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ABSTRACT 
 

  Preeclampsia is associated with placental insufficiency and fetal growth 

restriction.  Fetal growth restriction is associated with an increased risk for language 

deficits at 2-5 years of age.  However, fetal auditory processing in pregnancies 

complicated by preeclampsia has not been examined and is the focus of this study.  

Spontaneous and auditory elicited fetal behaviours were compared in 40 mother-fetal 

pairs (n=20 preclamptic and n=20 low-risk normotensive pregnancies) from 33 to 39 

weeks gestational age (GA).  Spontaneous fetal heart rate, body and breathing 

movements and muscle tone were observed and an estimate of amniotic fluid was made.  

To test if the fetuses could hear, six 2.5s trials (3, 110 dB pink noise; 3, no-sound control) 

were intermixed and randomly presented; fetal heart rate was recorded for 30 s following 

trial onset and body movements were observed for 5 s.   Finally, the mother’s voice 

recorded reading a children’s story was presented: 2 min of no sound, 2 min of mother’s 

voice (95 dB A) and 2 min of no sound.  Sounds were delivered through a speaker 10cm 

above the abdomen.  During the 6 min procedure, fetal heart rate was recorded 

continuously and body movements were video recorded.  Fetuses in the preeclamptic 

group were born earlier, t(37)=4.79, p<0.000.  There were no differences in birth weight 

at delivery.  Testing showed no differences between groups for any measure of 

spontaneous behaviour.  There was increased heart rate, F(1,36)=37.47, p<0.001, and 

number of body movements, F(1, 35)=54.04, p<0.001, in response to the pink noise 

compared no-sound control trials, indicating that both groups could hear external sounds.   

No differences in fetal heart rate or body movement responses to the playing of the 

mother’s voice were found between the two groups; although, there was a suggestion that 
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gestational age affected responding.  There were no differences found in spontaneous 

behaviours or auditory processing behaviours in fetuses of pregnancies complicated by 

mild to moderate preeclampsia compared to those in low-risk, normotensive pregnancies.  

It is suggested that future studies examining fetal auditory processing in preeclamptic 

pregnancies employ sufficient sample size for analyses by gestational age at time of 

testing. 
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CHAPTER ONE 

Introduction 

Preeclampsia is a multisystem disorder, unique to pregnancy, which increases the 

risk of maternal and fetal morbidity and mortality (Health Canada, 2004).  Preeclampsia is 

associated with placental insufficiency and fetal growth restriction (Egbor, Ansari, Morris, 

Green & Sibbons, 2005; Norwitz, 2006).  Fetal growth restriction is associated with an 

increased risk for language deficits at 2-5 years of age (Vohr, Coll & Oh, 1988; Walther & 

Ramaekers, 1982).  Given that language deficits are associated with fetal growth 

restriction, Kisilevsky and Davies (2007) hypothesized that growth restriction in the fetal 

period can affect auditory development resulting in atypical auditory information 

processing in growth restricted fetuses compared to healthy fetuses.  To date, however, 

although atypical auditory induced fetal behaviours have been observed in gestational 

hypertension (Lee, Brown, Hains & Kisilevsky, 2007), they have not been reported in 

preeclampsia, a more severe form of hypertension in pregnancy.  Thus, the focus of this 

study is to examine spontaneous and auditory induced fetal behaviour in pregnancies 

complicated by preeclampsia compared to normotensive pregnancies. 
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CHAPTER 2 

Literature Review 

Preeclampsia. 

  Preeclampsia is a multisystem syndrome of unknown cause, which is specific to 

pregnancy (National High Blood Pressure Working Group, 2000).  Due to the multiple 

interdependent factors related to preeclampsia it is unlikely that there is a single cause of 

the syndrome (Sibai, Dekker  & Kupferminc, 2005; Vatten &Skajaereven, 2004).  A 

number of theories exist attempting to explain the pathogenesis of preeclampsia.  One of 

the more popular theories describes preeclampsia as a two-stage disorder.  The first stage 

is a reduction in placental perfusion, a mismatch between uteroplacental supply and fetal 

demand (Roberts & Gammill, 2005).  Abnormal placentation is suggested as the 

mechanism.  Impaired trophoblast invasion into the uterine spiral arteries and a failure of 

vascular remodeling of these arteries are indicated as factors resulting in impaired 

uteroplacental blood flow (Kingdom & Kaufmann, 1997).  The second stage includes a 

reduction in perfusion to all organ systems.  Hypoperfusion is a central pathophysiological 

feature of preeclampsia resulting from generalized endothelial cell dysfunction (Roberts, 

Taylor, Musci, Rodgers, Hubel & McLaughlin,1989; Roberts & Gammill).  There are 

multiple mechanisms proposed to lead to the generalized endothelial dysfunction 

including immunologic maladaption, placental debris hypothesis, endothelial activation 

and inflammation and the genetic-conflict hypothesis (Sibai et al., 2005).  However, not 

all women with reduced placental perfusion develop preeclampsia which suggests that 

abnormal placentation in combination with maternal predisposing factors are involved in 
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the disorder.  Genetic, behavioural and environmental factors have been suggested to 

influence the development of preeclampsia (Roberts & Gammill). 

Women who have had pregnancies complicated by preeclampsia are predisposed 

to long-term health complications such as cardiovascular disease (Irgens, Reisaeter, Irgens 

& Lie, 2001; Wolf, Hubel, Lam & Sampson, 2004).  In a recent study, Smith et al. (In 

Press) suggests that preeclampsia increases women’s risk of developing cardiovascular 

disease by 2 to 3 fold with the greatest risk in women who have had severe preeclampsia.  

Furthermore, preeclampsia shares many risk factors associated with cardiovascular 

disease.  Insulin resistance, endothelial damage and dysfunction, increased systemic 

inflammatory response and coagulation defects are examples of pathophysiological risk 

factors associated with preeclampsia and cardiovascular disease (Rodie, Freeman, Sattar & 

Greer, 2004).  Conditions, such as chronic hypertension, obesity and diabetes, are linked 

with these pathophysiological processes and further increase a woman’s risk of developing 

preeclampsia.   

Preeclampsia can manifest clinically as maternal and fetal syndromes.  The 

maternal syndrome includes hypertension and proteinuria with or without additional 

system involvement (Sibai et al., 2005).  Hypertension and proteinuria are associated 

with negative maternal and fetal outcomes (Chan, Brown, Simpson & Davis, 2005, Sibai, 

Lidheimer, Hauth, Caritis, VanDorsten & Klebanoff, 1998).  The fetal syndrome includes 

intrauterine growth restriction resulting in small for gestational age newborns, reduced 

amniotic fluid volume, abnormal doppler velocimetry of the umbilical artery, decreased 

resistance to flow in the fetal middle cerebral artery, an abnormal waveform in the ductus 
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venosus and stillbirth (Baschat, 2004; Xiong, Demianczuk, Saunders, Wang & Fraser, 

2002).  

Although the exact cause of the syndrome is unknown, in North America, at the 

time of this study’s design, the guidelines in place for diagnosis of preeclampsia were 

those which were established by the National High Blood Pressure Education Working 

Group in 2000. The guidelines defined preeclampsia as a pregnancy specific syndrome 

occurring after 20 weeks gestation.  The diagnostic criteria were based on the occurrence 

of both hypertension and proteinuria.  Maternal hypertension was defined as a systolic 

blood pressure of >140mm Hg or diastolic blood pressure reading of >90 mmHg in women 

who were previously normotensive (prior to 20 weeks gestation).  The elevated blood 

pressure must have been observed on at least two different occasions no more than one 

week apart.  In addition, the observation of hypertension must have been accompanied by 

proteinuria, defined as either a urine dipstick reading of ≥ 1+ protein or, preferably,  by a 

24-hour urine specimen with protein excretion  ≥ 0.3 g (National High Blood Pressure 

Education Working Group, 2000). In March 2008, the Society for Obstetricians and 

Gynecologists in Canada published new practice guidelines for diagnosis of preeclampsia.   

Diagnosis of hypertension in pregnancy is now defined as increased diastolic blood 

pressure ≥ 90 mmHg, taken by an average of at least two measurements in the seated 

position.  In addition, criteria for diagnosis of proteinuria has been altered.  It is now 

strongly suggested with a urine dip of ≥ 2+ but defined as 24 hour urine collection of ≥ 0.3 

g/day (Magee, Helewa, Moutquin & von Dadelszen, 2008).  

 The placenta is the fetal-maternal interface.  Proper implantation and functioning 

of the placental is essential for successful maturation and growth of the fetus to occur 
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(Norwitz, 2006).  In the non-pregnant state, the uterine vessel carries less than 1 % of a 

women’s cardiac output.  However, at term the uterine vessel carries approximately 25 % 

of maternal cardiac output to support the nutrient and oxygen demands of the uterus, 

placenta and the fetus (Silver, Barnes, Comline & Burton, 1982).  Extensive alterations to 

the spiral arteries, which supply maternal blood flow to the placenta, occur during 

placentation to allow for this increased blood flow late in gestation.  Pijnenborg et al. 

(2006) proposed a five-stage working model for spiral artery remodeling.  The model 

describes the decidua, interstitial trophoblast and endovascular trophoblast associated 

vascular remodeling that occurs in the spiral arteries in the decidua and inner third of 

myometrium.  The model describes how the vessels are converted from small-bore, high 

resistance vessels into low impedance, high capacity vessels capable of supporting the 

ever-increasing nutrient and oxygen demands of the fetoplacental unit.  Nevertheless, 

despite substantial research efforts many aspects of the remodeling process remain poorly 

understood.  

   Normal pregnancies are associated with extensive remodeling of the spiral 

arteries to allow for optimal fetal growth in late pregnancy.  However, preeclampsia is 

associated with impaired remodeling of the spiral arteries, a failure of the arteries to 

convert into the distended flaccid arteries seen in normal pregnancy.   Abnormal 

uteroplacental vasculature is associated with reduced blood flow to the fetus and has been 

noted in both preeclampsia complicated by intrauterine growth restriction and late onset 

preeclampsia without intrauterine growth restriction (Egbor, Ansari, Morris, Green & 

Sibbons, 2006; Resta et al., 2006).  To date, the effect of the atypical pregnancy changes 
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associated with preeclampsia on fetal psychobiological development are largely 

unknown.   

Fetal Behaviour 

It may be possible to determine fetal effects by examining fetal behaviours, as 

behaviours are thought to reflect the functional development of the central nervous 

system (Hepper, 1995).  In clinical practice, two standardized tests employing 

spontaneous fetal behaviour have been developed to assess fetal well-being, the non-

stress test (NST) and biophysical profile (BPP). Clinical practice guidelines have been 

established for their conduct and interpretation (Liston, Sawchuck & Young, 2007).   The 

NST is a 20-min continuous recording of spontaneous fetal heart rate changes while the 

mother is at rest. Historically, it was interpreted as either reactive (normal) or non-

reactive based on fetal heart rate activity.  A reactive NST in a fetus greater than 32 

weeks gestation was indicated where there was at least two fetal heart rate accelerations 

of a minimum of 15 beats per minute (bpm) above baseline lasting at least 15 s in a 20 

min recording.  Fetuses of less than 32 weeks gestational age are expected to have two 

heart rate accelerations of 10 bpm above baseline lasting at least 10 s.  The number, 

magnitude and duration criteria for fetal heart rate accelerations remain unaltered in the 

newest guidelines for NST classification.  However, additional parameters for assessment 

of a NST and a new classification system have been added.  The new classifications for 

the antepartum NSTs include normal (previously reactive), atypical (previously non-

reactive) and abnormal (previously non-reactive).  The parameters expected for a normal 

NST include at least 2 heart rate accelerations in < 40 min, a baseline heart rate between 

110-160 bpm, moderate heart rate variability (6-25 bpm) and no or occasional heart rate 

 
 

6



decelerations < 30s in duration.  An atypical NST is defined as < 2 heart rate 

accelerations ≥ 15 bpm lasting at least 15 seconds in a 40 to 80 min period, a rising 

baseline or a baseline heart rate of 100-110 bpm or > 160 bpm for < 30 min, absent or 

minimal heart rate variability (≤ 5 bpm) for in a 40 to 80 min period and variable 

decelerations lasting 30 to 60 s.  Finally, an abnormal NST is defined as  < 2 heart rate 

accelerations ≥ 15 bpm lasting at least 15 seconds in a 80 min period, an erratic baseline 

fetal heart rate or a baseline of < 100 bpm or >160 bpm for >30 min, fetal heart rate 

variability of ≤ 5 bpm for ≥ 80 min period or ≥ 25 bpm for >10 min period and late 

decelerations and variable heart rate decelerations > 60 s in duration (Liston et al., 2007). 

The second test is the biophysical profile (BPP).  It is a 30 min real time 

ultrasound scan during which observation of spontaneous body and breathing 

movements, muscle tone and an estimate of amniotic fluid volume are obtained.  Each 

fetal measure is scored as either 0 (absent) or 2 (present).  A score of 2 is assigned for one 

pocket of amniotic fluid measuring 2 cm by 2 cm in perpendicular planes, 30 s of 

continuous breathing, 3 or more gross body movements and brisk extension or flexion of 

the limb, head or trunk.  The four scores are summed to provide a total biophysical 

profile score.  A score of 8 is considered normal, 6 is considered equivocal and 0-4 is 

considered abnormal.  However, greater monitoring is required when amniotic fluid 

levels are low, particularly when a BPP score is < 8.  The results of the tests are 

dependent on fetal development and fetal health at the time of testing.  For example, 

magnitude and duration of heart rate acceleration, amount of fetal breathing, muscle tone 

and number of fetal movements are affected by gestational age, level of central nervous 

system development and oxygenation to the fetus (Liston et al., 2007). These tests are 
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useful in that they indicate fetal well-being at time of testing.  However they have not 

been shown to predict outcome (e.g., Inglis et al., 1993; Kilsilevsky, Hains & Low, 

2001).   

  Based on studies demonstrating fetal response to sensory stimuli and 

discrimination, Joseph (2000) suggests that development of complex fetal behaviour is 

related to development of the fetal brainstem.  Joseph argues that development of the 

forebrain and the ability to perform higher-order cognitive activity and purposeful 

behaviours occurs largely after birth.  It may be argued that maturation of fetal behaviour 

which occurs in late gestation is a result of maturation of the brainstem and primitive 

development of the forebrain structures (Joseph, 2000; Moore, 2002).  Examples of mature 

fetal behaviours noted in late gestation include electrophysiological observations of 

behavioural states (i.e., coordination of changes in body and eye movements and FHR) and 

differential response to the maternal voice indicating rudimentary learning and memory 

(Kisilevsky et al., 2003).   

The effect of preeclampsia, with or without growth restriction on the fetal brain 

development and functional ability of the central nervous system is unknown.  Growth 

restriction results from periods of nutrient and oxygen insufficiency to the fetus during 

development.  Adaptive changes such as preservation of vital brainstem structures 

necessary for extrauterine survival can be noted in conditions associated with placental 

insufficiency.  Dubiel and colleagues (2002), using Doppler velocimetry, observed signs of 

fetal brain sparing in the anterior, middle and posterior cerebral arteries in fetuses of 

hypertensive pregnancies.  Moreover, evidence is accumulating that disruption during the 

sensitive period of prenatal development can have long-term physiological consequences.  
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For example, Barker (2001), in his theory of fetal origins of adult disease, argues that 

malnutrition in middle to late gestation leads to disproportionate fetal growth.  Moreover, 

this disproportionate growth during the fetal period can result in persistent changes in a 

range of metabolic, physiological and structural parameters.  More specifically, Barker 

proposes that the results of developmental plasticity and compensatory growth are 

contributing factors to adult diseases such as coronary heart disease and type-2 diabetes 

(Barker, 1995; Barker, Eriksson, Forsen & Osmond, 2002).  The auditory system, which is 

not essential for life also may be affected during periods of nutrient insufficiency, given 

that growth restriction in fetuses is associated with language deficits at 2-5 years of age 

(Vohr, Coll & Oh, 1988; Walther & Ramaekers, 1982).   As auditory perception lays the 

foundation for language development, a uniquely human quality, early assessment of 

auditory perception may provide insight into language deficits in children (Moore, 2002).  

Based on the observations of an increased incidence of language deficits at 2-5 years of 

age and learning disabilities at 9-11 years of age in children who were born growth 

restricted, Kisilevsky and Davies (2007) hypothesized that growth restriction in the fetal 

period can affect auditory development resulting in atypical auditory information 

processing. If during a sensitive period of the development the auditory system is disturbed 

this may explain long-term language deficits in early childhood.  A demonstration of 

atypical auditory processing in fetuses in pregnancies complicated by preeclampsia which 

is associated with placental insufficiency would provide support for this hypothesis.       

Fetal Auditory Development  

To examine fetal auditory processing it is essential that the fetal auditory system is 

functioning and capable of processing sound.  Many researchers have examined auditory 

 
 

9



development in both human and animal models, focusing on structural development, 

functional onset and maturation of the auditory system.  Human auditory development 

begins early in the embryonic period (Pujol, Lavigne-Rebillard & Uziel, 1991). The coiling 

of the cochlear duct is complete at 8-9 weeks gestation developing from the base toward 

the apex. The organ of Corti is located within the cochlear duct and contains the tectorial 

membrane and hair cells which are mechanoreceptors and the neural basis for hearing.  

The tectorial membrane can first be observed as early as 10 weeks GA and develops in a 

basal to apical direction.  The tectorial membrane is suggested as a key factor involved in 

the growth and arrangement of the hairs cells.  At the time of cochlear coiling the sensory 

epithelium remains undifferentiated (Pujol & Lavigne-Rebillard, 1985).  Hair cells within 

the cochlea begin to differentate between 10 to 11 weeks GA with the inner hair cells 

maturing earlier than the outer hair cells.   Inner and outer hair cells can be observed at 

week 14 (Pujol et al., 1991).  However, it is not until the 22nd week of gestation that the 

hair cells are observed in an adult-like pattern.  As seen in the mature organism, the 

complete four rows of outer hair cells and single row of inner hair cells are observed on the 

epithelial surface in the basal cochlea (Pujol, et al., 1991).  Mechanical displacement of the 

organ of Corti causes a bending of the stereocilla (hair cells) in the direction of the 

kinocilium causing the opening of the ionic channels at the tips of the hair cells.  The 

opening of the channels allows for an influx of K+ and other cations.  The influx of ions 

causes a depolarization within the hair cell and the release of neurotransmitters at the 

synapse located at the base of the hair cell.  The neurotransmitters then activate the primary 

sensory nerve endings connected to cranial nerve VIII (Freeman, Geal-Dor & Sohmer, 

1999).    At approximately 20 weeks gestation the human cochlea is morphologically 
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similar to other mammalian animal models at the time of onset of their cochlear 

functioning (Pujol & Hilding, 1973).  At this time it is thought that the cochlea may have 

high thresholds and poor discriminative properties.  

Auditory system development in the fetus is dependent on both development of the 

peripheral structures (cochlear duct) as well as the development of the structures of the 

central nervous system.  The formation of the brainstem begins around 6 to 7 weeks 

gestation and maturation occurs in a caudal to rostal arc direction.  Maturation and 

myelination of the nuclei within the medulla occurs prior to that of the structures within the 

pons and finally the midbrain. It is the pons that contains structures of the auditory 

pathway and responds to vibration and loud sounds.  Functions associated with the neural 

connections within the pons appear in the 7th month of gestation.  Myelination of the 

central pathway is a marker for onset of auditory functioning.  Myelination of the auditory 

structures is first visible at 26 weeks GA.  The majority of fetuses develop myelin sheaths 

between 26 to 28 GA although they do not reach full thickness until 44 weeks of 

development (Moore, Perazzo & Braun, 1995).  Myelination precedes synchronous 

conduction in brainstem pathways at 29 weeks (Moore, 2002).  The conduction time of the 

axons in the auditory system are suggested to be adult like by 40 weeks gestation. A 

decrease in conduction time over late gestation is thought to be related to underlying 

myelination of the pathway (Moore, Ponton, Eggermont, Wu & Huang, 1996).  These 

studies suggest that the brainstem pathway is relatively mature in the fetus at term but the 

cerebral cortex remains immature in the prenatal period.  It is not until late childhood that 

the cortex is at its final stage of maturation and capable of processing complex auditory 

information as in the adult.   From the third trimester of pregnancy to the fourth month of 
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life, mature axons are present only in the most superficial layers of the cortex (layer 1).  At 

this time the intracortical system carries little or no auditory information to the forebrain.  

The axons interact with large numbers of apical dendritic tufts.  Upward extending 

dendrites lying in deeper cortex layers interact with the superficial layer of mature axons 

and are believed to drive growth of the structures and maturation of function of deeper 

layers of the cortex (Moore, 2002).  Therefore, there is a considerable amount of evidence 

to support the notion that peripheral and central structures of the auditory pathway are 

capable of some level of functioning before birth. 

Auditory System Functioning 

 Prenatal assessment of the functional development of the human auditory system 

is challenging due to limited access to the fetus.  Evidence of functional development of 

the auditory system has been observed using a variety of methods.  Three of the more 

common methods of evaluation include assessment of otoacoustic emissions and 

observations of auditory brainstem responses in the premature neonate as well as fetal 

behavior in response to auditory stimulation.  Evaluation of otoacoustic emissions (OME) 

is one method of measuring the neurological integrity of the auditory system.  These are 

very low intensity sounds that are emitted by the cochlea that move in a reverse direction 

through the middle ear and tympanic membrane to the external ear canal and are 

measured by a sensitive microphone.  The recordings reflect the cochlear amplification 

that occurs during electro-mechanic transduction in the outer hair cells (Freeman, Geal-

Dor & Sohmer, 1999).  As early as 30 weeks gestational age (GA), otoacoustic emissions 

occur in the premature infant, indicating cochlear hair cell integrity necessary for hearing 

(Morlet, Collet, Salle & Morgon, 1993, Morlet et al., 1995).  OAE are an effective 
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method to evaluate the peripheral structures, however, they do not indicate the integrity 

of the remaining auditory pathway and are limited to testing after birth.     

Another method used to evaluate neurological integrity of the auditory pathway is 

observation of the auditory brainstem response (ABR).  ABR is a series of waves that 

occurs in response to a continuous clicking sound. ABR can be recorded in the premature 

infants as early as 26 weeks (Wilkinson & Jiang, 2006) and are reliably elicited by 31 

weeks (Ponton, Moore & Eggermont, 1996). Lary and colleagues (Lary, Briassoulis, 

deVries, Dubowitz & Dubowitz 1985) found that the threshold for a response in the 

premature infant is high at first onset and improves by about 2dB/ week until term when 

they show the same response as full-term neonates.  The ABR components (series of 

waves) have been matched to neuroanatomical structures.  Waves I and II are thought to 

be generated in the peripheral cochlear nerve fibers and waves III, IV and V are thought 

to be centrally generated.  Wave II is generated by axons emerging from the cochlear 

nuclei and waves IV and V reflect activity in parallel subpopulations of ascending axons 

at a higher brainstem level.  Ponton, Moore and Eggermont (1996) suggested that wave I 

and II had adult like conduction time by 40 weeks gestation, wave IV and V did not 

mature until one year of age and finally wave II-III did not mature until between 1-2 

years of age.  The maturation of ABR waves coincides with other studies suggesting that 

onset of hearing occurs in the fetal period at 26 weeks gestation and continues to develop 

and mature at least until 12 years of age (Moore, 2002; Wilkinson & Jiang, 2006).   

 Finally, fetal behavioural responses to sound stimuli have been used to examine 

functional maturation of the auditory system.   The behaviour of the fetus at any given 

time is related to the current structure and status of the nervous system.  A motor 
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response to vibroacoustic stimulation is first observed at 26 weeks gestation (Kisilevsky 

& Muir, 1992).  As well, in a study (Kisilevsky, Pang & Hains, 2000) investigating the 

onset and maturation of hearing in the fetus, the authors reported the onset of reliable 

cardiac accelerations and body movement responses elicited by airborne sound at 30 (± 

1) weeks GA, indicating the onset of fetal hearing coinciding with the onset of reliable 

otoacoustic emissions in preterm infants.  At 33 weeks gestation there was a significant 

increase in magnitude of cardiac accelerations noted, demonstrating maturation of the 

response.  Low-risk fetuses continue to demonstrate maturation of response to airborne 

sound with an increased number of body movements and magnitude of cardiac 

accelerations and decrease in threshold necessary to elicit a response over gestation. The 

cochlear nucleus is tonotopically organized such that specific neurons respond to specific 

auditory frequencies (Joseph, 2000). This corresponds with the fetal ability to 

discriminate between the reversal of consonant-vowel sounds (babi to biba and biba to 

babi) (Lecanuet, Granier-Deferre & Brusnel, 1989).  Joseph (2000) argues that fetal 

response to short duration (2-3s), relatively loud (105-110 dB) airborne sound such as 

that used in the Kisilevsky at al. (2000) study to examine the onset and maturation of 

hearing are most likely components of a startle response mediated by the brainstem.   

More recently, relatively lower intensity (85-95 dB) speech and voice stimuli 

have been used to examine higher order auditory processing. Studies have shown that 

fetuses from 36 to 40 weeks gestation respond to lower intensity speech sounds with a 

small heart rate deceleration if in quiet sleep (Groome et al., 1999) and a small heart rate 

acceleration if in active sleep (Kisilevsky et al., 2003).  Although these studies differ in 

the gestational age (26 weeks GA to term) of the fetus and the methods employed (quiet 
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or active sleep), they provide evidence that speech and language stimuli, as well as the 

maternal voice elicit a reliable fetal response.  Furthermore, the findings of Kisilevsky et 

al. (2003) study indicate that fetuses in late gestation can recognize their mother’s voice.  

In this study they used a tape recording of the mother’s or a female stranger’s voice 

(previous mother in the study) played at an average of 95 dB (A).  In response to the 

mother’s voice, the fetuses showed a small increase in heart rate.  The fetuses responded 

to the stranger’s voice with a decrease in fetal heart rate.  The different responses to a 

familiar and novel voice stimuli provide evidence that experience influences fetal 

behaviour.  Taken together, studies employing short duration, relatively lower intensity 

and longer duration, sounds also demonstrate reliable changes in fetal heart rate that may 

reflect higher order brain processing.  

Fetal Learning 

  Knowledge of fetal behavioural responses elicited by auditory stimulation has 

allowed for investigation of higher levels of central nervous system functioning in human 

fetuses.  Learning studies suggest that fetuses are capable of attention and memory.   

Hepper (1991) found an increase in fetal body movements in response to a popular 

British soap opera theme song in fetuses of 36 to 37 weeks GA of women who routinely 

watched the soap opera.  This response was not found in younger fetuses, 29 to 30 weeks 

gestation, or fetuses of women who had not watched the program.  Furthermore, an 

investigation of learning using speech stimulation further demonstrated the fetus’ ability 

to recognize familiar vs novel auditory stimuli.   DeCasper, Lecanuet, Busnel, Granier-

Deferre and Maugeais (1994) demonstrated that fetuses at 37 weeks GA could 

differentiate between a tape recording of familiar vs unfamiliar child’s rhyme read by a 
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female stranger after the familiar rhyme had been read aloud by the mother everyday 

from 33 to 37 weeks GA.   The fetuses responded to the familiar rhyme with a heart rate 

deceleration unlike the novel rhyme where no change was noted in fetal heart rate.  

Further studies have evaluated speech recognition in fetuses using familiar vs novel voice 

presentation.  As noted above, Kisilevsky and collegues (2003) observed a fetal heart rate 

increase to a tape recording of the mother’s voice and a fetal heart rate decreased 

response to a tape recording of a stranger’s voice, these responses were sustained for a 4-

min period.  This finding of differential response to familiar voice vs novel voice 

suggests that auditory experience with a frequent sound may demonstrate rudimentary 

attention, memory and learning.  

Fetal Growth Restriction and Auditory Deficits 

Kisilevsky and Davies (2007) hypothesize that fetal growth restriction affects the 

auditory system and results in atypical auditory information processing.  Placental 

insuffiency, a key pathological feature of preeclampsia, is associated with growth 

restriction (Roberts & Gammill, 2005). Growth restricted fetuses can have both oxygen 

and nutrient deprivation which has been associated with atypical development (Baschat 

& Hecher, 2004). Research conducted on placental insufficiency using animal models 

shows atypical structural development of the auditory system.  Rees and colleagues 

(1989) found a decrease in axonal diameter in the auditory system which was associated 

with slower conduction time in growth restricted sheep (Rees, Proske & Harding, 1989).   

Studies in a guinea pig model suggested that placental insufficiency was associated with 

atypical auditory brainstem responses (Rehn, Loeliger, Hardie, Rees, Dieni & Shepherd, 

2002).  This is consistent with human studies.  Jiang and colleagues (2004) investigating 
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brainstem auditory evoked responses in preterm (tested at corrected age) small-for-

gestational-age (SGA) compared to term appropriately-grown-for-age (AGA) newborns, 

found an increased conduction time between waves III to V in response to high-rated 

stimulation (91s -1 clicks) in the SGA newborns.  These results indicate atypical delays in 

the auditory pathway in the central nervous system in the SGA newborns.  In addition to 

evidence of alterations in the myelination of the pathway, oxygen availability may also 

alter auditory processing.  In low-risk uneventful pregnancies, Sohmer and Freeman 

(1995) proposed that the magnitude of the endocochlear potential is dependent on oxygen 

supply.  The lungs in the neonatal period are suggested to be more efficient than the 

placenta in the fetal period at oxygen diffusion.  This difference in oxygen supply was 

suggested to result in an increase in the senisorineural threshold in the fetus compared to 

the newborn.  This suggests that conditions that reduce oxygen diffusion to the fetus such 

as preeclampsia would further increase the senisorineural threshold.  However, the affect 

of preeclampsia on the structural and functional development of the fetal auditory system 

is unknown at this time.    

Maternal Hypertension and Fetal Behaviour 

Indeed, few studies can be found which have specifically investigated the 

relationship between preeclampsia and fetal behaviour, although a number of studies have 

examined fetal behaviour in gestational hypertension. Gestational hypertension is defined 

as transient hypertension of pregnancy, diagnosed after 20 weeks gestation.  In studies 

prior to March 2008, gestational hypertension was diagnosed in pregnant women who had 

an average systolic blood pressure ≥ 140mmHg and/or an average diastolic blood pressure 

of ≥ 90mmHg observed on two occasions at least 6 hours apart.  Subsequently, the 
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definition of gestation hypertension was changed to an average diastolic blood pressure of 

≥ 90 mmHg calculated from at least two measures on the same arm in seated position with 

the arm at heart level.  Unlike preeclampsia, the condition largely involves the 

cardiovascular system and is not accompanied by proteinuria.  In women with gestational 

hypertension their blood pressure returns to normal by 6 weeks postpartum (Blood 

pressure working group, 2000). Warner, Hains and Kisilevsky (2002) investigated the 

relationship between maternal blood pressure and fetal behaviour in pregnancies 

complicated by gestational hypertension from 33 to 36 weeks gestation.  They reported a 

negative relationship between maternal systolic blood pressure and spontaneous fetal 

movements.  As maternal blood pressure increased spontaneous body movements 

decreased.  Fetal responses to a vibroacoustic stimulus in the index group also were found 

to be different than the normotensive control group.  At 36 weeks gestation, fetuses of 

pregnancies complicated by hypertension had fewer body movement responses, a lower 

magnitude of fetal heart rate acceleration and a lack of cardiac-body movement coupled 

responses.  These results indicate a relationship between maternal blood pressure and the 

fetal sensory-motor response system.  The mechanisms accounting for the relationship are 

yet to be elucidated.  In another more recent study, Lee and colleagues (Lee, Brown, Hains 

& Kisilevsky, 2007) examined fetal behaviour in pregnancies complicated by gestational 

hypertension and found subtle differences in fetal heart rate responses to mother’s voice 

when compared to a normotensive control group.  Fetuses in uneventful, low-risk 

normotensive pregnancies had heart rate increases during the playing of the mother’s 

voice, whereas those in pregnancies complicated by maternal hypertension had a brief 

heart rate increase after the offset of the mother’s voice. The meaning of the differential 

 
 

18



response in this study is unclear. However, it should be noted that it occurred in a 

relatively ‘healthy’ group of mildly hypertensive pregnancies which all culminated in the 

birth of a healthy, term newborn.  In the only study which could be found which examined 

maternal cardiac function and fetal behaviour in pregnancies complicated by preeclampsia, 

Swansburg, Brown, Hains, Smith and Kisilevsky (2005) showed that atypical maternal 

autonomic nervous system modulation of heart rate was associated with decreased 

spontaneous fetal heart rate accelerations between 32 and 40 weeks gestation.  These 

results provide some insight into fetal spontaneous cardiac responses in relation to 

maternal cardiovascular functioning.  However, the study did not report the effects of 

auditory elicited fetal behaviour in these pregnancies and whether differences exist as has 

been shown with vibroacoustic and voice stimuli is unknown.  The purpose of the 

proposed study is to gather data from maternal-fetal pairs in preeclamptic and 

normotensive pregnancies in an effort to further investigate fetal voice processing in 

preeclampsia versus normotensive pregnancies.   

It is hypothesized that fetuses in pregnancies complicated by preeclampsia will 

show atypical responses to their own mother’s voice compared to fetuses in uneventful 

normotensive pregnancies.  These differences are proposed because of the differential fetal 

behaviour in response to sound and vibration observed in pregnancies complicated by 

gestational hypertension, a less severe form of hypertension compared to preeclampsia. It 

is postulated that the differential behaviour is a result of adaptive nervous system 

development resulting from an altered uterine environment, which may parallel or reflect 

fetal programming.  
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CHAPTER THREE 

Methods 
 

Participants 

At total of 40 mother-fetal pairs were recruited, 20 in pregnancies complicated by 

preeclampsia and 20 in uneventful normotensive pregnancies to serve, as a comparison 

group. Sample size was based on previous work in this laboratory using lower frequency 

voice stimuli which showed statistical differences using a similar sample size in sensory 

elicited responses between fetuses at the same gestational age (e.g., 35 to 37 weeks GA) in 

pregnancies complicated by hypertension and those of uneventful pregnancies (e.g., Lee et 

al., 2007).  Women participants were between 33 and 39 weeks gestation at the time of 

testing.  The majority of the participants were tested at ≥ 34 weeks GA.  However, one of 

the preeclamptic participants was tested at 33 weeks and 3 days gestational age.  To serve 

as a control a low-risk normotensive participant was recruited and tested at the same 

gestational age.  Gestation was calculated from the first day of the last menstrual period or 

by early ultrasound scan at 8 to 12 weeks GA.  Inclusion criteria for all participants were 

maternal age of at least 16 years and a singleton pregnancy. The preeclamptic group 

included women with systolic blood pressure readings between 140 mmHg and 160 mmHg 

or diastolic blood pressure between 90mmHg and 110 mmHg observed on at least two 

occasions at least 6 hours apart within a one-week period at the time of recruitment.   

Preeclamptic participants also must have had proteinuria defined as a urinary excretion of 

≥ 0.3g of protein in a 24-hour specimen or repeat urine dipstick readings ≥ 1+ (National 

High Blood Pressure Working Group, 2000). This was the criteria in place at the time 

participant recruitment began and is reflected in the inclusion criteria for this study.  
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Although, inclusion criteria was based on the criteria established in 2000 each participant 

was re-evaluated to determine if they meet the new inclusion criteria.    All but one 

preeclamptic participant included in this study met the newest criteria for hypertension of 

an increased diastolic blood pressure of ≥ 90mmHg, taken by an average of two readings in 

the seated position.  The one participant who did not meet the newest blood pressure 

criteria maintained a number of systolic blood pressure readings greater than 140mmHg; 

however, she had only one diastolic blood pressure reading of 90mmHg and failed to have 

an average diastolic blood pressure ≥ 90mmHg.  She did have a 24-hour protein excretion 

of 0.4 g/day.  A greater number of preeclamptic participants failed to meet the newest 

criteria for proteinuria.  Fifteen of the 20 preeclamptic participants had 24-hour urine 

protein excretion of ≥ 0.3 g.  Two of the remaining 5 did not have 24 hour urine collection 

conducted but had urine protein dips of +2.  The remaining 3 had repeat urine dips of +1 

but failed to have 24 hour urine collections of  ≥ 0.3 g.  All three had results of 0.2g/day.  

One of these three participants went on to develop severe preeclampsia complicated by 

HELLP syndrome with no further increase in proteinuria.  In accordance with the newest 

guidelines, the two women who had 24 hour urine collections of protein < 0.3g and 

showed no indications of progression of the disorder would not be considered 

preeclamptic. Several of the preeclamptic participants had health conditions that increased 

their risk of preeclampsia.  Two of the women within the preeclamptic group had 

preeclampsia superimposed on diabetes and another three had chronic hypertension.  

Inclusion criteria for the normotensive control group were mother-fetal pairs experiencing 

an uneventful singleton pregnancy, maternal blood pressure of less than 140/90mm Hg, 

and delivery of a healthy full term newborn (e.g.,  apgar > 7 at 5 min, birthweight > then 
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10% for GA).  Maternal medications were documented.  Six participants recruited for the 

low-risk, normotensive group were replaced in the sample (n=4 gestational hypertension; 

n=2 preterm delivery).   

  The study was carried out according to ethics approval by the Queens University 

Health Sciences and Affiliated Teaching Hospitals Research Ethics Board.  Women provided 

voluntary, informed, written consent prior to participation.  

Equipment 

  A Lifesource One Step Auto-Inflation Blood Pressure Monitor Model UA-767 

was used to measure maternal blood pressure.  Fetal heart rate was recorded using a 

Hewlett-Packard cardiotocograph (Model 1351A).  The monitor provided a digital 

recording of fetal heart rate measured in beats per minute.   Custom software was used to 

capture the heart rate data; the software averages 4 readings per second and stores the 

values in a computer text file, resulting in an average heart rate at 1s intervals.  Reliability 

of number of fetal heart rate accelerations and decelerations ≥ 10 and 15 bpm  between two 

independent scorers, the experimenter (JD), who was not blinded to group and a 2nd 

research assistant who was blinded to group, was high (r=.95, p=<0.001).  Thus, only the 

scores from the experimenter were used in analyses.  A Siemens (Sonoline SI-450) real-

time ultrasound scanner with built in videocassette recorder was used to observe and video 

record body movements, breathing movements, muscle tone, and to estimate amniotic fluid 

volume.  The mother’s voice was recorded and played back via a loudspeaker.  A computer 

running Pratt (version 4.3.10) software was used to record and playback the mother’s voice 

reading the story of Bambi (Salten & Chambers, 1928).  The mother’s voice was delivered 

via a loudspeaker.  Panasonic noise cancellation headphones were worn by the mother who 
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listened to soft jazz or classical guitar music played on a Sony portable CD player during 

the voice processing procedure to mask the sounds being played to the fetus.  The sound 

intensity of the voice stimuli were measured in air at a distance of 10 cm using the A scale 

of a Bruel & Kjaer Sound Pressure Level (SPL) meter (Model 2235). 

Procedure 

  Participants were recruited from the antenatal clinics and in patient facilities at 

Kingston General Hospital.  Following informed, written consent, participants were asked 

for demographic information including, weight prior to pregnancy, current weight, height, 

maternal birth date, estimated date of delivery, parity, gravidity and level of educational 

attainment (measured in number of years of post secondary education).  Maternal height 

and weight (pre-pregnancy and at time of testing) were used to calculate the participant’s 

body mass index.  Body mass index (BMI) is a common standardized measure used to 

evaluate a person’s body weight.  It is a measure that is calculated by body weight (kg) 

divided by height (m2).  The BMI scores have been classified into the following categories: 

underweight, normal weight, over weight, obese and morbidly obese (World Health 

Organization, 2008).  Although there is some debate in the literature as to the accuracy of 

the BMI classification scale, it is the most practical measure to use with pregnant women 

for whom other measures (e.g., waist circumference) are not possible.   Following 

collection of demographic data, the mother’s voice was recorded for 2 min 10 s while she 

read the story of Bambi.   The recording was edited to capture a 2 min segment of the 

mother’s voice commencing from the beginning of the story.  Next, the participants had 

their blood pressure measured 3 times on the left arm while in each of the seated, standing 

and supine positions.  The three blood pressure values were used to calculate an average 
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for the three body positions.  Subsequently, three standardized observations were carried 

out lasting approximately 90 min in total.  First, spontaneous fetal heart rate was recorded 

for 20 min with the mother lying supine wedged left, on a hospital bed with the head 

elevated for comfort.  The wand of the cardiotocograph was placed on her abdomen to 

obtain an optimal trace.   

Next, a 20 min observation of fetal behaviour was conducted using real-time 2-D 

ultrasound.  The wand of the ultrasound scanner was placed on the mother’s abdomen to 

provide a saggital or longitudinal view of both the fetal thorax and abdomen. The view 

may or may not have contained limbs.  Spontaneous body movements were counted and 

breathing movements were cumulatively timed (s) by two independent researchers for 20 

consecutive min.  The real time ultrasound was recorded to VHS tape.  Fetal response to 

the mother’s voice was examined using the prerecorded maternal voice played via a 

loudspeaker placed approximately 10 cm from the maternal abdomen above the fetal head.  

The voice was delivered at an average of 95 dB A.  Voice and no voice stimuli were 

presented in 2 min blocks: 2 min of no sound; 2 min of voice stimulus; 2 min of no sound.  

Body movements and fetal heart rate was monitored continuously during auditory testing. 

After the playing for the mother’s voice, the fetuses’ ability to hear was tested 

using a high-pass filtered (800 to 20,000 Hz) white noise (i.e., pink noise) played at 110 

dB.  There were a total of 6 trials; 3 pink noise and 3 no-sound control trials, intermixed 

and randomly presented.    Each trial lasted 2.5 s and the minimum interval between trials 

was 30s .  Fetal movement was observed for 5 s following the stimulus/control onset and 

fetal heart rate was recorded for 30 s.  Trials began when the fetal heart rate was judged to 
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be at baseline and no movements were observed on ultrasound scan.  Two preeclamptic 

participants chose not to complete the pink noise portion of the procedure.  

 Finally, an estimate of amniotic fluid volume was measured.  The largest visible 

pocket of amniotic fluid was measured in two dimensions in each of the four quadrants of the 

maternal abdomen.  An amniotic fluid index (AFI) was calculated by summing the vertical 

dimension of each pocket.   

Data Reduction Strategy 

  Statistical Package for the Social Sciences (SPSS) Version 16.0 computer software 

was used for all data analysis.  Significance was set at p < .05.  The main outcome variable 

was change in fetal heart rate with a secondary outcome measure of fetal body movement.    
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CHAPTER FOUR 

Results 
 

  The maternal demographic and obstetrical data are displayed in Table 1 for the 

preeclamptic and comparison groups separately.  Independent t-Tests (continuous data) 

and Chi-squared tests (frequency data) were used to compare maternal age, BMI, 

educational level, parity, gravida and smoking status between the groups showed that 

women in the preeclamptic group were on average older, t(38)=-3.0, p< 0.05, and had a 

higher pre-pregnancy BMI, t (25.6)=-2.3, p<0.05.  Women in the preeclamptic group 

were in the overweight classification pre-pregnancy while women in the comparison 

group were in the normal weight classification.  
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Table 1  

Means (±SD) of the maternal demographics and obstetrical characteristics for each 

diagnostic group separately. 

Measure Diagnostic Group (N=40)   
  Preeclamptic Normotensive       p 
  (n=20) (n=20)  
  Mean (±SD) Mean (±SD)  
Maternal age (years) 31.1 (4.7) 27.0 (4.1) < 0.05 
GA at testing (weeks) 35.6 (1.4) 35.5 (1.7)  
Pre-pregnancy BMI (kg/m2) 28.6 (7.7) 24.1 (3.5) <0.05 
BMI at testing (kg/m2) 33.6 (6.3) 31.2 (4.5)  
Education level  3.0 (2.5) 3.5 (2.5)  
(years past post-secondary)    
Gravida           1 8 15  

 2 7 3  
>2 5 2  

Parity    
0 10 15  
1 9 5  

>1 1 0  
Smokers 4 3  

Note. SD= standard deviation 

Table 2 displays the blood pressure observations in the supine, seated and 

standing positions for each diagnostic group separately.  As can be seen, women in the 

preeclamptic group had on average a higher systolic blood pressure in all 3 positions 

(supine, t(36)=-5.7, p<0.001; seated, t(38)=-6.2, p<0.001; standing, t(36)=-5.3, p<0.001) 

compared to those in the normotensive group.   The same was true for the diastolic blood 

pressures (supine, t(36)=-6.5, p<0.001; seated, t(38)=-6.7, p<0.001; standing, t(36)=-

6.4,p<0.001).  A 1-between (Group-preeclamptic, low-risk normotensieve) and 1-within 

(Position-supine, seated, standing) analysis of variance (ANOVA) was used to examine 

differences in the mean blood pressure in the 3 different body positions for systolic and 
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diastolic blood pressure separately.  There was an effect of body position on both systolic 

blood pressure, F(2,68)=7.57, p<0.01, and diastolic blood pressure, F(2,68)=9.58, 

p<0.001.  As the body position became more erect both systolic and diastolic blood 

pressure increased.  However, while the average blood pressures were consistently higher 

in the preeclamptic group compared to the low-risk comparison group, there was no 

difference in magnitude of change in blood pressure between the groups as the body 

position became more erect for.   

 

Table 2  

Maternal blood pressure means (± SD) in supine, sitting and standing positions for each 

diagnostic group separately. 

Measure Diagnostic Group (N=40)  

Blood pressure  (mmHg) Preeclamptic  
Low-risk, 
Normotensive p 

  (n=20) (n=20)  
  Mean (±SD) Mean (±SD)  
 
Mean SBP Supine 136.1 (13.1) 114.8 (9.2) < 0.001 
 
Mean SBP Seated 139.7 (11.7) 118.5 (9.6) < 0.001 
 
Mean SBP Standing 140.6(13.0) 119.9 (11.2) < 0.001 
 
Mean DBP Supine  90.1 (9.9) 72.1 (6.6) < 0.001 
 
Mean DBP Seated 92.4 (9.0) 75.1 (7.1) < 0.001 
 
Mean DBP Standing 

 
94.7 (10.1) 

 
75.7 (8.0) 

 
< 0.001 

Note.  SD= standard deviation; SBP= systolic blood pressure; DBP = diastolic blood 

pressure 
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 Newborn delivery outcome data were examined using independent t-Tests to 

determine differences between diagnostic groups.   The data are displayed in Table 3.  

Newborns in the pregnancies complicated by preeclampsia were, on average, born earlier, 

t(36)=4.9, p< 0.001.  Using an univariate ANOVA and controlling for gestational age at 

birth (covariate), there were no differences between diagnostic groups in birth weight, 

F(1,35)=.73, p=.4, head circumference, F(1, 33)=1.160, p=.45, or body length 

F(1,33)=.11, p=0.740.   

 

Table 3 

Means (±SD) for delivery outcome measures and length of hospital stay for newborns in 

each diagnostic group separately. 

Measure Diagnostic Group (N=39)  
  Preeclamptic Low-risk p 
  (n=20) (n=19)  

  Mean (±SD) Mean (±SD)  
GA at birth (weeks) 37.1(1.9) 39.5(1.2) <0.001 
1Birthweight (g) 3009.5 (560.6) 3633.4 (437.9)  
Birth percentile (% for GA at 
delivery) 43.0 (25.5) 55.1 (25.1)  
1Head Circumference (cm) 33.2 (1.6) 35.1 (1.6)  
Head Circumference percentile (% 
for GA at delivery) 44.7 (23.7) 48.4 (29.34)  
1Length (cm) 48.5 (2.7) 50.7 (1.9)  
Length percentile (% for GA at 
delivery) 48.5 (27.23) 46.9 (30.1)  
Apgar score 1min 7.5 (2.4) 8.3 (1.8)  
Apgar score 5min 8.9 (0.4) 8.8 (0.7)  
Hospital stay (days) 5.7 (7.4) 2.2 (0.7)  

Note.1 controlling for gestation age at birth using GA at delivery as a covariate, SD= 

standard deviation  
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Spontaneous heart rate, body and breathing movements were examined using 

independent t-Tests to determine differences between diagnostic groups.   The data are 

displayed in Table 4.  There were no differences between fetuses in the high-risk, 

preeclamptic group and the low-risk, normotensive comparison group on any measure. 

 

Table 4 

Means (± SD) for fetal spontaneous heart rate changes, body movement, continuous 

breathing time and amniotic fluid index (AFI) for each diagnostic group separately.  

Measure Diagnostic Group (N=40)  

 
Preeclamptic 

Low-risk,   
 Normotensive p 
 (n=20) (n=20)  

Spontaneous FHR changes (20 min) Mean (±SD) Mean (±SD)  
FHR accelerations >10 BPM 7.7 (4.3) 6.3 (4.6)  
FHR accelerations >15 BPM 4.1 (2.4) 3.5 (3.4)  
FHR decelerations >10 BPM 0.6 (0.9) 0.5 (0.7)  
FHR decelerations >15 BPM 0.1 (0.3) 0.1 (0.2)  
Spontaneous Movement observations  
(20 min)    
Number of body movements 9.7 (6.3) 10.2 (5.2)  
Breathing time (seconds) 480.7 (347.1) 617.6 (284.6)  
    
AFI  136.3 (31.4) 144.5(36.7)  
    
Biophysical Profile Score (30 min) 8 (0) 7.4 (0.3)  

Note. FHR= fetal heart rate; SD= standard deviation; BPM=beats per minute; AFI=amniotic 

fluid index 

  

To determine whether the fetuses could hear, a 3-way analysis of variance 

(ANOVA) was performed using the fetal heart rate changes in the 3 pink noise and 3 no-

sound control trials.  A 1-between (Group-preeclamptic, low-risk, normotensive) and 2-
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within (Condition-pink noise, no-stimulus control trial; Trials- 1 to 3) ANOVA was used 

to determine differences in the mean peak magnitude of fetal heart rate change over the 

30s.  As shown in Figure 1, fetuses had a greater heart rate acceleration in response to the 

pink noise trials compared to no-stimulus control trials, F(1,36)=37.472, p<0.001. There 

were no significant differences in fetal heart rate response as a function of Group or 

Trials (Figure 1).   

Differences in the mean fetal heart rate response over each second of the 30s trials 

were analyzed using a 1-between (Group-2 levels) and 2-within (Condition-2 levels; 

Time-1-30) ANOVA.  This analysis showed main effects of Condition, F(1,36)=11.729, 

p<0.01, and  Time, F(3,109)=18.113, p<0.001, which were qualified by a Condition X 

Time interaction, F(4,142)=12.846, p<0.001.  For display purposes Figure 2 shows the 

mean fetal heart rate response over the 30s trial for each diagnostic group separately. 

Differences in fetal body movement response to the two different conditions were 

examined using a 1-between (Group-2 levels) and 1-within (Condition-2 levels) 

ANOVA.   Only a main effect of Condition, F(1,35)=54.040, p<0.001), was found.  

There was no effect of Group and no interactions.  The average movement scores which 

were summed over the 3 pink noise trials and 3 control trials are displayed in Figure 3 for 

both groups combined.   
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Figure 1. Mean peak magnitude of fetal heart rate change over 3 pink noise trials compared 

to 3 no-stimulus control trials for fetuses of the pregnancies complicated by preeclampsia 

and the low-risk comparison group combined. 
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Figure 2.  Mean fetal heart rate changes elicited on pink noise compared to no-stimulus 

control trials in the first 30s following trial onset for the diagnostic groups, separately. 
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Figure 3.  Mean fetal body movement score for 3 pink noise and 3 no-stimulus control trials 

for the diagnostic groups combined. 
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Differences in fetal heart rate in response to the onset of the mother’s voice was 

analyzed by comparing fetal heart rate changes in the last 30s of the pre-voice period to 

fetal heart rate changes in the first 30s after voice onset.  The data was analyzed using a 

1-between (group-2 levels), 2-within (Voice period-pre-voice, voice; Time-1-30) 

ANOVA.  This analysis showed an interaction of Voice period X Time, F(4, 146)=5.776, 

p<0.001.  As demonstrated in Figure 4, there is a difference in fetal heart rate between the 

two voice periods over time.   
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Figure 4.  Mean fetal heart in the last 30s of the pre-voice period and the first 30s after 

onset of the mother’s voice for both groups combined. 
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To further investigate the fetal response to the maternal voice the effect of fetal 

maturation (age) was examined in fetuses’ ≥ 37 GA using the same 1-between, 2-within 

ANOVA.  This analysis showed an interaction of Time X Group, F(29, 232)=1.877, 

p<0.01, and a Voice period X Time interaction, F(29, 232)= 2.312, p<0.001.  However, 

after adjusting for degrees of freedom there were no longer significant effects.  The 

differences in fetal heart rate response between the two groups in the pre-voice and voice 

periods for fetuses ≥ 37 weeks GA are displayed in Figure 5 for the  preeclamptic group 

and in Figure 6 for the comparison group.  The same analysis was performed on data 

from the fetuses < 37 weeks GA.   An interaction of Voice period X Time, 

F(4,108)=4.385, <0.01, was found.  To serve as a comparison, Figures 7 and 8 display the 

fetal heart rate changes in the pre-voice and voice periods for fetuses of <37 weeks GA 

for each group separately.   
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Figure 5.  Mean fetal heart rate changes in the last 30s of the pre-voice period and the 

first 30s of the voice period for fetuses’ of pregnancies complicated by preeclampsia ≥ 37 

weeks GA. 
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Figure 6.  Mean fetal heart rate changes in the last 30s of the pre-voice period and the 

first 30s of the voice period for the low-risk control fetuses’ ≥ 37 weeks GA. 
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Figure 7. Mean fetal heart rate changes in the last 30s of the pre-voice period and the first 

30s of the voice period for fetuses’ of pregnancies complicated by preeclampsia < 37 

weeks GA. 
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Figure 8.  Mean fetal heart rate changes in the last 30s of the pre-voice period and the 

first 30s of the voice period for the low-risk control fetuses’ <37 weeks GA. 
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Differences in fetal heart rate response to mother’s voice was examined during the 

entire 2-min of each period (pre-voice, voice and post-voice) using a 1-between (Groups-

preeclamptic, low-risk normotensive), 1-within (Time-1-120) ANOVA.  The only 

difference found was during the mother’s voice period, where there was a main effect of 

Time, F(118,4366)=1.325, p<0.05.  However, after adjusting degrees of freedom, the 

effect of Time was no longer significant.  For display purposes Figure 9 shows the fetal 

heart rate responses during the playing of the mother’s voice for both groups separately. 
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Note. Diamonds represent data points for low-risk group whereas circles represent data 

points for the preeclamptic group.  

Figure 9.  Mean fetal heart rate change over the entire voice period (120s) from onset of 

the mother’s voice for each diagnostic group separately. 
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Duration and number of fetal movements in response to voice stimulation was 

examined using a 1-between (group) and 1-within (time- 4 blocks, 30 seconds in 

duration) ANOVA.  No differences were found. 
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CHAPTER FIVE 

Discussion 

   The purpose of this study was to gain a better understanding of the influences of 

preeclampsia on fetal development by comparing spontaneous and auditory-induced fetal 

behaviour in pregnancies complicated by preeclampsia with that of fetuses in low-risk, 

normotensive pregnancies delivery as healthy full-term newborns.  The results of this 

study suggest that fetuses of both groups are capable of hearing and responding to high 

intensity pink noise (110dB) and low intensity voice stimulation (95dB).   However, there 

are no differences in spontaneous or auditory-induced fetal behaviours between fetuses of 

pregnancies complicated with mild to moderate preeclampsia compared to a low-risk, 

comparison group.  No differences were found between groups in spontaneous fetal heart 

rate observations or body and breathing movements.  Both groups showed evidence of 

hearing with a greater magnitude of fetal heart rate acceleration and more body 

movements on pink noise compared to no sound control trials.  Finally, at the onset of the 

mother’s voice the fetuses had a heart rate acceleration indicating both groups were 

capable of hearing the low-intensity voice stimulation.  Further investigation of 

maturation of response in fetuses ≥ 37 weeks GA suggests that there may be a difference 

in response between the two groups.  The low-risk fetuses had a greater magnitude of 

heart rate acceleration in response to the onset of the mother’s voice.  However, the small 

sample size did not demonstrate statistical significance and firm conclusions cannot be 

drawn.  The findings of this study indicate that mild to moderate preeclampsia does not 

affect spontaneous fetal behaviour or auditory processing.  
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There were no differences in any measure of spontaneous fetal behaviour. 

Observations of fetal heart rate changes over a 20 min showed no difference in average 

number of fetal heart rate accelerations or decelerations.  This is in contrast to Swansburg 

(Unpublished master’s thesis, 2005) who found that a preeclamptic group had fewer fetal 

heart rate accelerations  ≥ 10 bpm and ≥ 15 bpm and fewer heart rate decelerations ≥ 10 

bpm than a normotensive group.  The reason for these differences is unclear.  The 

preeclamptic groups were similar in that they consisted of mild to moderate 

preeclamptics.  However, the average gestational age at testing was 37 weeks GA in the 

earlier study which is on average two weeks older than the fetuses in this study.  

Furthermore, in the earlier study the sample size was only about half (N=11) of the 

sample (N=20) examined in this study.  Other studies investigating fetal behaviour in 

pregnancies associated with placental insufficiency of similar sample sizes to this study, 

including a study of fetal behaviour in small for gestational age fetuses and fetuses of 

pregnancies complicated by hypertension also found no differences in spontaneous fetal 

heart rate accelerations and decelerations (Chambers; 2006, Lee, 2003).  Reduced fetal 

heart rate variability and an increased number of decelerations are associated with 

compromise (Gagnon, Johnston, Murotsuki, 1996; Henson, Dawes & Redman, 1983).  

However, newborn outcome results in this study indicated that the newborns in the 

preeclamptic group were not compromised at birth (See Table 5).  At the time of testing 

the participants conditions were stable allowing for participation in this study.  Although 

there is evidence of altered uterine environment in preeclamptic pregnancies it may be 

that in mild to moderate preeclampsia there continues to be adequate nutrient and oxygen 

supply for fetuses to maintain relatively normal growth and development.  In an animal 
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study looking at fetal heart rate patterns in growth-restricted sheep induced by chronic 

fetal placental embolization, the fetal arterial oxygen was reduced by 40 %.  In the first 

48 hours there was at first an increase in variability when compared to the control group.  

However, after 21 days of hypoxia there was a decrease in variability and a delay in 

normal maturational changes in fetal heart rate variability.  Therefore, it may be the case 

that a prolonged sustained decrease in oxygen and nutrients is necessary before changes 

in fetal heart rate are observed (Murotsuki, Bocking, Gagnon, 1997). 

Furthermore, there were no differences in spontaneous body and breathing 

movements during 20 min of observation.  This is consistent with the findings of 

Swansburg’s (2005) study of women with preeclampsia, Lee et al. (2007) study of 

women with mild gestational hypertension, and Chambers (2006) study of women with 

growth restricted fetuses.  Given that the control centers of the brain responsible for gross 

body movement and fetal breathing are located within the brainstem (Joseph, 2000) an 

area vital for the survival of the fetus, it may be that heart rate and movements are 

protected during conditions associated with growth restriction.  During a biophysical 

profile a fetus’ failure to perform the prescribed behaviour and meet one or more of the 

criteria for the test may indicate hypoxia (Baschat et al., 2001).  Because there were no 

differences found between biophysical profile summary scores, or differences in the 

number of body movements, amount of breathing or amniotic fluid volume, it is most 

likely that an adequate supply of oxygen was available to the fetuses to maintain these 

functions at the time of testing.  

Fetal heart rate acceleration and body movements in response to pulsed pink noise 

compared to no-stimulus control trial indicated the fetus’ ability to hear.  These responses 
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most likely represent a startle response at the level of the brainstem (Joseph, 2000).  They 

are consistent with previous studies.  For example, Kisilevsky and colleagues (2000) 

observed that both low- and high-risk fetuses began to respond to sounds played at 105 to 

110 dB at the same gestational ages with sensitivity increasing with advancing gestational 

age.   

Fetal ability to respond to low intensity voice stimulation was indicated by 

differences in fetal heart rate changes when comparing the last 30s of the pre-voice 

period to the first 30s after onset of the mother’s voice.  However, there were no 

differences in fetal heart rate changes between the two diagnostic groups.  These results 

are inconsistent with previous studies investigating fetal behaviour in pregnancies 

complicated by hypertension.  Lee et al. (2007) reported that fetuses in normotensive 

pregnancies had a heart rate acceleration in response to the playing of the mother’s voice 

whereas the fetuses of pregnancies complicated by mild gestational hypertension had a 

heart rate acceleration following the voice offset.    Differences in GA at time of testing 

most likely explain these different results.  Fetuses in the Lee’s study were on average 

close to term while fetuses in this study ranged from 33 to 39 weeks GA.  Kisilevsky & 

Hains (2008) have shown that there is a response shift to the mother’s voice around 36-37 

weeks GA.  Younger fetuses show an initial fetal heart rate decrease in the first 30 s of 

voice onset followed by an increase.  Older fetuses show an initial fetal heart rate 

increase similar to that shown in Figure 6. 

Another factor which may have effected the fetal response to the playing for the 

mother’s voice was the use of digital voice recordings instead of analog voice recordings 

(tape recordings).  In previous studies that reported a difference in fetal heart rate 
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response to the mother’s voice, her voice was recorded using a tape recorder.  Tape 

recordings or analog recordings store vibrations created by a voice as a continuous wave.   

This is different than a digital recording that converts samples of voice vibrations to 

discrete numbers to be stored as a computer file.  Shirberg et al.( 2005) compared analog 

and digital recordings of mild to severe childhood speech disorders.  Two independent 

researchers glossed, transcribed and voice-coded conversational speech samples of the 

two different types of recordings.  Speech competency scores were slightly lower for 

samples obtained and transcribed using the digital system.  These results suggest that 

digital recordings, like those used in this study, can hinder speech recognition and may 

have inhibited the fetuses from recognizing their mother’s voice recordings and increased 

the variability response to the onset of the voice.  In future research, the fetal response to 

the two different types of recording need to be observed to address the issue. 

 As expected due to the inclusion criteria, women in the preeclamptic group had 

higher average systolic and diastolic blood pressures in the supine, seated and standing 

positions.  The average systolic and diastolic blood pressures were > 140/90 mmHg with 

the exception of the systolic blood pressure in supine position which was on average just 

below 140mm Hg, with an average reading of 136mmHg.  The preeclamptic diastolic 

blood pressure results were consistent with the most recent (March, 2008) guidelines with 

average diastolic blood pressure readings  >90mmHg.  However, it could be that the 

blood pressure in our groups were slightly underestimated or overestimated.  Although 

the use of an automated digital blood pressure cuff eliminated observer error, research 

studies (Villar, Say, Shennan, Lindheimer, Duley, Conde-Agudelo & Merialdi, 2004) 

indicate that automated devices may underestimate blood pressure in preeclamptic 
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women by an average of 5mmHg in systolic and diastolic blood pressure.  Therefore, the 

use of a manual blood pressure cuff many have provided lower blood pressure 

observations in the preeclamptic group.  A second issue which may have resulted in an 

overestimation of blood pressure readings was the use of only one cuff size. The bladder 

of the cuff length should be 80% of the circumference of the middle of the upper arm and 

the width of the cuff should be 40 % of the circumference.  A cuff that is too small can 

lead to falsely, high readings.  The blood pressure cuff used in this study had only one 

standard sized cuff.  Therefore, it may be that some of the obese participants may have 

had falsely high readings.  The error rate is reported to be 5-10mmHg for diastolic blood 

pressure and 7-13mmHg for systolic blood pressure in obese patients (Maxwell, Waks, 

Schroth, Karam & Dornfeld, 1982).  In one case a manual blood pressure cuff was used 

for a participant in the preeclamptic group due to obesity and inability to fit the cuff 

around the middle of her upper arm.  

As mentioned, women in the preeclamptic group had higher systolic and diastolic 

blood pressure observations than the low-risk normotensive group.  Blood pressures in 

both groups increased similarly as body position became more vertical, from supine to 

seated and seated to standing positions.  An increase in systolic and diastolic blood 

pressure in response to orthostatic stress has previously been reported in normotensive 

and preeclamptic pregnancies (Dyer, Anthony, Ledeboer & James, 2004).  Furthermore, 

the similar blood pressure response between the two groups in this study is consistent 

with Swansburg et al.  (2005) who reported that despite elevated blood pressure in their 

preeclamptic group, there was a normal blood pressure response to orthostatic stress. 
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Preeclampsia is largely thought to be a condition of first pregnancies due to an 

increased incidence of preeclampsia in nullipara (Eskenzai, Fenster & Sidney, 1991; 

Sibai, et al., 1995). However, in this study only 50% of the women in both diagnostic 

groups were primiparous.  Our increased incidence of preeclampsia in multiparous 

women may have resulted from confounding risk factors affecting a number of the 

multiparous preeclamptic participants in this study, including gestational diabetes, 

recurrent pregnancy losses and previous history of preeclampsia.  Moreover, the 

preeclamptic participants in this study were older than the participants in the low-risk, 

normotensive group.  This is consistent with the literature, which reports advancing 

maternal age to be a risk factor for preeclampsia.  Furthermore, nulliparity and advanced 

maternal age can confound the risk.  Lie and colleagues (1998) found that although 

advanced maternal age increased the risk of preeclampsia in subsequent pregnancies, 

nulliparity had the greatest incidence of preeclampsia with the incidence increasing only 

slightly with advancing maternal age.  They reported an increased risk of 1.3 per 5 years 

of advancing age in second pregnancies, although if a woman changed sexual partners the 

risk for developing preeclampsia was altered.  Thus, the increased incidence of women in 

our study who were multiparous is probably the result of our small sample size. 

The increased BMI found in the preeclamptic group prior to pregnancy compared 

to the comparison group may have predisposed these women to preeclampsia.  Women in 

the preeclamptic group had on average BMI scores which fell into the overweight 

classification.  Increased body weight is associated with a predisposition to develop 

preeclampsia.  Bodnar and colleagues (Bodar, Ness, Markovic & Roberts, 2005) reported 

that women with a pre-pregnancy BMI score of 30 (obese) are three times more likely to 
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develop preeclampsia compared to women with a pre-pregnancy BMI score of 21 

(normal weight).  The BMI scores in this study are consistent with the literature such that 

the preeclamptic group had on average higher pre-pregnancy BMI and BMI scores at 

testing than the low-risk, normotensive group indicating that this group was at increased 

risk of developing preeclampsia prior to the pregnancy.  

 In two instances, diabetes may have predisposed subjects to preeclampsia 

Pregnancies complicated by diabetes (Type-1 or gestational) have an increased incidence 

of preeclampsia. (Ostlund, Haglund & Hanson, 2004).  Evers et al. (2004) reported a 12% 

increase in the incidence of preeclampsia in women with type-1 diabetes.  In addition, 

results from a large population cohort study (Ros, Cnattingius & Lipworth, 1998) 

reported an increased risk of developing preeclampsia in women with gestation diabetes 

(odds ratio=3.11). They also reported that similar to preeclampsia, gestational diabetes 

also was associated with advancing maternal age and obesity.  However, unlike 

preeclampsia, which is associated with low birth weight babies, pregnancies complicated 

by diabetes are associated with macrosomic birth weights.  One of the two participants 

with diabetes and preeclampsia had type-1 diabetes and the other gestational diabetes.  

Nevertheless, both newborn were between 45th -50th percentile for gestational age at 

birth.  

Three preeclamptic participants had a history of pre-existing hypertension, which 

predisposed them to developing preeclampsia.  Similar to diabetes and increased BMI, 

hypertension is a risk factor for preeclampsia.  Chappell et al. (2008) reported that 

women with pre-existing hypertension have an approximately 22 % risk of developing 

preeclampsia.  Furthermore, they reported that nearly half of women with chronic 
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hypertension who develop preeclampsia will deliver a newborn with a birth weight < 10th 

percentile (48%) and deliver <37 weeks.  Of the three participants in this study, one was 

taking blood pressure medications to control her blood pressure prior to pregnancy.  

However, the remaining two started to take labetolol during pregnancy to reduce their 

blood pressure.  All the fetuses in this study were born at term.  Two of the 3 newborns 

were in the 50th percentile for birth weight for gestational age at delivery and the final 

newborn was in the 12th percentile for birth weight.  

Interestingly, 4 preeclamptic participants in this study reported that they were 

smokers.  Unlike other risk factors shared by preeclampsia and cardiovascular disease, 

cigarette smoking is reported to decrease the risk of preeclampsia.  A meta-analysis of 

large cohort studies and case studies  (Conde-Agudelo, Althabe, Belizan & Kafury-

Goeta, 1999) reported that women who continue to smoke during pregnancy have a 

reduced risk of preeclampsia (odds ratio 0.6).   An inverse dose-response relationship has 

been reported; as the number of cigarettes smoked per day increases the incidence of 

preeclampsia decreases (Yang et al., 2006, Conde-Agudelo et al., 1999).  The smoking 

participants in the present study reported smoking between 5 to 15 cigarettes per day.  

Why these women developed preeclampsia is unclear.  It is suggested that the 

development of preeclampsia is related to abnormal placentation in combination with 

maternal predisposing factors (Roberts & Gammill, 2005).  It is plausible that the 

multiple predisposing factors or a combination with some predisposing factors may have 

further exacerbated the risk of preeclampsia in these participants. Recently, smoking was 

reported as an independent risk factor in women with pre-existing chronic hypertension 

increasing the risk of preeclampsia (Chappell et al., 2008). Although the preeclamptic 
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participants who reported to be smokers had no previous diagnosis of chronic 

hypertension they had other risk factors that increased their risk of preeclampsia.  

Predisposing factors in the smoking preeclamptic participants included advanced 

maternal age, pre-pregnancy BMI scores in the overweight and morbidly obese 

classifications, multiple pregnancy losses and previous pregnancies complicated by 

preeclampsia.  As mentioned above higher BMI scores are associated with increased risk 

of preeclampsia.  Stone and Colleagues (2007) reported that regardless of BMI score the 

risk of developing preeclampsia is lower in smokers of the same BMI score (Stone, 

Diallo, shyken & Leet, 2007).   Although the risk of preeclampsia remained lower in the 

smoking group compared to the non-smoking group for the same BMI scores, the risk of 

preeclampsia in the overweight, obese and morbidly obese remained higher when 

compared to non-smoking women in lower weight classifications.   These multiple 

predisposing factors including higher body mass index may have further increased the 

risk of these women’s risk of preeclampsia and may in part explain why these smokers 

developed preeclampsia. 

To serve as controls, three smokers were recruited for the low-risk, normotensive 

group.  These women reported smoking between 10-20 cigarettes per day.  Smoking in 

pregnancy is associated with preterm birth, low birth weight and adverse outcomes.  

Smoking in a preeclamptic pregnancy exacerbates the risk of preterm birth, low birth 

weight and adverse outcomes.  Although noted in all severities of preeclampsia, the risk 

is reported to be greatest in moderate and severe preeclampsia (Cnattingius, Mills, Yuen, 

Eriksson & Salonen, 1997; Pipkin, 2008,).  In the low risk, normotensive group the 3 

participants all delivered normal weight, full term newborns of birth weight percentiles 
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from the 40th to  the 92th percentile for their gestational age.  Of the preeclamptic 

smokers, 3 of the 4 were induced preterm for worsening preeclampsia.   Two of the 

newborns who were delivered preterm were growth restricted with birth weight 

percentiles of 5 and 8 %. The third delivered preterm and was in the 60% percentile for 

birth weight for his gestational age.    The fourth was monitored until term and had a 

repeat Cesarean section at this time. This infant born at term, was in the 13% percentile 

for birth weight.  The newborn outcome is consistent with the literature that reports 

increased risk of preterm delivery and low birth weights in preeclamptic smokers (Pipkin, 

2008).  

The newborns of pregnancies complicated by preeclampsia were born on average 

2 weeks earlier than those newborns in the low-risk comparison group.  Using gestational 

age at delivery as a covariate there were no differences in birth weight, head 

circumference or body length at delivery.  Research studies indicate that time of onset 

and severity of condition effect birth weight at delivery. Rasmussen and Irgens (2003) 

reported in a large cohort study that preeclampsia is associated with an overall reduction 

in birth weight (- 4.4%), crown-heel length (-.8%) and ponderal index (-2.6%) when 

compared to pregnancies without preeclampsia.  The greatest reductions were in 

preeclamptic pregnancies delivering preterm with a reduction in birth weight of 11 to 23 

%.  Conversely, late onset preeclampsia (≥37 weeks GA) was associated with birth 

weights that were equal to that of the comparison group.  Preterm delivery and severe 

hypertension increased the risk of delivering a growth restricted newborn (Habli, Levine, 

Qian & Sibai, 2007, Rasmussen & Irgens, 2003).    It is hypothesized the mechanisms 

leading to early onset preeclampsia and preeclampsia which develops at term may be 
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different and may account for different birth weights outcomes.  The present study 

examined fetal behaviour in mild and moderate preeclampsia, in which the average 

gestational age at birth was 37 weeks gestation.  Both of these factors are reported to 

reduce the risk of growth restriction and may explain why no differences were found in 

newborn birth weight, head circumference or body length.  

In summary, no differences in spontaneous behaviours or auditory processing 

were found in a group of fetuses in pregnancies complicated by mild to moderate 

preeclampsia compared to those in low-risk normotensive pregnancies.  While the fetuses 

in the preeclamptic group were born two weeks earlier than the comparison group, all but 

2 of the infants had normal outcome measures at delivery.  These two infants were born 

growth restricted to mothers who continued to smoke throughout out pregnancy.  

Future directions 

To further investigate spontaneous and auditory elicited fetal behaviours in 

pregnancies complicated by preeclampsia, more stringent inclusion and exclusion criteria 

should be used to provide a more homogenous sample.  Effects of severity of 

preeclampsia on behaviour could be studied by examining fetal behaviour in fetuses of 

mild compared to severe preeclampsia.  Furthermore, sample size should be increased to 

allow for examination of auditory processing as a function of GA.  Kisilevsky and Hains 

(2008) reported different fetal hear rate responses to low intensity voice stimulation in 

three different age groups in the third trimester: 32 to 34, 35 to 37 and  >  37 weeks GA. 

Thus, a the sample size would need to be large enough to include at least 20 fetuses in 

each of these age groups.  In future studies, such examinations may reveal differences in 

behaviour in fetuses of pregnancies complicated by preeclampsia. 
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                             APPENDIX A 
Study of Fetal Behavior in Women of 
Preeclamptic and Normal Blood Pressure 
Pregnancies  
 

Queen’s University School of Nursing 
Research Information and Consent Form 

 
Explanation of the Study 
 You are invited to participate in a study of fetal behaviour (heart rate, body and 
breathing movements) and the effect of sound on behaviour. The immediate purpose of 
the study is to learn more about the behaviour of babies of preeclamptic and normal 
blood pressure pregnancies.  The long term goal of this work is to develop a better test of 
the health of babies before birth.  
 The study of your unborn baby includes three parts and takes about 90 min. 
Before we start the study, we will ask you to tape record a passage (e.g. reading 2 
minutes of Bambi) and we will measure your height, weight and blood pressure. Then, in 
the first part of the study, the unborn baby’s heart rate will be recorded for 20 min using 
a fetal heart rate monitor. The second part includes about a 30 min ultrasound scan 
during which his/her body movements will be counted, the amount of breathing timed, 
and the amount of fluid measured. The third part includes about a 25 min sound 
sensitivity test. For the sound test, the 2-minute tape recording of Bambi (which you read 
at the onset of the study) will be played to your baby through a loud speaker held above 
your abdomen. About 10 min after we play your voice, we will play a 2-minute tape 
recording of a noise. The fetal heart rate and body movements will be recorded before, 
during, and after the sounds using ultrasound monitors. Also the unborn baby will be 
videotaped during the study. 
Benefits and Risks 
 There are no known risks or benefits. The sound and ultrasound monitor used 
have no known effects on babies or mothers. The ultrasound is the same as that now used 
for other tests in pregnancy.  The sounds are sounds that occur in the environment. 
 Participation in this study is voluntary and there is no compensation.   
Consent 
 I agree to participate and I give permission for my baby to participate in this 
study, having understood the explanation and having had all of my questions answered to 
my satisfaction. I understand that I may withdraw on request at any time for any reason.  
I also realize that the study will not directly benefit my baby or me and whether or not I 
participate has no relation to my health care. Furthermore, I agree that information 
gathered during this study may be shared with my medical caregivers, if requested or if 
the study team considers that sharing such information might be of benefit to my baby or 
myself.  
 In addition to the records obtained by the investigators for this study, I give 
permission for the investigators to use clinical records obtained during other assessments 
of this baby before and after birth including, for example, ultrasound examinations, fetal 
heart rate records, nursery and maternal hospital records. Confidentiality of my 
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participation and my baby’s participation will be maintained except that, as noted above, 
information may be shared with my medical caregivers. The information concerning my 
baby as well as the videotapes may be used for research and educational purposes, 
including publication, with no disclosure of either my or his/her identity.  
 
 Finally, I give permission for the audio tape made of my voice to be used in other 
similar studies. 
 
 If, as a study participant, you have any questions or concerns about the research, 
you should feel free to discuss them at any time with Jaclyn Dorland (613-530-7793) or 
Dr. Barbara Kisilevsky (613-545-6000, ext 74766) at Queen’s University, School of 
Nursing , the Director of the School of Nursing, Dr. Cynthia Baker (613-545-2669), or 
the Chair of the Research Ethics Board, Dr. A. Clark (613-533-6081). 
 
Name (Printed) __________________________________________________________ 
 
Signature______________________________________Date______________________ 
 
 
Witness___________________________________________  
 
I have carefully explained the nature of this research study to the participant. I certify 
that, to the best of my knowledge, the person understands clearly the nature of the study 
and their participation. 
     Signature_____________________________ 
 
NOTE: 

 
1) Our observations of your unborn baby during this study will not tell us 

whether or not she/he is healthy. 
 

2) During this study, we will not determine the sex of your unborn baby.  
 

3) The ultrasound observations are not being done for clinical purposes and 
will not be reviewed by a physician. 

 
Mother’s CR#_______________________    Baby’s CR#___________________ 
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APPENDIX B 
 

DEMOGRAPHICS OF MOTHER 
Date of Testing _____________________         Time of Testing ____________________ 

Mother’s First Name and last initial    _________________________________________ 

Mother’s Date of Birth ______________________________                  Age __________ 

Height: __________                Weight: Pre-pregnancy __________  Current: __________ 

Education (last year completed) ___________________________ 

Phone # ____________________________________ 

Family physician ________________________ Obstetrician ______________________ 

G____T____P____A____L____    EDB ____________     GA ____________ 

Smoker:       No ______        Yes ______           Amount per day ____________________ 

 

Blood pressure: Sitting   ______________   ______________   ______________ 

 

Blood pressure: Stand     ______________   ______________   ______________ 

 

Blood pressure: Supine     ______________   ______________   ______________                                   

                                                                         

Proteinuria Dipstick _______ _______ 

 

24 hr urine ________________ 

 

Medications______________________________________________________________ 

Other pertinent information:  
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APPENDIX  C 
 

X2 and t-Test summary table 

Independent t-Tests on means of maternal demographics 

 
Measure t-value df p 
Maternal Age (years) -2.984 38 0.005 
Gestational age at testing -0.103 38 0.919 
Pre-pregnancy BMI (kg/m2) -2.324 26 0.028 
BMI at testing (kg/m2) -1.344 38 0.187 
Years of post secondary education  0.661 37 0.513 
   X2 value     
Gravida  9.771 5 0.12 
Parity  3.90 2 0.208 
Smokers  0.020  1  0.888 

*p<0.05 
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Appendix D 
Independent t-Test and ANOVA summary tables for maternal 

blood pressure 
 

Independent t-Tests on maternal blood pressure means in supine, sitting and standing 
positions  

Measure 
t-
value df p 

Mean SBP Supine -5.718 36 0

Mean SBP Seated -6.246 38 0

Mean SBP Standing -5.291 36 0

Mean DBP Supine -6.545 36 0

Mean DBP Seated -6.738 38 0
 
Mean DBP 
Standing -6.429 36 0
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1-between and 1-within ANOVA analyzing the differences in the mean systolic blood 
pressures between the 3 different body positions. 

 
 

 
Tests of Within-Subjects Effects 

      

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

position Sphericity Assumed 431.272 2 215.636 7.566 .001

Greenhouse-Geisser 431.272 1.978 218.066 7.566 .001

Huynh-Feldt 431.272 2.000 215.636 7.566 .001

Lower-bound 431.272 1.000 431.272 7.566 .009

position * Group Sphericity Assumed 3.615 2 1.808 .063 .939

Greenhouse-Geisser 3.615 1.978 1.828 .063 .937

Huynh-Feldt 3.615 2.000 1.808 .063 .939

Lower-bound 3.615 1.000 3.615 .063 .803

Error(position) Sphericity Assumed 1938.027 68 28.500   

Greenhouse-Geisser 1938.027 67.242 28.822   

Huynh-Feldt 1938.027 68.000 28.500   

Lower-bound 1938.027 34.000 57.001   
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1-between and 1-within ANOVA analyzing the differences in the mean diastolic blood 
pressures between the 3 different body positions. 

 
Tests of Within-Subjects Effects 

      

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

position Sphericity Assumed 374.590 2 187.295 9.576 .000

Greenhouse-Geisser 374.590 1.859 201.453 9.576 .000

Huynh-Feldt 374.590 2.000 187.295 9.576 .000

Lower-bound 374.590 1.000 374.590 9.576 .004

position * Group Sphericity Assumed 12.499 2 6.249 .320 .728

Greenhouse-Geisser 12.499 1.859 6.722 .320 .712

Huynh-Feldt 12.499 2.000 6.249 .320 .728

Lower-bound 12.499 1.000 12.499 .320 .576

Error(position) Sphericity Assumed 1329.990 68 19.559   

Greenhouse-Geisser 1329.990 63.221 21.037   

Huynh-Feldt 1329.990 68.000 19.559   

Lower-bound 1329.990 34.000 39.117   
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APPENDIX E 
 

Independent t-Tests and univariate ANOVA on means of newborn outcome data 
 

Measure t-value df p 
Gestational age at birth (weeks)** 4.789 37 0 
Birth Weight (g)** 3.859 37 0 
Birth Weight percentile 1.487 37 0.146 
Head circumference (cm)* 3.086 35 0.004 
Head circumference percentile 0.481 34 0.633 
Length (cm)* 2.817 35 0.008 
length percentile -0.163 34 0.872 
Apgar 1 min 1.184 37 0.244 
Apgar 5 min -0.583 37 0.563 
Number of days spent in hospital -1.97 32 0.058 

**P<0.001, * p<0.05 
  Univariate ANOVA for birth weight controlling for gestational age at 
delivery 
Source SS df MS F p 
Corrected Model 7.79E+06 2 3893897.63 25.83 0 
Intercept 1354478.083 1 1354478.083 8.985 0.005 
GA at delivery 
(weeks) 3994835.193 1 3994835.193 26.499 0 
Group 86320.609 1 86320.609 0.573 4.54 
Error 5427112.439 36 150753.123     
Total 4.41E+08 39       
Corrected Total 1.32E+07 38       

 
Univariate ANOVA for head circumference controlling for gestational age at delivery 

Source SS df MS F p 
Corrected Model 48.438 2 24.219 12.82 0 
Intercept 12.288 1 12.288 6.504 0.015 
GA at delivery 
(weeks) 24.332 1 24.332 12.879 0.001 
Group 1.052 1 1.052 0.557 0.461 
Error 64.234 34 1.889     
Total 43526.26 37       
Corrected Total 112.672 36       
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Univariate ANOVA for length controlling for gestational age at delivery 
Source SS df MS F p 
Corrected Model 92.772 2 46.386 10.931 0 
Intercept 27.127 1 27.127 6.393 0.016 
GA at delivery 
(weeks) 48.957 1 48.957 11.537 0.002 
Group 1.386 1 1.386 0.327 0.571 
Error 144.281 34 4.244     
Total 91074.59 37       
Corrected Total 237.052 36       
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APPENDIX F 
 

Independent t-Tests for mean spontaneous heart rate changes, body movement, 
continuous breathing time and AFI 

 
Measure t-value df p 
FHR accelerations > 10 BPM -0.962 38 0.342
FHR accelerations > 15 BPM -0.585 38 0.562
FHR decelerations > 10 BPM -0.576 38 0.568
FHR decelerations > 15 BPM -0.588 38 0.56
        
Number of body movements 0.319 35 0.751
Breathing time  1.318 35 0.196
        
AFI 0.791 38 0.434
        
Biophysical profile score  2.032 38 0.56
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APPENDIX G 
 

ANOVA summary tables for pink noise and no sound control 
trials 

 
 

1-between and 2-within ANOVA analyzing the mean peak magnitude of fetal heart rate 
response to pink noise compared to no-stimulus control trials 

 
Tests of Within-Subjects Effects 

       

Source 

Type III 

Sum of 

Squares df 

Mean 

Square F Sig. 

condition Sphericity Assumed 3394.780 1 3394.780 37.472 .000

Greenhouse-Geisser 3394.780 1.000 3394.780 37.472 .000

Huynh-Feldt 3394.780 1.000 3394.780 37.472 .000

Lower-bound 3394.780 1.000 3394.780 37.472 .000

condition * group Sphericity Assumed 131.058 1 131.058 1.447 .237

Greenhouse-Geisser 131.058 1.000 131.058 1.447 .237

Huynh-Feldt 131.058 1.000 131.058 1.447 .237

Lower-bound 131.058 1.000 131.058 1.447 .237

Error(condition) Sphericity Assumed 3261.432 36 90.595   

Greenhouse-Geisser 3261.432 36.000 90.595   

Huynh-Feldt 3261.432 36.000 90.595   

Lower-bound 3261.432 36.000 90.595   

trials Sphericity Assumed 254.111 2 127.056 1.859 .163

Greenhouse-Geisser 254.111 1.929 131.720 1.859 .165

Huynh-Feldt 254.111 2.000 127.056 1.859 .163

Lower-bound 254.111 1.000 254.111 1.859 .181

trials * group Sphericity Assumed 25.664 2 12.832 .188 .829

Greenhouse-Geisser 25.664 1.929 13.303 .188 .822

Huynh-Feldt 25.664 2.000 12.832 .188 .829

Lower-bound 25.664 1.000 25.664 .188 .667

Error(trials) Sphericity Assumed 4922.131 72 68.363   
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Greenhouse-Geisser 4922.131 69.450 70.873   

Huynh-Feldt 4922.131 72.000 68.363   

Lower-bound 4922.131 36.000 136.726   

condition * trials Sphericity Assumed 35.474 2 17.737 .313 .732

Greenhouse-Geisser 35.474 1.552 22.853 .313 .677

Huynh-Feldt 35.474 1.654 21.444 .313 .691

Lower-bound 35.474 1.000 35.474 .313 .579

condition * trials * group Sphericity Assumed 119.715 2 59.858 1.058 .353

Greenhouse-Geisser 119.715 1.552 77.122 1.058 .339

Huynh-Feldt 119.715 1.654 72.366 1.058 .343

Lower-bound 119.715 1.000 119.715 1.058 .311

Error(condition*trials) Sphericity Assumed 4074.866 72 56.595   

Greenhouse-Geisser 4074.866 55.882 72.919   

Huynh-Feldt 4074.866 59.554 68.422   

Lower-bound 4074.866 36.000 113.191   
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1-between and 2-within ANOVA comparing mean fetal heart rate response over the 30s 
in the pink noise trial compared to the no-stimulus control trial 

 
Tests of Within-Subjects Effects 

Measure:MEASURE_1       

Source 

Type III 

Sum of 

Squares df Mean Square F Sig. 

condition Sphericity Assumed 5435.854 1 5435.854 11.729 .002

Greenhouse-Geisser 5435.854 1.000 5435.854 11.729 .002

Huynh-Feldt 5435.854 1.000 5435.854 11.729 .002

Lower-bound 5435.854 1.000 5435.854 11.729 .002

condition * group Sphericity Assumed 99.376 1 99.376 .214 .646

Greenhouse-Geisser 99.376 1.000 99.376 .214 .646

Huynh-Feldt 99.376 1.000 99.376 .214 .646

Lower-bound 99.376 1.000 99.376 .214 .646

Error(condition) Sphericity Assumed 16684.842 36 463.468   

Greenhouse-Geisser 16684.842 36.000 463.468   

Huynh-Feldt 16684.842 36.000 463.468   

Lower-bound 16684.842 36.000 463.468   

time Sphericity Assumed 7016.033 28 250.573 18.113 .000

Greenhouse-Geisser 7016.033 3.021 2322.423 18.113 .000

Huynh-Feldt 7016.033 3.420 2051.295 18.113 .000

Lower-bound 7016.033 1.000 7016.033 18.113 .000

time * group Sphericity Assumed 322.023 28 11.501 .831 .717

Greenhouse-Geisser 322.023 3.021 106.595 .831 .480

Huynh-Feldt 322.023 3.420 94.151 .831 .492

Lower-bound 322.023 1.000 322.023 .831 .368

Error(time) Sphericity Assumed 13944.291 1008 13.834   

Greenhouse-Geisser 13944.291 108.756 128.216   

Huynh-Feldt 13944.291 123.131 113.248   

Lower-bound 13944.291 36.000 387.341   

condition * time Sphericity Assumed 4039.109 28 144.254 12.846 .000
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Greenhouse-Geisser 4039.109 3.956 1021.039 12.846 .000

Huynh-Feldt 4039.109 4.629 872.618 12.846 .000

Lower-bound 4039.109 1.000 4039.109 12.846 .001

condition * time * group Sphericity Assumed 88.449 28 3.159 .281 1.000

Greenhouse-Geisser 88.449 3.956 22.359 .281 .888

Huynh-Feldt 88.449 4.629 19.109 .281 .912

Lower-bound 88.449 1.000 88.449 .281 .599

Error(condition*time) Sphericity Assumed 11318.893 1008 11.229   

Greenhouse-Geisser 11318.893 142.412 79.480   

Huynh-Feldt 11318.893 166.634 67.927   

Lower-bound 11318.893 36.000 314.414   
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1-between and 1-within ANOVA comparing body movements response in the pink noise 
trials compared to the no-stimulus control trials 

 
 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum 

of Squares df 

Mean 

Square F Sig. 

condition Sphericity Assumed 46.962 1 46.962 54.040 .000

Greenhouse-Geisser 46.962 1.000 46.962 54.040 .000

Huynh-Feldt 46.962 1.000 46.962 54.040 .000

Lower-bound 46.962 1.000 46.962 54.040 .000

condition * group Sphericity Assumed .043 1 .043 .050 .825

Greenhouse-Geisser .043 1.000 .043 .050 .825

Huynh-Feldt .043 1.000 .043 .050 .825

Lower-bound .043 1.000 .043 .050 .825

Error(condition) Sphericity Assumed 30.416 35 .869   

Greenhouse-Geisser 30.416 35.000 .869   

Huynh-Feldt 30.416 35.000 .869   

Lower-bound 30.416 35.000 .869   

 
 
 
 
 
 
 

 
 

85



Appendix H 
 

ANOVA summary tables for voice processing data 
 

1-between and 2 within ANOVA analyzing mean fetal heart rate changes from the last 30s 
of pre-voice period and 30s in the first 30s of voice onset 

 
 

Tests of Within-Subjects Effects
       

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

voiceperiod Sphericity Assumed 88.609 1 88.609 .086 .771

Greenhouse-Geisser 88.609 1.000 88.609 .086 .771

Huynh-Feldt 88.609 1.000 88.609 .086 .771

Lower-bound 88.609 1.000 88.609 .086 .771

voiceperiod * Group Sphericity Assumed 99.035 1 99.035 .096 .759

Greenhouse-Geisser 99.035 1.000 99.035 .096 .759

Huynh-Feldt 99.035 1.000 99.035 .096 .759

Lower-bound 99.035 1.000 99.035 .096 .759

Error(voiceperiod) Sphericity Assumed 38232.996 37 1033.324   

Greenhouse-Geisser 38232.996 37.000 1033.324   

Huynh-Feldt 38232.996 37.000 1033.324   

Lower-bound 38232.996 37.000 1033.324   

time Sphericity Assumed 249.385 29 8.599 .224 1.000

Greenhouse-Geisser 249.385 3.746 66.570 .224 .915

Huynh-Feldt 249.385 4.333 57.550 .224 .935

Lower-bound 249.385 1.000 249.385 .224 .639

time * Group Sphericity Assumed 618.703 29 21.335 .556 .973

Greenhouse-Geisser 618.703 3.746 165.155 .556 .684

Huynh-Feldt 618.703 4.333 142.776 .556 .709

Lower-bound 618.703 1.000 618.703 .556 .461

Error(time) Sphericity Assumed 41169.139 1073 38.368   
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Greenhouse-Geisser 41169.139 138.609 297.016   

Huynh-Feldt 41169.139 160.335 256.769   

Lower-bound 41169.139 37.000 1112.679   

voiceperiod * time Sphericity Assumed 5057.320 29 174.390 5.695 .000

Greenhouse-Geisser 5057.320 4.075 1241.210 5.695 .000

Huynh-Feldt 5057.320 4.765 1061.241 5.695 .000

Lower-bound 5057.320 1.000 5057.320 5.695 .022

voiceperiod * time * Group Sphericity Assumed 1016.653 29 35.057 1.145 .273

Greenhouse-Geisser 1016.653 4.075 249.516 1.145 .338

Huynh-Feldt 1016.653 4.765 213.337 1.145 .338

Lower-bound 1016.653 1.000 1016.653 1.145 .292

Error(voiceperiod*time) Sphericity Assumed 32856.953 1073 30.622   

Greenhouse-Geisser 32856.953 150.757 217.947   

Huynh-Feldt 32856.953 176.323 186.346   

Lower-bound 32856.953 37.000 888.026   
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1-between and 1-within ANOVA analyzing fetal heart rate changes in the last 30s in the 

pre-voice period and first 30s of the voice period in fetuses ≥ 37 weeks GA 
Tests of Within-Subjects Effects

Measure:MEASURE_1       

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

voiceperiod Sphericity 

Assumed 
1251.024 1 1251.024 .828 .390

Greenhouse-

Geisser 
1251.024 1.000 1251.024 .828 .390

Huynh-Feldt 1251.024 1.000 1251.024 .828 .390

Lower-bound 1251.024 1.000 1251.024 .828 .390

voiceperiod * Group Sphericity 

Assumed 
2895.119 1 2895.119 1.915 .204

Greenhouse-

Geisser 
2895.119 1.000 2895.119 1.915 .204

Huynh-Feldt 2895.119 1.000 2895.119 1.915 .204

Lower-bound 2895.119 1.000 2895.119 1.915 .204

Error(voiceperiod) Sphericity 

Assumed 
12093.198 8 1511.650

  

Greenhouse-

Geisser 
12093.198 8.000 1511.650

  

Huynh-Feldt 12093.198 8.000 1511.650   

Lower-bound 12093.198 8.000 1511.650   

time Sphericity 

Assumed 
1383.488 29 47.706 1.341 .122

Greenhouse-

Geisser 
1383.488 2.567 538.867 1.341 .287

Huynh-Feldt 1383.488 4.358 317.476 1.341 .273

Lower-bound 1383.488 1.000 1383.488 1.341 .280

time * Group Sphericity 

Assumed 
1936.272 29 66.768 1.877 .006

Greenhouse-

Geisser 
1936.272 2.567 754.175 1.877 .171
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Huynh-Feldt 1936.272 4.358 444.326 1.877 .132

Lower-bound 1936.272 1.000 1936.272 1.877 .208

Error(time) Sphericity 

Assumed 
8252.323 232 35.570

  

Greenhouse-

Geisser 
8252.323 20.539 401.784

  

Huynh-Feldt 8252.323 34.862 236.713   

Lower-bound 8252.323 8.000 1031.540   

voiceperiod * time Sphericity 

Assumed 
3022.263 29 104.216 2.312 .000

Greenhouse-

Geisser 
3022.263 2.299 1314.471 2.312 .122

Huynh-Feldt 3022.263 3.682 820.744 2.312 .086

Lower-bound 3022.263 1.000 3022.263 2.312 .167

voiceperiod * time * Group Sphericity 

Assumed 
1088.957 29 37.550 .833 .714

Greenhouse-

Geisser 
1088.957 2.299 473.620 .833 .465

Huynh-Feldt 1088.957 3.682 295.724 .833 .507

Lower-bound 1088.957 1.000 1088.957 .833 .388

Error(voiceperiod*time) Sphericity 

Assumed 
10458.766 232 45.081

  

Greenhouse-

Geisser 
10458.766 18.394 568.603

  

Huynh-Feldt 10458.766 29.459 355.031   

Lower-bound 10458.766 8.000 1307.346   
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1-between and 2-within ANOVA analyzing fetal heart rate changes in the last 30s or the 
pre-voice period compared to the first 30s of the voice period in fetuses of < 37 weeks 
GA 

Tests of Within-Subjects Effects
Measure:MEASURE_1       

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

voiceperiod Sphericity 

Assumed 
158.629 1 158.629 .197 .661

Greenhouse-

Geisser 
158.629 1.000 158.629 .197 .661

Huynh-Feldt 158.629 1.000 158.629 .197 .661

Lower-bound 158.629 1.000 158.629 .197 .661

voiceperiod * Group Sphericity 

Assumed 
427.819 1 427.819 .530 .473

Greenhouse-

Geisser 
427.819 1.000 427.819 .530 .473

Huynh-Feldt 427.819 1.000 427.819 .530 .473

Lower-bound 427.819 1.000 427.819 .530 .473

Error(voiceperiod) Sphericity 

Assumed 
21786.926 27 806.923 

  

Greenhouse-

Geisser 
21786.926 27.000 806.923 

  

Huynh-Feldt 21786.926 27.000 806.923   

Lower-bound 21786.926 27.000 806.923   

time Sphericity 

Assumed 
693.915 29 23.928 .679 .899

Greenhouse-

Geisser 
693.915 3.528 196.705 .679 .590

Huynh-Feldt 693.915 4.273 162.386 .679 .617

Lower-bound 693.915 1.000 693.915 .679 .417

time * Group Sphericity 

Assumed 
362.635 29 12.505 .355 .999

Greenhouse-

Geisser 
362.635 3.528 102.797 .355 .817
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Huynh-Feldt 362.635 4.273 84.861 .355 .852

Lower-bound 362.635 1.000 362.635 .355 .556

Error(time) Sphericity 

Assumed 
27579.790 783 35.223 

  

Greenhouse-

Geisser 
27579.790 95.248 289.558 

  

Huynh-Feldt 27579.790 115.378 239.039   

Lower-bound 27579.790 27.000 1021.474   

voiceperiod * time Sphericity 

Assumed 
3252.315 29 112.149 4.385 .000

Greenhouse-

Geisser 
3252.315 3.984 816.338 4.385 .003

Huynh-Feldt 3252.315 4.933 659.303 4.385 .001

Lower-bound 3252.315 1.000 3252.315 4.385 .046

voiceperiod * time * Group Sphericity 

Assumed 
431.818 29 14.890 .582 .962

Greenhouse-

Geisser 
431.818 3.984 108.387 .582 .676

Huynh-Feldt 431.818 4.933 87.537 .582 .711

Lower-bound 431.818 1.000 431.818 .582 .452

Error(voiceperiod*time) Sphericity 

Assumed 
20026.444 783 25.577 

  

Greenhouse-

Geisser 
20026.444 107.569 186.173 

  

Huynh-Feldt 20026.444 133.190 150.360   

Lower-bound 20026.444 27.000 741.720   
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1-between and 1-within ANOVA analyzing entire pre-voice period 120s 

Tests of Within-Subjects Effects
      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

factor1 Sphericity Assumed 7026.998 117 60.060 1.068 .293

Greenhouse-Geisser 7026.998 7.489 938.277 1.068 .385

Huynh-Feldt 7026.998 9.912 708.956 1.068 .386

Lower-bound 7026.998 1.000 7026.998 1.068 .308

factor1 * Group Sphericity Assumed 4010.713 117 34.280 .610 1.000

Greenhouse-Geisser 4010.713 7.489 535.529 .610 .759

Huynh-Feldt 4010.713 9.912 404.642 .610 .804

Lower-bound 4010.713 1.000 4010.713 .610 .440

Error(factor1) Sphericity Assumed 236841.113 4212 56.230   

Greenhouse-Geisser 236841.113 269.613 878.448   

Huynh-Feldt 236841.113 356.823 663.749   

Lower-bound 236841.113 36.000 6578.920   
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1-between and 1-within ANOVA analyzing entire voice period 120s 
Tests of Within-Subjects Effects

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

factor1 Sphericity Assumed 9567.438 118 81.080 1.325 .011

Greenhouse-Geisser 9567.438 6.793 1408.423 1.325 .240

Huynh-Feldt 9567.438 8.704 1099.175 1.325 .225

Lower-bound 9567.438 1.000 9567.438 1.325 .257

factor1 * Group Sphericity Assumed 4327.953 118 36.678 .600 1.000

Greenhouse-Geisser 4327.953 6.793 637.118 .600 .751

Huynh-Feldt 4327.953 8.704 497.226 .600 .792

Lower-bound 4327.953 1.000 4327.953 .600 .444

Error(factor1) Sphericity Assumed 267077.692 4366 61.172   

Greenhouse-Geisser 267077.692 251.342 1062.608   

Huynh-Feldt 267077.692 322.055 829.291   

Lower-bound 267077.692 37.000 7218.316   

Note. Factor1=time 
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1-between and 1-within ANOVA analyzing entire 120s post voice period 
 

Tests of Within-Subjects Effects
      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

factor1 Sphericity Assumed 3653.909 118 30.965 .631 .999

Greenhouse-Geisser 3653.909 7.829 466.735 .631 .748

Huynh-Feldt 3653.909 10.489 348.357 .631 .795

Lower-bound 3653.909 1.000 3653.909 .631 .432

factor1 * Group Sphericity Assumed 4306.742 118 36.498 .744 .982

Greenhouse-Geisser 4306.742 7.829 550.125 .744 .650

Huynh-Feldt 4306.742 10.489 410.597 .744 .690

Lower-bound 4306.742 1.000 4306.742 .744 .394

Error(factor1) Sphericity Assumed 208483.287 4248 49.078   

Greenhouse-Geisser 208483.287 281.832 739.744   

Huynh-Feldt 208483.287 377.604 552.122   

Lower-bound 208483.287 36.000 5791.202   

Note. Factor1=time 
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1-between and 1-within ANOVA analyzing difference in duration of body movements 

between the two groups in the pre-voice period divided into 4 time blocks (30s) 

 
.  

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

blocks Sphericity Assumed 333.537 3 111.179 2.111 .103

Greenhouse-Geisser 333.537 2.399 139.019 2.111 .118

Huynh-Feldt 333.537 2.670 124.924 2.111 .111

Lower-bound 333.537 1.000 333.537 2.111 .155

blocks * group Sphericity Assumed 233.620 3 77.873 1.478 .225

Greenhouse-Geisser 233.620 2.399 97.374 1.478 .232

Huynh-Feldt 233.620 2.670 87.501 1.478 .229

Lower-bound 233.620 1.000 233.620 1.478 .232

Error(blocks) Sphericity Assumed 5372.491 102 52.671   

Greenhouse-Geisser 5372.491 81.573 65.861   

Huynh-Feldt 5372.491 90.777 59.183   

Lower-bound 5372.491 34.000 158.014   

Note. Blocks represents a block of 30 s in the pre-voice period 
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1-between and 1-within ANOVA analyzing difference in duration of body movements 

between the two groups in the voice period divided into 4 time blocks (30s) 

 
 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

blocks Sphericity Assumed 270.082 3 90.027 1.558 .204

Greenhouse-Geisser 270.082 2.885 93.607 1.558 .206

Huynh-Feldt 270.082 3.000 90.027 1.558 .204

Lower-bound 270.082 1.000 270.082 1.558 .221

blocks * group Sphericity Assumed 118.443 3 39.481 .683 .564

Greenhouse-Geisser 118.443 2.885 41.051 .683 .559

Huynh-Feldt 118.443 3.000 39.481 .683 .564

Lower-bound 118.443 1.000 118.443 .683 .414

Error(blocks) Sphericity Assumed 5895.641 102 57.800   

Greenhouse-Geisser 5895.641 98.099 60.099   

Huynh-Feldt 5895.641 102.000 57.800   

Lower-bound 5895.641 34.000 173.401   
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1-between and 1-within ANOVA analyzing difference in duration of body movements 

between the two groups in the post-voice period divided into 4 time blocks (30s) 

 

 
 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

blocks Sphericity Assumed 39.068 3 13.023 .227 .877

Greenhouse-Geisser 39.068 2.551 15.314 .227 .847

Huynh-Feldt 39.068 2.857 13.676 .227 .869

Lower-bound 39.068 1.000 39.068 .227 .637

blocks * group Sphericity Assumed 65.790 3 21.930 .382 .766

Greenhouse-Geisser 65.790 2.551 25.789 .382 .733

Huynh-Feldt 65.790 2.857 23.030 .382 .756

Lower-bound 65.790 1.000 65.790 .382 .540

Error(blocks) Sphericity Assumed 5848.550 102 57.339   

Greenhouse-Geisser 5848.550 86.737 67.429   

Huynh-Feldt 5848.550 97.127 60.216   

Lower-bound 5848.550 34.000 172.016   
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1-between and 1-within ANOVA analyzing difference between the two groups in number 

of body movements in the pre-voice period divided into 4 time blocks (30s) 

 
 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

blocks Sphericity Assumed 1.479 3 .493 1.970 .123

Greenhouse-Geisser 1.479 2.759 .536 1.970 .129

Huynh-Feldt 1.479 3.000 .493 1.970 .123

Lower-bound 1.479 1.000 1.479 1.970 .170

blocks * group Sphericity Assumed 1.645 3 .548 2.192 .094

Greenhouse-Geisser 1.645 2.759 .596 2.192 .099

Huynh-Feldt 1.645 3.000 .548 2.192 .094

Lower-bound 1.645 1.000 1.645 2.192 .148

Error(blocks) Sphericity Assumed 25.528 102 .250   

Greenhouse-Geisser 25.528 93.795 .272   

Huynh-Feldt 25.528 102.000 .250   

Lower-bound 25.528 34.000 .751   
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1-between and 1-within ANOVA analyzing the difference between the two groups in 

number of body movements in the voice period divided into 4 time blocks (30s).  

 
 
 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

blocks Sphericity Assumed .559 3 .186 .733 .535

Greenhouse-Geisser .559 2.894 .193 .733 .530

Huynh-Feldt .559 3.000 .186 .733 .535

Lower-bound .559 1.000 .559 .733 .398

blocks * group Sphericity Assumed .587 3 .196 .770 .514

Greenhouse-Geisser .587 2.894 .203 .770 .510

Huynh-Feldt .587 3.000 .196 .770 .514

Lower-bound .587 1.000 .587 .770 .387

Error(blocks) Sphericity Assumed 25.941 102 .254   

Greenhouse-Geisser 25.941 98.405 .264   

Huynh-Feldt 25.941 102.000 .254   

Lower-bound 25.941 34.000 .763   
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1-between and 1-within ANOVA analyzing the difference between the two groups in 

number of body movements in the post-voice period divided into 4 time blocks (30s).  

 

 
 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

blocks Sphericity Assumed .351 3 .117 .490 .690

Greenhouse-Geisser .351 2.819 .125 .490 .679

Huynh-Feldt .351 3.000 .117 .490 .690

Lower-bound .351 1.000 .351 .490 .489

blocks * group Sphericity Assumed .518 3 .173 .722 .541

Greenhouse-Geisser .518 2.819 .184 .722 .533

Huynh-Feldt .518 3.000 .173 .722 .541

Lower-bound .518 1.000 .518 .722 .401

Error(blocks) Sphericity Assumed 24.378 102 .239   

Greenhouse-Geisser 24.378 95.830 .254   

Huynh-Feldt 24.378 102.000 .239   

Lower-bound 24.378 34.000 .717   
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