 
questionnaire only 
N=224 

P 

Age (years) 

<20 4 (3.6) 5 (9.6)  

0.28 

5 (1.4) 12 (5.4)  

0.03 20-39 98 (87.5) 43 (82.7) 328 (95.1) 204 (91.1) 

≥40 10 (8.9) 4 (7.7) 12 (3.5) 8 (5.6) 

Ethnicity 

Māori 21 (18.7) 5 (9.6)  

0.33 

33 (9.6) 25 (11.2)  

0.02 Pacific 23 (20.5) 15 (28.8) 46 (13.3) 40 (17.9) 

Indian 12 (10.7) 5 (9.6) 57 (16.5) 20 (8.9) 

Other Asian 11 (9.8) 2 (3.8) 38 (11.0) 34 (15.2) 

European 41 (36.6) 24 (46.1) 166 (48.1) 97 (43.3) 

Other 4 (3.6) 1 (1.9) 5 (1.4) 8 (1.4) 

Parity 

0 53 (47.32) 23 (44.2)  

0.82 

147(42.6) 98 (43.7)  

0.33 1-3 53 (47.3) 27 (51.9) 191 (55.4) 117 (52.2) 

≥4 6 (5.4) 2 (3.8) 7 (2.0) 9 (4.0) 

BMI (booking) 

<25 43 (38.4) 19 (36.5)  

0.29 

177 (51.3) 113 (50.4)  

0.84 25-29.9 32 (28.6) 10 (19.2) 89 (25.8) 55 (24.5) 

≥30 37 (33.0) 23 (44.2) 79 (22.9) 56 (41.5) 

Smoking 

Yes 22 (19.6) 15 (28.8) 0.19 31 (9.0) 35 (15.6) 0.01 

Employment (last month) 

Paid work 51 (45.95) 22 (42.3) 0.66 211 (61.7) 121 (55.2) 0.13 

Gestation  

Preterm 52 (46.4) 16 (30.8) 0.06 160 (46.4) 92 (41.1) 0.21 

Term 60 (53.6) 36 (69.2) 185 (53.6) 132 (58.9) 

Socioeconomic deprivation quintile 

1-2 23 (20.5) 17 (32.7)  

0.23 

127 (36.8) 80 (35.7)  

0.95 3 25 (22.3) 9 (17.3) 65 (18.8) 44 (19.6) 

4-5 64 (57.1) 26 (50.0) 153 (44.3) 100 (44.6) 

Data are n (%). FM, fetal movement; BMI, body mass index (kg/m2). Quintiles 4 and 5 are the most socioeconomically deprived. 

Part 1 of the questionnaire was completed by all participants interviewed between February 2012 and December 2015. Part 1 and 

Part 2 was completed by those interviewed between July 2013 and December 2015. 
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In women with stillbirth, the most common reason for seeing a health professional at the time of diagnosis 

of fetal death was DFM (n=64, 39%), followed by labour (n=44, 27%). In 17% of cases, the fetal death 

was discovered at a routine antenatal visit (n=28). We compared maternally perceived fetal movements 

in the two weeks prior to the stillbirth or to the interview for gestation-matched controls. The majority of 

controls (58.1%) reported increased strength of fetal movements in the last two weeks. In univariable 

analysis, maternal perception of increased strength or increased frequency of movements in the last two 

weeks was associated with reduced odds of late stillbirth, whilst decreases in perception of strength or 
frequency were associated with stillbirth (Table 4.2). Maternal perception of fetal hiccups was found to 

be associated with reduced odds of stillbirth, but uterine contractions showed no association. Analysis 

of paired strength and frequency variables showed that compared to ‘stay the same’ odds of late stillbirth 

were increased when both strength and frequency of fetal movements were decreased (OR 2.88, 95% 

CI 1.62-5.11) (Supplementary Table 4.1). 

 

Table 4.2. Univariable analysis of fetal movement strength, frequency and odds of late stillbirth 

 Cases  
N=164  

Controls  
N=569  

Odds Ratio (95% 
Confidence Interval)  

P 

In the last two weeks did the strength of your baby's movements?  

Increase  32 (19.5) 330 (58.1) 0.22 (0.14-0.34) <0.0001 

Decrease  47 (28.6) 45 (7.9) 2.35 (1.44-3.82) 

Stay the same  80 (48.8) 180 (31.7) reference 

Unsure  5 (3.0) 13 (2.3) 0.86 (0.29-2.51) 

In the last two weeks did the frequency of your baby's movements?  

Increase  21 (12.8) 221 (38.8) 0.31 (0.18-0.52) <0.0001 

Decrease  62 (37.8) 83 (14.6) 2.41 (1.59-3.36) 

Stay the same  79 (48.2) 255 (44.8) reference 

Unsure  2 (1.2) 10 (1.7) 0.65 (0.14-3.01) 

During the last two weeks did you notice any time that your baby was more vigorous than usual? 

Yes 67 (40.9) 330 (58.0) 0.50 (0.35-0.71) <0.0001 

No 97 (59.1) 239 (42.0) reference 

During the last two weeks did you feel you baby having hiccups?   

Yes  77 (47.5) 406 (71.5) 0.39 (0.26-0.57) <0.0001 

No  68 (41.9) 140 (24.6) reference 

Unsure  17 (10.5) 22 (3.8) 1.59 (0.78-3.19) 

During the last two weeks did you feel uterine contractions (tightenings/pre-labour contractions/Braxton Hicks 
contractions/false labour) for longer than an hour?  

Yes  67 (41.1) 227 (39.9)  1.05 (0.74-1.50) 0.93 

No  93 (57.1) 332 (58.4) reference 

Unsure  3 (1.8) 9 (1.6) 1.19 (0.31-4.48) 
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In multivariable analysis, increased strength of movements was associated with reduced odds of late 

stillbirth (aOR 0.21, 95% CI 0.12-0.36) (Table 4.2). Decreased frequency was associated with increased 

odds of late stillbirth (aOR 2.14, 95% CI 1.25-3.67) (Table 4.3). Multiple episodes of more vigorous than 

usual movements were associated with reduced odds of late stillbirth (aOR 0.52, 95% CI 0.32-0.84). 

Daily (aOR 0.28 95% CI 0.15-0.52) or occasional (aOR 0.48 95% CI 0.29-0.80) perception of fetal 
hiccups (Table 4.3) was associated with reduced odds of late stillbirth. 

 

 

Table 4.3. Multivariable analysis of strength and frequency of fetal movements, and odds of late 
stillbirth 

 
Fetal movement 

variable 

Cases 

N=164  

Controls 

N=569  

Univariable Odds 

Ratio (95% CI) 

P *Multivariable 

Odds Ratio (95% 

Confidence 

Interval) 

P 

Combination of strength frequency changes (prioritised variable) 

 

Increased strength 
 

32 
(19.5) 

330 (58.0) 0.21 (0.13=0.33) <0.0001 0.21  
(0.12-0.36) 

<0.0001 

Increased frequency but 
not strength 
 

6  
(3.6) 

29  
(5.1) 

(0.30-1.50) 0.65  
(0.25-1.71) 

Decreased frequency 
 

56 
(34.1) 

58  
(10.2) 

2.08  
(1.30-1.5) 

2.14  
(1.25-3.67) 

Unsure strength or 
frequency 
 

3  
(1.8) 

13  
(2.3) 

0.46  
(0.13-1.67) 

0.40  
(0.10-1.62) 

Same strength or 
frequency 
 

64 
(39.0) 

138 (24.2) reference reference 

During the last two weeks did you notice any time that your baby was more vigorous than usual? 

No 97 
(60.2) 

239 (42.6) reference <0.0001 reference 0.006 

Once 22 
(13.6) 

32  
(6.1) 

1.59  
(0.89-2.36) 

1.72(0.85-3.46) 

More than once 
 

40 
(24.8) 

280 (49.9) 0.35  
(0.23-0.53) 

0.52  
(0.32-0.84) 

Unsure 2  
(1.2) 

8  
(1.4) 

0.62  
(0.13-2.95) 

0.91  
(0.13-6.33) 

How often did you feel your baby having hiccups in the last two weeks? 

None 68 
(41.9) 

140 (24.6) reference <0.0001 reference <0.0001 

Unsure if felt 17 
(10.6) 

22  
(3.9) 

1.59  
(0.79-3.19) 

1.95  
(0.81-4.67) 

Once 10 
(6.2) 

22  
(3.9) 

0.94  
(0.42-2.09) 

1.04  
(0.40-2.70) 

Occasionally 42 
(26.2) 

197 (35.3) 0.44  
(0.28-0.80) 

0.48  
(0.29-0.80) 

Daily 20 
(12.5) 

165 (29.6) 0.25  
(0.14-0.43) 

0.28  
(0.15-0.52) 

Unsure  3  
(1.9) 

11  
(1.9) 

0.56  
(0.15-2.08) 

0.72  
(0.17-3.50) 

 
Data are n (%). *Adjusted for parity, employment, body mass index, fetal sex, and gestation. All fetal movement variables in the 
table are included in the model. Where column numbers do not add up to N this is due to missing data. 
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In data related to fetal movement quality and pattern included in Part 2 of the questionnaire, ‘notably 

quiet’ had few responses and was associated with similar odds of late stillbirth as ‘subtle or light 

movement’. Likewise, ‘jumps or startles’ had very few responses and was associated with similar odds 

as ‘strong movement’. Therefore, these categories were combined to create a ‘quiet or light movement’ 

category and a ‘strong or jumps/startles’ category. Multivariable models for variables associated with 

fetal movement quality and pattern were developed separately to those of types of movement, due to 

the reduced sample size and the strong inter-relationships of these variables. 
 
The number of busy times perceived per day did not differ significantly between cases and controls 

(p=0.13) in univariable analysis (Supplementary Table 4.2). However, busy times that were ‘shorter than 

before’ were associated with stillbirth (OR 2.54, 95% CI 1.33-4.83) and busy times that were ‘longer than 

before’ were associated with decreased odds of late stillbirth (OR 0.23, 95% CI 0.12-0.46). We found no 

association between late stillbirth and fetal movement patterns related to maternal hunger or 

consumption of food or drinks. (Supplementary Table 4.2). 
 

There were significant differences between cases and controls in terms of diurnal fetal movement pattern 

(Figure 4.2). There was no difference between cases and controls in fetal movements in the morning. 

However, quiet or light movement in the afternoon (OR 2.63, 95% CI 1.5-4.58) and in the evening (OR 

4.25, 95% CI 1.93-9.37) were associated with late stillbirth. Perception of strong movement in the 

evening (OR 0.55, 95% CI 0.33-0.93) or at night-time (OR 0.44, 95% CI 0.26-0.74) was associated with 

decreased odds of late stillbirth. (Supplementary Table 4.3). 

 
 

Figure 4.2. Fetal movement quality, time of day, and late stillbirth. 

 

 

In multivariable analysis, with adjustment for potential confounders, busy times that were ‘longer than 

before’ were associated with reduced odds of late stillbirth (aOR 0.23 (0.11-0.47, p<0.0001) and ‘quiet 

or light’ movement in the evening was associated with an almost 4-fold increased odds of late stillbirth 

(aOR 3.82, 95% CI 1.57-9.31, p<0.0001) (Table 4.4).  
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Table 4.4. Fetal movement strength and pattern and odds of late stillbirth 

Fetal 

movement 

variable 

Cases  

N=101 

Controls  

N=333 

Univariable Odds 

Ratio (95% 

Confidence 

Interval) 

P Multivariable Odds 

Ratio (95% 

Confidence 

Interval) 

P 

In the last two weeks on average how long did these ‘busy times’ last? 

Longer than 
before 

11 
(10.5) 

125 
(36.8) 

0.23 
(0.12-0.46) 

<0.0001 0.23 
(0.11-0.47) 

<0.0001 

About as long 
as before 

72 
(68.6) 

191 
(56.3) 

reference reference 

Shorter than 
before 

22 
(20.9) 

23 
(6.8) 

2.54 
(1.33-4.83) 

1.89 
(0.91-3.96) 

During the evening 

Quiet or subtle 
movement 

23 
(21.9) 

14 
(4.1) 

4.25 
(1.93-9.37) 

<0.0001 3.82 
(1.57-9.31) 

<0.0001 

Moderate 
movement 

29 
(27.6) 

75 
(22.2) 

reference reference 

Strong 
movements 
(including jumps 
or startles) 

53 
(50.5) 

249 
(73.7) 

0.55 
(0.33-0.93) 

0.62 
(0.35-1.11) 

 
Data are n (%). Adjusted for; parity, employment, body mass index, infant sex, and gestation. All fetal movement variables in table 
are included in mode 
 
 

Discussion 
 
Understanding alterations in patterns of fetal movements prior to fetal death is clinically important as our 

study and others have shown that the most common presentation when the fetus has died is decreased 
fetal movements (Efkarpidis et al., 2004; Stacey et al., 2011a). Our study has two novel and clinically 

relevant findings about fetal movement patterns prior to fetal demise. First, we found that there is a strong 

diurnal pattern in perceived fetal movement strength, and women who perceived their fetus to be quiet 

in the evening have an almost four-fold increased odds of late stillbirth. Second, we found that maternal 

perception of increasing length of fetal movement busy times over the past two weeks is associated with 

a four-fold reduction in odds of late stillbirth. In keeping with previous reports, we also found that 

decreased strength of fetal movements, decreased frequency of fetal movements and absence of 
hiccups are associated with stillbirth (Heazell et al., 2018; Stacey et al., 2011a).  

 

Maternal perception of decreased fetal movements prior to fetal demise was first observed in the 1970s, 

following which fetal movement monitoring was proposed as a method of fetal surveillance to prevent 

stillbirth (Sadovsky and Yaffe, 1973). The most common method evaluated has been daily fetal 

movement counts (Frøen, 2004), but this has been shown to be ineffective for prevention of stillbirth in 

high-quality studies (Mangesi et al., 2015). In recent years, emphasis has shifted to prioritizing the 

subjective impression of decreased or altered fetal movements on the part of the mother over any 
numeric definition (Daly et al., 2018). However, simply promoting subjective awareness of fetal 

movements may not be useful. For example, pregnant women have reported being unsure what is 

normal and receiving vague or conflicting information about what they should be feeling (Smyth et al., 

2016). Thus, the subjective impression method may lack specificity and has yet to prove useful for 

preventing stillbirths in high-quality studies. 
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One method that has shown promise is Moore and Piacquadio’s investigation of ‘evening only’ fetal 

movement monitoring, given that the fetus is most likely to be active at this time (Moore and Piacquadio, 

1989). In a prospective evaluation of a fetal movement screening programme designed to prevent 

stillbirth, women were instructed to count fetal movements between the hours of 7 and 11 pm and present 

that evening if they were unable to count 10 fetal movements in 2 hours. Moore and Piacquadio reported 

a significant (p<0.01) reduction in stillbirths when using evening-only fetal movement screening. Our 

study provides further evidence that maternal monitoring of fetal movements specifically in the evening 
has potential utility in stillbirth prevention programmes. However, this would need to be assessed in large 

prospective studies that also consider possible unwanted effects such as excessive intervention.  

 

Maternal perception of increased fetal movement in the evening has been reported previously (Bradford 

and Maude, 2018; Ehrström, 1984; Fisher, 1999). The phenomenon is often ascribed to maternal 

inattention to fetal movements during the day or improved perception later in the day due to seated or 

reclined maternal positions (Frøen, 2004; Raynes-Greenow et al., 2013). However, perception of 
increased fetal movement in the evening has been demonstrated, even when accounting for maternal 

position (Minors and Waterhouse, 1979). In addition, ultrasound and chrono-biological studies have 

independently reported a diurnal fetal movement pattern characterized by increased fetal movement in 

the evening and greater likelihood of quiescence in the morning (Kintraia et al., 2005; Patrick et al., 1982; 

Visser et al., 1982). Our finding of a substantially increased likelihood of stillbirth with perception of quiet 

fetal movement in the evening further supports the presence of a true fetal diurnal movement pattern 

and absence of this pattern being indicative of fetal compromise.     

 
There has been increasing interest in maximising effectiveness of healthcare treatments through 

consideration of circadian rhythms and optimized timing of interventions (Burki, 2017). Screening and 

assessment of fetal movements is one area that might benefit from such an approach. Non-stress tests 

(NST) are more likely to be reactive when carried out at 9 pm compared to 9 am (Babazadeh et al., 

2005), and biophysical profile scores are higher when conducted in the evening, due in part to a 

significant increase in fetal movement later in the day (Ozkaya et al., 2012). Thus, fetal assessment may 

be more efficient in the evening due to the greater likelihood that the fetus will be in an active state at 
this time.  

 

Pregnant women sometimes express that they are unsure what to monitor when it comes to fetal 

movement frequency, including how to regard clusters of movements (Smyth et al., 2016). We have 

shown that maternally perceived clusters of movements or busy times of the same or increasing length 

are associated with reduced odds of stillbirth. Busy times are likely to be indicative of active fetal 

behavioural state which is known to increase in length as pregnancy advances (Pillai and James, 1990a). 

It has long been acknowledged that alterations in fetal movement quality precede a reduction in quantity 
of movements when fetal condition is deteriorating (de Vries et al., 1982). This may explain the sensitivity 

of maternal observation of fetal movement changes in predicting adverse outcome. 

 

Ultrasound studies have shown that fetal movements are more readily detected by mothers if the 

movements are strong, of longer duration, involve more fetal body parts, or occur when the fetal heart 

pattern indicates an active fetal state (Brown et al., 2016; Hijazi et al., 2010; Sjöström et al., 2003). Thus, 
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quality of fetal movements influences perceived frequency. Incorporating perceived quality of fetal 

movements into screening programmes may prove more effective than observation of frequency alone. 

 

Updating patient education to include information about the pattern of increased fetal movements in the 

evening may help pregnant women to better appreciate their fetus’ typical movement pattern and to seek 

timely assessment for fetal movement concerns, rather than delay until the following day. Antenatal 

information that reduces delays in DFM presentation has been shown to be effective in reducing stillbirths 
(Tveit et al., 2009a). A focus on diurnal pattern would seem unlikely to result in excessive presentation 

given that just 4% of control women in our study perceived fetal movements to be quiet in the evening, 

compared to 14% who experienced decreased frequency. 

 

The association between maternal perception of fetal hiccups and decreased odds of stillbirth has been 

reported previously (Heazell et al., 2018; Stacey et al., 2011a). Our data add further support to this 

association demonstrating that in women with daily perception of fetal hiccups there is a three-fold 
reduction in odds of stillbirth. Although it has been speculated that perception of fetal hiccups might 

indicate a cord accident (Collins, 1997), hiccups are generally considered a normal aspect of fetal 

behaviour (Pillai and James, 1990b). The hiccup phenomenon appears to universal in mammals 

although its’ origin and purpose remain a matter of speculation. Hiccups are more frequent in fetal and 

infant life than in adult life (Howes, 2012). Fetal hiccups have been variously hypothesised to have a role 

in; developing respiratory muscles, preparing for suckling, and regulating amniotic fluid volume in early 

gestation (Howes, 2012; Murchison, 2015). Furthermore, central control of the hiccup reflex arc is in the 

brainstem (Murchison, 2015), suggesting presence of the hiccup reflex in the fetus may indicate normal 
neurological function. In a study of vibro-acoustic stimulation and hiccups during NST in 342 subjects, it 

was noted that fetal hiccups were absent in all non-reactive NST, also suggesting that absence of 

hiccups may be an indicator of fetal compromise (Goldkrand and Farkouh, 1991).  

 

A strength of this study was the case-control design allowing for collection of detailed information about 

perceived fetal movements prior to fetal death from recently bereaved mothers and comparison with 

controls at similar gestation. The case-control design represents a practical approach investigating fetal 
movements in women with stillbirth, given that late stillbirth is a rare pregnancy outcome (3/1000 births) 

making a prospective cohort study impractical. Matching of stillbirth cases with controls by gestation and 

location minimises selection bias due to demographic factors. In addition, women with stillbirth were 

interviewed relatively soon after their stillbirth: within six weeks and at a median of 24 days, a time period 

in which bereaved parents are likely to accurately recall events surrounding the death of a baby (Drews 

et al., 1990). 

 

An acknowledged limitation of case-control study design is potential for recall bias.  We took measures 
to minimise this risk by using a structured questionnaire to gather the fetal movement data. Midwife 

interviewers were trained to administer the questionnaire and instructed to ask the questions of both 

cases and controls exactly as written. To ensure women’s comfort with responding to questions, 

interviewers began the section of detailed fetal movement questions with the words ‘there are no right 

or wrong answers to any of these questions’. We anticipated that women may ask midwife interviewers 

for their opinion on factors being investigated in the study and instructed interviewers to respond that 
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‘evidence was inconclusive and that is why we are carrying out this study’. Use of midwife interviewers 

to administer the questionnaire also ensured sensitivity to vulnerable participants during interview. 

Feedback from participants about involvement with the study was overwhelmingly positive. With the 

exception of BB and RC, who conducted a small portion of the interviews, midwife interviewers had no 

role in generating the hypotheses being explored, or the subsequent data analysis, thus reducing the 

risk of interviewer inference. 

 
Whilst risk of bias in case-control studies cannot be completely eliminated, it should be noted that some 

fetal movement variables explored in this study were novel and neither participants or interviewers could 

have anticipated any association with stillbirth. Notably, increased fetal movements in the evening and 

the association between fetal hiccups and stillbirth are not well known. Another possible limitation is the 

time delay between fetal death and interview in cases. This may have influenced accuracy of recall by 

cases; however, this would not be systematically biased toward the exposure (Drews et al., 1990; 

Mackenzie and Lippman, 1989). Furthermore, the data in relation to fetal movement strength, frequency 
and hiccups closely resemble findings from a similar study conducted in the Midlands and North of 

England (Heazell et al., 2018), suggesting the findings are generalisable to other populations.  

 

This study confirms the significance of maternal perception of decreases in strength and frequency of 

fetal movements and association with stillbirth. We have also shown that maternal perception of 

increasing strength of fetal movements, multiple episodes of movements that are more vigorous than 

usual, perception of fetal hiccups and busy times of the same or increasing length are all reassuring 

features. Of all fetal movement variables considered in this study, maternal perception of fetal 
quiescence in the evening had the strongest association with stillbirth. Investigation of approaches to 

fetal movement screening in future should take into consideration the diurnal pattern of increased fetal 

movement in the evening. 
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Supplementary Table 4.1. Fetal movement strength and frequency combinations and late 
stillbirth 
 
 

Strength Frequency Stillbirths N=164 Controls N=568  Univariable OR 
(95%CI) 
 

Increase Increase 12 (7.3%) 192 (33.8%) 0.12 (0.14-0.49) 
Increase Decrease 6 (3.6%) 25 (4.4%) 0.48 (0.19-1.24) 
Increase Same 14 (8.5%) 108 (19.0%) 0.26 (1.14-0.49) 
Increase Unsure 0 5 (0.9%) - 
     
Decrease Increase 3 (1.8%) 0 undefined 
Same Increase 6 (3.6%) 29 (5.1%) 0.42 (0.16-1.06) 
Unsure Increase - - undefined 
     
Decrease Decrease 40 (24.4%) 28 (4.9%) 2.88 (1.62-5.11) 
Same Decrease 12 (7.3%) 27 (5.1%) 0.89 (0.42-1.89) 
Unsure Decrease 4 (2.4%) 3 (0.5%) 2.69 (0.58-12.40) 
     
Decrease Unsure 0 1 (0.2%) undefined 
Same Unsure 2 (1.2%) 3 (0.5% 1.34 (0.22-8.26) 
Unknown Same 1 (0.6%) 9 (1.6%) 0.22 (0.03-1.81) 
Unsure Unsure 0 1 (0.9%) - 
     
Decrease Same 4 (2.4%) 16 (2.8%) 0.50 (0.16-1.57) 
Same Same 60 (36.6%) 121 (21.3%) reference 

 
One control subject had missing data.  
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Supplementary Table 4.2. Fetal movement strength and pattern and late stillbirth 
 

During the last two weeks,  

please comment on your baby’s movements… 

Cases N=112 Controls N=345 P 

How many ‘busy times’ did your baby have in a day? 

0-2 37 (33.6) 82 (23.8) 0.13 
3-9 63 (57.3) 225 (65.4) 
10+ 10 (9.1) 37 (10.8) 
On average, how long did these ‘busy times last? 

Longer than before 11 (10.5) 125 (36.8) <0.0001 
About as long as before 72 (68.6) 191 (56.3) 
Shorter than before 22 (20.9) 23 (6.8) 
When you first wake (before rising out of bed) 

Quiet or light 42 (42.4) 148 (44.4)  
0.29 Moderate 29 (29.3) 115 (34.5) 

Strong or jumps 28 (28.3) 70 (21.0) 
During the morning 

Quiet or light 42 (40.8) 122 (36.3)  
0.27 Moderate 35 (34.0) 144 (42.8) 

Strong or jumps 26 (25.2) 70 (20.8) 
During the afternoon 

Quiet or light 34 (32.4) 51 (15.2)  
0.0005 Moderate 41 (39.0) 161 (48.2) 

Strong or jumps 30 (28.6) 123 (36.6) 
During the evening 

Quiet or light 23 (21.9) 14 (4.1)  
<0.0001 Moderate 29 (27.6) 75 (22.2) 

Strong or jumps 53 (50.5) 249 (73.7) 
Night-time (including bedtime) 

Quiet or light 19 (18.4) 26 (7.7)  
<0.0001 Moderate 30 (29.1) 61 (18.1) 

Strong or jumps 54 (52.4) 250 (74.2) 
Before a usual mealtime 

Quiet or light 55 (63.2) 170 (59.8)  
0.65 Moderate 22 (25.3) 92 (24.6) 

Strong or jumps 10 (11.5) 44 (15.5) 
When you are hungry 

Quiet or light 48 (54.5) 149 (53.2)  
0.81 Moderate 21 (23.9) 76 (27.1) 

Strong or jumps 19 (21.6) 55 (19.6) 
While you are eating 

Quiet or light 50 (56.2) 176 (57.7)  
0.66 Moderate 26 (29.2) 76 (24.9) 

Strong or jumps 13 (14.6) 53 (17.9) 
Within 15 minutes of eating 

Quiet or light 34 (39.1) 114 (37.9)  
0.58 Moderate 32 (36.8) 98 (32.6) 

Strong or jumps 21 (24.1) 89 (29.6) 
An hour after eating 

Quiet or light 43 (51.8) 114 (40.0)  
0.06 Moderate 22 (26.5) 115 (40.3) 

Strong or jumps 18 (21.7) 56 (19.6) 
When you are walking around at home or work 

Quiet or light 51 (53.1) 193 (60.1)  
0.47 Moderate 31 (32.3) 89 (27.7) 

Strong or jumps 14 (14.53) 39 (12.1) 
When you are standing in one spot 

Quiet or light 49 (51.0) 181 (55.9)  
0.48 Moderate 29 (30.2) 98 (30.25) 

Strong or jumps 18 (18.7) 45 (13.9) 
When you are sitting quietly 

Quiet or light 24 (23.5) 60 (17.9)  
0.42 Moderate 33 (32.3) 123 (36.7) 

Strong or jumps 45 (44.1) 152 (45.4) 
When you lie on your side 

Quiet or light 34 (34.7) 80 (24.2)  
0.05 Moderate 36 (36.7) 117 (35.4) 

Strong or jumps 28 (28.6) 133 (40.3) 
When you have a cold drink (water, juice, fizzy or other cold liquid) 

Quiet or light 34 (40.9) 104 (35.2)  
0.57 Moderate 21 (25.3) 89 (30.2) 

Strong or jumps 28(33.7) 102 (34.6) 
When you sit in a cramped position (eg in car, or sitting with knees pulled up) 

Quiet or light 30 (39.5) 103 (35.0)  
0.74 Moderate 24 (31.6) 95 (32.3) 
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Data are n 
(%) 
  

Strong or jumps 22 (31.6) 96 (32.6) 
When you rub or prod parts of baby 

Quiet or light 31 (30.4) 89 (27.1)  
0.74 Moderate 30 (29.4) 108 (32.9) 

Strong or jumps 41 (40.2) 131 (39.9) 
When there is an unexpected loud noise (e.g. dogs barking, shouting, music or banging) 

Quiet or light 40 (53.3) 113 (45.7)  
0.05 Moderate 22 (29.3) 56 (22.7) 

Strong or jumps 13 (17.3) 78 (31.6) 
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Supplementary Table 4.3. Fetal movement quality and odds ratio for late stillbirth 
 

 Cases  

N=112 

Controls  

N=345 

Odds Ratio (95% 

Confidence Interval) 

In the last two weeks on average how long did these ‘busy times’ last? 
Longer than before 11 (10.5) 125 (36.8) 0.23 (0.12-0.46) 
About as long as before 72 (68.6) 191 (56.3) reference 
Shorter than before 22 (20.9) 23 (6.8) 2.54 (1.33-4.83) 
During the afternoon 
Quiet or light  34 (32.4) 51 (15.2) 2.63 (1.5-4.58) 
Moderate  41 (39.0) 162 (48.2) reference 
Strong or jumps 30 (28.6) 123 (36.6) 0.96 (0.57-1.63) 
During the evening 
Quiet or light  23 (21.9) 14 (4.1) 4.25 (1.93-9.37) 
Moderate  29 (27.6) 75 (22.2) reference 
Strong or jumps 53 (50.5) 249 (73.7) 0.55 (0.33-0.93) 
Night-time including bedtime 
Quiet or light 19 (18.4) 26 (7.7) 1.49 (0.71-3.1) 
Moderate  30 (29.1) 61 (18.1) reference 
Strong or jumps 54 (52.4) 250 (74.2) 0.44 (0.26-0.74) 
When you lie on your side 
Quiet or light  34 (34.7) 80 (24.2) 1.38 (0.79-2.39) 
Moderate  36 (36.7) 117 (35.4) reference 
Strong or jumps 28 (28.6) 133 (40.3) 0.68 (0.39-1.19) 
An hour after eating* 
Quiet or light 43 (51.8) 114 (40.0) 1.98 (1.1-3.5) 
Moderate 22 (26.5) 115 (40.3) reference 
Strong or jumps 18 (21.7) 56 (19.6) 1.68 (0.83-3.38) 
Unexpected loud noise* 
Quiet or light  40 (53.3) 113 (45.7) 0.9 (0.49-1.66) 
Moderate  22 (29.3) 56 (22.7) reference 
Strong or jumps 13 (17.3) 78 (31.6) 0.42 (0.19-0.91) 

 
* Variables with >10% missing data. Data are n (%). 
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Chapter 5  The significance of fetal 
movements in women with overweight 
or obesity  
 
 
5.1. Preamble 
 

The manuscript below was published in the journal Acta Obstetricia et Gynecologica Scandinavica in 

2018 (2018;97(1):13-24). The study sought to address the research question ‘What is the relationship 

between maternal overweight or obesity and fetal movements?’ The impetus to explore this question 

came from my observation in clinical practice that women with DFM and larger body size frequently had 
their concerns dismissed by clinicians who opined that such women are less able to perceive fetal 

movements due to fatness. Given this group are at increased risk of adverse perinatal outcome including 

stillbirth, I felt a systematic approach to investigating the literature on the associations and significance 

of fetal movements in women with obesity was warranted to ensure appropriate responses by clinicians 

to DFM presentations. The findings of this study were also presented orally at the Perinatal Society of 

New Zealand (PSNZ) Annual Scientific Meeting held in Wellington on the 14th of June 2017 and via a 

poster at the International Stillbirth Alliance Conference, 22-24th August 2017 in Cork Ireland. The work 
has had some impact since publication including citation in the PSANZ-SANDA Clinical practice 

guideline for the care of women with decreased fetal movements and citation by various hospital 

protocols on DFM in Australia and New Zealand.  

 

Permission 
 

Reproduced from Bradford B, Thompson J, Heazell A, McCowan L, McKinlay C., Understanding the 

associations and significance of fetal movements in overweight or obese pregnant women: a systematic 

review, Acta Obstetricia et Gynecologica Scandinavica with permission from Elsevier. The material 

below is unchanged from the published version other than minor alterations to conform to the style of 

the thesis. 

 

Received 3rd August 2017; accepted 18th October 2017; published online 25 October 2017. 
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5.2. Manuscript: The significance of fetal movements in women with overweight 
or obesity 
 
Introduction  
 
Decreased fetal movement (DFM) is an important risk factor for stillbirth and timely assessment of 

complaints is recommended to reduce stillbirth (Gardener et al., 2017; Winje et al., 2016). DFM is 
normally defined subjectively as maternal concern about a perceived reduction or cessation in fetal 

movements (Gardener et al., 2017).  

In addition to stillbirth, DFM is associated with preterm birth (Valentin and Maršál, 1986), caesarean 

section for fetal distress (Aviram et al., 2016), fetal growth restriction (FGR) (O’Sullivan et al., 2009; 

Sinha et al., 2007), small for gestational age (SGA)(Dutton et al., 2012), and neurological impairment in 

offspring (James et al., 2000). It has been hypothesised that when exposed to a worsening intra-uterine 

environment, the fetus conserves energy by reducing movement, and this is supported by studies 
showing an association between DFM and placental pathology (Dutton et al., 2012; Pagani et al., 2014a, 

2014b; Warrander et al., 2012). 

 

Maternal characteristics reported to be associated with DFM include, smoking, primiparity, advanced 

maternal age, anterior placenta, and maternal obesity (Tuffnell et al., 1991; Tveit et al., 2009b). The 

majority of DFM cases go on to have a normal pregnancy outcome thus, DFM appears to be a sensitive 

but non-specific indicator of fetal compromise. High-quality evidence to guide appropriate management 

of women presenting with DFM is scant (Hofmeyr and Novikova, 2012).  
 

Maternal obesity is a known risk factor for adverse pregnancy outcomes, including stillbirth (Cedergren, 

2006; Chu et al., 2007). A recent meta-analysis of studies in high-income countries demonstrated that 

obesity is the largest modifiable risk factor for stillbirth, surpassing even smoking (Flenady et al., 2011). 

Furthermore, there is a linear relationship between maternal size, as measured by body-mass-index 

(BMI) and risk of stillbirth (Bodnar et al., 2015; Chu et al., 2007). Pregnant women who are overweight 

or obese appear to be more likely to present with DFM (Pagani et al., 2014b; Tuffnell et al., 1991). 
However, a widely cited study concluded that perception of fetal movements is impaired by excess 

maternal abdominal fat, and that DFM may have greater clinical significance in normal weight women 

(Tuffnell et al., 1991). This study is influential in that it has been cited in a Cochrane review and in 

numerous practice guidelines and patient information for DFM (Hofmeyr and Novikova, 2012). To our 

knowledge, the evidence supporting this view has not been systematically evaluated. 

 

Given that maternal obesity is now commonplace in developed countries and steadily increasing in the 

developing world (Hu, 2011; Huda et al., 2010), the contested nature of frequency and significance of 
DFM concerns in obese women highlights a need for a systematic review of the evidence regarding the 

influence of maternal body size on perception of fetal movements and whether or not obese pregnant 

women who present with DFM are at increased risk of adverse pregnancy outcomes. 

 

Four questions are addressed in this systematic review: 1) Does increased maternal body size affect 

fetal movement and behaviour? 2) Does increased maternal body size affect maternal perception or 
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awareness of fetal movement? 3) Is increased maternal body size associated with altered presentation 

for decreased fetal movement? and 4) Amongst women presenting with DFM, is increased maternal 

body size associated with risk of adverse fetal or neonatal outcome? 

 

Material and methods 
 
This systematic review was conducted in accordance with the PRISMA statement and was registered in 

PROSPERO (no. CRD42016046352; http://www.crd.york.ac.uk/PROSPERO/). 

 
Search Strategy 

We searched CINAHL, EMBASE, MEDLINE, PsycINFO and SCOPUS databases, using the search 

terms overweight, obese, BMI or body mass index, fetal movement, fetal activity, and fetal behaviour, 

perception and awareness, including spelling variants. The search was restricted to studies involving 

humans and those published in English. There was no limit on year of publication. The search was last 

updated on 23rd September 2017. We hand-searched bibliographies of included studies, review papers 

and stillbirth conference abstracts to identify additional items. One author (BB) conducted the search 

and initial title and abstract screening. Records identified for full-text screening were reviewed by two 
authors (BB and AH, CM, LM or JT). Screening and eligibility assessments were performed using 

COVIDENCE (http://www.covidence.org/). Conflicts were resolved by consensus or following 

consultation with a third author.  

 

Inclusion Criteria 

Studies were eligible for inclusion if they included a defined exposure group (increased maternal size) 

and control group (normal maternal size), and reported on one or more of the following primary 
outcomes: 1) fetal movement and behaviour as assessed by ultrasound or other objective device (rate 

of body movement, including movement types, measures of movement quality, and measures of 

behavioural state or development); 2) maternal perception or awareness of fetal movement (reported as 

percentage of perceived movements compared with ultrasound); 3) clinical presentation with DFM; and 

4) outcomes following presentation with DFM including SGA, FGR, stillbirth, neonatal death and hypoxic-

ischaemic encephalopathy, as defined by the authors of the index study. Increased maternal size was 

prioritised as: overweight (BMI 25-29.9 kg/m2) or obese (BMI ≥30 kg/m2); obese; or high maternal weight. 

For outcomes 3 and 4, we used the definition of DFM provided by the authors.  
 

Data Extraction and Analysis 

Data for primary and secondary outcomes were extracted independently by two authors using a 

customised form. Conflicts were resolved by consensus or following consultation with a third author. If 

data were missing, authors were contacted for additional information.  

 

Secondary outcomes were as follows: for question 2, fetal movement concerns (as measured by 

validated inventories) and fetal movement counts; for question 3, delayed presentation with DFM, i.e., 
presentation >48 hours of DFM or >24 hours after absent fetal movements; and for question 4, neonatal 

unit admission, emergency caesarean section, and low Apgar score (<4 at 1 minute, <7 at 5 minutes). 
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Meta-analysis was planned using the inverse variance, fixed effects method in RevMan (version 5.3), 

with inclusion of adjusted analyses where possible. Data from case-control and cohort studies were 

analysed separately. If meta-analysis was not possible, a descriptive summary of study results is 

provided.  

 

Quality of Evidence  

We assessed the risk of bias for each study and research question using a modified version of ROBINS-
I for non-randomised studies of intervention (supplemental table 5.1) (Sterne et al., 2016). Two authors 

independently performed risk of bias assessments. Conflicts were resolved by consensus or by 

consultation with a third author. 

 

We assessed the overall quality of evidence for each research question using the GRADE approach 

(Balshem et al., 2011). Two authors independently assessed quality of evidence. Conflicts were resolved 

by consensus or by consultation with a third author.  
 

Ethical approval 

No ethical approval was required for this study. 

 

Results 
 
Search results 

Of 726 records identified, 609 were excluded following title and abstract screening, and a further 94 were 
excluded following full-text review (figure 5.1). Of the remaining 23 publications, two were from one study 

(Tveit et al., 2009b, 2010a), and three were from another study (Pagani et al., 2014a, 2014b; Scala et 

al., 2015). One publication (Winje et al., 2012b) that reported on presentation with DFM was part of a 

larger cohort study (Winje et al., 2012c). Thus 19 separate studies were included. Several of these 

reported on associations with BMI as a continuous variable but did not report outcomes for women of 

increased and normal body size (Binder et al., 2017; Mohr Sasson et al., 2016; O’Sullivan et al., 2009; 

Pagani et al., 2014a; Scala et al., 2015; Sheikh et al., 2014; Warrander et al., 2012). Authors were 
contacted for additional data but this was provided for only one study (Brown et al., 2016). Data were 

extracted from six studies for question 2, five for question 3, and one for question 4 (table 5.1).  

  

Twenty-three publications were identified as eligible but two were from one study (Tveit et al., 2009b, 

2010a), and three were from another study (Pagani et al., 2014a, 2014b; Scala et al., 2015). One 

publication (Winje et al., 2012b) that reported on presentation with DFM was part of a larger cohort study 

(Winje et al., 2012c). Thus 19 separate studies were included and data were extracted from 10 studies. 
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Figure 5.1. Maternal body size and fetal movements systematic review PRISMA flowchart 



 

Table 5.1. Included studies 

Author (date) Study 
design 

Case/control or 
exposed/ 
unexposed (n/N) 
 

Gestation 
(weeks) 

Exposure(s) Outcomes 
assessed 

Risk of bias assessment 

Selection of 
groups 

Confounding Ascertainment of 
exposure 

Measurement 
of outcome  

Missing 
data 

Reporting of 
results 

Question 1: Does increased maternal body size affect fetal movement and behaviour? 
Data not suitable for extraction  
Voegtline et 
al. (2016)  

Cohort 209/401 24-36  BMI ≥25  Fetal behaviour Low Mod Low Low Low Low 

Question 2: Does maternal body size affect fetal movement perception or awareness? 
Data extracted 
Brown et al. 
(2016)  

Cohort 14/7 34-41 BMI ≥25 FM perception 
vs US 

Low Mod Low Mod Low Low 

Hijazi et al.  
(2010)  

Cohort 4/10 ≥32 BMI ≥30 FM perception 
vs US 

Low Mod Mod Low Low Low 

Saastad et al. 
(2008)  

Cohort 213/478 Mean 34 BMI >25  Low FM 
awareness 

Low Low Low Low Low Low 

Saastad et al. 
(2010)  

Cohort 
 

221/471 
 

≥28 BMI >25  Low FM 
awareness 

Low Low Low Low Low Low 

Birger et al. 
(1980)  

Cohort Cohort 200 21-41 Weight ≥75 kg FM count per 
hour 

Serious Serious No info Serious No info Low 

Data not suitable for extraction  
Gettinger et al. 
(1978)  

Cohort Cohort 40 25-40 Weight FM perception 
vs US 

Low No info Low No info Low Low 

Hertogs et al. 
(1979)  

Cohort Cohort 20 (15) 32-40 Weight 
(scapular 
skinfold) 

FM perception 
vs US 

No info No info Low Low No info Mod 

Winje et al. 
(2011)  

Cohort 284/1502 ≥28 BMI ≥28  Count-to-ten 
time 

Low Low Low Low Low Low 

Winje et al. 
(2012b)  

Cohort Cohort 1086 ≥24 BMI ≥30  Count-to-ten 
time 

Low Low Low Low No info Low 

Question 3: Is increased maternal body size associated with altered presentation for decreased fetal movement? 
Data extracted 
Pagani et 
al.(2014b)  

Cohort 2116/17781 ≥36 BMI ≥30 Presentation 
with DFM 

Low Low Mod Mod Low Low 

Saastad et al. 
(2008)  

Cohort 213/478 
 

Mean 239 
days 

BMI >25  Presentation 
with DFM 

Low Low Low Low Low Low 

Winje et al. 
(2012a)  

Case-
control 

129/191 ≥24 BMI ≥30 Presentation 
with DFM 

Low Mod Mod Low Low Low 

Tuffnell et al. 
(1991)  

Case-
control 

173/273 30-42 Weight ≥80 kg Presentation 
with DFM 

Mod No info Low Mod Serious Low 

Tveit et al. 
(2009)  

Case-
control 

2065/614 ≥28 BMI ≥25 Presentation 
with DFM 

Low Low Mod Mod Low Low 
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Tveit et al. 
(2010)  

Case-
control 

Cases 594 ≥28 BMI ≥25 Delayed 
presentation with 
DFM 

Low Low Mod Low Low Low 

Data not suitable for extraction  
Mohr Sasson 
et al. (2016)  

Cohort Cohort 399 24-42 BMI Presentation 
with DFM 

Serious Mod Low Mod No info Low 

O’Sullivan et 
al. (2009)  

Case-
control 

Cases 203  ≥24 BMI Presentation 
with DFM 

Low Mod Low Low No info Low 

Pagani et al. 
(2014a)  

Case-
control 

742/16907 ≥36 BMI Presentation 
with DFM 

Low Mod Low Mod Low Low 

Scala et al.  
(2015)  

Cohort Cohort 1234 ≥28 BMI Presentation 
with DFM 

Mod Low Low Mod No info Low 

Sheikh et al. 
(2014)  

Cohort Cohort 921 28-40 BMI Presentation 
with DFM 

No info Low Mod Low Low Low 

Warrander et 
al. (2012)  

Case- 
control 

Cases 36 30-42 BMI Presentation 
with DFM 

Mod Mod Low Mod Low Low 

Question 4: Amongst pregnant women with decreased fetal movements, is increased maternal body size associated with risk of adverse fetal or neonatal outcome? 
Data extracted 
Tveit et al. 
(2010)  

Case-
control 

Cases 271* 
  

≥28 BMI >25  FGR 
Stillbirth 
Preterm birth 

Low Low Mod Low Low Low 

Data not suitable for extraction  
Dutton et al. 
(2012)  

Cohort Cohort 305 ≥28 BMI ‘poor outcome’ Low Low Low No info No info No info 

O’Sullivan et 
al. (2009)  

Case-
control 

Cases 203 ≥24 BMI ‘poor outcome’ Low No info Low Low No info Low 

Pagani et al. 
(2014b)  

Cohort Cohort 865 ≥36 BMI  SGA Low Low Mod Mod Low Low 

Scala et al. 
(2015)  

Case-
control 

184/1050 ≥28 BMI SGA  Mod Low Low Mod No info Low 

BMI, body mass index m/kg2; FM, fetal movements; DFM, decreased fetal movements; FGR, fetal growth restriction; SGA, small for gestational age; No info, no information. *Stillbirth cases n=69; preterm birth cases 

n=7.



 

Question 1. Does increased maternal body size affect fetal movement and behaviour?  

Primary outcome: One study, Voegtline et al., compared fetal motor activity among 137 overweight, 72 

obese and 401 normal weight women (Voegtline et al., 2016). There was moderate risk of bias for 

ascertainment of exposure and measurement of outcomes (table 5.1). Higher motor activity was reported 

at 30-32 weeks’ and 36 weeks’ gestation among fetuses of obese and overweight compared to normal 

weight women, but numerical data were not provided (Voegtline et al., 2016). 
 

Quality of evidence: There was insufficient evidence to determine the relationship between maternal 

body size and fetal movement and behaviour. 

 

Question 2. Does maternal body size affect fetal movement perception or awareness?  

Primary outcome: Four studies assessed the relationship between maternal body size and perception of 

fetal movements, as measured by percentage of ultrasound observed fetal movements also perceived 
by mothers (Brown et al., 2016; Gettinger et al., 1978; Hertogs et al., 1979; Hijazi et al., 2010). These 

studies were either at moderate risk of bias or had incomplete information for risk of bias assessment in 

one or more domains (table 5.1). Gettinger et al. reported that there was no association between 

perceived fetal movements and maternal weight (Gettinger et al., 1978), and Hertogs et al. reported no 

association with either maternal weight or sub-scapular skinfold thickness (Hertogs et al., 1979), but 

neither of these studies provided data. Brown et al. compared 14 overweight and seven normal sized 

women and found no difference in the mean [standard deviation, SD] percentage of fetal movements 

accurately perceived (41.5% [21.8] vs 41.3% [14.1]) (Brown et al., 2016). Similarly, Hijazi et al., 
compared four obese and 10 non-obese women and found that the percentage of fetal movements 

perceived was similar (34.2% vs 36.2% as a proportion of total fetal movements per group, no statistical 

analysis) (Hijazi et al., 2010). Meta-analysis was not possible as only the study by Brown et al. (Brown 

et al., 2016) provided data in a form suitable for analysis.  

 

Secondary outcomes: Two studies assessed the relationship between maternal body size and maternal 

awareness of fetal movement and concern about fetal movements. Both studies were at low risk of bias. 
In a cross-sectional study of 691 women, Sastaad et al. explored low maternal awareness and concerns 

about fetal movements using a questionnaire (Saastad et al., 2008). The authors reported that maternal 

overweight or obesity (n=213), compared with BMI <25 kg/m2 (n=445), was not associated with either 

‘low awareness’ of fetal movements (adjusted odds ratio [OR] 1.1, 95% confidence interval [CI] 0.6-1.8) 

or concern about fetal movements (OR 0.90, 95% CI 0.70-1.2). Similarly, in a subsequent study of 692 

women, Saastad et al. found that maternal overweight or obesity was not related to ‘low awareness’ of 

fetal movements (OR 0.77, 95% CI 0.50-1.18) (Saastad et al., 2010). Following an intervention involving 

provision of information on fetal activity and monitoring, overweight and obese women remained 
significantly less likely than normal weight women to have ‘low awareness’ of fetal movements but had 

increased likelihood of fetal movement concerns (Saastad et al., 2010). 

 

Three studies compared maternal fetal movement counting between women of increased and normal 

body size (Birger et al., 1980; Winje et al., 2011, 2012a). Birger et al. studied 200 pregnant women, 150 

of whom were hospital inpatients (39). Mean [SD] hourly fetal movement counts were significantly lower 

in women who weighed ≥75 kg than in women who weighed 55-74 kg (22.0 [0.7] vs. 29.0 [0.8] kg/m2, 
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p=0.001). However, this study was at high risk of bias. For example, the counting method differed 

between inpatients and outpatients (the latter only counted movements during the evening) and no 

allowance was made for the likelihood that the inpatient group would have comprised more overweight 

women. In a cohort study of 1,786 women, Winje et al. explored the relationship between maternal 

characteristics and the time taken to count 10 fetal movements at a time when the mother knew the baby 

was active (Winje et al., 2011). They reported that pre-pregnancy BMI ≥28 kg/m2, compared with BMI 

<28 kg/m2, was associated with an increase in the mean count-to-ten time, and instances of more than 
2 hours to count 10 movements, but numerical data were not provided (Winje et al., 2011). In a 

subsequent cohort study of 1,086 women, the same authors, also reported an increase in count-to-ten 

time in women with BMI >30 kg/m2, though the effect size was very small, amounting to an increase of 

less than two minutes (Winje et al., 2012c). 

 

Quality of evidence: For the primary outcome of perception of fetal movement as assessed by ultrasound, 

there was very low-quality evidence suggesting that this is not different between women of increased 
and normal body size (Supplementary material, III).    

 

Question 3. Is increased maternal body size associated with altered presentation for DFM?  

Primary outcome: Ten studies (13 publications) reported on the association between maternal size and 

presentation with DFM (Mohr Sasson et al., 2016; O’Sullivan et al., 2009; Pagani et al., 2014a, 2014b; 

Saastad et al., 2008; Scala et al., 2015; Sheikh et al., 2014; Tuffnell et al., 1991; Tveit et al., 2009b; 

Warrander et al., 2012; Winje et al., 2012b). One study, Saastad et al. (Saastad et al., 2008), was at low 

risk of bias, but all other studies were at moderate to serious risk of bias in one or more domains (table 
5.1). Seven publications reported associations with BMI only as a continuous exposure (Mohr Sasson et 

al., 2016; O’Sullivan et al., 2009; Pagani et al., 2014a; Scala et al., 2015; Sheikh et al., 2014; Warrander 

et al., 2012). Of these, four studies reported no significant association between presentation with DFM 

and BMI, but did not provide numerical data (Mohr Sasson et al., 2016; O’Sullivan et al., 2009; Sheikh 

et al., 2014). One case-control study, Warrander et al. (11), reported that median [range] BMI was not 

significantly different between women who presented with DFM and gave birth within 7 days (n=36) and 

women without DFM (n=36) (24.4 [18.1-45.6] vs. 24.6 [17.8-41.6] kg/m2, p=0.88) (Warrander et al., 
2012). Another case-control study, Binder et al. reported median [interquartile range, IQR] BMI of 24.6 

[21.9-28.3] kg/m2 in DFM cases (n=4500) which was not significantly different (p=0.40) to the median 

[IQR] BMI of 24.5 [22.0-28.78] kg/m2 in controls (n=1527) (Binder et al., 2017). In contrast, Pagani et al. 

(13), reported that women presenting with DFM (n=742) had significantly higher median [IQR] BMI than 

control women (n=16907, 24.2 [21.8-28.3] vs. 23.5 [21.2-26.7] kg/m2, p=<0.001). In none of these studies 

was the proportion of overweight or obese women reported. In a cohort study of women with DFM, Scala 

et al. reported that those with a single presentation (n=1029) had similar mean [SD] BMI to those with 

multiple presentations (n=205) (25.2 [5.2] vs. 25.8 [5.8] kg/m2, p=0.15) (Scala et al., 2015). 
 

In the remaining five studies from which data could be pooled for meta-analysis, there was a positive 

association between increased maternal body size and presentation with DFM: for cohort studies odds 

ratio (OR) 1.56, 95% confidence interval (CI) 1.27-1.92 (2 studies; 2,329 exposed, 18,259 unexposed); 

for case-control studies OR 1.32, 95% CI 1.12-1.54 (3 studies; 2,367 cases, 1,078 controls) (table 5.1, 

figure 5.2). Two studies, reported stronger associations with greater degrees of maternal obesity (Pagani 
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et al., 2014b; Tuffnell et al., 1991). The case-control study by Tufnell et al. (20) was performed nearly 

two decades before the other two case-control studies. However, in a post-hoc sensitivity analysis, 

exclusion of this study did not appreciably alter the results (OR 1.27, 95% CI 1.08-1.50). 

 

Figure 5.2. Presentation with decreased fetal movements (meta-analysis) 

 
A, cohort studies; B, case-control studies. 

 
 

Secondary outcome: In one study of 2,168 women with uncomplicated pregnancy and DFM, those who 

presented late (>48 hours) were less likely to be overweight or obese (OR 0.7, 95% CI 0.6-0.9).(Tveit et 

al., 2010a)  

 
Quality of evidence: For the primary outcome of presentation with DFM, there was low quality of evidence 

for a positive association between presentation with DFM and increased maternal body size 

(Supplementary material, III).  

 

Question 4. Amongst pregnant women with DFM, is increased maternal body size associated with risk 

of adverse fetal or neonatal outcome?  

Primary outcomes: Four studies (five publications) reported on the relationship between outcomes 

following a presentation with DFM and maternal body size (Dutton et al., 2012; O’Sullivan et al., 2009; 
Pagani et al., 2014b; Scala et al., 2015; Tveit et al., 2010a). All studies were at moderate risk of bias or 

had incomplete information for risk of bias assessment in one or more domains (table 5.1). Tveit et al. 

conducted a case-control study within a prospective cohort (2,168 women with DFM at ≥28 weeks in 

otherwise uncomplicated pregnancy) and reported on two of the pre-specified primary outcomes, 

namely, FGR (customised birthweight <10th centile) and stillbirth (FGR cases n=271; stillbirth cases 

n=69) (Tveit et al., 2010a). In multivariable analysis, amongst women presenting with DFM, those with 

FGR and stillbirth were more likely to have pre-pregnancy BMI >25 kg/m2 (FGR OR 1.6, 95% CI 1.2-2.1; 
stillbirth OR 1.8. 95% CI 1.0-3.2).   
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The remaining three studies reported on associations with BMI only as a continuous exposure (Dutton 

et al., 2012; O’Sullivan et al., 2009; Pagani et al., 2014b; Scala et al., 2015). O’Sullivan et al. and Sinha 

et al. found no association between BMI and risk of stillbirth, but these studies were not adequately 

powered to assess this outcome (Dutton et al., 2012; O’Sullivan et al., 2009). Pagani et al. reported that 

among women presenting with DFM, those with an SGA (birthweight <10th population centile) compared 

with AGA infant had a slightly lower BMI, but the risk of increased maternal body size for cases was not 
provided (Pagani et al., 2014b; Scala et al., 2015). No studies reported on the relationship between 

maternal size and neonatal death or hypoxic-ischaemic encephalopathy following presentation with 

DFM.  

  

Secondary outcomes: We were unable to locate any studies that reported on the relationship between 

maternal body size and NICU admission, emergency cesarean section, or low Apgar score among 

women presenting with DFM.  
 

Quality of evidence. For the primary outcomes of FGR and stillbirth, there was very low-quality evidence 

of a positive association with increased maternal body size among women presenting with DFM 

(Supplementary material, III).  

 

Discussion 

 

Our findings are in agreement with the accepted view that pregnant women with increased body size are 
more likely to present with DFM, although the effect size is small.  In contrast, we did not find evidence 

to support the view that perception of fetal movements is impaired in overweight or obese mothers. 

Additionally, our findings challenge the view that DFM is of lesser clinical significance in obese or 

overweight women and indeed found limited evidence that the converse may be true.  

 

The quality of available evidence to explore the questions included in this review was low, very low or 

non-existent. We found insufficient evidence to determine if increased maternal body size affects fetal 
movement or behaviour. Very low-quality evidence suggests that perception of fetal movement is similar 

in women of increased and normal body size. Low quality evidence suggests that women with increased 

body size are more likely to present with DFM than women of normal body size. Very low-quality 

evidence suggests that among women presenting with DFM, fetuses of women with increased body size 

have increased risk of growth restriction and stillbirth. There is insufficient evidence to determine if 

increased maternal body size is associated with increased likelihood of neonatal death or hypoxic-

ischaemic encephalopathy following presentation with DFM.  

 
We were generally unable to find evidence that fetal movement is affected by increased maternal body 

size, although one study reported a delayed trajectory of development in fetuses of overweight and obese 

compared to normal weight mothers (Voegtline et al., 2016). Delayed development of fetal behavioural 

states has been observed in fetuses of diabetic women (Dierker et al., 1982; Visser et al., 1985b), as 

has DFM (Devoe et al., 1994). Alterations in development of fetal behavior have also been described in 

the context of FGR (Arduini et al., 1986; Romanini and Rizzo, 1995; van Vliet et al., 1985). Maternal 



 106 

obesity is associated with gestational diabetes, and FGR (Salihu, 2008). Finally, obesity is associated 

with changes in placental cell turnover and function which are also seen in DFM(Hayward et al., 2013). 

A plausible explanation for the small increase in rates of presentation for DFM among heavier women is 

an actual reduction in fetal movement in some overweight and obese women. Further studies of fetal 

behaviour are required in women with uncomplicated obesity. 

 

Historically, inferences about reduced perception of fetal movements in maternal subgroups have been 
made on the basis of their increased presentation with DFM (Mohr Sasson et al., 2016; Tuffnell et al., 

1991). Tuffnell et al. stated that maternal perception of fetal movements is impaired by increased 

abdominal fat but did not assess either abdominal fat or maternal perception of fetal movement (Tuffnell 

et al., 1991). We assessed evidence for an effect of maternal overweight on perception using empirical 

studies that compared maternally perceived movements with movements observed contemporaneously 

via ultrasound. Four studies reported no influence of increased maternal body size perception of fetal 

movement (Brown et al., 2016; Gettinger et al., 1978; Hijazi et al., 2010; Valentin and Maršál, 1986).  
 

Ultrasound studies have consistently reported wide variation in perception of fetal movements among 

pregnant women. For example, in a recent study by Brown et al., the rate of movements perceived 

ranged from 2 to 82%. Reports on the relative influence of maternal characteristics such as parity, 

gestational age, placental location and liquor volume on maternal perception of fetal movements are 

conflicting (Hijazi and East, 2009). Characteristics of fetal movements themselves appear to influence 

detection by the pregnant woman. Fetal movements that are stronger, of longer duration, more complex, 

or that occur during a period when the fetus is in an active behavioural state are more readily perceived 
(Brown et al., 2016; Hertogs et al., 1979; Hijazi et al., 2010; Sjöström et al., 2003).   

 

We included some studies of fetal movement counting in this review. Fetal movement counts are also 

known to vary widely between women, but are relatively stable within individual pregnancies over time 

(Winje et al., 2012a). Included studies found no relationship between ‘low awareness’ of fetal movements 

or delay in seeking assessment following a concern about fetal movements and raised maternal BMI 

(Saastad et al., 2008, 2010). Available studies of ‘low awareness’ of fetal movement were conducted in 
Norway where population obesity is relatively low and there is a well-funded public healthcare system 

(EU and OECD, 2016). Further studies are needed in other settings. 

 

A systematic review reported indirect evidence that introduction of measures to improve maternal 

awareness of fetal movements and promote prompt presentation for antenatal assessment in the 

instance of DFM may improve outcomes (Winje et al., 2016). Investigation of DFM complaints can aid in 

identifying newly developed pregnancy complications, particularly SGA (Dutton et al., 2012; Heazell et 

al., 2005; O’Sullivan et al., 2009). Undiagnosed SGA is a significant contributor to fetal death and 
improved identification of SGA has been proposed as a means to reduce stillbirths (Efkarpidis et al., 

2004; Fretts, 2005). SGA can be difficult to diagnose in obese pregnant women and serial ultrasounds 

are recommended where accurate symphysis-fundal height measurement cannot be achieved. A 

Swedish study reported significantly reduced incidence of stillbirth in small babies who had been 

identified as such during pregnancy (Lindqvist and Molin, 2005).  
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A problem common to studies in this review was the lack of adequate adjustment for potential 

confounding factors. Maternal obesity is associated with many factors that increase the risk of adverse 

pregnancy outcome including: higher parity (Heliovaara and Aromaa, 1981), lower educational 

attainment, smoking and single marital status (Ng et al., 2014). In some developed country settings, 

maternal overweight is associated with demographic factors that can act as barriers to accessing health 

care such as low socioeconomic status (Heslehurst et al., 2007). Future studies of presentation with 

DFM should be adequately adjusted for such variables and ideally report them to facilitate meta-
regression analysis. Two large trials are ongoing and likely to provide high-quality evidence on 

management and outcomes of DFM (Australian and New Zealand Clinical Trials Registry [Internet]: 

Sydney (NSW), 2015; Heazell et al., 2017b).  

 

A strength of this review is inclusion of several important clinical questions that have direct implications 

for patient care. Limitations include, few studies, moderate to high risk of bias, and absence of data for 

several outcomes. For outcomes following presentation with DFM, some studies were underpowered to 
detect differences in stillbirth and others did not use customised centiles to define SGA. Customised 

birthweight centiles have been shown to improve detection of pregnancies and infants at increased risk 

of morbidity and mortality (Anderson et al., 2013, 2016). In addition, studies of fetal movement perception 

in women who have a BMI >35 kg/m2 are lacking.  

 

In conclusion, we report that perception of fetal movement does not appear to be affected by maternal 

body size, although further studies are needed, particularly in women with a BMI >35 kg/m2. Future 

research should explore the possibility of differences in fetal behaviour in association with maternal 
obesity. Meta-analysis suggests that increased maternal body size is associated with increased 

presentation for DFM. What evidence there is, suggests that amongst women with DFM, those with 

raised BMI may be at increased risk of adverse pregnancy outcomes. We conclude that concerns about 

fetal movements in women with raised BMI have the same or perhaps greater clinical significance and 

should not be disregarded due to assumptions about impaired perception, though further studies are 

needed.  
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Supplementary Material 

Understanding the associations and significance of fetal movements in overweight or obese 

pregnant women: a systematic review 

Bradford BF, Thompson JMD, Heazell AEP, McCowan LME, McKinlay CJD  

Contents 

I.  Search strategy 

II.  Supplementary table 5.1: Risk of bias assessment tool for non-experimental studies: cohort, 
cross-sectional, case-control  

III. GRADE quality assessment 

 

I. Search Strategy for Ovid Medline 
1. (obesity or obese).mp.   

2. (overweight or over weight).mp.   

3. (bmi or body mass index).mp.   

4. body size.mp. or Body Size/  

5. body weight.mp. or Body Weight/ 

6. Body weight/ or weight gain/ or overweight/ or obesity, metabolically benign/ 

7. fetal movement/  

8. (foetal movement* or foetal activit* or foetal behav* or foetal respons*).mp.  

9. (fetal movement* or fetal activit* or fetal behav* or fetal respons*).mp.   

10. fetal distress/  

11. (fetus adj3 (movement* or activ* or behav* or respons*)).mp.   

12. (foetus adj3 (movement* or activ* or behav* or respons*)).mp.   

13. (perception* or aware*).mp.   

14. 1 or 2 or 3 or 4 or 5 or 6  

15. 7 or 8 or 9 or 10 or 11 or 12  

16. 15 and 13  

17. 14 and 15  

18. 16 or 17 

Search for studies on maternal obesity and fetal movements was achieved by combining returns from 

a range of search terms for ‘obesity’ and ‘overweight’ with returns from search terms referring to the 

fetus and fetal movements. Variants of this search were also run in EMBASE, SCOPUS, CinahlPlus 
and PsycINFO. The search was last updated in September 2017. 
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II. Supplementary Table 5.1. Risk of Bias Assessment Tool for Non-experimental Studies: Cohort, 

Cross-sectional, Case-Control  

(Adapted from ROBINS-I for non-randomised intervention studies) 

 

List confounding domains relevant to all 
or most studies  

 

Author / year 
 

Study design 
 

Specify which outcome and which 
numerical result is being assessed for 
risk of bias 

 

Reviewer name 
 

Risk of bias (internal validity) Yes Possibly 
Yes No Possibly 

no 
No 

information 

1. Bias in selection of comparison groups 
     

Cohort type studies (including cross-
sectional) 

     

Were exposure and control groups clearly 
defined and recruited from the same or 
similar populations (including similar time 
period)?  

     

Was the cohort population free of the 
outcomes of interest at the time they were 
recruited? 

     

Case control 
     

Is case definition adequate? 
     

Are cases consecutive or an obviously 
representative series of cases?  

     

Were controls recruited from the same or 
similar populations (including similar time 
period)? 

     

2. Bias due to confounding 
     

Did the authors use an appropriate method 
that controlled for all the important 
confounding domains?  

     

If Yes / partially yes, were confounding 
domains measured validly and reliably? 

     

3. Bias in ascertainment of exposures 
     

Were exposures measured prior to the 
outcomes of interest?  

     

Were the exposure measures clearly defined, 
valid, reliable and implemented consistently 
across all participants? 

     

Did the study consider different levels of the 
exposure as related to outcome (e.g., 
categories of exposure or exposure 
measured as continuous variable)? 

     

4. Bias in measurement of outcomes 
     

Could the outcome measures have been 
influenced by knowledge of the exposure of 
interest?  

     

Were the methods of outcome assessment 
comparable across exposure groups? 

     

Were the outcome assessors blinded to the 
exposure status of participants? 

     

5. Bias due to missing data 
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Were outcome data available for all or nearly 
all participants? 

     

If no, was the proportion of participants and 
reasons for missing data similar across 
groups?  

     

Is there evidence that results were robust to 
presence of missing data?  

     

6. Bias in reporting of results 
     

Is the reported effect estimate likely to 
selected on the basis of results from: 

     

multiple outcome measurements within the 
outcome domain?  

     

multiple analyses of the exposure-outcome 
relationship?  

     

different subgroups? 
     

Overall judgement of bias Low Moderate Serious Critical No 
information 

1. Bias in selection of comparison groups 
     

2. Bias due to confounding 
     

3. Bias in ascertainment of exposures 
     

4. Bias in measurement of outcomes 
     

5. Bias due to missing data 
     

6. Bias in reporting of results 
     

 



 



 

III. GRADE Quality Assessment 
Research question  Primary outcome(s) Types of studies Participants 

included (studies)* 
Quality of 
evidence  

Comments 

1. Does increased maternal 

body size affect fetal movement 

and behaviour?  

Fetal movement and behavior as 
assessed by ultrasound or other 
objective device (rate of body 
movement, including movement types, 
movement quality, and behavioural 
state or development) 

Cohort 610  
(1 study) 

Insufficient 
evidence 

No extractable data  

2. Does maternal body size 

affect fetal movement 

perception or awareness? 

Percentage of perceived movements 
compared with ultrasound 

Cohort 95  
(4 studies) 

Very low Initial quality = low 
Downgraded due to:  
• Risk of bias: lack of information on which to assess risk 

of bias in two older studies; moderate risk of 

confounding in two recent studies. 

• Only one study presented data in a form suitable for 

meta-analysis. 

3. Is increased maternal body 

size associated with altered 

presentation for decreased fetal 

movement? 

Clinical presentation with DFM Cohort and 
case-control 

20,588 
(2 cohort studies) 
 
3,445  
(3 case-control 
studies) 

Low  Initial quality = low 
• Increased risk of bias in 4 studies.  

• Overall effect size was small.  

• Apparent dose-response; two studies reported stronger 

associations with greater degrees of maternal obesity.  

• Statistical heterogeneity was present, but overall there 

was a consistent direction of effect in both types of 

studies. 

4. Amongst pregnant women 

with decreased fetal 

movements, is increased 

maternal body size associated 

with risk of adverse fetal or 

neonatal outcome? 

FGR, stillbirth, neonatal death and 
hypoxic-ischaemic encephalopathy 

Case-control 271 cases of 
FGR**  
(1 study) 
 

Very low Initial quality = low 
Downgraded due to: 
• Risk of bias: lack of information on which to assess risk 

of bias in two older studies; moderate risk of 

confounding in two recent studies. 

• Only one study presented data in a form suitable for 

meta-analysis. 

• Imprecision: wide confidence intervals.  

DFM, decreased fetal movements; SGA, small for gestational age; FGR, fetal growth restriction. *Quality of evidence for each research question assessed in relation to data available for the primary outcome(s). 

**Stillbirth cases, 69.  
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Research question  Secondary outcome(s) Types of 

studies 
Participants 
included (studies)* 

Quality of 
evidence  

Comments 

2. Does maternal body size 

affect fetal movement 

perception or awareness? 

Low awareness of fetal movements, 
fetal movement concerns and fetal 
movement counts. 

Cohort 4,455 women (5 
studies) 

Low Initial quality =low 
• Risk of bias low in the four largest 

studies 

3. Is increased maternal body 

size associated with altered 

presentation for decreased 

fetal movement? 

Delayed presentation with DFM ie 
presentation >48 hours of DFM, or 
>24hours of absent fetal 
movements. 

Cohort  2,168 women (1 
study) 

Very low  Initial quality = low 
Downgraded due to 
• Single study 

4. Amongst pregnant women 

with decreased fetal 

movements, is increased 

maternal body size associated 

with risk of adverse fetal or 

neonatal outcome? 

Neonatal Unit admission, emergency 
caesarean section, low Apgar score 
(<4 at 1 minute, <7 at 5 minutes. 

None N/A None  No studies available  
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Chapter 6 Fetal movements and 
maternal obesity 
 

6.1. Preamble 
 
The manuscript below was published in the journal Early Human Development in 2020 

(2020;140:104922). The study sought to address the research question “Are maternally perceived fetal 

movements altered in the context of obesity?” The research question emerged during my earlier 

systematic review where I identified that there was a lack of studies exploring potential differences in 

fetal behaviour between normal weight and obese pregnant women. Furthermore, limited data were 

available on maternal perception of fetal movements in women with obesity compared to women with a 

normal BMI. The findings of this study were presented orally at the Joan Donley Midwifery Research 
Collaboration Research Forum, 12th and 13th of September 2019 in Palmerston North New Zealand and 

at the 11th DOHaD World Congress, 20th-23rd October 2019 in Melbourne Australia as a poster. 

 

Permission 
 
Reproduced from Bradford B, Cronin R, McKinlay C, Thompson J, McCowan L. Maternally perceived 

fetal movement patterns: the influence of body mass index. Early Human Development, 2019, in press, 

with permission from Elsevier. 

 

Submitted 17th June 2019; accepted 26th October 2019. 
 

6.2. Manuscript: Fetal movements and maternal obesity 
 

Introduction 
 
Obesity amongst pregnant women is increasing as prevalence of obesity climbs worldwide (Yogev and 

Catalano, 2009). Maternal body mass index (BMI) above the normal range (>25 kg/m2) is associated 

with increased poor perinatal outcomes across the spectrum, ranging from lower rates of conception and 
increased miscarriage through to increased risk of stillbirth and reduced infant survival (McGuire et al., 

2010; Yogev and Catalano, 2009). Beyond the perinatal period, maternal obesity (BMI ≥30 kg/m2) is 

associated with adverse outcomes for offspring such as increased infant language delay (Torres-
Espinola et al., 2015), lower school-age IQ (Huang et al., 2014), autistic spectrum disorder (Skalny et 

al., 2016), and attention deficit and hyperactivity disorder (Pugh et al., 2016). In high-income countries 

maternal obesity is the leading modifiable risk-factor for stillbirth, surpassing even maternal smoking in 

terms of the population attributable fraction (Flenady et al., 2011). 

 

A common strategy used in clinical practice to prevent stillbirth is monitoring of maternally perceived fetal 

movements (Flenady et al., 2018). In approximately half of stillbirth cases maternal perception of 

decreased fetal movements (DFM) precedes diagnosis of fetal death (Efkarpidis et al., 2004). Reducing 
delayed (>48 hours) presentation with DFM has been shown to reduce stillbirths in Norway (Saastad et 

al., 2010). However, the large AFFIRM trial in the United Kingdom reported that a programme of 
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encouraging presentation for DFM, coupled with low-threshold for induction of labour led to increased 

intervention with no significant reduction in stillbirths. Thus, the optimal approach to screening and 

management of women with DFM has yet to be determined. Despite this, maternal concern about 

reduced fetal movements remains an important indicator of possible fetal compromise and maternity 

providers are encouraged to review such cases (Daly et al., 2018). One group of particular interest in 

relation to DFM are women with raised BMI. 

 
Presentations for DFM are noted to be higher amongst women with raised BMI (Pagani et al., 2014a; 

Tuffnell et al., 1991). It has been suggested that DFM in women with obesity is due to a dampening effect 

of abdominal fat on fetal movement sensations and therefore more likely to be benign (Tuffnell et al., 

1991). However, maternal obesity is also associated with pregnancy conditions such as gestational 

diabetes and preeclampsia which are also associated with fetal and infant death (Bodnar et al., 2015; 

Yogev and Catalano, 2009). Further, it is been shown that women with DFM and raised BMI >25 kg/m2 

have increased risk of stillbirth and of small for gestational age infants when compared to women with 
DFM and normal BMI (Tveit et al., 2010a). The question of whether fetal movement perception is altered 

in pregnant women with obesity is an important practical question for maternity providers given the 

increasing prevalence of obesity amongst pregnant women, and the conflicting reports about the 

significance of DFM in women with obesity. 

 

A systematic review of the limited available data on maternal obesity and fetal movements found no 

evidence for reduced perception of fetal movements amongst women with raised BMI and only a small 

increase in the incidence of DFM presentations (Bradford et al., 2018b). Studies investigating perceived 
fetal movements in women with obesity are scant and questions remain as to any potential differences 

in fetal behaviour, perception of fetal movements, and clinical significance of DFM in women with obesity 

(Bradford et al., 2018b). In this study we therefore aimed to describe maternally reported fetal movement 

strength, frequency, and pattern in women with obesity compared to women with normal BMI in early 

pregnancy.  

 
Material and methods 
 
Participants were recruited from two studies conducted during pregnancy in New Zealand. The first 

study, the Healthy Mums and Babies (HUMBA) trial was a two-by-two factorial randomised controlled 

trial of dietary intervention and/or probiotics that aimed to reduce excessive gestational weight gain and 

infant birthweight (Okesene-Gafa et al., 2019). Eligible participants for HUMBA had a BMI ≥30 kg/m2, 

no diabetes at the time of enrolment and were residing in Counties Manukau, an urban locality in South 

Auckland, New Zealand with a multi-ethnic population and high rates of deprivation and obesity. Ethical 

approval for the HUMBA study was obtained from the Southern Health and Disabilities Ethics Committee 

(14/STH/205). Recruitment occurred between April 2015 and June 2017. 

 

The Multicentre Stillbirth Study (MCSS) was a case-control study conducted across seven healthcare 

regions in New Zealand exploring modifiable risk factors for late (≥28 weeks’) stillbirth (McCowan et al., 

2017). Recruitment occurred between February 2012 and December 2015 and the main findings have 

been reported elsewhere (McCowan et al., 2017). Ethical approval for this study was obtained from the 
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Northern “X” Regional Ethics Committee: NTX/06/05/054. For the present study, we used data from 

control women (ongoing pregnancies with a singleton, non-anomalous fetus randomly selected from 

hospital booking lists).  

 

Demographic data were collected during interview and birth outcome data from medical records. A single 

prioritised ethnicity was established as recommended by the New Zealand Ministry of Health (Ministry 

of Health). Social deprivation was derived from the address where the woman lived during pregnancy 
(Salmond and Crampton, 2012). For both studies, we used customised birthweight centiles to define 

birth weight, taking into account maternal characteristics (height, earliest available pregnancy weight, 

ethnicity and parity), as well as gestation at birth and infant sex (Anderson et al., 2012). Small for 

gestational age (SGA) was defined as birthweight <10th customised centile and large for gestational age 

(LGA) was defined as birthweight >90th customised centile. Maternal BMI was calculated using the 

earliest available pregnancy weight, and height measured at interview.  

 
Fetal movement questionnaire 
 
Women from the HUMBA trial or the MCSS control group were eligible for the present study if they had 

completed the fetal movement questionnaire at ≥32 weeks’ gestation. Women from HUMBA and MCSS 

with BMI ≥30 kg/m2 (obese) were compared to MCSS women with BMI <25 kg/m2 (normal). Data on 

maternally perceived fetal movement strength, frequency and pattern was collected using a structured 

questionnaire that was administered face-to-face by trained research midwives in the setting of the 

woman’s choosing, usually the home. Fetal movement questions pertained to perceived fetal movements 

in the two weeks prior to interview and included strength, frequency, busy times, patterns of movement 

in relation to time of day, maternal position, maternal meals, and fetal stimuli. Maternal perception of 

strength and frequency of fetal movement was categorised as increased, decreased, stayed the same 
or unsure. Busy times were defined for participants as ‘a period where there is a group of movements, 

rather than single isolated movements, which might be short (15-45 seconds) or prolonged and involving 

many movements for up to 20 minutes’. Fetal movement responses in relation to time of day, maternal 

position, maternal meals, and fetal stimuli were categorised as ‘notably quiet’, ‘subtle or light movement’, 

‘moderate movement’, ‘jumps or startles’ and ‘unsure/don’t notice’. 

 

Statistical analysis 
 
Data were analysed using SAS v9.4 (SAS Institute, Cary, NC, USA). The frequency of categorial fetal 

movement variables was compared between women with obesity and women with normal BMI, using 

chi square, with a P value <0.05 regarded as statistically significant. 

 
Results  
 
The obesity group comprised 233 women with a mean early pregnancy BMI of 38.9 (SD 6.3). Of these 
233 women, 163 had been recruited through HUMBA and 70 through MCSS. The normal BMI group 

comprised 149 women, all recruited through MCSS. Mean (SD) gestation at interview was similar for 

women included from both studies (36.9 [2.2] vs 36.6 [0.9], P=0.06). All women gave birth to liveborn 
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infants without major congenital abnormality. There were significant differences in demographic 

characteristics between groups, with women in the obese group more likely to be living in areas of high 

social deprivation, smoking and single marital status (Table 6.1). The rate of small-for-gestational age 

infants was similar in obese and normal BMI groups (Table 6.1). There were twice as many large-for-

gestational infants in the obese group, but this difference was of borderline significance (11.2% vs 5.4%, 

P=0.05) (Table 6.1). 

 
 
Table 6.1. Participant characteristics  

Characteristics  

 

Normal BMI 

N=149 

 

Obese 

N=233 

p 

Age (years)    

<20 0 (0.00) 4 (1.7) 0.10 

20-39 146 (98.0) 218 (93.6) 

≥40 3 (2.0) 11 (4.7) 

Ethnicity    

Māori 9 (6.0) 41 (17.7) <0.05 

Pacific 6 (4.0) 107 (45.9) 

Indian 34 (22.8) 14 (6.0) 

Other Asian 21 (14.1) 6 (4.3) 

European 78 (52.4) 60 (25.8) 

Other 1 (0.7) 5 (2.2) 

Parity    

0 73 (49.0) 80 (34.3) <0.001 

1-3 75 (50.3) 130 (55.8) 

≥4 1 (0.7) 23 (9.9) 

BMI at booking (kg/m2)  21.95 (1.9) 37.70 (6.0) <0.05 

Smoker  8 (5.4) 41 (17.6) <0.001 

Marital status (married) 117 (78.5) 139 (59.7) <0.001 

In paid work (last month) 99 (66.5) 125 (53.7)   0.01 

Socioeconomic deprivation (highest quintile) 20 (13.4) 140 (60.1) <0.001 

Gestation at interview (weeks) 36.9 (2.2) 36.6 (0.9)   0.06 

Gestation at birth (weeks) 39.6 (1.1) 39.4 (1.3)   0.05 

Infant birthweight (g) 3482 (449) 3657 (525) <0.001 

Customized birthweight centile 49 (29) 49 (29)   0.96 

Small-for-gestational-age infant 16 (10.7) 25 (10.7)   1.0 

Large-for-gestational-age infant 8 (5.4) 26 (11.2)   0.05 

 

Data are number (percent) or mean (standard deviation). 

 
 
Fetal movement strength, frequency and busy times 
 
The majority of women reported that fetal movement strength had increased in the two weeks prior to 

interview and that frequency had either stayed the same or increased, with no significant differences 

between women with obesity and women with normal BMI (Table 6.2). In both groups, the majority of 

women reported between 3 to 7 fetal busy times per day, although overall, women with obesity reported 
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more fetal busy times (Table 6.2, P=0.02). The length of busy times was not different between women 

with obesity and women with normal BMI (Table 6.2, P=0.79). 
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Table 6.2. Fetal movement strength, frequency and busy times 

 
Interview question Normal BMI 

N=149 

Obese 

N=233 

Chi-square (p) 

In the last two weeks did the strength of your baby’s movements? 

Increase 81(54.4) 140 (60.1) 6.80 (0.08) 

Decrease  7 (4.7) 23 (9.9)  

Stay the same 57 (38.3) 66 (28.3)  

Unsure 4 (2.7) 4 (1.7)  

In the last two weeks did the frequency of your baby’s movements? 

Increase 60 (40.3) 103 (44.2)  2.57 (0.46) 

Decrease 25 (16.8) 26 (11.2)  

Stay the same 63 (42.3) 102 (43.8)  

Unsure 1 (0.7) 2 (0.9)  

In the last two weeks, how many busy times did your baby have in a day? 

0-2 36 (24.3) 31 (13.4)  7.48 (0.02) 

3-7 77 (52.0) 138 (59.5)  

8+ 35 (23.7) 63 (27.1)  

In the last two weeks, on average, how long did these busy times last? 

Longer than before 52 (35.6) 86 (36.9)  0.48 (0.79) 

About as long as before 85 (58.2) 129 (55.4)  

Shorter than before 9 (6.2) 18 (7.7)  

 

Data are number (percent), Chi-square and p value is for comparison between normal BMI and obese groups. 

 
 
Fetal movement strength and time of day 
 
In both women with obesity and women with normal BMI, there was a clear diurnal pattern of fetal 

movements with increasing frequency of strong fetal movements later in the day (Table 6.3). However, 

significant differences were seen between the two groups in reported fetal movement strength in the 
afternoon (P=0.01) and evening (P=0.003) (Table 6.3). In the afternoon, more women with obesity than 

normal BMI reported strong fetal movements (44.1% vs 31.7%) and in the evening more women with 

obesity (9.3%) reported that their fetus was quiet than women with normal BMI (0.7%) (Table 6.3). At 

night-time, including bedtime, the majority reported strong fetal movements and this was not different 

between women with obesity and women with normal BMI (Table 6.3). 
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Table 6.3. Fetal movement strength and time of day 

 
 Normal BMI 

N=149 

Obese 

N=233 

Chi-square (p) 

On waking (missing=2) 

Quiet  63 (43.5) 111 (49.6) 3.80 (0.15) 

Moderate 52 (35.9) 59 (26.3)  

Strong  30 (20.7) 54 (24.1)  

Unsure 3 8  

During morning (missing=4) 

Quiet  56 (38.6) 71 (31.4) 2.93 (0.23) 

Moderate 60 (41.4) 95 (42.0)  

Strong  29 (20.0) 60 (26.5)  

Unsure 3 4  

During afternoon (missing=3) 

Quiet  29 (20.0) 51 (22.5) 8.61 (0.01) 

Moderate 70 (48.3) 76 (33.5)  

Strong  46 (31.7) 100 (44.1)  

Unsure 2 4  

During evening (missing=4) 

Quiet  1 (0.7) 21 (9.3) 11.83 (0.003) 

Moderate 37 (25.3) 51 (22.6)  

Strong  108 (74.0) 154 (68.1)  

Unsure 2 4  

Night-time including bedtime (missing=5) 

Quiet  10 (6.9) 18 (7.9) 0.16 (0.93) 

Moderate 26 (17.9) 42 (18.4)  

Strong  109 (75.2) 168 (73.7)  

Unsure 1 3  

Data are number (percent), Chi-square and p value is for comparison between normal weight and obese groups of quiet, 

moderate and strong fetal movements. 

 
 
Fetal movements in relation to maternal position, maternal meals and purported fetal stimuli 
 
There was no difference in perceived strength of fetal movements between women with obesity and 

women with normal BMI in relation to maternal position (Table 6.4). In both groups, women were most 

likely to perceive quiet fetal movements when standing or walking around and strong movements when 

sitting quietly (Table 6.4). 
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Table 6.4. Fetal movement strength and maternal position 

 Normal BMI 

N=149 

Obese 

N=233 

Chi-square (p) 

Walking around (missing=3) 

Quiet  82 (59.4) 111 (50.7) 2.61 (0.27) 

Moderate 41 (29.7) 80 (36.5)  

Strong  15 (10.9) 28 (12.8)  

Unsure 10 12  

Standing in one spot (missing=2) 

Quiet  80 (57.6) 104 (47.3) 3.64 (0.16) 

Moderate 39 (28.1) 75 (34.1)  

Strong  20 (14.4) 41 (18.6)  

Unsure 9 12  

Sitting quietly (missing=7) 

Quiet  29 (20.1) 38 (16.7) 0.83 (0.66) 

Moderate 50 (34.7) 78 (34.4)  

Strong  65 (45.1) 111 (48.9)  

Unsure 1 3  

Lie on side (missing=2) 

Quiet  35 (24.5) 50 (22.2) 0.41 (0.82) 

Moderate 56 (39.2) 95 (42.2)  

Strong  52 (36.4) 80 (35.6)  

Unsure 5 7  

 

Data are number (percent), Chi-square and p value is for comparison between normal weight and obese groups of quiet, 

moderate and strong fetal movements. 

 

 

There were significant differences between women with obesity and women with normal BMI in reported 

fetal movement strength around maternal meals and hunger (Table 6.5). When hungry, 29.1% of obese 

women reported strong fetal movements compared to 17.7% of women with normal BMI. One hour after 
eating, 47.4% of women with obesity reported that the fetus was ‘quiet’, compared to 32.0% of women 

with normal BMI. (Table 6.5). There were no significant differences in perceived fetal movement strength 

between women with obesity and women with normal BMI in relation to purported physical stimuli such 

as cold drinks, loud noises, touching the abdomen or sitting in a cramped position (Table 6.6). 
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Table 6.5. Fetal movement strength and maternal meals 

 Normal BMI 

N=149 

Obese 

N=233 

Chi-square (p) 

Before eating (missing=4) 

Quiet  72 (60.5) 98 (45.8) 7.00 (0.03) 

Moderate 27 (22.7) 73 (34.1)  

Strong  20 (16.8) 43 (20.1)  

Unsure 28 17  

When hungry (missing=2) 

Quiet  64 (53.9) 71 (33.3) 13.66 (0.001) 

Moderate 34 (28.6) 80 (37.6)  

Strong  21 (17.7) 62 (29.1)  

Unsure 29 19  

During a meal (missing=7) 

Quiet  79 (59.0) 97 (45.5) 6.07 (0.05) 

Moderate 30 (22.4) 67 (31.5)  

Strong  25 (18.7) 49 (23.0)  

Unsure 1 14  

Within 15 minutes of eating (missing=3) 

Quiet  46 (34.6) 80 (37.1) 0.31 (0.86) 

Moderate 46 (34.6) 69 (27.8)  

Strong  41 (30.8) 67 (31.0)  

Unsure 15 15  

Within 1 hour of eating (missing=5) 

Quiet  39 (32.0) 101 (47.4) 13.49 (0.001) 

Moderate 59 (48.4) 61 (28.6)  

Strong  24 (19.7) 51 (23.9)  

Unsure 24 18  

 
Data are number (percent), Chi square and p value is for comparison between normal weight and obese groups of quiet, 

moderate and strong fetal movements. 
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Table 6.6. Fetal movement strength and physical stimuli 

 Normal BMI 

N=149 

Obese 

N=233 

Chi square (p) 

Cold drink (missing=3) 

Quiet  40 (31.8) 68 (34.0) 1.40 (0.50) 

Moderate 41 (32.5) 73 (36.5)  

Strong  45 (35.7) 59 (29.5)  

Unsure 22 29  

Rub or prod abdomen (missing=2) 

Quiet  43 (30.5) 61 (26.6) 3.36 (0.19) 

Moderate 41 (29.1) 88 (38.4)  

Strong  57 (40.4) 80 (34.9)  

Unsure 7 3  

Loud noise (missing=4) 

Quiet  39 (38.6) 93 (49.5) 3.13 (0.21) 

Moderate 27 (26.7) 42 (22.3)  

Strong  35 (34.7) 53 (28.2)  

Unsure 47 45  

Sit in cramped position (missing=2) 

Quiet  46 (35.9) 66 (31.1) 3.19 (0.20) 

Moderate 43 (33.6) 61 (28.8)  

Strong  39 (30.5) 85 (40.1)  

Unsure 20 20  

Data are number (percent), Chi square and p value is for comparison between normal weight and obese groups of quiet, 

moderate and strong fetal movements. 

 
 

Discussion  
 
We compared maternally perceived fetal movements in a group of women with obesity to a group with 

normal BMI. Our data demonstrate that maternally reported fetal movement; strength, frequency, length 

of busy times, and strength of fetal movements in response to maternal position and purported fetal 
stimuli, are very similar in women with obesity and women with normal BMI. In both groups, there was a 

diurnal pattern of perceived fetal movements involving an increase in frequency of strong movements 

later in the day. However, there were some differences between groups in reported fetal movement 

strength around mealtimes, and in the afternoon and evening.  

 

Contrary to our hypothesis, fetal movement strength and frequency was not substantially different in 

women with obesity compared to women with normal BMI. Although it is widely believed that women 
with high BMI are less able to perceive fetal movements, a number of studies have explored maternal 

perception of fetal movements using ultrasound and reported no difference in rates of accurate 

movement perception attributable to maternal weight, BMI or thickness of skinfolds (Brown et al., 2016; 

Gettinger et al., 1978; Hijazi et al., 2010; Valentin and Maršál, 1986). Our data support no significant 

reduction in sensitivity to fetal movement sensations in women with obesity compared to normal BMI.  

 

Differences in fetal behaviour around maternal meals reported by women with obesity in this study are 

supported by existing literature. Increased fetal activity has been demonstrated in association with 
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hypoglycaemia in diabetic women and a decrease or slowing of fetal movements following administration 

of glucose or when the mother is hyperglycaemic (Edelberg et al., 1987; Robertson and Dierker, 2003). 

A small qualitative descriptive study of maternal perception of fetal movements in the third trimester 

reported that some women described increased fetal movement when they were hungry which they 

interpreted as a fetal demand for food. Participants also reported fetal quiescence following meals, which 

some interpreted as fetal satiation (Bradford and Maude, 2014). 

 
Behaviours commensurate with hunger and satiety are known to be hormonally controlled (Austin and 

Marks, 2009; Bertoud, 2008). Maternal obesity is thought to have a causative role in development of 

offspring obesity due to programming of fetal metabolism in response to the altered endocrine milieu of 

pregnancy in women with obesity (Oken, 2009). Animal studies have demonstrated that maternal obesity 

is also associated with altered neural pathways in offspring that regulate appetite and feeding behaviour 

(Oken, 2009; Sen et al., 2012). Further, in a study of women undergoing oral glucose tolerance testing, 

fetal brain reactivity to stimulus one hour after oral glucose ingestion was inversely correlated with 
maternal glucose and insulin concentrations (Linder et al., 2015). It is plausible, therefore, that the 

differences in fetal behaviour around meals reported by women with obesity in this study reflects longer 

term programming of metabolism and appetitive traits. 

 

A diurnal fetal movement pattern characterised by increased likelihood of perception of strong 

movements in the evening and at night-time was apparent in both women with obesity and women with 

normal weight. This is in keeping with other studies that show an increase in fetal movements during the 

evening by both maternal report (Ehrström, 1984) and objective observation by ultrasound (Patrick et 
al., 1982; Roberts et al., 1979). In a separate study, maternal perception of quiet fetal movement in the 

evening was associated with an almost four-fold increased odds of late stillbirth, including after 

adjustment for maternal BMI (Bradford et al., 2019a). One possible explanation for the small differences 

in fetal movement strength in the afternoon and evening seen in this study is confounding by the 

differences in fetal movement strength reported around maternal meals. Increased strength of fetal 

movements in the afternoon in women with obesity may reflect the fetal response to maternal hunger or 

anticipation of the evening meal, and likewise, increased quiet fetal movements reported by women with 
obesity in the evening may be related to postprandial quiescence. Although, the differences in fetal 

movement strength in the afternoon and evening in this study were statistically significant, very few 

women in either group reported quiet fetal movements in the evening or at night-time, including bedtime, 

suggesting that increased fetal movement in the evening is normal regardless of maternal body size. 

 

A strength of our study is that it includes fetal movement data derived from maternal report by a sizable 

group of women with obesity and comparison to women with normal BMI using the same data collection 

tool. Accuracy of maternal perception of fetal movements in women with obesity is often questioned 
based on the observation of increased clinical presentation for DFM amongst these women. However, 

very few studies have directly investigated perception of fetal movements or reported fetal movements 

in women with high BMI. Maternal perception of fetal movement is generally considered to be reliable, 

with studies reporting that more than a third of fetal movements observed on ultrasound are detected by 

mothers (Bradford et al., 2018b; Hijazi and East, 2009). Small fetal movements such as subtle 

movements of the hands and fetal movements that do not contact maternal structures such as the fetus 
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touching their own face or contacting the placenta are unlikely to be detected by mothers (Hijazi et al., 

2010). However, stronger, more complex, and longer lasting bouts of movement are more accurately 

detected by pregnant women (Bradford and Maude, 2018). Importantly, subjective perception of 

decreased fetal movements by pregnant women is a known indicator of adverse pregnancy outcome 

and considered clinically important.  

 

An acknowledged limitation of our study is that we were not able to consider possible differences in 
actual fetal behaviour, as opposed to reported fetal behaviour, between women with obesity and women 

with normal BMI. Maternal perception, though surprisingly accurate at times, varies widely between 

individuals and is subject to limitations. However, to the best of our knowledge, no gold-standard method 

of objective fetal movement observation currently exists. A further limitation of this study is that we were 

unable to compare fetal movement variables and pregnancy conditions or outcomes between groups, 

as detailed pregnancy outcome data were not available for the normal BMI group. There were significant 

differences between groups in demographic factors that may impact on fetal movements, such as 
maternal smoking and social deprivation. However, it seems unlikely that the finding of similar strength 

and frequency of fetal movements between women with obesity and women with normal BMI is due to 

confounding.  The normal BMI group also included more primigravidae, but a number of ultrasound 

studies have shown that maternal sensitivity to fetal movement is not related to parity (Brown et al., 2016; 

Gettinger et al., 1978). Thus, it is unlikely that the differences in fetal movement patterns reported in this 

study are explained by parity.  

 

Pregnant women with concerns about DFM are commonly advised to drink cold water or eat sugary 
foods to increase fetal movements, despite this approach not being supported by evidence (Daly et al., 

2018). Our data suggest that such advice may be particularly unhelpful for women with obesity, as almost 

half reported fetal quiescence an hour after eating. For women wishing to observe moderate or strong 

fetal movements, the optimal approach appears to be observation when sitting quietly, especially during 

the evening or at night-time, regardless of maternal body size. Although strength and frequency were 

similar between women with obesity and women with normal weight, we found a difference in perceived 

fetal movement strength in the afternoon and evening and some alteration in fetal movement patterns 
around maternal meals. These differences warrant further investigation as potential indicators of fetal 

programming effects. 

 

Conclusion  
 
This study adds important information on perceived fetal movements in women with high BMI. We found 

maternally reported fetal movement strength, frequency and busy times were similar between women 

with obesity and women with normal BMI. Our data do not support the view that perception of fetal 
movements in women with obesity is impaired. Therefore, presentation with concerns about decreased 

fetal movements in women with obesity should not be assumed to be a benign variation attributable to 

maternal body size and assessment of fetal wellbeing is required.  
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Chapter 7  Discussion 
 

7.1. Overview of chapter 
 

This chapter provides a conclusion for the thesis and is divided into three sections relating to the three 

maternity populations in which perceived fetal movements were studied; women with normal pregnancy 

outcome, women with late stillbirth and women with obesity. In each section the relevant study is briefly 

summarised and appraised and implications for clinical practice and research are discussed. Finally, the 
thesis is concluded with a summary of the contribution made by this work to the current state of 

knowledge around fetal movements. 

 

7.2. Fetal movements in normal pregnancy 
 

DFM is the leading reason for presentation outside of the normal schedule of antenatal care, demanding 
considerable healthcare resource. Amongst health professionals, beliefs and practices around fetal 

movements vary widely (Flenady et al., 2009; Heazell et al., 2008; Smith et al., 2014). Pregnant women 

unsurprisingly report receiving incomplete and conflicting information about what constitutes normal fetal 

movements (McArdle et al., 2015; Smyth et al., 2016). An effective fetal movement monitoring and 

screening strategy begins with providing information to pregnant women about what is normal and when 

to seek care. In order to do this, a definition of normal fetal movements must first be established.  

 

7.2.1. Summary of findings 
 

The first study of this thesis addressed the question ‘What are the features of maternally perceived fetal 

movements in normal pregnancy?’ Decreases in fetal movement frequency have historically been 

understood to be the most important change in fetal movements. Numerous studies have investigated 

alarm limits for decreased frequency of fetal movements, yet the potential importance of changes in 

strength have had comparatively little consideration. Our study adds important information on the 

importance of fetal movement strength as an indication of fetal wellbeing (Bradford et al., 2019b). We 
found that most women with normal pregnancy outcome report fetal movement strength to be increased 

in the third trimester (59.3%). In addition, 44% of women reported noting movements that were more 

vigorous than usual in the preceding two weeks on more than one occasion. These findings are in 

agreement with earlier reports by Stacey et al. and Heazell et al. that show perception of increased fetal 

movement strength is associated with decreased odds of stillbirth (Heazell et al., 2018; Stacey et al., 

2011a). Together with previously published research, our study demonstrates that fetal movement 

strength is an important fetal movement characteristic in normal pregnancy, one that has perhaps been 
underappreciated. 

 

This study also adds further information regarding frequency of fetal movements, particularly near term. 

Our data demonstrated that fetal movement frequency was most likely to be reported to either stay the 

same (45.6%) or increase (39.1%) and was unlikely to be perceived to decrease in women with normal 

pregnancy outcome. The question of whether fetal movements decrease near term or not is 
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controversial. Our data showed that amongst women interviewed at ≥37 weeks’ gestation, the majority 

continued to report that frequency was either unchanged or increased, however a sizeable minority 
(17%) reported that frequency was decreased, which was significantly more common than among 

women at 28-36+6 weeks’ gestation.  

 

In addition, the findings from this study challenge common advice currently given to pregnant women 

about actions to take to stimulate fetal movements. Pregnant women are frequently recommended to 

drink a glass of cold water or eat something sweet to ‘wake the baby’ when experiencing a reduction in 

fetal movements (Linde et al., 2017; Smyth et al., 2016). We found that pregnant women themselves 

reported that drinking cold water and eating were not associated with perception of strong or moderate 
fetal movements. Indeed, simply sitting quietly was more likely to be associated with strong or moderate 

fetal movements.  

 

The most striking feature of this fetal movement data was the presence of a diurnal pattern. Women 

were asked about fetal movement strength at five times of the day, on waking, during the morning, during 

the afternoon, during the evening, and at night-time, including bedtime. As the day progressed, fetal 

movements were increasingly likely to be reported as strong. Around 22% of women reported strong 
fetal movements on-waking and in the morning, this increased to 36% by afternoon and then to 73% and 

75% by evening and night-time, respectively. Importantly, the diurnal pattern was not altered in relation 

to gestational age between 28 and 40 weeks.  

 

These data are in agreement with previous studies reporting a diurnal fetal movement pattern, but also 

expand upon current understandings by demonstrating the consistency in reports of a diurnal pattern 

across a third trimester cohort of women with normal pregnancy outcome. One problem of defining 

normal maternally perceived fetal movements is that there is a great deal of variation in perceived 
frequency of movements (Mangesi et al., 2015). A popular statement made in relation to fetal movements 

in normal pregnancy is that every baby has their own pattern of movement and that women should 

observe their baby and get to know their baby’s unique pattern (RCOG, 2011). Our data challenge this 

notion of individual patterns and instead suggest that a diurnal pattern is consistently reported in normal 

pregnancy.   

 

A strength of this study is that it considered detailed fetal movement data gathered prospectively from a 

group of women in the third trimester with subsequent normal pregnancy outcome. A limitation is that we 
did not have access to detailed outcome data and it is possible that some women whose data were 

included experienced less that optimal outcomes. 

 

7.2.2. Implications for clinical practice  
 

The importance of establishing what is normal in terms of perceived fetal movements and sharing this 

information with pregnant women should not be underestimated. Pregnant women reportedly feel a great 
deal of responsibility for monitoring their babies’ movements (Linde et al., 2017). Current information is 

often confusing and may cause unnecessary worry. Women report wanting to receive more information 

about what is normal and what they should monitor (McArdle et al., 2015; Smyth et al., 2016). Excessive 
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presentation for DFM assessment amongst women with healthy fetuses may lead to unnecessary 

intervention in normal pregnancies with risk of iatrogenic harm. Furthermore, fatigue and frustration on 

the part of health professionals conducting frequent DFM assessments in pregnancies with normal 

healthy fetuses may lead to a laissez-faire attitude to DFM presentations and inadequate responses to 

such complaints when fetuses are genuinely at risk.   

 

Although it is well established in ultrasound studies that fetal movements have a diurnal pattern, this fact 
appears to be less well known amongst health professionals and rarely features in information given to 

pregnant women. Our data support informing pregnant women that most healthy fetuses tend to be more 

active later in the day, particularly in the evening and at bedtime. This is simple information to convey 

and unlikely to lead to excessive presentation of women with DFM in the evening given that >96% of 

women in our study perceived moderate or strong fetal movements at this time. Furthermore, a sizeable 

minority of women at >37 weeks’ gestation (17% in our study) perceive frequency to be decreased. A 

proportion of these are likely to be due to normal changes near term including development of fetal 
behavioural state and cramped intrauterine space. A focus on frequency alone, particularly frequency of 

kicks may lead to a disproportionate number of women near term developing concerns about fetal 

movements. For such women, being informed about the diurnal fetal movement pattern and the 

likelihood of increasing strength may provide additional parameters for reassurance when kicks seem 

less frequent as a result of behavioural state development. Sharing information about normal fetal 

movement patterns is likely to be empowering for pregnant women and may give greater confidence and 

clarity around when their fetus is behaving normally and when to seek care. 

 

7.2.3. Implications for research 
 
Our data demonstrates that women perceive more strong or moderate fetal movements when sitting 

quietly, similar to side-lying. It is well established that the side-lying position is preferable to supine for 

fetal monitoring due to compression of the inferior vena cava by the gravid uterus when women lay 

supine in late pregnancy (Humphries et al., 2018). For this reason side-lying is commonly recommended 

as a position for women to adopt when counting or otherwise observing fetal movements (Akselsson et 

al., 2017; Moore and Piacquadio, 1989). However, sitting position may be a more practical position for 
women to achieve as part of daily fetal movement monitoring routine than side-lying. Maternal reports of 

perception of increased fetal movements when sitting are often attributed to increased maternal attention 

to the fetus at this time. This explanation is unlikely, given that there is no reason why sitting would 

involve increased attention to the fetus. An alternative explanation is that sitting position may be 

associated with similar placental perfusion to side-lying, but there are no studies investigating this 

relationship. Future research could explore maternal blood flow and fetal behavioural state in late 

pregnancy in sitting position compared to side-lying, semi-reclined and supine positions to explore 

possible physiological explanations for increased perception of fetal movements when sitting. If sitting 
position does have a favourable effect on blood flow this could have importance in clinical practice, such 

as when monitoring fetal wellbeing by CTG.   

 

The significance of the diurnal fetal movement pattern shown in our study warrants further investigation 

to better understand its drivers, purpose and function. Circadian patterns are ubiquitous in Biology and 

are the inevitable result of adaptations of living organisms to life on this planet, which revolves on its axis 
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every 24-hours whilst also orbiting the sun. The primary purpose of circadian rhythms is to ensure 

metabolic processes occur at optimal times of day for the organism. Circadian rhythmicity effectively 

ensures that behavioural patterns and physiological processes are aligned (Waddell et al., 2012). The 

circadian fetal movement pattern shown in our study is very different to that of an adult but not unlike 

that of a neonate. It may be that the circadian patterns of the human fetus and neonate rather than being 

immature versions of adult patterns are instead appropriate to their stage of development and optimised 

for the metabolic tasks of fetal and early-neonatal life. Children born preterm are more likely to have 
sleeping problems and are at increased risk of impaired brain development. It has been hypothesised 

that curtailed exposure to maternal circadian entrainment in-utero through early birth is one physiological 

mechanism contributing to these associations. The environment of the neonatal unit is frequently time-

less, unlike the uterus. Research that expands understanding of the purpose and drivers of normal fetal 

circadian behaviour may help to inform research into care of the preterm neonate. 

 

7.3. Fetal movements and stillbirth 
 

Numerous studies suggest fetal movement monitoring by pregnant women has potential to prevent 

stillbirths (Frøen, 2004). However, a suitable approach that achieves this aim with minimal unwanted 

effects has yet to be achieved in high-quality studies (Mangesi et al., 2015; Norman et al., 2018). One 

problem is that distinguishing the DFM case with a well fetus from the case with a fetus at risk is difficult. 

Ultrasound studies demonstrate that as hypoxia progresses the quality of fetal movements declines 
before quantity is altered (Visser et al., 2010). Yet, maternally perceived fetal movement quality is under-

explored in the context of stillbirth.  

 

7.3.1. Summary of findings 
 

The second study in this thesis sought to address the question ‘How are maternally perceived fetal 

movements altered in the context of late stillbirth?’ Much of the available information about fetal 
movement changes prior to fetal death is derived from retrospective reports making it difficult to 

determine whether or not any changes described are co-incidental to the stillbirth. Prospective gathering 

of detailed fetal movement data from women with stillbirth would be impractical, given the low prevalence 

of stillbirth. Our study employed the approach used by Stacey et al. (2011) in recruiting women with 

recent stillbirth (within 6 weeks of birth) and interviewing them about fetal movements in the two weeks 

preceding their baby’s death (Stacey et al., 2011a). These accounts were compared to control women 

recruited from the same location and at the same gestation as the case.  

 
Our study confirmed the findings of similar previous studies in relation to strength and frequency of fetal 

movements specifically, maternal perception of decreased frequency of fetal movements was associated 

with stillbirth (aOR 2.29, 95% CI 1.31, 4.0), whilst perception of increased strength of fetal movements 

was protective (aOR 0.21, 95% CI 0.12, 0.36) (Bradford et al., 2019a). The association of increased 

strength of fetal movements and decreased odds of late stillbirth further support the importance of 

maternally perceived strength of fetal movements and challenge the historic emphasis on fetal 

movement frequency alone. 
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Our data also confirmed previous but less well-known findings that perception of fetal hiccups is 

protective. Not only was the association of maternally perceived fetal hiccups and decreased odds of 

stillbirth shown but our data extended current understandings by demonstrating that daily perception of 

hiccups had a stronger association with reduced stillbirth risk compared to occasional hiccups. Indeed, 

daily perception of fetal hiccups reduced the likelihood of stillbirth by 70% (aOR 0.28, 95% CI 0.15, 0.52). 

A novel finding reported in this study is that maternal perception of fetal movements that were quiet in 

the evening was associated with stillbirth (aOR 3.82, 95% CI 1.57, 9.31). This association was notably 
stronger than perception of decreased frequency of fetal movements, the parameter most widely used 

in fetal movement screening for stillbirth prevention. 
 

Unlike previous studies, we did not find maternal perception of a single episode of movements that were 

more vigorous than usual was associated with stillbirth (aOR 1.72, 95% CI 0.85-3.46). A possible 

explanation for this is that association of a single episode of vigorous fetal movement and stillbirth is not 

strong and this study lacked statistical power to show such an association. The earlier TASS study 
reported a strong association between a single episode of movements that were more vigorous than 

usual and stillbirth, and the larger MiNESS study reported that a single episode of fetal movement that 

was more vigorous than usual was not associated with stillbirth in univariable analysis but was in 

multivariable analysis.  

 

A strength of this study was the case-control design allowing for collection of detailed information on fetal 

movements prior to fetal death from a group of recently bereaved mothers and comparison with controls 

at similar gestation with ongoing pregnancies. An unavoidable limitation is that there was a difference in 
timing of interview between cases and controls. The cases were interviewed at a mean of 24 days after 

their stillbirth about fetal movements in the two weeks prior to when their baby died. The control women 

had ongoing pregnancies and so reported on fetal movements in the preceding two weeks. Recall of 

events surrounding a death have been shown to be reliable in studies of parents experiencing sudden 

infant death syndrome (Drews et al., 1990). However, with a case-control study such as this, risk of recall 

bias cannot be completely eliminated.  
 

7.3.2. Implication for clinical practice 
  
The findings from this study have a number of implications for practice. Firstly, the data confirm the 

importance of maternal perception of decreased frequency of fetal movements as being associated with 

stillbirth. Notably, this reduction in frequency was determined by the mother herself and was not the 

result of a set fetal movement count alarm. Decreased strength of fetal movements was also associated 

with stillbirth, and when both strength and frequency were decreased the odds of late stillbirth was even 

greater, almost four-fold. This data supports discussing both strength and frequency of fetal movements 
with women as important indicators of fetal wellbeing. Clinical assessment of women presenting with 

DFM should involve asking about strength as well as frequency of fetal movements, as decreases in 

both of these features may have greater clinical significance.  

 

Secondly, this study is the first to report that maternal perception of quiet fetal movements in the evening 

is associated with stillbirth. This new finding, when considered alongside previously published 
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information on fetal movements, has implications for clinical practice. Women with concerns about fetal 

movements in many cases report reluctance to present for assessment in case they are an 

inconvenience to health professionals.  Additionally, it has been noted that many disease conditions 

involve exacerbation in the evening and that patients who experience worsening symptoms should be 

counselled to present when symptoms occur regardless of time of day (Cortelli, 2015). Our findings 

suggest that pregnant women should be similarly counselled, that if they experience DFM in the evening, 

an assessment is warranted and not an inconvenience. 
 

Furthermore, assessment of fetal wellbeing may be more efficient when carried out during the evening. 

Increased fetal movement at this time enables reactive CTGs to be achieved more rapidly and BPP 

scores are less likely to be low due to fetal quiescent state (Babazadeh et al., 2005; Petrikovsky and 

Kaplan, 1996). Thus, the healthy fetus is more rapidly identified when assessment is completed in the 

evening, potentially saving time and hospital resource and more importantly sparing healthy pregnancies 

from unnecessary intervention. Previous calls have been made for fetal assessment to be conducted in 
the evenings for these very reasons (Petrikovsky and Kaplan, 1996). As noted above, given that >96% 

of women perceive moderate or strong movements in the evening, advice that a normal fetal movement 

pattern involves increased fetal movements in the evening is unlikely to lead to excessive presentation 

of women with healthy fetuses. Moreover, some reports suggest that fetuses are more likely to die during 

maternal overnight sleep (Warland et al., 2015). If the length of time between a significant reduction in 

fetal movements in a deteriorating fetus and fetal death is short, it may be that the ‘window of opportunity’ 

for rescue is wider in the evening. At the very least, our data support advising women with concerns 

about DFM in the evening to seek assessment promptly and not to delay until the following day.  
 

Finally, the protective association of daily perception of fetal hiccups has implications for clinical practice, 

particularly as it has been previously reported that maternal perception of hiccups may be a sign of a 

fetus at risk due to cord accident. Indeed, one source has advised “hiccups occurring daily after 28 

weeks, and greater than 4 times per day requires fetal evaluation”, specifically to identify a possible 

nuchal cord (Collins, 2012). There is no evidence to support such an approach as nuchal cords are 

common antenatally and not a predictor of fetal death (Dap et al., 2019). Such information would no 
doubt be very worrying for pregnant women to receive and has no sound basis in evidence. Our data, 

taken together with the earlier TASS study and the MiNESS study, provide consistent evidence that 

maternal perception of fetal hiccups is both normal and reassuring. Previous reports of fetal hiccups and 

subsequent fetal death may be co-incidental to stillbirth or alternatively, may have been seizure activity 

mis-interpreted as hiccups. In experimental studies in fetal sheep, prolonged umbilical cord occlusion 

leads to seizure activity in those fetuses with greater severity of brain injury (Drury et al., 2014).  

 

An approach of sharing information with pregnant women about fetal hiccups, may help women with 
healthy fetuses to be reassured about normal behaviour. Not all women identify the hiccup sensation 

themselves, but most will after having it explained (Norman, 1942). Fetal hiccups can feel like a pulsing 

in the abdomen that is too slow to be a heartbeat but more abrupt than fetal breathing movements. Fetal 

hiccups are infrequent in the third trimester and have been observed 2% to 4% of the time, during 

ultrasound (Pillai and James, 1990b). Hiccup bouts typically last for 6-9 minutes (Kamata et al., 2016; 

Witter et al., 2007) but can last as long as 18 minutes (Pillai and James, 1990b). Fetal hiccups have 
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been shown to have a diurnal pattern and occur more frequently overnight (Stark et al., 1994; Witter et 

al., 2007). Hiccup bouts normally commence during periods of increased fetal body movement (Pillai 

and James, 1990b), and from 28 weeks’ are associated with increases in fetal heart-rate (Witter et al., 

2007).  

 

In the very rare instances where a sentinel event leads to fetal seizures, women who already know how 

to identify normal fetal hiccup sensations are less likely to confuse the two and may be better positioned 
to explain the pathologic changes observed in fetal movement to their care provider. Although the window 

of opportunity for meaningful intervention in such circumstances is likely to be very small.  

 

7.3.3. Implications for research 
 
Our data on fetal hiccups, busy times, the diurnal fetal movement pattern and qualitative features of 

normal fetal movements raise a number of considerations for future research.  
 

7.3.3.1 Fetal hiccups 
 

The association of fetal hiccups with decreased risk of stillbirth raises the question of whether electronic 

monitoring might be used to detect absence of fetal hiccups and so identify fetuses at risk. Fetal body 

movements are not reliably monitored electronically but fetal hiccups may be more reliably distinguished 

from artefact because of their distinctive abrupt nature (Kamata et al., 2016).  One difficulty is the long 
periods of time that would be required to monitor fetal hiccups, given that fetal hiccups are relatively 

infrequent compared to other fetal movement types. In some studies, no hiccups are able to be observed 

in healthy fetuses even after four hours of observation (Kamata et al., 2016; Pillai and James, 1990b). 

However, in the 24-hour study by Patrick et al. (1980), hiccups were observed in all fetuses (Patrick et 

al., 1980). Establishment of normal upper and lower limits of hiccup bouts in normal pregnancies, 

including length and frequency by electronic monitoring, perhaps in overnight or 24-hour studies, would 

be an informative start. 

 

7.3.3.2. Busy times 
 

A novel finding in this study was that maternal perception of busy times of increasing length was 

associated with an 80% reduction in odds of late stillbirth. Clusters of fetal movement are likely to be 

reassuring in themselves and suggest that the fetus is in an active state. Maternal perception of clusters 

of fetal movements have previously been shown to be as reassuring as a reactive CTG (Fong et al., 

1996). Perception of several groups of movements per day has also been reported as reassuring by 
women themselves (Rådestad and Lindgren, 2012). Our data demonstrated that the majority of women 

with a normal pregnancy outcome perceive between 3 and 9 busy times per day. This suggests numbers 

of busy times in a day perceived by pregnant women do not vary as widely as numbers of single 

movements. Future research could consider the possibility of maternal monitoring of busy times. 

 

7.3.3.3. Diurnal fetal movement pattern 
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The findings of this study support earlier work suggesting that evening fetal movement screening may 

be effective in identifying fetuses at risk. As early as the 1970s, it was noted that “the fetus is not seriously 

ill as long as it demonstrates circadian patterns of activity…the lack of circadian activity and decreased 

movement are clearly ominous” (Goodlin, 1979, p340). Yet consideration of the fetal circadian rhythm 

has not featured in studies of fetal movement screening for stillbirth prevention, with the notable 

exception of Moore and Piacquadio’s (1989) prospective study, already described.  

 
It is possible that a failure to appreciate the diurnal pattern of fetal movements is one reason why fetal 

movement counting approaches have been largely unsuccessful. Many clinicians recommended that 

women observe their baby’s own pattern of behaviour and try to determine when their baby is more 

active and monitor at this time (RCOG, 2011; Tveit et al., 2009a) often citing Moore and Piaquadio (1989) 

in these recommendations. However, Moore and Piacquadio did not encourage women to observe and 

decide for themselves what time of day their baby was most active but specifically instructed women to 

count movements between the hours of 7 pm and 11 pm (Moore and Piacquadio, 1989). Moore and 
Piacquadio proposed that their method might achieve two things, increase maternal compliance with 

counting, and two, allow evaluation of a normal physiological feature of fetal behaviour. i.e., evening fetal 

activity. The method was thus “both convenient and physiologic” p.1079 (Moore and Piacquadio, 1989). 

The physiological element of their method, evaluation of the diurnal fetal movement pattern has perhaps 

been overlooked. Our data suggest that women who do not observe fetal movements in the evening, 

may be at greatest risk. 

 

Re-conceptualising DFM as a disturbance in fetal circadian rhythm, opens up the possibility of new 
avenues for furthering understanding of fetal responses to placental insufficiency. Chronomedicine is the 

application of chronobiology to medical questions in order to understand how disturbances in circadian 

rhythm relate to patterns of disease (Cortelli, 2015). More than 100 acute and chronic, common and rare 

human diseases have now been demonstrated to have diurnal and 24-hour characteristics (Smolensky 

et al., 2015). Chronomedicine extends to chronoaetiology and chronotherapy. An example of the 

successful application of chronobiology to medicine includes the cohort study by Montaigne et al. (2018) 

demonstrating that outcomes following heart surgery were improved when surgery was conducted during 
the afternoon compared to morning, due to intrinsic circadian variation in hypoxia-reoxygenation 

tolerance in the human myocardium (Montaigne et al., 2018). Franz Halberg, widely acknowledged as 

the pioneer of chronobiology sought to “measure in time what is measurable and render measurable 

what as yet is not” (Halberg, 1969). Although some attempts have been made to explore temporal 

aspects of maternally perceived fetal movements (Winje et al., 2012a). The potential significance of 

disruptions in diurnal and 24-hour patterns of fetal movements in relation to stillbirth warrant further 

research, both to deepen understanding of this important early sign of developing fetal compromise and 

to open possibilities for new therapies.  
 

One of the challenges in management of DFM is that few treatment options are available. Definitive 

management involves deciding whether delivery is required imminently or can be delayed with/or without 

additional monitoring. Early delivery is itself a potential cause of harm and must be reserved for full term 

fetuses (>39 weeks’ gestation) or when there is evidence that current fetal status is compromised. Where 

delivery is not definitively indicated, the management path is less clear. When the problem of DFM is 
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viewed from a chronobiological perspective, the possibility of chronotherapeutic approaches emerge, 

such as maternal melatonin administration. A narrative review has identified a number of small trials 

demonstrating benefit from perinatal administration of melatonin to women with pre-eclampsia, women 

with early onset FGR, and neonates with asphyxia (Marseglia et al., 2016). Melatonin supplementation 

in pregnancy has been shown to have a benign safety profile, although further studies are needed (Chen 

et al., 2013). It is plausible that a sub-group of women with altered diurnal fetal movement pattern and in 

whom delivery is not desirable due to gestational age may benefit from melatonin administration. The 
feasibility of such a trial warrants exploration. The data from this thesis is informing a planned sub-study 

in a randomised controlled trial of antenatal melatonin supplementation in women with early and late-

onset FGR (ACTRN12617001515381). This trial provides the opportunity to assess maternally perceived 

fetal movements prior to and during the interventions which may provide further information on diurnal 

fetal movement patterns in FGR and in response to maternal melatonin treatment.  

 

7.3.3.4. Fetal movement quality assessment 
 

Recently, commentators have questioned whether maternal perception of fetal movements has any 

value at all in pregnancy care (Gidlöf, 2019). Yet, DFM remains an important indicator of possible fetal 

compromise and women will continue to present with this symptom, whether or not formal fetal 

movement screening policies exist. Future studies should consider approaches to improving the 

sensitivity of fetal movement screening and explore improved approaches to management of DFM 

presentations. Given that a number of qualitative features of maternally perceived fetal movements have 
associations with stillbirth, as demonstrated in our study, approaches to fetal movement screening and 

management that take into account qualitative features, including the diurnal fetal movement pattern, 

should be considered.  

 

The data contained in this thesis provide the basis for development of a fetal movement assessment tool 

that takes into account features of fetal movement quality including, strength, frequency, variation, busy 

times, diurnal pattern, and movements in relation to maternal position. Such a tool would require testing 

in prospective studies to establish acceptability amongst pregnant women, utility in predicting adverse 
pregnancy outcomes, as well as potential adverse effects, such as unnecessary intervention. 

Prospective evaluation of the assessment tool in a general pregnancy population as part of routine 

antenatal assessment in the third trimester is anticipated. Because stillbirth is a relatively uncommon 

pregnancy outcome, large studies would be needed to determine efficacy in stillbirth prevention. 

However, a smaller pilot study of the fetal movement assessment tool may give indication of potential to 

identify pregnancies with subsequent FGR, birth asphyxia or other outcomes associated with DFM as a 

starting point.  

 
Future research should consider investigating circadian variations in fetal movement patterns in 

subgroups of women at increased risk of adverse perinatal outcomes including: 

 

• Women with a diagnosis of FGR (both early-onset and late-onset).  

• Women with hypertension and gestational hypertension. 
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• Women with pre-pregnancy and gestational diabetes mellitus.  

 

Further potential research could be undertaken taking into account circadian fetal movement patterns in 

management of DFM presentations, including: 
 

• Comparing efficacy and cost effectiveness of evening fetal assessment clinics with daytime 

clinics. 

• Conducting a large, multicentre controlled trial of evening fetal movement assessment, either 

by fetal movement counting or by assessment of fetal movement quality features, as above. 

• Randomised controlled trial of overnight CTG monitoring in women with an initial reassuring 
assessment of DFM compared to discharge. 

 

7.4. Fetal movements in women with obesity 
 
The third and fourth studies of this thesis relate to the Research Questions ‘What is the relationship 

between maternal overweight or obesity and fetal movements?’ and ‘Are maternally perceived fetal 

movements altered in the context of obesity?’ Doubt has been cast on the clinical significance of DFM in 

women with overweight by an influential paper that proposed that women with excess abdominal fat are 

less able to perceive fetal movements despite normal fetal development (Tuffnell et al., 1991). This notion 
appears to have gained widespread acceptance despite not being formally evaluated. DFM in women 

with obesity is commonly referred to as ‘non-pathological’ or ‘physiological’ (Heazell and Frøen, 2008; 

Higgins et al., 2013) and the Cochrane review of management of women with decreased fetal 

movements warns that women with obesity may be less able to perceive DFM (Hofmeyr and Novikova, 

2012). Pregnant women with obesity present more frequently with DFM but are also at increased risk of 

stillbirth. If DFM is believed to have less significance in women with obesity, this group risks not receiving 

timely assessment of DFM complaints. 
 

7.4.1. Summary of findings 
 

The third study presented in this thesis involved a systematic review of the literature on maternal body 

size and fetal movements with the aim of determining the associations and significance of fetal 

movements in women with overweight or obesity (Bradford et al., 2018b). The review found insufficient 

evidence on which to make firm conclusions about effect of maternal body size on fetal movement or 
behaviour. A single study reported greater fetal motor activity amongst women with obesity compared to 

normal weight but provided no quantitative data. Limited available evidence did not support the view that 

fetal movement perception is impaired in women with increased body size. However, included studies 

were small and the overall quality was assessed as low. Available evidence suggests maternal 

awareness of fetal movement was not different in women with obesity. The review findings were in 

agreement with the general perception that women with increased body size present more frequently 

with DFM, although the effect size was small.  
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A limitation identified in this review was a lack of available evidence to explore the included questions 

and low or very-low quality of available evidence. A lack of adjustment for confounding was also a 

persistent problem for included studies. The question as to whether fetal movement and behaviour is 

altered by maternal obesity demands further exploration. A emerging body of evidence exists for effects 

of maternal obesity on offspring development and behaviour, but behaviour during fetal life has been 

under-explored in relation to maternal BMI.  

 
The fourth study of this thesis entitled ‘Maternally perceived fetal movement patterns: The influence of 

body mass index’ was developed in response to the notable lack of data comparing fetal movements in 

women with obesity and women with normal BMI, identified in the systematic review. The aim was to 

compare maternally perceived fetal movement strength, frequency and pattern in women with obesity 

(BMI ≥30 kg/m2) and women with normal BMI (<25 kg/m2). This study showed no significant differences 

between the two groups in regard to perceived fetal movement strength and frequency of fetal 

movements. This finding supported the conclusions of numerous ultrasound studies which report no 

effect of maternal body size on fetal movement perception. Our data has added to current knowledge by 

showing that the diurnal pattern described in women with normal pregnancy outcome (Bradford et al., 

2019b) is also present in women with obesity. We also found significant differences in maternally 
reported fetal movement strength in relation to maternal meals in women with obesity compared to 

women with normal BMI, which has not been reported before.  

 

A limitation of the study is that we had limited outcome data in the group with normal BMI and so were 

unable to adjust for possible confounders. However, this limitation does not detract from the finding of 

similar perceived strength and frequency of fetal movements in women with obesity and women with 

normal BMI as increased prevalence of pregnancy conditions amongst women with obesity would be 

expected to bias the data in favour of finding a difference. 
 

7.4.2. Implications for clinical practice  
 
Both studies addressing fetal movements in women with increased body size have implications for 

clinical practice. First, perception of DFM in women with increased BMI should not be assumed to be a 

benign variation attributable to body size, as the available evidence does not support the theory of 

impaired perception of normal fetal movements in women with obesity. This has implications for 
information for pregnant women who at present are often advised that fetal movement sensations may 

be reduced in women who are overweight or obese. Women with obesity make up an increasingly large 

proportion of all women giving birth. In the New Zealand Report on Maternity 2017, over half of women 

booking for maternity care were overweight or obese (Ministry of Health, 2019). Secondly, advice for 

women with DFM to eat sugary foods, whilst not based in evidence, may be particularly counter-

productive in women with obesity, given that more women with obesity, compared to normal BMI in our 

study reported their fetuses to be quiet an hour after eating.  

 
The diurnal pattern remained present in more than 90% of women with obesity, suggesting advice that 

the normal fetal movement pattern involves increased fetal movement later in the day is also appropriate 

for women with obesity. Importantly, in the second study of this thesis the association between quiet fetal 
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movement in the evening and late stillbirth remained significant after adjustment for potential 

confounders including maternal booking BMI (Bradford et al., 2019a). 
 

7.4.3. Implications for research  
 

The systematic review raised considerations for research. Available ultrasound studies comparing fetal 
movement perception in women with obesity and women with normal weight are small and do not include 

sufficient numbers of women with higher order obesity (BMI >35 kg/m2) and therefore further studies are 

needed. In addition, there is insufficient evidence on outcomes following DFM presentation in all women 

and in women with high BMI in particular. Studies exploring outcomes following DFM presentation are 

often under-powered in relation to the outcome of stillbirth. Data on other important outcomes associated 

with DFM including, birth asphyxia, FGR, prolonged neonatal unit stays, hypoxic ischaemic 

encephalopathy (HIE) and neonatal death are also frequently missing from available studies. The utility 

of such studies would be further improved by robust collection of demographic data and data on 
frequency of established risk factors for adverse perinatal outcomes in order to allow for regression meta-

analysis. 

 

Human fetal behaviour is under explored in relation to maternal obesity. The final study of this thesis 

suggests fetal behaviour is altered around maternal meals in women with obesity. Women with BMI >30 

kg/m2 were more likely to report strong fetal movements when hungry and quiet fetal movement one-

hour after eating than women with normal BMI. Maternal obesity has been shown to have a causative 
role in the development of offspring obesity, although the mechanisms for this have not yet been fully 

delineated (Oken, 2009). Evidence from animal studies has demonstrated alterations in food-anticipatory 

behaviour and satiety in offspring of mothers with obesity (McMillen, 2006). Our data raises the possibility 

that alterations in such behaviour in offspring of obese women may be present before birth.  

 

Increased fetal movements when the mother is hungry has previously been reported by pregnant women 

who interpret the movements as fetal demand for food or frustration at being hungry (Bradford and 

Maude, 2014). In the same study pregnant women interpreted fetal quiescence after eating as satiation. 
A further research question is whether altered fetal behaviour around meals leads to altered infant 

behaviour. In a cohort study exploring infant temperament and subsequent obesity in offspring of women 

with gestational diabetes, infants who later developed obesity displayed greater soothability, perhaps in 

part due to caregiver tendency to settle infants with sweet drinks (Faith et al., 2019). It is possible that 

the differences in fetal behaviour around maternal meals reported in our study are a precursor to the 

behaviour in infants reported by Faith et al. (2019). The infants of the HUMBA study are being followed 

up until 15 months of age and a longitudinal study analysing both fetal and infant activity, movement 

patterns and behaviour in relation to hunger and satiety is planned.  
 

A further consideration for research is the possibility of a relationship between fetal behaviour around 

mealtimes and circadian rhythm. We found that although a diurnal pattern of fetal movements was 

present in women with obesity, there were small but significant differences in fetal movements in the 

afternoon and evening compared to women with normal BMI. Although we cannot be certain of the 

explanation, it is possible that these differences reflected the changes in relation to maternal meals. It 
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has been suggested that maternal feeding times are entraining factors in fetal circadian rhythm. These 

data would seem to support that notion, at least in mothers with obesity.  

 

7.5. Conclusion 
 
In summary, this thesis has explored maternally perceived fetal movement quality in three important 

groups of pregnant women: those with normal outcome, those with stillbirth and those with obesity. The 

included studies have identified novel and important findings. In women with normal pregnancy outcome, 

most perceive a diurnal pattern of fetal movements, fetal movement strength is normally increased, fetal 

hiccups are detected, as are several busy times per day. Women with late stillbirth when compared to 

women with ongoing pregnancy are more likely to report decreased strength and frequency of fetal 

movements, as well as quiet fetal movements in the evening. Maternal perception of increased strength 
of fetal movements and busy times that are longer than before is protective for stillbirth. In women with 

obesity, compared to normal BMI perception of fetal movement strength and frequency is not altered, 

although patterns in relation to maternal meals may be. A key concept underlying all studies is that fetal 

circadian behaviour is a significant and underappreciated aspect, particularly in relation to stillbirth. 
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Appendix 1  Multi-Centre Stillbirth 
Study Questionnaire: Section H. Fetal 
movements 

 
H.1:  Was there any time from 26 weeks of pregnancy that your baby’s movements were less 
than usual?                                                           

         Yes                  No  If No, please go directly to Question H.2 
 
 H.1.1: If Yes, did you seek health professional advice for this? 
      

            Yes                        No  
 
H.1.2: For both ‘Yes’ and ‘No’ answers, did you receive advice from any other source?                           
(Please circle all that apply) 

01 Radio/TV 
02 Newspaper 
03 Internet chat forum or blog 
04 Pregnancy or parenting website 
05 Phone app 
06 Family and friends 
07 Childbirth educator 
08 Book or pamphlet 
99   Other (Please specify) 

____________________________________________________________ 
 
H.2: In the last two weeks* did the strength of your baby’s movements  (* before your baby died)     

01 Increase 

02 Decrease 

03 Stay the same 

99 Unsure 

 
H.3:  During the last two weeks* did the frequency of your baby’s movements (* before your baby died)   

01 Increase 
02 Decrease 

03 Stay the same 

99 Unsure 

 
H.4: During the last two weeks* did you notice any time that your baby was more vigorous than 
usual?                       
       (*before your baby died)  

        Yes                  No       
                       

H.4.1: If Yes:           Once                  More than once                       Unsure        
 
 
H.5:  During the last two weeks*, did you feel your baby having hiccups? (*before your baby died)  
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(If unsure describe as regular jerking movements happening at 1-2 second intervals over a period of 1-
5 minutes)  

         Yes                 No                Unsure   

 H.5.1: If Yes           Once           Occasionally              Daily              Unsure  
 
 

H.6:  During the last two weeks, did you feel uterine contractions (tightenings/pre-labour 
contractions/ Braxton Hicks contractions/ false labour) for longer than an hour?     

          Yes                No                 Unsure   

 
 
Cases: Please advise participants that these next few fetal movement questions may be difficult for 
them.  Reassure them that there are no right or wrong answers to any of the questions.   
 
H.7 During the last two weeks* did you ever feel concerned about baby’s movements? (*before your 
baby died) 

        Yes                         No Please go directly over page to Question H.8 

 H.7.1: If Yes, what were your MAIN concerns about your baby’s movements?                                                                                                                           
(Please select all answers that apply)                                 

01 Baby moved less often 
02 Baby didn’t move at their usual active time 
03 Baby was quiet (inactive) for longer than usual 
04 Baby’s movements were not as hard 
05 Baby didn’t move when you pushed or prodded your belly 
06 Baby didn’t move when you had a drink (water or other liquid) 
99  Other (Please specify) 

_________________________________________________________ 

 
H.7.2: At the time how would you rate your concern?  
 01 Slightly concerned 

 02 Moderately concerned 

 03 Very concerned 

 
H.7.3: Did you have a check-up with a midwife or doctor that included CTG monitoring 
or scan for this concern? 

             Yes  If Yes, please go directly over page to Question H.8 

              No  If No, please continue…. 
 

H.7.3.1 Cases Only: If Yes, was baby’s death diagnosed at this time? 

     Yes                     No  

 

Both Cases AND Controls     
 
H.7.3.2: If you did NOT have a check-up (with a midwife or doctor that included CTG 
monitoring or scan) for your concern, what was the MAIN reason why?    
 

(Please circle one answer only) 
 

01 Baby’s movements returned to normal 
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02 Friend or family member said this was normal 
03 Phoned health professional (e.g. hospital or midwife/doctor) who said this was 

normal 
04 Previous advice from health professional who said this was normal 
05 Other source said this was normal (Specify) 

______________________________________________ 
06 You thought baby was sleeping 
07 You didn’t want to bother anyone 
08 You decided to wait until the next scheduled appointment 
99  Other (Please 

specify)________________________________________________________________ 

 
 
 
H.8: In the last two weeks* on average how many ‘busy times’ did your baby have in a day? 
(*before your baby died) 
 

(Describe ‘busy times’ as a period where there is a group of movements, rather than single isolated 
movements 
For some women these might be short 15-45 seconds, for others these might be prolonged and involve 
many movements for up to 20 minutes) 
 

01 0 
02 1-3  
03 3-5  
04 5-7  
05 7-10  
06 10-20  
07 20-30  
08 30+      

 
H.8.1:  In the last two weeks* on average how long did these ‘busy times’ last? (*before your 

baby died) 
01 Longer than before 
02 About as long as before 
03 Shorter than before 

 
 
H.9: During the last two weeks* did you do moderate exercise at any time (*before your baby died)  
 

            Yes                   No Please go directly over page to Question H.10 
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If Yes, please comment on your baby’s movements                             

 Notably 
quiet 

Subtle or 
light 

movement 
Moderate 
movement 

Strong 
movement 

Jumps 
or 

startles 

Unsure/ 
don’t 
notice 

During moderate exercise e.g. 
brisk walking, swimming, 
cycling  

1 2 3 4 5 6 

Within 15 minutes of 
moderate exercise  1 2 3 4 5 6 

An hour after moderate 
exercise 1 2 3 4 5 6 

 
 
 
H.10:  
Please advise cases that Question H.10 over the page relates to the last two weeks *BEFORE 
your baby died 
 
 
H.10:  During the last two weeks* please comment on your baby’s movements  
 
 

 Notably 
quiet 

Subtle or 
light 

movement 
Moderate 
movement 

Strong 
movement 

Jumps or 
startles 

Unsure/ 
don’t 
notice 

When you first wake 
(before rising out of bed) 1 2 3 4 5 6 

When you have a shower 
or bath 1 2 3 4 5 6 

During the morning 1 2 3 4 5 6 

During the afternoon 1 2 3 4 5 6 

During the evening 1 2 3 4 5 6 

Night time, including 
bedtime 1 2 3 4 5 6 

If you change position in 
bed 1 2 3 4 5 6 

Before a usual mealtime 1 2 3 4 5 6 

When you feel hungry 1 2 3 4 5 6 

While you are eating 1 2 3 4 5 6 

Within 15 minutes after 
eating 1 2 3 4 5 6 

An hour after eating 1 2 3 4 5 6 

When you are walking 
around at home or work 1 2 3 4 5 6 

When you are standing in 
one spot e.g. washing up, 
cooking, talking  

1 2 3 4 5 6 

When you are sitting 
quietly 1 2 3 4 5 6 
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When you lie on your side 1 2 3 4 5 6 

When you lie on your 
back 1 2 3 4 5 6 

When you have a cold 
drink (water, juice, fizzy 
drink or other cold liquid) 
 
  

1 2 3 4 5 6 

When you have a hot 
drink (tea, coffee, hot 
water or other hot liquid)  

1 2 3 4 5 6 

When you sit in a 
cramped position, e.g. in 
car, sitting with knees  
pulled up 

1 2 3 4 5 6 

When you rub or prod 
parts of baby 1 2 3 4 5 6 

When there is a voice 
different to yours e.g. 
man’s, young child’s.  

1 2 3 4 5 6 

When there is 
unexpected loud noise 
e.g. dogs, shouting,  
music, banging 

1 2 3 4 5 6 
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Appendix 2  Additional research 
outputs during PhD candidature 
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Warland, J., Heazell, A., Bradford, B., Cronin, R., McCowan, L. The problem with counting fetal 
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Conference presentations (peer-reviewed abstracts and invited speaker presentations) 
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Bradford, B. (2019). New directions in fetal movement research. Sands National Conference, 20-22nd 

September 2019. Christchurch, New Zealand. 
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Meeting. 14th June, Wellington, New Zealand. 
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Thorburn Visiting Lecture Series in partnership with The NZ Maternal Fetal Medicine Network and The 

Perinatal Society of NZ, Auckland, NZ, 2nd December, Auckland New Zealand. 
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