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Abstract
Background and aims
This thesis was designed to deepen the understanding of the role of snoring and sleep in
infants on cognitive development, maternal mental health and family functioning. Firstly
it aimed to determine the prevalence of snoring in a community sample of infants aged 03-months-old and to examine the factors associated with snoring in this young age group.
Secondly, it aimed to assess the impact of snoring and sleep duration in infants on
developmental outcome at 6-months-old and 12-months-old. Thirdly, it aimed to examine
whether snoring in infants places the mother at an increased risk of postnatal depression
(PND), by disrupting her sleep. Finally, it aimed to assess the role of sleep disruption and
snoring in infants on family functioning.

Methods
Initially, parents of 457 infants (45% male) aged 1-13.9-weeks-old completed the
Edinburgh Postnatal Depression Scale (EPDS) and infant and parent sleep questionnaires.
From this initial study, 117 full term infants (49% male; 88 controls; 10 infrequent
snorers (snoring 1 to 2 nights a week); 19 habitual snorers (snoring 3 or more nights a
week in the absence of a cold) were assessed at 6-months-old using the Bayley Scales of
Infant and Toddler Development Edition III. In addition to infant sleep, parent sleep,
parent mental health, family functioning and maternal IQ were assessed. 113 infants (48%
male; 78 controls; 5 infrequent snorers and 14 habitual snorers) were followed-up with
the same measures at 12-months-old. A subset of infants at 6-months-old (n = 59) and 12months-old (n = 41) wore actigraphs and only parents of these infants completed a 7-day
sleep diary.

X

Results
Overall, 9 % of infants aged 0-3-months-old were reported to snore 3 or more nights in
the absence of a cold. Habitual snorers at 6-months-old scored significantly lower in
cognitive ability compared to controls and infrequent snorers at both 6 and 12-monthsold. Children reported to snore since birth and also reported to snore habitually had
significantly lower scores in cognitive ability compared with control children at both 6
and 12-months-old. At 6-months-old and 12-months-old mothers of habitual snorers
compared to controls had higher PND scores, more concern about their child’s breathing
during sleep and less sleep duration. At 12-months-old but not 6-months-old, infant sleep
effected family functioning through maternal sleep and PND. There were no significant
differences between snoring and non-snoring groups for family functioning scores.

Conclusions
This thesis confirmed that snoring early in life has detrimental consequences on an
infant’s cognitive development during a critical period of maximal brain growth and
development. This indicates that early intervention is necessary. Larger studies replicating
these results using objective measures of breathing during sleep are warranted. This thesis
also demonstrated that sleep in infants influences maternal sleep, maternal PND and
family functioning. Therefore, identifying ways to manage factors that are related to PND
such as infant sleep problems are important because this could potentially reduce the
impact on parents, children and family.
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PREFACE

This thesis had three main goals. The first was to determine the prevalence of snoring,
a common feature of Sleep Disordered Breathing (SDB) and associated factors in young
infants aged 0 to 3 months. The second was to elucidate the associations between snoring
and sleep duration and quality during infancy on developmental outcome at 6 and 12months-old. This draws on past research that indicates snoring is common in children,
and that even mild snoring is associated with neurocognitive deficits in older children. To
date, however, the relationship between sleep, snoring and developmental outcome has
seldom been examined in children younger than 2-years-old. The third goal of this thesis
was to explore whether snoring and sleep disruption in infancy is associated with
maternal sleep disruption and maternal Postnatal Depression (PND). It then considers
how sleep disruption, including snoring in infants may be related to poorer family
functioning through PND. This contributes to recent research implicating the importance
of the family context when considering sleep in infants and young children.
This was examined in a longitudinal study which consisted of three study phases. The
first phase of data collection involved a cross-sectional study of infants aged from 0-3months-old. The second phase of data collection involved a developmental assessment of
the child and was conducted as close as possible to when infants were aged 6-months-old.
From the first phase of data collection infants were identified as either “habitual snorers”
(snoring 3 or more nights a week in the absence of a cold), “infrequent snorers” (snoring
1 to 2 nights a week) or “controls” (never snoring in the absence of a cold). The third
phase of data collection involved a second developmental assessment that occurred as
close as possible to when infants were aged 12-months-old.
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The following thesis will first provide a review of the literature evaluating the role of
sleep, and particularly SDB, on developmental outcome. It also examines the extent to
which these deficits may be reversible with treatment (Chapter 1). Second, a discussion of
the literature reviewing the relationships between child sleep, parental sleep, postnatal
depression (PND) and family functioning are presented in Chapter 2. The details about
the methodology used for the entire research project are given in Chapter 3. Here,
sampling, inclusion and exclusion criteria, measurements, ethical considerations and
procedure used are discussed. Chapter 4 presents the results and discussion of the first
study phase of data collection when infants were aged 0-3-months-old. It reports the
prevalence of snoring and factors associated with snoring frequency in this young age
group. Chapter 5 summarises the results and discussion of the second study phase of data
collection when infants were 6-months-old. Chapter 6 details the results and discussion of
the third study phase of data collection when infants were 12-months-old. Both of these
latter chapters consider whether snoring frequency is associated with poorer cognitive,
language, motor and social emotional development. They also consider the associations
between sleep duration and cognitive, language, motor and social emotional development.
Chapter 7 evaluates whether snoring in infants places the mother at an increased risk of
PND, by disrupting her sleep in the first year of life. Chapter 8 reports the relationship
between sleep in infancy, snoring in infancy and family functioning when infants are 6months-old and 12-months-old. Finally Chapter 9, the conclusion, reviews the most
significant results from all the studies. The chapter also provides recommendations for
future research and clinical practice.
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CHAPTER 1: A LITERATURE REVIEW ABOUT THE RELATIONSHIPS
BETWEEN SLEEP, SNORING AND DEVELOPMENTAL OUTCOME

1.1 Overview
“By age 2 years, the average child has spent 10 000 hours asleep and about 7 500 hours
in all waking activities combined…by early school age, a typical child has spent more
time asleep than in all social interactions, environmental explorations, eating, playing or
any other waking activities” (Dahl, 1996, p. 44-45).

The crucial role of sleep during early periods of brain development has become a
major research focus in paediatric populations (Montgomery-Downs & Gozal, 2006a).
Sleep is not simply a resting state but is a period of high cortical brain activity. It has been
shown that disruption to sleep in children can have detrimental effects on their
behavioural functioning and cognitive development. Sleep Disordered Breathing (SDB) is
now recognised as one of the most common paediatric sleep disorders (MontgomeryDowns & Gozal, 2006a). Children with SDB compared with healthy children are greater
consumers of health care services (Reuveni, Simon, Tal, Elhayany, & Tarasiuk, 2002)
and experience more cardiovascular morbidity (Amin, et al., 2002; Amin, et al., 2005).
This chapter first reviews the literature on the estimated prevalence of SDB in children
and the factors associated with SDB in children. The chapter will also evaluate the
evidence for the influence of sleep, including sleep architecture and duration of sleep on
poorer developmental outcomes. It will then examine the associations between SDB and
cognitive development and behaviour and in particular the extent to which these deficits
may be reversible with treatment. It will also examine the methods by which sleep and
3

neurobehaviour have been measured, highlighting questions about different procedures
followed and the subsequent mixed findings.

1.2 Sleep in infancy
The following section will consider changes to sleep architecture, timing and
duration of sleep in infancy.
All species are able to adapt their behaviour on a 24 hour basis, where they are
awake and active for a certain period of the day and asleep or at rest at other parts of the
day (Sheldon, 2006; Zee & Turek, 1999). These behaviour changes are not just in
response to changes that occur in their physical environment, but are also regulated by an
internal or biological “clock” that provides internal temporal organisation and
synchronization between the internal and external environments (Zee & Turek, 1999).
Two systems regulate the timing of sleep and its components, a circadian rhythm which is
superimposed over an ultradian rhythm (Sheldon, 2006). The circadian process is driven
by an internal pacemaker in the Suprachiasmatic Nucleus (SCN) which controls the
timing of wakefulness (activity) and sleep (inactivity) (Serge, Beersma & Borbely, 1984).
Superimposed on the circadian rhythm is an ultradian rhythm thought to reflect the Basic
Rest Activity Cycle which is reflected in sleep by the cycling of Rapid Eye Movement
(REM) and and Non Rapid Eye Movement (NREM) sleep (Davis, Parker, &
Montgomery, 2004; Zee & Turek, 1999). The circadian and ultradian rhythms interact to
influence the timing and duration of sleep states, but each quite differently (Zee & Turek,
1999).
In older infants and children, REM sleep is characterised by bursts of rapid eye
movement, intense Electroecephalogram (EEG) activity, muscle paralysis and
recollection of dreams when woken from this sleep state (Davis, et al., 2004). During the

4

REM sleep period, EEG activity is similar to that of the awake state and implies that
higher brain functioning is involved (Davis, et al., 2004). Changes in respiration and heart
rate are also common in REM sleep. NREM sleep has been characterised into four stages.
These stages represent the depth of sleep and state of arousal. Stage one is the lightest and
stage four is the deepest (Adair & Bauchner, 1993; Davis, et al., 2004). Stage one NREM
sleep is considered to be a transitional phase between sleep and wakefulness and is
characterised by reduced body movements, drowsiness and less responsiveness (Adair &
Bauchner, 1993; Davis, et al., 2004). Stage two sleep is considered the true onset of sleep.
This stage is characterised by reduced eye movements, less muscle tone, and slowing of
respirations and heart rate (Adair & Bauchner, 1993). Half of the total time asleep is spent
in this sleep stage. Stages three and four are similar to each other and called delta, deep or
slow-wave sleep (Zee & Turek, 1999). These stages are typified by relaxed body position,
slow and rhythmic breathing, and reduced heart rate (Adair & Bauchner, 1993; Davis, et
al., 2004). Around 20 to 50% of stage three sleep is made up of high-voltage delta EEG
waves. While more than 50% of stage four sleep is characterised by more than 50% of the
high-voltage delta EEG waves (Adair & Bauchner, 1993). During stage three and four,
arousal is difficult. Stage three and four together constitute 20% of the total sleep time
(Adair & Bauchner, 1993; Davis, et al., 2004). By the age of 5 years, a child’s sleep cycle
(made up of an episode of NREM sleep followed by an episode of REM sleep) lengthens
to the adult length of 90 minutes (Davis, et al., 2004). The typical long sleep period at
night is made up of several repeated sleep cycles (Davis, et al., 2004).
Two main sleep states are observed in newborns, active and quiet sleep (Anders,
Sadeh & Appareddy, 1995; Crabtree, 2009). Quiet sleep is similar to NREM sleep,
characterised by slowed cardiac and respiratory rates, and resting muscle activity. Active
sleep is considered a precursor to REM sleep and is characterized by small bursts of eye
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movement, rapid and irregular heart and respiratory patterns (Crabtree, 2009; Sheldon,
2006). Characteristics of active sleep include frequent movements such as sucking
motions, smiling and startle responses (Crabtree, 2009; Sheldon, 2006). The typical
muscle paralysis of REM sleep occurs around 6-months-old. A third sleep state,
indeterminate sleep, is when sleep cannot be defined as quiet or active sleep on a
polysomnogram (Anders, Sadeh & Appareddy, 1995; Crabtree, 2009). It is thought that in
normally developing infants the amount of indeterminate sleep will decrease as the sleep
stages become more organised and develop into REM cycles (Crabtree, 2009; Davis, et
al., 2004).
Newborn sleep architecture differs slightly compared to older infants and children.
In infants, the cycles between active and quiet sleep occur more rapidly in about every
50-60 minutes (Crabtree, 2009; Davis, et al., 2004). Each sleep period lasts only one or
two sleep cycles and therefore sleep periods are shorter and more frequent than in older
children (Davis, et al., 2004). In newborns, sleep onset occurs with active sleep.
Newborns spend 50% of their total sleep time in active sleep and only around 14% in
quiet sleep. By 3 months of age, approximately 34 to 55% of their total sleep period is
characterised by active sleep and 25 to 49% of their sleep time in quiet sleep. By 6 months-old infants begin with NREM sleep rather than REM sleep. NREM sleep
becomes more concentrated in the earlier cycles of the sleep periods and REM sleep
becomes more concentrated in the later sleep cycles (Davis, et al., 2004).
The circadian process matures at around 2 to 3-months-old and this is associated
with major changes in the duration and timing of infant sleep (Sheldon, 2006). Due to an
increasing sensitivity to light-dark cues, the polyphasic sleep/wake pattern of the newborn
period transitions to a pattern characterised by nocturnal sleep consolidation and longer
periods of daytime wakefulness (Crabtree, 2009). For example, at 2-weeks-old the longest
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sleep period is around 4.41 hours and sleep periods are distributed across the 24 hour
period (Parmelee, Wenner, & Schulz, 1964), while by 5-months-old the longest average
sleep period is approximately 7 hours in length and occurs during the night, with shorter
sleep durations during the day (Crabtree, 2009).
The following literature about sleep durations is based on Western populations;
there are differences in sleep habits for children from Eastern countries (Milan, Snow, &
Belay, 2007). As infants become older, although sleep periods lengthen, the total sleep
duration declines. Wakeful periods increase, are consolidated and shift to the day where
there are still periods of brief sleep during this time (Crabtree, 2009; Davis, et al., 2004;
Iglowstein, Jenni, Molinari, & Largo, 2003; Parmelee, et al., 1964; Sadeh, Mindell,
Luedtke, & Wiegand, 2009; Sheldon, 2006; Thorleifsdottir, Bjãrnsson, Benediktsdottir,
Gislason, & Kristbjarnarson, 2002). Full term infants at birth generally sleep around 1618 hours a day separated by 1 to 2 wake periods of about 1 to 3 hours in total (Davis, et
al., 2004). By 6 months of age, a child spends around 13 to 14 hours in total asleep
(Iglowstein, et al., 2003; Sadeh, et al., 2009) and has around 2 to 3 naps in a day of about
3 to 4 hours (Iglowstein, et al., 2003; Sadeh,et al., 2009). By 9 to 12 months of age, the
child has only 2 naps a day of about 2 to 3 hours duration, while by 18 months of age, the
child has 1 nap during the day of about 2 hours duration (Iglowstein, et al., 2003; Sadeh,
et al., 2009). It must be noted that these numbers are averages and huge variability exists
in how infants and children sleep.
One of the most common paediatric sleep disorders is Sleep Disordered Breathing
(SDB). The following section will consider the definitions, prevalence and factors
associated with SDB.
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1.3 Definition of SDB
The spectrum of SDB ranges in severity (Blunden, Lushington, Kennedy, Martin,
& Dawson, 2000). At the mild end there is primary snoring (PS), which refers to snoring
without associated sleep fragmentation, apnoeas, hypopneas, hypoxemia, or hypercapnia
(Ng, et al., 2006; Schechter & Section on Pediatric Pulmonology, 2002). In the moderate
range is Upper Airway Resistance Syndrome (UARS); this includes snoring, nocturnal
arousals and sleep fragmentation, in the absence of apnoeas or oxygen desaturation
(Blunden, et al., 2000; Lumeng & Chervin, 2008; Schechter & Section on Pediatric
Pulmonology, 2002). At the severe end is Obstructive Sleep Apnoea Syndrome (OSAS),
which occurs when there is an absence of nasal and oral airflow, which disrupts normal
breathing during sleep (Katz & D'Ambrosio, 2008, Lumeng & Chervin, 2008). For all
three categories of the SDB spectrum, habitual snoring, that is snoring on every night or
every other night (Kuehni, Strippoli, Chauliac, & Silverman, 2008; Ng, et al., 2006), is
considered to be the cardinal symptom (Blunden, et al., 2000; Montgomery-Downs,
O'Brien, Holbrook, & Gozal, 2004; Schechter & Section on Pediatric Pulmonology,
2002). The epidemiology of snoring is important because during sleep its presence
indicates that upper airway physiology is abnormal (Ali & Stradling, 2000).

1.4 Prevalence of snoring in the population
While there have been many large epidemiological studies on SDB in adults
(Punjabi, 2008), there is relatively little epidemiological data on the natural history of
snoring in children, and to date, there have been few population-based studies (Kuehni, et
al., 2008). In recent years a number of reviews of the epidemiology of SDB in the
paediatric population have been published (Ali & Stradling, 2000; Ferini-Strambi,
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Fantini, & Castronovo, 2004; Lumeng & Chervin, 2008). These reviews have highlighted
the necessity of determining the prevalence of SDB in childhood and the differences in
the prevalence of SDB that may arise due to ethnicity and gender (Lumeng & Chervin,
2008). The following will review the earliest to the most recent literature describing the
epidemiology of snoring in childhood.
The studies describing the prevalence of snoring have largely used parentalreported questionnaires. The gold standard tool to distinguish SDB reliably and
objectively is to use polysomnography (PSG) because it allows for the distinguishing of
sleep states on the basis of an individual’s level of arousal, autonomic response, brain
activity and muscle tone in a controlled environment (Crabtree, 2009). However, these
overnight sleep studies are time consuming, and expensive, and therefore difficult for
epidemiological research, which requires large sample sizes (Chervin, Hedger, Dillon, &
Pituch, 2000; Lumeng & Chervin, 2008). Thus a number of parental-reported
questionnaires have been designed to identify snoring and other related symptoms of SDB
(Lumeng & Chervin, 2008). Parental-reported questionnaires of children’s symptoms of
SDB have been reported to be able to identify SDB reliably. For example, Chervin, et al.
(2000) found that when 33% of the 22 questions reporting snoring or other symptoms
indicative of OSAS were answered positively, this meant that 86% of the participants
were correctly classified. In addition, a study by Castronovo, et al. (2003) showed that
parental report of snoring ‘always or often’ in children is the strongest indicator of
pathologic snoring (Ferini-Strambi, et al., 2004).
The findings from studies with parental-reported prevalence of snoring are
detailed in Table 1.1. Three studies in infants and toddlers found that the prevalence of
snoring was similar ranging from 5.0% in 2 to 4-month-old infants (Kelmanson, 2000),
5.6% in 2 month to 2-year-olds (Montgomery-Downs & Gozal, 2006a) to 6.6% in 1-year-
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old children (Kuehni, et al., 2008). However, one study by Mitchell and Thompson
(2003) was exceptionally higher compared to the other studies and found that the
prevalence was 26% in 1 to 6-month-old infants. In older children, the prevalence of
habitual snoring has ranged from 3.3% in 3 to 11-year-olds (Sogut, et al., 2003) to 12.1%
in 4 to 5 year-olds (Ali, Pitson, & Stradling, 1993) to 7.5% in 5 to 7-year-olds (Ferreira, et
al., 2000) to 34.5% in 3 to 6-year-old children (Corbo, et al., 2001). In 13 to 16-year-old
adolescent children, 6% snored every night and similarly 5.6% in 10 to 15-year-old
children snored ‘often’ (Corbo, et al., 2001). Zhang, Spickett, Rumchev, Lee, and Stick
(2004) found that snoring prevalence decreased significantly from 4 to 12-years-old,
whereas other studies (Archbold, Pituch, Panahi, & Chervin, 2002; Castronovo, et al.,
2003; Ferreira, et al., 2000; Kaditis, et al., 2004; Kelmanson, 2000; Montgomery-Downs
& Gozal, 2006a) have found no significant age differences in the prevalence of parentalreported snoring.
As most of the studies that have considered the prevalence of snoring are crosssectional, there is little longitudinal data that considers whether snoring at one time point
is associated with snoring at another time point in childhood. Indeed the natural history of
snoring in infants is unknown and there is limited data in older children with mixed
findings. Ali, et al. (1994) found that parental-reported snoring in 4 to 7-year-old children
resolved in 50% of cases. While Marcus, et al. (1998) and Topol and Lee (2001) using
small samples of children from clinical populations demonstrated that primary snoring
did not develop into OSAS up to 3 years after polysomnography. In a recent study, Li,
Au, Ng, et al. (2010) found that in children recruited from the community, mild OSAS
did not resolve up to 2 years after the diagnosis. The differences in findings between
results may be due to sampling (community versus clinical populations) and sample size.
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Table 1.1.
Methods and results of many large studies reporting prevalence of snoring in children

Iceland

Definition of habitual snoring
Snoring “often”
Snoring most nights
Snoring during sleep & no. of nights symptom was
observed
Snoring often or very often

Smedje, Broman, & Hetta (1999)
Ferreira, et al. (2000)
Kelmanson, (2000)
Anuntaseree, Rookkapan, Kuasirikul, & Thongsuksai,
(2001)
Brunetti, et al., (2001)
Archbold, et al. (2002)
Corbo, et al. (2001)
Castronovo, et al. (2003)
Mitchell & Thompson (2003)
Chng, Goh, Wang, Tan, & Ong (2004)
Ersu, et al. (2004)
Kaditis, et al. (2004)

1844
976
200
1008

Sweden
Portugal
St Petersburg
Thailand

Snoring at least 3 times a week
Loud frequent or constant snoring
Usually snoring: Yes or No
Snoring on most nights

895
1038
2209
604
1800
11 114
2147
3680

Italy
United States
Italy
Italy
New Zealand
Singapore
Istanbul
Greece

Snoring always (score = 3)
Snoring more than half of the time asleep
Snoring often
Habitual snoring (often or always)
> 3 nights per week
Snoring often or always
Snoring every night

Schlaud, Urschitz, Urschitz-Duprat, & Poets (2004)
Valery, Masters, & Chang (2004)
Zhang, et al., (2004)
Anuntaseree, Kuasirikul, & Suntornlohanakul (2005)

1144
1650
996
755

Germany
Australia
Australia
Thailand

Snoring frequently
2 or more nights per week in the last 6 months
>4 nights per week
Snoring on most nights

Liu, et al. (2005)
Ng, Chan, Chow, Chow, & Kwok (2005)
Sogut, et al. (2005)
Montgomery-Downs & Gozal (2006a)
Shang, Gau, & Soong (2006)
Kuehni, et al. (2008)

6600
3047
1215
944
1519
6811

China
Hong Kong
Turkey
United States
Taiwan
United Kingdom

Frequent Snoring
Snoring 6-7 nights per week
Snoring ≥ 3nights/ week
Snoring almost always

Sahin, et al. (2009)
Sogut, Yilmaz, Dinc, & Yuksel (2009)
Li, Au, Hung, et al. (2010)

1605
1030
6349

Turkey
Turkey
Hong Kong

Snoring frequently or almost everyday
Snoring often or always
Snoring ≥ 3 nights per week

Teculescu, Caillier, Perrin, Rebstock, & Rauch (1992)
Ali, et al. (1993)
Kahn, et al. (1993)
Gislason & Benediktsdottir (1995)

Sample Size (N)
190
782
4100; 300 Controls;
100 Apnoea
555

Location
France
United Kingdom
Belgium

Age
5-6-years-old
4-5-years-old
Mean for Controls = 9.2-weeks-old
Mean for Apnoea group = 9.5-weeks-old
6-month–6-years-old;
6-12-months-old (n = 59)
5-7-years-old
6-11-years-olds
2-4-months-old infants
6-13-years-old

Prevalence
10%
12.1%
23%
26%
3.2%
5.1%
7.5%
8.6%
5.0%
8.5%

3-11-year-olds
2-year–13.9-years-old
10-15-years-old
3-6-years-old
0-4-weeks-old
4-7-years-old
5-7-years-old
1-6-years-old
7-12-years-old
13-18-years-old
Mean = 9.6 years
0-17-years-old
4-12-years-old
7-years-old
10-years-old
2-12-years-old
6-12-years-old
3-11-years-old
2 month–2-years-old
4–9-years-old
1-years-old
4-years-old
7-13-years-old
12-17-years-old
5-14-years-old (Mean Age = 9.0 -years-old)

4.9%
11%
5.6%
34.5%
15.8%
6.1%
7%
5.3%
4%
3.8%
10.1%
14.2%
15.2%
8.1%
6.9%
5.6%
10.9%
3.3%
5.3%
17.6%
6.6%
13%
3.5%
4.0%
7.2%
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A necessary confound to consider when examining the prevalence of snoring is
the presence of colds. The study by Mitchell and Thompson (2003) found that 26% of
infants aged 1 to 6-months-old were reported to “snore”. In the absence of a cold only
5.6% of infants were reported to snore (Montgomery-Downs & Gozal, 2006a), whereas in
Mitchell and Thompson (2003) colds were not excluded when calculating the prevalence.
This could explain the exceptionally high rate of snoring prevalence in this sample of
infants compared to other infant studies. It is also important to consider the season that
snoring prevalence is collected, because it is necessary to distinguish between chronic
persistent snoring compared to temporary snoring that may occur only during a winter
cold.
Another study by Castronovo, et al. (2003) found that in children aged between 3
and 6 years of age, 34.5% snored either “often” or “always”; this prevalence is also quite
high compared to other studies of similar aged groups. It has been argued that variations
in the prevalence of snoring in children could be attributed to cultural differences in
parental perceptions of what it means to snore (Castronovo, et al., 2003; Ferreira, et al.,
2000). It has also been suggested that cultural differences in sleep practices could also
account for the variation in the prevalence of snoring reported. It is possible for instance,
that higher parental-reported snoring may occur in countries where it is common place for
children to sleep in their parent’s bed or room (Castronovo, et al., 2003).
The differences in the reported prevalence of snoring between studies have also
occurred because of a number of methodological issues concerning the use of parentalreported questionnaires. This means that it is difficult to compare the prevalence of
snoring between studies (Lumeng & Chervin, 2008). In a comprehensive review of 48
studies, the prevalence of parental-reported snoring “always” was between 1.5-6%; for
parental-reported apnoea events during sleep the prevalence was between 0.2-4% and for
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the prevalence of OSAS by diagnostic studies the prevalence was between 1-4%. Overall
parental-reported snoring prevalence by any definition was 7.45% (95% confidence
interval, 5.75-9.61) (Lumeng & Chervin, 2008).
One methodological issue is that the definition of habitual snoring varies greatly
between studies (Lumeng & Chervin, 2008) and this is highlighted in Table 1.1. Some
studies refer to habitual snoring as “snoring most nights” (Anuntaseree, et al., 2005;
Anuntaseree, et al., 2001) while other studies referred to habitual snoring as “snoring
often or always” (Brunetti, et al., 2001; Castronovo, et al., 2003; Corbo, et al., 2001; Ersu,
et al., 2004; Gislason & Benediktsdottir, 1995; Kuehni, et al., 2008) or “snoring
frequently” (Schlaud, et al., 2004). Second, the way in which the question about snoring
has been asked varied greatly between studies (Lumeng & Chervin, 2008). In some
studies the authors have asked parents to report the frequency of snoring in the past 24
hours (Weissbluth, Davis, & Poncher, 1984), while other studies have asked the parents
to report snoring in the past week (Ng, et al., 2005), in the past month (Rosen, et al.,
2003; Sohn & Rosenfeld, 2003), in the past 6 months (Kaditis, et al., 2004; Spruyt, et al.,
2006; Valery, et al., 2004), or in the past 12 months (Liu, et al., 2005). Third, studies have
used different response formats (Lumeng & Chervin, 2008). Some studies (Kuehni, et al.,
2008; Montgomery-Downs & Gozal, 2006a) have measured snoring using a Likert scale,
other studies (Mitchell & Thompson, 2003; Valery, et al., 2004) have used a dichotomous
scale. An issue with using a “yes or no” format is that the prevalence rates obtained using
this method are highly variable and therefore it is necessary to define the frequency of
snoring (Lumeng & Chervin, 2008). Fourth, even when studies have employed Likert
scales there have been inconsistencies in the way in which snoring frequency has been
measured (Lumeng & Chervin, 2008). Some studies have defined “rarely” snoring as
“once a week” (Montgomery-Downs & Gozal, 2006a), in another study (Johnson & Roth,
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2006) “rarely” is considered snoring “a few times ever” and in another study (Li, et al.,
2010) “rarely” was considered snoring “0-1 nights per month”. Other studies have not
used quantified Likert Scale responses (Lumeng & Chervin, 2008), for example, habitual
snoring has been defined as “snoring on most nights” (Ali, et al., 1993; Anuntaseree, et
al., 2001). In addition, only one study by Montgomery-Downs and Gozal (2006a)
included neonates, and this was limited by a small sample size (n = 49), and few have
included infants or toddlers (Kuehni, et al., 2008). Finally, while most of the studies in
Table 1.1 were recruited from the community, Archbold, et al. (2002) recruited
participants from a general paediatric practice. It is important to estimate the prevalence
of snoring in the population from community-based samples as opposed to those from
hospital settings (Lumeng & Chervin, 2008), because symptoms of SDB were more
common in children presenting at paediatric clinics for neurologic and non-infectious
respiratory conditions (Archbold, et al., 2002).

1.5 Factors associated with symptoms of SDB
1.5.1 Ethnic differences in the reported prevalence of SDB
There is an increasing awareness of the effects of ethnicity on health; however
particularly in paediatric populations research examining the influences of ethnicity on
sleep disturbances has been limited (Lumeng & Chervin, 2008). Several studies have
highlighted that African-American children are more likely to present with snoring than
white children (Chervin, et al., 2003; Montgomery-Downs & Gozal, 2006a; MontgomeryDowns, Jones, Molfese, & Gozal, 2003; O'Brien, Holbrook, Jones, & Gozal, 2007;
Redline, et al., 1999; Rosen, et al., 2003). For example, Redline, et al. (1999) found that
African-American children were three and a half times more likely to have risk factors
indicative of SDB than children of other ethnicities. Parents of Hispanic children have
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reported more snoring, excessive daytime sleepiness and witnessed apnoeas than parents
of white children (Goodwin, Babar, et al., 2003). Habitual snoring was more common in
Malay children than Chinese or Indian children, though the rates of snoring were
comparable to Western studies (Chng, et al., 2004). Kuehni, et al. (2008) found that in the
United Kingdom snoring was more prevalent in Caucasian children than in South Asian
children. Two studies examining the prevalence of snoring in infants were comprised of
20% African-American children (Montgomery-Downs & Gozal, 2006a) and 30% Pacific
or Maori Children (E. Mitchell, personal communication, 2009). It is thought that snoring
is more common in ethnic backgrounds such as African-American children because of
anatomical or physiological factors or genetic characteristics that predispose the
individual to upper airway obstruction (Cakirer, et al., 2001; Kohler & van den Heuvel,
2008). It is therefore necessary to determine the prevalence of snoring in children
according to their ethnic background.

1.5.2 Gender differences in the reported prevalence of SDB
There have been mixed findings reported about whether there are gender
differences in the prevalence of snoring in children. In infants and toddlers, one study has
reported that there was no difference in the reported prevalence of snoring between girls
and boys (Montgomery-Downs & Gozal, 2006a), while other studies have reported that
snoring is more frequent in boys than girls (Kuehni, et al., 2008; Mitchell & Thompson,
2003). In older children, some studies have reported that there was no difference in the
reported prevalence of snoring between girls and boys (Anuntaseree, et al., 2001;
Castronovo, et al., 2003; Goodwin, Babar, et al., 2003; Rosen, et al., 2003; Sogut, et al.,
2005; Sogut, et al., 2009). In all, fifteen studies have reported that snoring is more
frequent in boys than girls (Archbold, et al., 2002; Arslan, Özşahin, Doǧ an, Berk, &
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Akkurt, 2009; Anuntaseree, et al., 2005; Brunetti, et al., 2001; Chng, et al., 2004; Corbo,
et al., 2001; Ersu, et al., 2004; Gislason & Benediktsdottir, 1995; Kaditis, et al., 2004;
Kuehni, et al., 2008; Li, Au, Hung, et al. 2010; Liu, et al., 2005; Montgomery-Downs, et
al., 2003; Ng, et al., 2005; Valery, et al., 2004), and only one study (Smedje, et al., 1999)
has reported that snoring was more frequent in females than males (Lumeng & Chervin,
2008). It has been suggested that snoring occurs more frequently in boys than in girls in
the pubertal age group because there is increased testosterone levels during this time, but
that the prevalence of snoring in boys and girls is similar before puberty (Anuntaseree, et
al., 2005). This can clearly not be the case however, as a number of the studies reviewed
above (Archbold, et al., 2002; Brunetti, et al., 2001; Ersu, et al., 2004; Gislason &
Benediktsdottir, 1995; Kaditis, et al., 2004; Kuehni, et al., 2008; Mitchell & Thompson,
2003; Montgomery-Downs, et al., 2003; Ng, et al., 2005; Valery, et al., 2004) that have
reported gender differences have included pre-pubertal children. Although physiological
changes that occur during puberty may play a role in gender differences in the prevalence
of snoring, it cannot be the only mechanism (Lumeng & Chervin, 2008).

1.5.3 Socio-economic and environmental factors associated with snoring frequency
A number of studies have shown that low socio-economic status (SES) is
associated with habitual snoring (Corbo, et al., 2001; Kuehni, et al., 2008; MontgomeryDowns & Gozal, 2006a; Urschitz, et al., 2004). Exposure to other environmental factors
such as air pollutants and tobacco smoke has been associated with snoring frequency. In
the United Kingdom, habitual snoring was more common in households without central
heating, and exposure to greater road traffic (Kuehni, et al., 2008). In another study, the
risk of habitual snoring was not associated with household crowding, or single-child
families, but was less likely in children who slept in their own room (Li, et al., 2010).
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Passive smoking in the home has been associated with snoring in children (Sahin, et al.,
2009), even after adjusting for social class (Corbo, et al., 2001). Kuehni, et al. (2008)
reported that there was a strong dose dependent effect of parental smoking on snoring,
and this association was stronger in younger children compared to older children.
Smoking during pregnancy and maternal smoking has also been associated with snoring
frequency (Mitchell & Thompson, 2003; Montgomery-Downs & Gozal, 2006a; Sahin, et
al., 2009). In contrast, a recent population study of Chinese school children showed that
smoking within the home was not significantly associated with habitual snoring (Li, Au,
Hung, et al., 2010).

1.5.4 Physiological factors associated with snoring frequency
A number of studies have suggested that increased noisy breathing may arise from
several mechanisms that cause inflamed airways. Frequent colds are a symptom of
infections and are associated with the generation of an increased inflammatory response
(Goldbart, et al., 2007). Habitual snoring has been related to upper and lower respiratory
symptoms including wheeze, eczema, and maternal asthma and with factors associated
with infections including frequent colds (Kuehni, et al., 2008), inflammation of the nasal
cavities and sinuses (Li, Au, Hung, et al. 2010), otitis media (Kuehni, et al., 2008), and
tonsillitis (Li, Au, Hung, et al. 2010). It has also been suggested that breastfeeding can
provide immunologic protection against early exposures to infections that may cause
swelling of the upper airways (Montgomery-Downs, Crabtree, Capdevila, & Gozal,
2007). Thus, children who are fed with breast milk may be less likely to develop SDB
later in childhood. Certainly, Montgomery-Downs, et al. (2007) found that children
breastfed for at least 2 months compared to children not breastfed had less severe SDB
symptoms at 7 years of age. It was also found that breastfeeding longer than five months
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did not contribute to any additional benefits. Kuehni, et al. (2008) also found that
breastfeeding was associated with lower prevalence of snoring, though this association
disappeared after adjusting for other socio-economic variables. It has also been suggested
that bottle feeding may have a negative influence on the shape of the oral cavity, by
placing unusual forces on bone and teeth in the oral cavity and creating high palates,
narrow dental arches and retruded chins that place individuals at an increased risk of SDB
(Palmer, 2006).
Thus, it is likely that snoring arises due to several environmental, physiological
and genetic characteristics. To date, little research has looked at these factors
simultaneously in infants and it is imperative to conduct a large study of infants to define
the risk factors of SDB and the prevalence of SDB in this age group.

1.6 The consequences of disruption to sleep on behaviour and
cognitive development
There is evidence to show that there are negative consequences on behaviour and
cognitive development in children due to the disruption of the sleep-wake cycle. The
following section will first examine the evidence linking sleep variables including sleep
architecture (REM and NREM sleep) and sleep duration with mental and motor
development in infants. Second, it will consider the role of sleep in infancy and early
childhood on subsequent development in childhood. Third, it will review the evidence of
a relationship between sleep and behaviour in pre-school and school-aged children.
Finally it will evaluate the role of sleep on cognitive functioning in pre-school and
school-aged children.
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1.6.1 The relationship between sleep and developmental outcome in infancy
Sleep cycles, particularly Rapid Eye Movement (REM) is important in the
formation of the basic architecture of the sensory system in early development and the
preservation of brain plasticity (Graven & Browne, 2008). Brain plasticity is the ability to
change, adapt, and learn in response to situational experiences and new circumstances
(Graven & Browne, 2008). Beginning from 28 to 30 weeks gestational age and
continuing into early neonatal life, REM plays a vital role in the development of the
visual, auditory and touch systems, and in the development of the cellular components
necessary for the preservation of brain plasticity (Graven & Browne, 2008). Therefore,
sleep regulation in infancy, particularly in premature infants, provides an indicator of
brain maturation and cognitive development. A number of studies have shown that in the
first few weeks of life, there is an increase in quiet sleep while active sleep declines
(Arditi-Babchuk, Feldman, & Eidelman, 2009; Holditch-Davis, 1990; Holditch-Davis,
Belyea, & Edwards, 2005; Holditch-Davis & Edwards, 1998) and this is associated with
subsequent mental development (Arditi-Babchuk, et al., 2009). Furthermore, active sleep
becomes more organised, with an increase in the amount of active sleep with REM
(Holditch-Davis, 1990) and reduced active sleep without REM (Holditch-Davis &
Edwards, 1998). For example, in preterm infants, those with gradually increasing quiet
sleep periods showed better mental development at 6-months-old and those infants able to
sustain long periods of uninterrupted sleep were more likely to show higher scores for
mental development at 12-months-old (Anders, Keener, & Kraemer, 1985). Borghese,
Minard, and Thoman (1995) found that in preterm infants at 36 weeks of gestational age,
shorter active sleep and shorter duration of the active-quiet sleep cycle was associated
with better mental development at 6 months of age. Only one study has predicted
developmental status at 3 to 4 years of age from the preterm period. Holditch-Davis, et al.
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(2005) found that children who had shown more rapid development of active sleep
recorded better cognitive development, fine and motor gross abilities and language scores
at 3 years of age, even when the home environment was accounted for. In another study,
Gertner, et al. (2002) also found that in 6-month-old preterm infants those with less sleep
duration and higher activity at 36 weeks of age also showed higher mental development
scores at 6 months of age. Though it might seem perplexing that less sleep duration is
associated with better mental development, this has also been evident in studies with full
term infants. Certainly, Freudigman and Thoman (1993) found that infants with longer
sleep periods in the first postnatal day had lower mental development scores at 6 months
of age.
It has been suggested that more mature patterns of sleep are indicated by a
decreased amount of sleep and higher activity levels, so that indicators of alertness are
more predictive of later cognitive functioning. Scher, Steppe, and Banks (1996) used
EEG-sleep analyses in the neonatal period to assess healthy preterm infants compared to
term infants. In both preterm and term infants, fewer arousals per minute and less REMs
per minute predicted lower mental development scores at 12-months-old. In their
analyses, results were more significant prior to adjustment for prematurity. Another
marker of the maturation of sleep is the reduction of REM storms in the first year of life.
These are intense REMs that occur in active sleep and involve eye movements of high
amplitude (Scher, et al., 2006). Becker and Thoman (1981) showed that REM storms at 6months-old are negatively correlated with mental development scores. In a study by
Arditi-Babchuk, et al. (2009) infants with low REM activity in the neonatal period had
longer periods in less alert states and, 6 months later, lower mental development scores,
supporting studies that have suggested that the development of a mature sleep-wake
organisation is predictive of later cognitive development (Gertner, et al., 2002). It should
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be pointed out, however, that in contrast to Becker and Thoman (1981), these authors did
not find an association between developmental scores and REM storms. However, the
study by Becker and Thoman (1981) involved full term infants and the study by ArditiBabchuk, et al. (2009) included premature infants. It has been suggested that REM storms
in premature infants may not reflect developmental abnormality. This is because REM
storms are considered to result from immature inhibition systems and in the preterm
period inhibitory processes are immature (Arditi-Babchuk, et al., 2009). It is still
uncertain whether active sleep or quiet sleep is important for developmental outcome. In
two studies (Borghese, et al., 1995; Gertner, et al., 2002) active sleep within the sleep
cycle and not quiet sleep was related to the development scores at both ages. It is still not
certain as to the functional aspects of the two sleep states, but Gertner, et al. (2002) have
suggested that the quantity of active sleep, which reflects central nervous system
maturation, may predict later cognitive development.
While there is evidence that suggests sleep in the first few postnatal months
predicts later cognitive development, there has been increasing interest as to whether the
infant’s sleep-wake patterns past the early months of development are related to the
infant’s behaviour and cognitive development (Scher, 2005). Evidence to support this
comes from Scher (2005) who found that 10-month-old infants who had more
consolidated sleep and less motor activity during sleep also showed higher cognitive
ability.
It is important to note that in this study the association between sleep-wake
regulation and cognitive ability was significant for the objective measures but not for
parental perception of sleep. This highlighted that it is possible that other underlying
factors and not parental-regulated sleep-wake schedules might be important in the
relationship between sleep and cognitive development (Scher, 2005). In contrast, Spruyt,
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et al. (2008) found that at 12 months of age there was no relationship between sleep
duration and a child’s cognitive development. However, in that study a clear relationship
between an infant’s sleep pattern and their behaviour emerged. Infants at 12 months of
age with less daytime sleep duration were perceived by parents as better emotionally
regulated and had better overall behaviour scores (Spruyt, et al., 2008). However, this
study comprised a small sample size (n = 19), and thus these findings need to be
replicated in a larger sample.
The evidence for a relationship between sleep and psychomotor development has
shown conflicting results. Scher (2005) and Scher, Tse, Hayes, and Tardif (2008) found
no significant associations between psychomotor development and sleep-wake patterns or
sleep difficulties in infancy. Similarly, Montgomery-Downs and Gozal (2006b) found that
motor scores were not significantly related with PSG sleep measures in infants aged 8 months-old. In contrast, Freudigman and Thoman (1993) found that more quiet sleep in
the second day of life was significantly associated with poorer motor development at 6
months of age. Similarly, Anders, et al. (1985) found that in preterm infants those with
more wakefulness at birth, and decreased time out of the crib, showed better psychomotor
development at 6 and 12-months-old. However, discrepancies between results could be
related to the different ages when sleep and developmental outcomes were recorded. In
the studies by Anders, et al. (1985) and Freudigman and Thoman (1993) sleep was
recorded in the first postnatal days and compared with developmental outcome in later
infancy. This is in contrast to Scher (2005) and Montgomery-Downs and Gozal (2006b)
who assessed sleep and developmental outcome when infants were 10-months-old and 8months-old, respectively and Scher, et al. (2008) who assessed sleep and motor
development when infants were 4-6-months-old and again at 10-12-months-old.
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1.6.2 The relationship between sleep in infancy and subsequent development in later
childhood
There is also evidence to suggest that sleep duration during infancy may play a
critical role in determining a child’s development several years later. Dearing,
McCartney, Marshall, and Warner (2001) provided initial support for this hypothesis.
Infants with more rhythmic sleep (that is better circadian sleep regulation) at both 7 and
19 months of age, showed higher cognitive achievements at 24 months of age and better
language development at 36 months of age. Scher, Zukerman, and Epstein (2005) showed
that persistent night waking in the first year of life contributed to only 3% of the variance
in problematic behaviours 3 years later. As the authors pointed out though, the predictive
validity of shortened sleep in the first year to later behaviour problems is small (Scher,
Zucherman, et al., 2005). Nevertheless, it is still important to consider. In another paper
Touchette, et al. (2007) found that shortened sleep during infancy can have an effect on
later cognitive development and behaviour. It was found that when sleep was reduced
nightly by one hour, especially before 41 months of age, this was associated with deficits
in the child’s cognitive performance when the child was 6 years of age. Similarly,
shortened sleep duration patterns were associated with externalising problem behaviours
such as hyperactivity-impulsivity at 6 years of age. In addition, Touchette, et al. found
that, although when children were 3-years-old sleep duration improved, the risk for
scoring low on a cognitive test and high for externalising behaviours remained high, even
once all controlled factors had been accounted for.
In all, sleep and sleep cycles in infancy are important for brain development.
Therefore, it is important that sleep and sleep cycles are protected in young infants. The
research also indicates that there is “a critical period of brain development that is sensitive
to sleep” in infancy (Dahl & El-Sheikh, 2007, p.1079), suggesting the important role of
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sleep in learning and brain plasticity. As highlighted in a recent review (Ednick, et al.,
2009), it is also evident from the lack of data that it is necessary for future longitudinal
studies to continue to examine how aspects of infant sleep and development interrelate
over time in infancy. Moreover, reduced sleep in infancy may relate to poorer
development in later childhood. Certainly, a number of studies indicate that disruptions in
sleep are common in pre-school and school-aged children. The following section will
evaluate the relationship between sleep disruption and behavioural problems in pre-school
and school-aged children.

1.6.3 The relationship between sleep disruption and behavioural problems in
pre-school children and school-aged children
Disruptions to sleep are commonly reported in pre-school and school-aged
children (Bruni, et al., 1996; Paavonen, et al., 2002; Smedje, et al., 1999; Smedje,
Broman, & Hetta, 2001) and have been linked with daytime behavioural problems. In
toddlers bedtime resistance and frequent night wakings predicted a small proportion of
the variance in internalising behaviours (1.6%) and externalising behaviours (0.4%)
(Reid, et al., 2009). In pre-school children with sleep problems there were more reported
internalising and externalising behaviours and increased scores for aggressive behaviour
and somatic problems, compared to those children without sleep problems (Lam,
Hiscock, & Wake, 2003). In 6 to 8-year-old children, 36% with parental-reported global
sleep problems also displayed behavioural disturbances (Smedje, et al., 1999). It has also
become apparent that sleep problems in early development is related to anxiety, conduct
problems and hyperactivity at 7-years-old (Gregory, Eley, O'Connor, & Plomin, 2004)
and anxiety, depression, attention and aggressive problems in mid-adolescence (Gregory
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& O'Connor, 2002) and anxiety, depression, attention problems and aggressive behaviour
later in life (Gregory, Van Der Ende, Willis, & Verhulst, 2008).
Though a number of the studies reported above (Gregory, et al., 2004; Gregory &
O'Connor, 2002; Gregory, et al., 2008; Lam, et al., 2003; Reid et al., 2009; Smedje, et al.,
2001) have relied on parent report for either sleep problems and behaviour problems or
both, four other studies that have used either teacher-reported behaviour or emotional
problems or objectively defined sleep have found similar results. In a sample of 5813
children aged 8-9-years-old, those children with severe sleep problems as reported by
parents and children themselves were more likely to have teacher-reported psychiatric
problems (Paavonen, et al., 2002). In particular there were strong links with emotional
problems, school attendance problems, behaviour problems and hyperactivity. In another
study of 779 children aged 6 to 11 years, children reported by teachers to have
hyperactive or conduct problems by teachers in school were more likely to report more
difficulties with sleep limit setting difficulties at bedtime (Carvalho Bos, et al., 2008). In a
community-based setting Nixon, et al. (2008) found that in their sample of 591 children
aged 7 years, shorter objectively recorded sleep durations were associated with higher
emotional lability scores. In a clinical sample of children aged 3 to 18-years-old already
undertaking PSG for symptoms of SDB, shorter sleep duration was associated with
externalising behaviours, internalising behaviours, anxiety, delinquent behaviour, social
and attention problems (Owens, Mehlenbeck, Lee, & King, 2008). This study highlighted
that it may be a combination of risk factors that might contribute to a child’s development
of behavioural and emotional outcomes (Owens, et al., 2008). The results of the above
studies suggest a link between sleep disruptions and behavioural problems in pre-school
and school-aged children. It is possible that the link between children’s sleep and
behavioural problems may be mediated by individual temperament factors.
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It has been proposed that there are individual differences between children such as
temperament factors that influence sleep and behavioural problems (DeLeon & Karraker,
2007). For example, night awakenings are common in infants and young children, as
newborn infants awaken regularly during the night (Dahl, 1998), signalling to their parent
by crying and returning to sleep following being fed. As infants become older, most
infants continue to awaken during the night, but most are able to return to sleep without
signalling to their parents (DeLeon & Karraker, 2007). Thus it is possible that individual
temperament characteristics may differentiate these different sleep and behaviour patterns
in children. Dimensions of temperament include: activity, rhythmicity, approach or
withdrawal, adaptability, intensity, mood, persistence, distractibility and sensitivity.
Cross-sectional studies that have assessed infant temperament using maternal report have
found conflicting results. For example, some studies have supported the association
between poor sleep and difficult temperament (Atkinson, Vetere, & Grayson, 1995;
Jimmerson, 1991; Kelmanson, 2004; Schaefer, 1990; Scher, Epstein, Sadeh, Tirosh, &
Lavie, 1992), while other studies have failed to support this association (DeLeon &
Karraker, 2007; Morrell & Steele, 2003). Longitudinal studies that have assessed sleep
problems objectively have shown positive associations with maternally reported
temperament (Novosad, Freudigman, & Thoman, 1999; Spruyt, et al., 2008). Poor
sleeping patterns have been associated with negative mood (Kelmanson, 2004), lower
levels of approachability, rhythmicity, adaptability and higher levels of distractibility
(Novosad, et al., 1999; Scher, et al., 1992; Spruyt, et al., 2008). One concern with these
studies is that maternal reports of infant temperament could be biased by maternal
characteristics. Thus it has been suggested that behaviourally assessed temperament
independent of the mother’s report may be more predictive of infant sleep problems. In
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support of this hypothesis, DeLeon and Karraker (2007) found that there were significant
relations between diary recorded crying and fussing and night waking.

1.6.4 Cognitive functioning and sleep in pre-school and school-aged children
1.6.4.1 Neuropsychological domains
In neuropsychology, a number of cognitive domains are examined and each of
these is linked to specific areas of the brain. Domains include memory, spatial processing,
and executive functioning. The temporal lobe of the brain is associated with memory,
visual recognition and the processing of emotion and auditory information (Siegler,
Deloache, & Eisenberg, 2006). The parietal lobe of the brain governs spatial processing
and the frontal lobe of the brain is involved in executive functioning (Siegler, et al.,
2006). Recently it has been suggested that certain areas of the brain such as the frontal
lobe may be more vulnerable to deficits in sleep (Jones & Harrison, 2001). The following
section will review evidence for linking sleep and cognitive functioning in pre-school and
school-aged children.

1.6.4.2 The relationship between sleep and cognitive functioning
A relatively limited number of controlled studies in the last few decades have
attempted to observe the experimental manipulation of sleep duration on subsequent
cognitive domains in children (Dahl, 2005) and two of these have examined the effects of
manipulating sleep for more than one night on children’s subsequent daytime functioning
(Fallone, Acebo, Seifer, & Carskadon, 2005; Sadeh, Gruber, & Raviv, 2003). The
findings of these studies have not been conclusive. Most of these studies have reported
that reduced sleep is associated with increased daytime sleepiness. However, there is
great variability in the reported sleepiness scores. For example, Carskadon, Harvey, and
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Dement (1981b) found that sleepiness scores varied depending on the activity that the
adolescent did during the day. Though many of the studies have included either tests of
psychomotor performance or cognitive functioning, not all of the studies have reported
statistically significant decrements in performance associated with sleep loss. For
example, Fallone, Acebo, Arnedt, Seifer, and Carskadon (2001) found that following
sleep restriction there were no differences in children’s performance for tests of sustained
attention and response inhibition. Moreover, in the studies that have reported statistically
significant decrements, there has been little constancy in the cognitive dysfunctions
reported between studies. Randazzo, Muehlbach, Schweitzer, and Walsh (1998) found
that verbal creativity and abstract thinking was impaired when children were given 5
hours of sleep compared to 11 hours of sleep. However, there were no differences on
measures testing less complex cognitive functions such as memory and learning. In
another study, Sadeh, et al. (2003) found that when sleep duration was extended,
children’s memory performance improved, and they were able to maintain their
performance on a simple reaction time test. However, when there was no change in sleep
duration or when sleep duration was restricted, children’s memory performance did not
change and performance on the simple reaction time test was significantly worse. Finally,
Carskadon, et al. (1981b) found that there were statistically significant decrements for the
memory test and problem solving task. In sum, these studies suggest that insufficient
sleep is associated with increased daytime sleepiness and poorer cognitive performance.
The implications of these results are that poorer cognitive performance may influence
academic achievement and that increased daytime sleepiness may be manifested as
daytime behavioural problems. Certainly, Fallone, et al. (2001) found that when children
were restricted to 4 hours of sleep, they showed more sleepy and inattentive behaviours.
In another study, it was found that when sleep duration is experimentally manipulated in
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school children this is associated with increased teacher-reported academic problems and
attention problems (Fallone, et al., 2005).
Little attention in the literature has focused on the consequences of reduced sleep
in a non-experimental paradigm, and there have been conflicting results with the studies
conducted. In a sample of 811 children aged 10 to 12 years, those children reported to
“rise early” complained about more self-reported daytime fatigue and sleepiness,
attention and concentration difficulties in school (Epstein, Chillag, & Lavie, 1998). In a
community sample of pre-school children, children with more variability in their amount
of time asleep, variability in bedtime, and later bedtimes were more likely to have less
optimal adjustment at school even when family stressors and parenting practices were
controlled for (Bates, Viken, Alexander, Beyers, & Stockton, 2002). In another study
described earlier Nixon, et al. (2008) found that in 7-year-old children there was no
relationship between sleep duration and other behaviour problems or IQ. In contrast,
Gruber, et al. (2010) found that, in a sample of 39 children aged 7 to 11 years, longer
objectively recorded sleep duration was associated with better scores for perceptual
reasoning and overall IQ and better academic performance. It is possible that the
inconsistency in the findings between Nixon, et al. (2008) and Gruber, et al. (2010) exists
because Nixon, et al. (2008) only recorded sleep duration using actigraphy for a 24 hour
period, instead of the recommended minimum of 3 consecutive nights (Gruber, et al.,
2010). Similar to the findings by Gruber, et al. (2010), in another study described earlier,
Touchette, et al. (2007) found that children with shortened sleep scored lower on a test
measuring language acquisition and had lower scores for non-verbal intellectual skills
than children sleeping consistently 10 or 11 hours. A major limitation in the study by
Touchette, et al. is that sleep quantity was only measured subjectively, thus reports may
have not reflected the true amount of sleep obtained by the children. In addition,
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Touchette, et al. did not include a measure of executive functioning, and it has been
speculated that executive functioning which is under the control of the frontal lobe, may
be more affected by sleep reduction (Jones & Harrison, 2001; Touchette, et al., 2007).
Neuro-development in children is also vulnerable to insults from SDB during
sleep. Therefore, the following section will review studies examining the consequences of
SDB on daytime functioning in children.

1.7 The consequences of SDB on daytime functioning in children
The sequelae of SDB have been recorded extensively but researchers have
continued to focus on the more severe end of the OSAS spectrum (Kennedy, et al., 2004).
It is well established that severe upper airway obstructions are associated with
developmental delay (Kennedy, et al., 2004; Marcus, 2001), growth failure (Everett,
Koch, & Saulsbury, 1987; Kennedy, et al., 2004; Marcus, 2001) and several
cardiovascular abnormalities, including abnormal blood pressure (Ng, et al., 2006). It is
now evident that relatively mild upper airway obstructions also have significant
influences on a child’s daytime functioning (Kohler, Lushington, & Kennedy, 2010).

1.7.1 Excessive daytime sleepiness
The most common daytime consequence of sleep disruption is “sleepiness”
(Gozal, 2008). Excessive daytime sleepiness in adults with OSAS is common but the
evidence is not as conclusive in children. Data on subjective sleepiness in children are
limited and this is because there are relatively few validated and developed measures that
have been used with children. Moreover, only a few studies have objectively tested
daytime sleepiness in children using the Mean Sleep Latency Test (MSLT). This method
consists of a series of 20-30 minute naps recorded by polysomnography (PSG) in an
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environment that promotes sleep (e.g. darkened room, comfortable bed). These objective
assessments are expensive, time consuming and hard to carry out in children (Gozal,
2008). In addition, subjective measures of sleepiness correspond (albeit only low to
moderately) with objective measures of sleepiness such as the MSLT (Chervin, Ruzicka,
et al., 2006). Another problem that has been identified is that behavioural sleepiness may
manifest differently in children than in adults (Gozal, 2008). For example, “sleepy”
children may demonstrate hyperactivity rather than excessive daytime drowsiness. In
general, studies have shown that children with snoring and OSAS symptoms are more
likely to have problems with daytime sleepiness and there seems to be a dose-response
relationship (Gottlieb, et al., 2003). The prevalence of daytime sleepiness in children with
OSA is uncertain. Gozal, Wang and Pope (2001) using objective measures of sleepiness
indicated that only around 7% of children with SDB experience daytime sleepiness. In
addition, daytime sleepiness was more common in children with higher body mass index
and with a greater severity of OSAS (Gozal, et al., 2001). In other studies that have only
used subjective measures, the prevalence reported has been markedly higher. For
example, Melendres, Lutz, Rubin, and Marcus (2004) reported around 28% and recently a
study using both objective and subjective measures reported that as many as 43% of
children with SDB may experience daytime sleepiness (Chervin, et al., 2006). In all, this
suggests that there is a great deal of uncertainty about the prevalence of sleepiness in
children with OSAS. In addition, more studies are required that rely on objective
measures. Objective measures have been reported to be more reliable because they do not
rely on parental perceptions which may be unreliable because children may not verbalise
their symptoms (Gozal, 2008).
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1.7.2 Behavioural consequences of SDB
Although it was once thought that habitual snoring in children was benign, there is
now substantial evidence to suggest that behavioural problems are common in children
with relatively mild symptoms of OSAS and snoring (Weissbluth, Davis, Poncher, &
Reiff, 1983). Studies have frequently reported that children with SDB display
externalising behaviours. In a review by O'Brien & Chervin (2008), the most commonly
reported externalising behavioural problem reported in studies was hyperactivity. In
another review by Beebe (2006) the most frequently reported behavioural problems in
children with SDB reported in studies were overt behaviour problems including
hyperactivity and aggression. Hyperactivity has been reported in studies with parentalreport of SDB symptoms (Arman, et al., 2005; Carvalho Bos, et al., 2008; Chervin,
Dillon, Bassetti, Ganoczy, & Pituch, 1997; Chervin, Ruzicka, Archbold, & Dillon, 2005;
Ferreira, et al., 2000; Gottlieb, et al., 2003; O'Brien, et al., 2003) as well as in studies with
evidence of SDB from polysomnography (Ali, et al., 1993; Chervin, Archbold, Panahi, &
Pituch, 2001; Chervin, et al., 2005; Chervin, Ruzicka, et al., 2006; Giordani, et al., 2008;
Lewin, Rosen, England, & Dahl, 2002; Melendres, et al., 2004; O'Brien, et al., 2003).
Some studies have also reported that children with SDB also display inattentive
behaviours (Ali, Pitson, & Stradling, 1996; Ali, et al., 1993; Galland, Dawes, Tripp, &
Taylor, 2006; Gottlieb, et al., 2003; Kohyama, et al., 2003; Mitchell & Kelly, 2005;
Mulvaney, et al., 2006; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004; O'Brien,
Tauman, & Gozal, 2004; Urschitz, et al., 2004). One of the issues is that many studies
have not discriminated between inattention and impulsive behaviours (Beebe, 2006). This
highlights the difficulty in distinguishing between these behaviours and defining ADHD.
When attention has been assessed by objective measures (O'Brien & Chervin, 2008),
children with mild OSAS compared to healthy children have shown attention deficits
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(Barnes, et al., 2009; Blunden, et al., 2000; Chervin, Ruzicka, et al., 2006; Galland, et al.,
2006).
A major limitation in the literature is that studies have often failed to consider the
inter-correlations between SDB and ADHD and hyperactive behaviour, which are
necessary in understanding the contribution of SDB in the development of hyperactive
behaviour (Kohler, et al., 2010). A recent systematic review of 21 studies excluding
studies with children displaying a history of a medical disorder, but included studies with
verified PSG status, concluded that behavioural problems were reported in less than half
of the studies and that somatic problems, social problems and depression were the most
commonly reported behavioural problems (Kohler, et al., 2010). This is contrary to the
common view in the literature that suggests hyperactivity, inattention and aggression are
common in children with SDB. Several studies have also shown that children with SDB
compared to controls have social problems (Crabtree, Varni, & Gozal, 2004; Kohyama,
Furushima, & Hasegawa, 2003; Lewin, et al., 2002; Mulvaney, et al., 2006; O'Brien,
Mervis, Holbrook, Bruner, Klaus, et al., 2004), somatic complaints (Galland, et al., 2006;
Kohyama, et al., 2003; Lewin, et al., 2002; Mitchell & Kelly, 2006; Owens, Spirito,
Marcotte, McGuinn, & Berkelhammer, 2000), anxiety symptoms (Kohyama, et al., 2003;
Lewin, et al., 2002; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004), depressive
symptoms (Crabtree, et al., 2004; Galland, et al., 2006; Kohyama, et al., 2003; Lewin, et
al., 2002; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004) and withdrawn
behaviour (Kohyama, et al., 2003; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al.,
2004). As Kohler et al. (2010) suggested, it is possible that the behavioural problems
observed in children with SDB may be a result of co-morbid sleep problems. This is
because other sleep disorders such as night walking and night terrors are frequent in
children with SDB (Goodwin, et al., 2004).
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1.8 Neurocognitive deficits associated with SDB
It is common for children with SDB to have deficits in cognitive domains
including executive functioning, attention, memory and IQ. The key aspects of studies
that have examined the relationship between SDB and IQ, attention, executive
functioning and memory in children are outlined in Table 1.2.
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Table 1.2
Methodology and results of studies examining neurocognitive functioning in children with Sleep Disordered Breathing (SDB )
Study
Ali, et al., (1996)

Rhodes, et al. (1995)
Harvey, O'Callaghan,
Wales, Harris, &
Masters (1999)
Blunden et al. (2000)

Design/ Sample
source
Pre-post treatment/
Clinical

Sample size (n)

Source of information

Main findings

12 OSA; 11 Snorers;
10 Control

Oximetry; WISC-R; ACPT; CPRS

Cross-sectional/
Clinical
Pre-Post treatment
(clinical)

Controls = 9; OSA = 5

Polysomnography (PSG); WRAML; vocabulary
subtest of WISC–III
PSG; Griffiths Scales of Mental Ability;
Temperament questionnaire; sleep questionnaire
(NOTE: 28% of children neurologically abnormal)
PSG; WPPSI-R< 6 -years-old & WISC-III > 6 years;
WRAML; ACPT ; CBCL; Sleep Disturbance Scale
5 years: MSCA; ≥ 6 years: WISC-III; Block design of
WISC-III & Rapid finger-tapping test for dom. and
non-dom. hand. All children: PPVT-Revised; 2
cancellation tests; Verbal Fluency Test; & WRAML;
Test of Visual-Motor Integration 4th Ed.; Hooper
Visual Organization Test; (BASC); CPRS; PSG
PSG; WISC-R Digit Span (Auditory Attention);
MSLT (Narcolepsy patients only); WRAML –
memory and finger windows (visual attention)

Before surgery no sig. differences between grps for vigilance or impulsivity or IQ.
After surgery: vigilance improved in SDB & Snorers**. No diff. between grps for
impulsivity, but combined snorers & OSA grp improved sig **. No sig. changes for
Matching Familiar Figures Test for any grps.
OSA children had lower scores for verbal memory****; learning*; General Memory***;
& vocab.*. Severity of OSA was correlated with severity of neurocognitive impairment
After surgery: No change in mental development at 6 month follow-up. Age, gender,
neurological impairment, OSA severity & proportion of desaturations < than 92% not
sig. predict change in mental dev. for OSA group or neurological normal group
Snoring children had reduced Verbal IQ**, performance IQ*, Global IQ** & Memory
scores*. Sig. deficits in sustained* and selective***** attention scores
Before Surgery: Mild group had sig. worse scores for IQ (WISC-III) & Vocab. subtest
& cancellation tests*. A large effect size for memory scales though not sig. & mild group
were sig. worse than the moderate group. After surgery: No sig. differences between
baseline scores & follow-up scores for neurocognitive measures. Large effect sizes for 5
of 6 exec. functioning & visual motor subtest variables with improvement post treatment.
Small decline for post-treatment for cog. & lang. scores.
Before Surgery: Auditory attention impaired compared to normative data and memory
approached statistical sig. After Surgery: Improved memory and improved visual
attention approached sig. Verbal attention and cog. remain unchanged; though
improvement approached sig. Auditory attention remained sig. worse compared to
normative data
OSA children had worse: speed of information processing** . Relationships b/ween
severity of OSA & verbal fluency, verbal reasoning abilities & sustained attention.
Before Surgery: OSAS children compared to controls showed worse performance in
Word order* ; Matrix analogies * ; & mental composite*. No relationship b/ween severity of
OSAS & performance in cog. After Surgery: OSAS children improved: Gestalt
closure****; Triangles* ; Word Order**** ; Matrix analogies*. No change in control group.
OSAS children imp. in sequential processing**** ; simultaneous processing**** ; & mental
composite****.
Compared to normative data children had worse scores for: sustained auditory
attention***, and visual attention*, mental flexibility (visual speed **** & auditory
speed****). No sig. differences for IQ, reading ability or working memory
Before Surgery: 36% of children had scores for Attention test within normal limits &
scores improved sig. after surgery. 42% of children had attention scores below normal
limits before surgery & improved into normal range after surgery; 21% of children
attention scores below normal limits before surgery & remained below normal limits
after surgery (was improvement).

Baseline: 56 SDB;
Follow-up: 42 (24
surgery; 15 )
PS = 7, mild OSAS =
8, Controls = 13
OSA = 18; mild = 9;
moderate = 9

Owens, et al., (2000)

Cross-sectional/
(Clinical)
Pre-Post treatment

Hansen &
Vandenberg (2001)

Pre-Post treatment
(CPAP/ Surgery)

7 OSAS; 7
narcoleptics

Lewin, et al. (2002)

Cross-sectional/
Clinical
Pre-post treatment
Clinical

OSA = 28; control =
10
39 OSAS; 20 controls

Clinical

12

Clinical

OSA

Friedman, et al.
(2003)

Archbold, Giordani,
Ruzicka, & Chervin,
(2004)
Avior, et al. (2004)

±#

PSG; DAS
Parent-reported Questionnaire for sleep, SES, general
health and daytime behaviour. Kaufman Assessment
Battery for Children (K-ABC). Vocabulary subtest
from the WISC-R. PSG

PSG; MSLT; Integrated Visual and ACPT; CMS;
Children’s Category Test; WASI and Wechsler
Individual Achievement Test
PSG; OSA-18 questionnaire; Child Behavior
Checklist (Attention); Fixed-interval visual
continuous performance test

.... ± Test Abbreviations: Wechsler Intelligence scale for children (III) = WISC-III; Wechsler Pre-School and Primary Scale of Intelligence-Revised for children (WPPSI-R); Wide Range Assessment of
Memory and Learning = WRAML; McCarthy Scales of children’s Abilities (MSCA); Differential Ability scales (DAS); Neuropsychological Developmental Assessment (NEPSY); Wechsler Abbreviated scale of
Intelligence (WASI); Multiple Sleep Latency Test (MSLT); Children’s Memory Scale (CMS) Behavioural Assessment Scales for Children (BASC); Auditory Continuous Performance Test (ACPT); Conner’s
Parent Rating Scale (CPRS); Peabody Picture Vocabulary Test (PPVT) ;NOTE: *denotes p<0.05, **p<.01, ***p<.005, ****p<.001; *****p<.0005; AT = Adenotonsillectomy Surgery ;# Only results for
cognitive functioning are reported, studies that assessed behaviour, sleepiness, or academic achievement results are not documented in table
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Study
Beebe, et al. (2004)

Gottlieb, et al. (2004)

Design/ Sample
source
Clinical index
groups; Community
control grp
Cross-sectional/
Community

Sample size (n)

Source of information

Main findings

Snorers (17); mild
OSAS( 9); mod-severe
OSAS (6;); control(17)
205; SDB = 61

PSG; Vocab, block design & Digit span test of
WISC-III; Verbal Learning test of WRAML; Stroop
test; Gordon Diagnostic System
Parent-completed SDB survey; PSG (85% children);
NEPSY Attention & Executive & Memory Domain;
CPT; WPPSI-R
Bayley Scales of Infant & Toddler Development Ed.
II; Home monitoring of Apnoea, bradycardia &
Oxygen saturation

OSAS associated with worse: domain of processing speed: word reading speed*; visual
attention*** ; verbal fluency** No effect on verbal memory or overall intelligence

Hunt, et al. (2004)

Community

138 Full term; 118
Preterm

Kaemingk, et al.
(2004)

Prospective cohort/
Cross-sectional/
Community

PSG; WASI; Woodcock Johnson Psycho-Educational
Battery-Revised Tests of Achievement; Children’s
Auditory Verbal Learning Test-2; CPRS

Kennedy, et al. (2004)

Cross-sectional/
Clinical
Cross-sectional/
Community

149; 72 children with
AHI below 5; 77
children with AHI 5 or
more
13 snoring children;
13 control
35 SDB; 35 Controls

Cross-sectional/
Community

PS = 87; Control = 31

PSG;DAS; NEPSY

Cross-sectional/
Community

19 OSA; 19 controls

PSG; Questionnaire: demographics and snoring
frequency; DAS; Pre-Reading Abilities subtests from
NEPSY

Blunden, Lushington,
Lorenzen, Martin, &
Kennedy (2005)

Clinical

PSG;WISC-III; CMS; ACPT; Child Behaviour
Checklist Test

Chervin, et al. (2006)

Pre-Post treatment

Emancipator, et al.
(2006)

Cross-Sectional

Snorers (11); Behav.
Sleep Probs (BSP 13);
Snorers & BSP(9);
Contrls (31)
Baseline:105;(78 AT;
27 Control); Followup: 100
835; 146 SDB

Montgomery-Downs
& Gozal (2006b)

Community
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O'Brien, Mervis,
Holbrook, Bruner,
Smith, et al. (2004)
O'Brien, Mervis,
Holbrook, Bruner,
Klaus, et al. (2004)
Montgomery-Downs,
Crabtree, & Gozal
(2005)

PSG; WPPSI-R< 6 -years-old & WISC-III > 6 years;
WRAML; ACPT
PSG; DAS; NEPSY; CPRS-Revised

PSG; CPRS-Rev, Child Symptom Inventory-4: Parent
Checklist; Integ. Visual & ACPT; CMS; MSLT
6-channel monitor recorded respiration, heart rate, &
oxygen saturation level and body position. PPVTRevised, Kaufman Assessment Battery for Children,
& Continuous Perf. Test.
PSG; Bayley Scales of Infant and Toddler
Development Ed. II

SDB Children: reduced attention/ exec. domain *; lower memory score (visual &
verbal)* ; lower FSIQ* ; lower PSIQ* ; lower VSIQ; more symptomatic for ADHD Index
***
& cog./ inattention scales **
Term infants with ≥5 events were 5.6 points lower in adjusted mental dev. scores
compared with infants with 0 events. Pre-term infants with ≥5 events were 4.9 points
lower in adjusted mental dev. scores compared with infants with 0 events. Trend toward
lower adj. motor dev. scores for infants with ≥5 events, but diff. not sig.
B/ween groups diff. for: verbal learning trials (3, 4 & 5)* & delayed recall*. No diff. for
academic performance, verbal IQ, or recall when 1 item presented. –ve relationship
between number of times oxygen below 2% or more & FSIQ*; PIQ* &; Applied
problems*. Oxygen below 4% related -vely to PIQ* and FSIQ*.
Snoring children performed worse on VIQ **** ; Global IQ*** ; memory index**** ; selective
attention**** & sustained attention****
SDB children worse than controls for: Non-verbal*; Cog. ability*; Attention/ Executive
Functioning*; Exec. functions of planning, monitoring, and self-regulation*; visual
Attention*; phonological reasoning*
PS children had worse functioning for: GCA**; Verbal domain* ; Nonverbal Domain**** ;
Verbal Comprehension**; Naming** ; Pattern construction**; Lang.(p=.054);
Visuospatial**** ; Visual Attention* ; Phonological Processing**
Before Surgery: SDB children worse scores for cog. Ability (CA) ** & verbal fluency.
No diff. b/ween controls and SDB for phonological processing & sentence repetition.
After Surgery: CA scores improved sig. compared to score before surgery & not
different to controls (p=.13). Scores for phonological processing, & sentence repetition
not diff. to controls Scores for OSA subjects in verbal fluency were lower than controls
Snorers + BSP group & snorers grp. performed poorly on all IQ (Global IQ* , VIQ*) &
attent. tests (selective attent. ***; impulsivity**** ; sustained attent.***), compared to children
with BSP & Controls. Exception: children in Snorers + BSP & BSP performed poorer
than children in snorers group. & controls grp. (not stat. sig.)
Baseline: AT grp had sig. worse scores compared to controls for attention & sleep &
breathing parameters. 1 year follow-up: No sig. diff. b/ween grps for attention; sig.
improvement in attention for AT grp.
Not including SES SDB group scored sig. lower on cog. tests. SES accounted for, SDB
group scored lower on all tests and subtests, sig. results were only shown for the ‘riddles
and triangles’ subscales. Stronger relationship b/ween cog. deficits & SDB in preterm
infants than full term infants
Respiratory arousal index (accounted by snore-related arousals) +vely and sig. associated
with mental dev. scores*. Motor dev. not sig. with PSG measures

.... ± Test Abbreviations: Wechsler Intelligence scale for children (III) = WISC-III; Wechsler Pre-School and Primary Scale of Intelligence-Revised for children (WPPSI-R); Wide Range Assessment of
Memory and Learning = WRAML; McCarthy Scales of children’s Abilities (MSCA); Differential Ability scales (DAS); Neuropsychological Developmental Assessment (NEPSY); Wechsler Abbreviated scale of
Intelligence (WASI); Multiple Sleep Latency Test (MSLT); Children’s Memory Scale (CMS) Behavioural Assessment Scales for Children (BASC); Auditory Continuous Performance Test (ACPT); Conner’s
Parent Rating Scale (CPRS); Peabody Picture Vocabulary Test (PPVT) ;NOTE: *denotes p<0.05, **p<.01, ***p<.005, ****p<.001; *****p<.0005; AT = Adenotonsillectomy Surgery ;# Only results for
cognitive functioning are reported, studies that assessed behaviour, sleepiness, or academic achievement results are not documented in table
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Study

Design/ Sample
source
Cross-sectional/
Clinical

Sample size (n)

Source of information

Main findings

Controls (27); with
OSA referred for AT
(OSA+ = 40) ; without
OSA referred for AT
(OSA- = 38)

Lower scores for children referred to AT compared to controls for visual spatial ability
(for OSA+*; for OSA-**), a test for visual delayed recall for dot recall (* for OSA+/-),
short-term attention for numbers and sequences (for OSA-) **.

Barnes, et al. (2009)

Community

22 rarely snoring; 22
controls

Calhoun, et al. (2009)

Community Sample

6 moderate SDB; 152
mild SDB; 413 w/out
SDB

Honaker, Gozal,
Bennett, Capdevila, &
Spruyt (2009)
Key, Molfese,
O'Brien, & Gozal
(2009)
Kohler, et al. (2009)

Community

76 Controls; 76
Habitual snorers.; 76
OSA
35 (3 SDB and 32 subclinical levels of SDB)

PSG; WISC-III; Wechsler Individualised
Achievement Test; CMS; Attention & Concentration
Index; Integrated Variables of Attention
computerized continuous perf. test and Full Scale
Response Control Quotient, MSLT; Sleep Quest.;
CPRS
PSG; Event-related Potentials; PPVT-III; NEPSY;
CPRS-Revised; Childhood Symptom Inventory-4;
Sleep Behav. Questionnaire
WASI; Gordon Diagnostic System Vigilance &
Distractibility; WISC-III Digit Span; Visual-motor
integration; WISC-III coding subtest; Animal
Naming Test; California Verbal Learning Test;
Stroop Color & Word Test Children’s Version;
Wisconsin Card Sorting Test; PSG
PSG; DAS; NEPSY; Peabody Picture Vocabulary
Test 3rd Ed.; Expressive Vocab. Test
PSG; Event-related potentials (ERPs); NEPSY

No relationship between NEPSY attention & memory & sub-clinical levels of SDB;
Children with higher Apnoea-Hypopnoea index scored higher on speeded naming test

SDB Clinical;
Controls community

44 snorers; 48 controls

Stanford Binet Intelligence Scale; NEPSY; PSG

Spruyt, Capdevila,
Kheirandish-Gozal, &
Gozal (2009)

Community

43 Controls; OSA
w/out lang.,
visuospatial & attent.
/exec. dysfunc. (OSA- ;
n = 22) & OSA w
lang., attent./ exec.
dysfunc. (OSA+ ; n
=10)

NEPSY; PSG; DAS

Before Surgery: scores for Verbal, Nonverbal, & FSIQ****, Fluid Reasoning****,
Visual spatial**** & working memory****, attention/ exec. funct. ****, lang.
develop.****, Sensorimotor***** & memory** in SDB children lower than controls.
After surgery: All of these subscales reduced sig. at 6 month follow-up in SDB children
compared to control children (FSIQ**, Non verbal IQ**, Verbal IQ**; Ex function./
attent.**; Language**; Sensorimotor**; Memory*). 10 point IQ deficit between SDB &
control children at baseline & follow up.
No gross memory problems; control children’s learning ability increased with each
learning trial; OSA- learned same trials with greater difficulty; OSA+ showed reduced
learning ability

Giordani, et al. (2008)

Community

Altered neural processing in children snoring occasionally & normal sleep studies; More
delayed & effortful processing in rarely snoring children; but control children processed
tones more quickly & higher brain regions activated. No behav. diff. b/ween grps
No sig. differences between 3 groups for IQ, verbal and nonverbal reasoning, attention,
executive functioning, memory, processing speed, and visual motor skill. No sig.
differences between snoring/SDB groups on cognitive functioning except nonverbal IQ.

OSA pre-school children had sig. lower receptive lang. comprehension than controls.
School children: HS & OSA had lower (w/in normal range) levels of vocab. dev.

.... ± Test Abbreviations: Wechsler Intelligence scale for children (III) = WISC-III; Wechsler Pre-School and Primary Scale of Intelligence-Revised for children (WPPSI-R); Wide Range Assessment of
Memory and Learning = WRAML; McCarthy Scales of children’s Abilities (MSCA); Differential Ability scales (DAS); Neuropsychological Developmental Assessment (NEPSY); Wechsler Abbreviated scale of
Intelligence (WASI); Multiple Sleep Latency Test (MSLT); Children’s Memory Scale (CMS) Behavioural Assessment Scales for Children (BASC); Auditory Continuous Performance Test (ACPT); Conner’s
Parent Rating Scale (CPRS); Peabody Picture Vocabulary Test (PPVT) ;NOTE: *denotes p<0.05, **p<.01, ***p<.005, ****p<.001; *****p<.0005; AT = Adenotonsillectomy Surgery ;# Only results for
cognitive functioning are reported, studies that assessed behaviour, sleepiness, or academic achievement results are not documented in table
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In all, published research indicates that there is a relationship between SDB and
cognition (Beebe, 2006; Gozal, 2008; O'Brien & Chervin, 2008). However, it remains
unclear whether SDB is a cause or directly contributes to neurocognitive problems
(O'Brien & Chervin, 2008). Conclusions are limited because many of the studies
concerning the relationship between SDB and neurocognitive deficits have been subject
to a number of methodological criticisms. There have been inconsistencies with
definitions across studies (O'Brien & Chervin, 2008), and studies have involved small
sample sizes (Ali, et al., 1996; Archbold, et al., 2004; Avior, et al., 2004; Beebe, et al.,
2004; Blunden, et al., 2000; Hansen & Vandenberg, 2001; Kennedy, et al., 2004;
Montgomery-Downs, et al., 2005; Montgomery-Downs & Gozal, 2006b; Owens, et al.,
2000; Rhodes, et al., 1995) and therefore, studies may have been underpowered to find
significant results (Beebe, 2006; Emancipator, et al., 2006). Three studies (see Table 1.2)
have not included control groups or have compared results only with population norms
(Archbold, et al., 2004; Avior, et al., 2004; Hansen & Vandenberg, 2001).
Another major criticism of the studies examining effects of snoring on cognition,
is that, even though children with SDB have often had lower cognitive scores than control
children, their performance has been close to the population average of 100 (Gottlieb, et
al., 2004; Kohler, et al., 2009; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004;
O'Brien, Mervis, Holbrook, Bruner, Smith, et al., 2004), whereas control children have
often performed well above the mean (Beebe, 2006; O'Brien & Chervin, 2008). Studies
have found that in samples of healthy children, when other psychological and medical
problems have been screened out, children perform well above the mean (Waber, et al.,
2007). Another problem is that some studies have used non–standardised measures of
behaviour (Gottlieb, et al., 2003; Guilleminault, Winkle, Korobkin, & Simmons, 1982;
Harvey, et al., 1999), and other studies have been limited by the lack of objective
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measures of OSAS (Emancipator, et al., 2006; Rosen, et al., 2004). When the instruments
used to assess neurocognitive deficits or SDB are poor then statistical effects are not
observed (Beebe, 2006). Further, conclusions from studies have been limited because of
differences in populations that have been studied. Many studies (Blunden, et al., 2000;
Goldstein, Fatima, Campbell, & Rosenfeld, 2002; Guilleminault, et al., 1982; Harvey, et
al., 1999; Owens & Opipari, 1998) have often only exclusively included children referred
for clinical evaluation (Rosen, et al., 2004). These children’s referrals may have been
stimulated because of cognitive problems or daytime behaviours. Therefore, such a
sample may have overrepresented children with behavioural problems (Emancipator, et
al., 2006; Rosen, et al., 2004) compared with children with identical sleep problems in the
general community. In older children recruited from the community Calhoun, et al.
(2009) found that mild OSA was not associated with poorer neuropsychological
functioning. Therefore, it is possible that there may be differences in children who are
recruited from the community, compared with those recruited from clinical settings. It
would be instructive for future studies to focus on children recruited from the community
rather than from hospital waiting lists.
The following section will evaluate the relationship between SDB and deficits in
executive functioning, attention, learning and school performance, memory and
intelligence.

1.8.1 Executive Functioning
Executive functioning is fundamental in learning new processes. It is necessary
for a child to prepare, develop and maintain a well-structured and flexible method when
problem solving (O'Brien & Chervin, 2008). Executive functioning gives a child the
ability to sustain focused on the current task, and to delay or inhibit their response to
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stimuli in their environment (Gozal, 2008; O'Brien & Chervin, 2008). An intimate
relationship between executive functioning, attention and working memory is held to
exist and, at this stage of knowledge, these constructs are very difficult to differentiate.
Nonetheless, in adults, OSAS has been found to substantially impair executive
functioning particularly the ability to maintain attention for long periods of time (Beebe,
Groesz, Wells, Nichols, & McGee, 2003). In studies that have assessed attention as
reported by their parents, children with SDB are less inattentive and more hyperactive
(Goodwin, et al., 2003). As shown in Table 1.2, three studies that have examined
attention using standardised testing found that children with SDB showed deficits in
sustained attention and selective attention (Blunden, et al., 2000; Kennedy, et al., 2004;
O'Brien, Mervis, Holbrook, Bruner, Smith, et al., 2004), although one community study
has reported no significant relationships between mild apnoea or hypnoea and executive
functioning (Calhoun, et al., 2009).
Another study has assessed the effects of the risk for SDB on executive
functioning in 5-year-old children, using a multidimensional model. As scores for the risk
of SDB increased this was associated with lower performance for all dimensions of
executive functioning (Karpinski, Scullin, & Montgomery-Downs, 2008). In particular,
snoring “frequently” or “almost always” was associated with lower scores for each
dimension of executive functioning with the strongest effect on inhibition (Karpinski, et
al., 2008). It has also been suggested that there may be a “dose-dependent” relationship
between SDB and deficits in executive functioning (O'Brien & Chervin, 2008), such that
more severe OSAS results in more deficits in executive functioning; and in particular may
affect verbal abilities (Lewin, et al., 2002). However, results between studies have not
been consistent. For example, children with OSAS had worse sustained auditory and
visual attention, but scores for working memory were not significantly different compared
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with normative data (Archbold, et al., 2004). In contrast, Giordani, et al. (2008) found
that children referred for adenotonsillectomy compared to controls had lower scores for a
visual spatial task and for short term attention for numbers and sequences. One reason
why there are so many inconsistencies between studies is because executive functioning
has been held to encompass many different cognitive abilities and it is difficult to separate
executive functioning from other cognitive abilities (Karpinski, et al., 2008; O'Brien &
Chervin, 2008).

1.8.2 Learning and school performance
It is common for learning problems and poor school performance to be reported in
children with SDB (Chervin, et al., 2003; Goodman, 2005; Goodwin, Babar, et al., 2003;
Goodwin, Kaemingk, et al., 2003; Gozal & Pope Jr, 2001; Gozal, 1998; Ravid, Afek,
Suraiya, Shahar, & Pillar, 2009; Urschitz, et al., 2005; Urschitz, et al., 2004). For
example, Urschitz, et al., (2004) found that 51.8% of habitual snorers performed poorly at
school compared with 31.5% of non-snorers. In another study, Gozal (1998) examined
the academic performance in 297 first grade children performing in the bottom 10th
percentile of their class. Twenty-four children from this subset underwent the
recommended adenotonsillectomy surgery with the result that they improved after
surgery, by second grade, in academic performance compared to those children who were
not treated and children without SDB, but who were performing in the bottom 10 th
percentile of the class. In another study, children with more features of SDB on a
parental-reported questionnaire had lower overall teacher performance grades, math
grades and reading grades (Ravid, et al., 2009). Preliminary data have suggested that
insufficient oxygen in the blood and hence mild hypoxia because of SDB may result in
learning impairments. Thus, Goodwin, Kaemingk, et al., (2003) found that desaturation in
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oxygen was associated with learning problems. It must be noted though that learning
problems were assessed using one parental-reported item and this may have contributed
to possible subjective bias. Also, confounding factors such as socio-economic status, and
high body mass index were not accounted for. In another study, Chervin, et al. (2003)
found that low SES predicted poor performance at school, and the relationship between
risk for developing SDB and low SES was non-significant after obesity was accounted
for. These results implied that lower SES and higher body mass index may be additional
mediating variables to consider in the relationship between snoring and poor academic
performance.
Attention could play a role when explaining the association between SDB and
learning problems, particularly when this relationship occurs in the absence of hypoxemia
(Blunden, et al., 2000). Blunden, et al., (2000) suggested that it may be a reduced ability
to maintain attention that could result in reduced rehearsal, encoding, storing and
retrieving of information and result in impaired learning strategies. It is necessary to note
that in the study by Urschitz, et al., (2004), for both snorers and non-snorers, difficulties
in maintaining concentration was correlated with poor academic performance. Thus, it is
possible that having difficulty in maintaining attention could influence the relationship
between snoring and poor school ability. In studies that have assessed academic
achievement using objective measures, the association between snoring and learning
problems has not been as consistent (Emancipator, et al., 2006; Kaemingk, et al., 2004).

1.8.3 Memory
As shown in Table 1.2, studies that have investigated memory in children with
SDB have not shown consistent results. Four studies reported that children with SDB
have lower mean memory index scores than control children (Blunden, et al., 2000;
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Gottlieb, et al., 2004; Kennedy, et al., 2004; Rhodes, et al., 1995). However, four studies
(O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004; O'Brien, Mervis, Holbrook,
Bruner, Smith, et al., 2004; Calhoun, et al., 2009; Spruyt, et al., 2009) reported finding no
differences in memory scores between children with SDB and control children. It has
been argued that one of the reasons why there seems to be so many inconsistencies
between studies is because particular parts of memory may be more susceptible to decay
than others (Beebe, 2006). For example, Walker (2005) has suggested that there is
substantial evidence that sleep is necessary for the consolidation of procedural memory,
as opposed to declarative memory. In studies where participants are deprived of sleep for
a single night, procedural memory did not improve even with 2 nights of sleep recovery
(Stickgold & Walker, 2005).

1.8.4 Intelligence
Table 1.2 shows that four studies comparing children referred for SDB symptoms
with healthy controls have reported reduced scores for Verbal IQ, Performance IQ and
Global IQ (Blunden, et al., 2000; Blunden, et al., 2005; Kennedy, et al., 2004; Kohler, et
al., 2009), while two studies found that that there were no significant differences in
overall intelligence scores between children referred for SDB symptoms, one compared to
normative data (Archbold, et al., 2004) and the other to control children (Beebe, et al.,
2004). In studies where children have been recruited from the community, children with
SDB symptoms have shown reduced scores in verbal IQ (Kaemingk, et al., 2004), global
IQ (Kaemingk, et al., 2004) and general cognitive ability (Gottlieb, et al., 2004;
Montgomery-Downs, et al., 2005; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004;
O'Brien, Mervis, Holbrook, Bruner, Smith, et al., 2004). In particular, there have been
reported decrements for measures on language ability, visuospatial ability (O'Brien,
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Mervis, Holbrook, Bruner, Smith, et al., 2004), visual attention and phonological
processing (O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004). It should also be
noted that, although Kaemingk, et al. (2003) found differences between controls and
children with SDB in verbal IQ, there were no significant differences for global IQ. Two
studies that have recruited children from the community have found no relationship
between mild apnoea and IQ (Calhoun, et al., 2009) and the relationship between
cognitive deficits and SDB was not as strong when socio-economic status was accounted
for (Emancipator, et al., 2006). Four of the studies that have found associations between
IQ and SDB included young children from pre-school to 5-years-old; however, the other
studies focused on older school children. Thus, it has been suggested that age is important
to consider in the relationship between SDB symptoms and cognitive deficits, because it
appears that the relationship between cognitive deficits and SDB is stronger in young
primary school-aged children and pre-school children than in older school aged children
(Beebe, 2006; O'Brien & Chervin, 2008).
Two studies have examined the association between SDB and neurocognitive
functioning in infants. In one study by Montgomery-Downs and Gozal (2006b) involving
35 healthy 8-month-old infants, snoring severity was assessed with polysomnography and
cognitive development was assessed using the Mental Development Index of the Bayley
Scales of Infant and Toddler Development Edition II (BSID-II) (Montgomery-Downs &
Gozal, 2006b). Higher snoring-related arousals were significantly associated with reduced
mental development scores. Notably, no infant in that study had episodes of either
obstructive hypopnoea or apnoea. Moreover, Montgomery-Downs and Gozal only
collected data from a single night Polysomnography (PSG) study. Indirect evidence that
SDB in early life may be associated with impaired development is provided by Hunt, et
al. (2004) who as part of a large study examining Apparent Life Threatening Events
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(ALTE), examined the effect of cardio-respiratory events in early infancy on cognitive
functioning (BSID-II) at 92 weeks of age using a home oximetry monitor for up to 3
months. Hunt, et al. reported that full term infants with five or more events (events were
scored as either apnoea ≥ 20 seconds or heart rate < 60 to 80 beats per minute (bpm) or <
50 to 60 bpm, for ≥ 5 to 15 seconds) scored 5.6 points on average lower on the mental
development index than those infants with zero recorded events. For premature infants
the difference in the mental development index between infants recorded with five or
more events and those with zero events was 4.9 points. The focus of that study, however,
did not include the evaluation of infants who snored versus non-snorers. In summary,
these early results suggest that snoring in infancy could have detrimental effects on their
cognitive development, but this remains to be fully examined in children with a history of
snoring versus those who do not snore.
There is also evidence in the literature indicating that children born prematurely
are more susceptible to developing SDB symptoms. In the study by Emancipator, et al.
(2006) the relationship between cognitive deficits and SDB was stronger in children born
preterm than children born full term. Therefore, early developmental life stressors may
make a child more susceptible to developing SDB. Therefore in examining the risk of
SDB in infants and children, it is necessary to distinguish between children born
prematurely and at full term. The following will review the evidence for the increased
risk of SDB in premature children.

1.8.5 The risk of SDB in the premature population
It has become apparent that children born prematurely are at a heightened risk of
developing SDB later in childhood (Hibbs, et al., 2008; Rosen, et al., 2003) and in
adulthood (Paavonen, et al., 2007). For example, at 8 to 11 years of age SDB was three
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times more likely in children who were born prematurely compared with children who
were full term infants (Rosen, et al., 2003). Similarly, among young adults born at very
low birth weight snoring was 2.2 times more prevalent than was recorded for their full
term counterparts, especially when confounding factors such as age, gender, current
smoking, parental education, height, BMI and depression were accounted for (Paavonen,
et al., 2007). In recent years, a few studies have started to examine the influence of in
utero and postnatal factors in the risk of developing SDB and other sleep disorders in
infancy and later childhood (Paavonen, et al., 2007). In two studies, markers commonly
associated with neonatal diseases such as gestational age (Hibbs, et al., 2008), birth
weight (Hibbs, et al., 2008; Paavonen, et al., 2007), abnormal head ultrasound findings
(Hibbs, et al., 2008), and mechanical ventilation (Paavonen, et al., 2007) have not been
associated with the development of SDB. However, a history of maternal smoking during
pregnancy independent of very low birth weight (Paavonen, et al., 2007) and a history of
maternal mild preeclampsia (Hibbs, et al., 2008) have been significantly associated with
SDB. It must be pointed out that in Hibbs, et al. (2008) the association between SDB and
mild maternal preeclampsia was found in a small number of individuals and thus could
have been a spurious result (Hibbs, et al., 2008). On the other hand, Shang, et al. (2006)
found that gestational hypertension, preeclampsia, postnatal blood transfusion for
jaundice and resuscitation at birth was not associated with the development of sleep
disorders between 4 and 9-year-olds. However, factors such as artificial delivery, first
born, exposure to vaginal bleeding and to maternal substance use such as alcohol,
medication and coffee did predict later childhood sleep problems (Shang, et al., 2006). In
another study, Hoppenbrouwers, et al. (2005) found that preterm infants of more than 38
weeks postmenstrual age showed comparable sleep architecture to term infants at a
comparable postmenstrual age and did not exhibit a risk for developing sleep apnoea. The
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only exception was that preterm infants had on average longer quiet sleep episodes and
longer duration of indeterminate sleep, compared with term infants. However, preterm
infants with the youngest gestational age and those who had assisted ventilation at birth
had more delayed maturation of sleep architecture even if they were measured at the same
postmenstrual age (Hoppenbrouwers, et al., 2005).

1.9 Treatment of SDB
In children, the preferred treatment of upper airway obstruction is
adenotonsillectomy. The consensus in the literature is that post surgery there are
improvements in nocturnal ventilation (Brietzke & Gallagher, 2006; Friedman, et al.,
2003; Friedman, Wilson, Lin, & Chang, 2009; Galland, et al., 2006; Kohler, et al., 2009).
It has been estimated that on average 66-83% of cases after treatment improve (Brietzke
& Gallagher, 2006; Friedman, et al., 2009), though the effectiveness of
adenotonsillectomy is significantly reduced in obese children (Friedman, et al., 2009).
However, the evidence for improvements in behaviour and neurocognition is conflicting.
Many of these discrepancies have been due to the poor methodological rigor followed as
described in detail above. In studies that have compared children with OSA to population
norms, these children had worse scores for tests of attention prior to surgery, but
improved significantly post surgery (Archbold, et al., 2004; Avior, et al., 2004). In
another study, using overnight oximetry to confirm OSA, children with SDB improved in
measures of vigilance, parental-reported aggression and parental-reported inattention,
compared to the control children who did not have significantly different scores for any of
the measures (Ali, et al., 1996). In this study, the majority of control children were
referred for other surgery of comparable invasiveness. In the following studies that
examined the effect of adenotonsillectomy on behaviour, these studies had control
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children, children with PSG confirmed SDB, and excluded children with specific medical
conditions that are known to affect SDB. These studies found that children with SDB
improved in measures of hyperactivity (Chervin, Ruzicka, et al., 2006; Dillon, et al.,
2007; Mitchell & Kelly, 2006), aggression (Galland, et al., 2006; Mitchell & Kelly,
2006), oppositional behaviour (Dillon, et al., 2007) and somatic complaints (Tran,
Nguyen, Weedon, & Goldstein, 2005).
A number of studies have also indicated that post surgery children with SDB
improve in general cognitive ability (Montgomery-Downs, et al., 2005), sequential and
simultaneous processing (Friedman, et al., 2003; Galland, et al., 2006), objectively
measured inattention and impulsivity (Galland, et al., 2006) and memory (Hansen &
Vandenberg, 2001). Some studies have found that some neuropsychological domains do
not improve post surgery (Kohler, et al., 2010). Hansen and Vandenberg (2001) found
that auditory attention that was rated as impaired in comparison to normative data prior to
surgery remain unchanged 5 months after treatment. In the study by Montgomery-Downs,
et al. (2005), although children with OSA improved in general cognitive ability after
surgery, children with OSA compared to control children had impaired executive
functions both before and after surgery.
However, only two studies have included controls in the follow-up and verified
SDB status with PSG. Chervin, Ruzicka, et al. (2006) reported that 12 months after
surgery, children who underwent surgery showed improvements in attention and reduced
levels of sleepiness that were comparable to controls. These results may have been
confounded because controls in this study included participants with clinically defined
SDB (Kohler, et al., 2010). In the most recent study that used SDB status verified by
PSG, controls at both baseline and follow-up and validated measures of neurocognitive
performance Kohler, et al. (2009) found that in children aged 3 to 12-years-old at 6
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months post surgery, those with SDB had improved in sleep and breathing parameters
whereas deficits in language, executive function and IQ remained. As suggested by the
authors, it may be that deficits take longer than 6 months to normalise (Kohler, et al.,
2009). In all, there is mixed evidence for the improvement or persistence of deficits post
treatment and this has been because of the inconsistencies with methodology. However, if
deficits in neurocognitive functioning in children with SDB do not improve this would
suggest that the origin of these neurocognitive deficits begins in a critical developmental
period in the first years of life.

1.10 Mechanisms for causes of neurobehavioral deficits in SDB
The mechanisms for the causes of neurobehavioural deficits seen in both adult and
childhood SDB are unknown, although, it is now known that in children with SDB
normal sleep architecture is not maintained (Tauman, O'Brien, Holbrook, & Gozal, 2004).
However, it has been proposed that there are two components strongly associated with
SDB, sleep fragmentation and intermittent hypoxia. O'Brien, et al. (2004) demonstrated
that sleep fragmentation caused by snore-associated arousals was associated with
significant decrements in neurocognitive function in children. These deficits persisted
even once all potential confounding factors had been controlled. In the study by
Montgomery-Downs and Gozal (2006b) described earlier, sleep fragmentation due to
higher snore-associated arousal indices was associated with lower scores on a cognitive
development assessment in infants. It is thought that both sleep fragmentation and
intermittent hypoxia are likely to contribute to altered chemical substrates in many brain
structures and that this may lead to dysfunction in cognitive abilities (Kheirandish &
Gozal, 2006). For example, it has been suggested that the prefrontal cortex region is
impaired by episodic hypoxia and sleep fragmentation in children with SDB (Beebe &
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Gozal, 2002; Kheirandish & Gozal, 2006). Certainly, results of studies indicate that
learning and behavioural disturbances are displayed in children with OSA (Gozal, 1998;
Marcus, 2001); and that snoring children experience poorer memory and intelligence
scores (Blunden, et al., 2000; Kennedy, et al., 2004) and poorer verbal IQ scores
(Kennedy, et al., 2004) is consistent with damage to the pre-frontal cortex (Kheirandish &
Gozal, 2006).
Recent studies have evaluated the neurochemical and structural changes in OSAS,
particularly in the hippocampus and prefrontal cortex, which underlie many of the
functional neurobehavioural deficits seen in SDB (Kohler, et al., 2010). Brain imaging
studies in adults with OSAS have demonstrated injury in multiple brain regions.
Particular interest has focussed on the hippocampus and frontal lobes. The former region
is important for spatial and contextual memory and thus learning, the latter for executive
functioning (Kohler, et al., 2010). Macey, et al. (2002) using voxel-based morphometry
showed gray matter loss in specific forebrain regions including the hippocampus, with
gray matter loss correlating positively with apnoea severity. Hippocampal gray matter
loss in seven adults with OSAS was also confirmed by Morrell, et al. (2003). More
recently a study from Macey, et al. (2008) demonstrated widespread white matter changes
in areas that regulate executive function and memory-anterior cingulated, frontal cortical
and hippocampal regions. Thus, there is evidence that the brain structure in adults with
OSAS is altered.
There is also emerging evidence in children, that they too have discernable
changes in brain function. Halbower, et al. (2006) utilizing proton magnetic resonance
spectroscopy, demonstrated in six children with severe OSAS, reduction in mean
neuronal metabolite ratio N-acetyl aspartate/choline in both the left hippocampus and the
right frontal cortex, indicating possible neuronal injury. In another study, Hogan, Hill,
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Harrison, and Kirkham (2008) found increased cerebral blood flow and /or vascular
narrowing in 21 children with mild OSAS. Interestingly when differences in
neurocognitive scores between snorers and non snoring controls were adjusted for
cerebral blood flow values, differences between the two groups were reduced. The latter
implies that altered cerebral hemodynamics may contribute to decrements in cognition in
children with only mild upper airway obstruction.

1.10.1 Normal brain development
In the brain of a foetus there are twice as in many neurons as in the adult brain,
and the 2-year-old child’s brain has twice as many synapses in the cerebral cortex as the
adult brain (Johnson & Deckwerth, 1993). During normal brain development, cell
replication, and differentiation and naturally occurring cell death occurs (Blaschke,
Staley, & Chun, 1996; Johnson & Deckwerth, 1993). A number of layered structures,
fibre pathways, and defined synapses occur in normal brain development (Douglas, 2009;
López-Bendito & Molnár, 2003). Current theory holds that hypoxia during this time of
development can change the development program in the neonate and infant and thereby
lead to permanent damage due to the improper formation of the CNS (Douglas, 2009).

1.10.2 Evidence from animal studies
For apparent ethical reasons it is not possible to examine the influences of hypoxia
in contributing to cognitive deficits observed in OSA in humans, and animal models have
therefore been developed (Gozal, Daniel, & Dohanich, 2001; O'Brien & Gozal, 2004).
Intermittent hypoxia results in oxidative stress and up-regulation of inflammatory
pathways. Studies have also shown that, in the absence of sleep fragmentation, adult rats
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exposed to intermittent hypoxic events during their sleep cycle showed increased
impairment in spatial memory learning tasks (Gozal, et al., 2001). In addition, these
cognitive deficits were accompanied by an increase in apoptosis in the cortex and
hippocampus regions of the brain. When comparing SDB symptoms in children and
adults the extent of cognitive and behavioural deficits is much greater in children than is
seen in adults (Row, Kheirandish, Neville, & Gozal, 2002). For example in adults, 20
respiratory events in an hour would seem insignificant, while in children this is
considered as “severe” (Row, et al., 2002). Thus it is possible that there is a window of
vulnerability for the developing brain that may make the child vulnerable to long-term
damage from intermittent hypoxia (Gozal, Row, Schurr, & Gozal, 2001; MontgomeryDowns & Gozal, 2006b; Row, et al., 2002). In rat pups aged from 2 days to 120 days,
postnatal exposure to 48 hours of intermittent hypoxia was related to increased apoptosis
in the cortex and hippocampal regions at all ages. However, there were smaller increases
in apoptosis when rat pups were aged 2 to 5-days-old compared to when they were 10 to
25-days-old (Gozal, et al., 2001). Moreover, rat pups exposed to intermittent hypoxia
similar to that which occurs in OSAS, 10 days postnatal until 30 days postnatal, displayed
significant learning impairments (Row, et al., 2002). Similarly, Kheirandish, Gozal,
Pequignot, Pequignot, and Row (2005) found that, for male rats, being exposed to
intermittent hypoxia during a short but highly vulnerable period of postnatal development
was associated with long–term alterations in working spatial memory. These studies
suggest that it is possible that disruption to the normal sleep architecture during a critical
development period may result in long–term damage that could also be irreversible
(Kennedy, et al., 2004; Kheirandish, et al., 2005; Row, et al., 2002).

1.11 Summary of chapter
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In summary, past research has highlighted that sleep regulation is important for
development of brain plasticity and learning. Many studies have shown that sleep
regulation in the early postpartum period is critical for the child’s development in later
infancy. Two studies have examined the relationships between sleep duration and
development in later infancy but revealed inconsistent results. It is also clear that in preschool and school-aged children, reduced sleep can have effects on behavioural and
emotional functioning. It has been less clear whether sleep duration can influence the
child’s cognitive functioning. Using an experimental paradigm, children with reduced
sleep showed a greater propensity to develop sleepiness and poorer cognitive
performance. In a community setting, two studies have shown that reduced sleep in
children can have effects on a child’s learning and cognitive development but, in contrast,
another study failed to find this association. Further research examining the
interrelationships between sleep and development throughout the first year of life is
therefore necessary in order to clarify whether sleep in early or middle infancy is related
with concurrent and later development in the infancy period.
The literature suggests that snoring is common in children. Considering the
clinical implications of snoring, it is necessary to determine the risk factors for snoring in
infants and the prevalence of snoring in this youngest age group. While substantial
literature shows that OSAS can have considerable influences on a child’s development
and learning, it is now clear that relatively mild upper airway obstructions can also have
an impact on a child’s daytime functioning. A number of studies have revealed mixed
findings, but the majority have revealed that snoring children can have deficits in IQ,
executive functioning, memory, learning and school performance, and daytime
sleepiness. Moreover, a number of these associations seem to be stronger in younger
children compared to older children. It has also become increasingly evident that the
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neonatal environment is important, with studies finding that children born preterm may be
at heightened risk for developing SDB. The direction of the relationship between SDB
and neuropsychological deficits is not clear. While treatment of upper airway obstruction
with surgery has shown reduced breathing problems post surgery, some studies have
shown that post surgery children with SDB improve in learning and behaviour compared
to before the surgery, while one recent study found that 6 months post surgery, children
with SDB had not improved compared to before the surgery. The infancy period may be
an opportunity in which to examine whether snoring during this critical neurological
period results in permanent and long-term neurocognitive deficits.
In all, it seems evident that disruptions to sleep can affect the observable daytime
functioning of children. However, many studies have failed to examine the potential
psychological risk factors that could be acting as confounders in this relationship, for
example, parental psychopathology and family functioning (Reid, et al., 2009). It is also
essential to consider other psychological factors that could be interacting in the
relationship between snoring and reduced sleep and developmental outcome, and that
could also be influenced by children’s sleep. Thus, the next chapter will consider sleep in
mothers, postnatal depression and the interactions with infant sleep. It will also consider
the interactions between child sleep and family functioning.
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CHAPTER 2: A LITERATURE REVIEW OF THE RELATIONSHIPS BETWEEN
CHILDREN’S SLEEP, PARENTAL SLEEP, POSTNATAL DEPRESSION AND
FAMILY FUNCTIONING

2.1 Overview
An important issue in the postpartum period is the relationship between infant
sleep, maternal sleep and maternal mental health problems; this is not only because of
their high prevalence but also because of their adverse consequences. In addition, to
addressing the questions relating to sleep and snoring in infancy on developmental
outcomes, this thesis also considers the extent to which sleep disruption and snoring in
infants is associated with Postnatal Depression (PND) in mothers, and maternal sleep
disruption and, in turn, the associations with family functioning.
This chapter will initially provide a definition and description of symptoms of
PND. The review then provides evidence for the adverse sequelae of PND on a child’s
outcome and family relationships. Third, evidence is considered for a relationship
between maternal sleep disruption and infant sleep disruption and their relationships with
maternal depressive symptomology. Fourth, conceptual definitions of family functioning
and the associations between family functioning and development are considered. Next,
the interactions between sleep and family characteristics are discussed. Finally, the
chapter will evaluate the relationship between Sleep Disordered Breathing (SDB) in
children and parental and family functioning.
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2.2 Definition of PND
PND refers to depressive disorders that may start or continue into the postpartum
period (Cox, Murray, & Chapman, 1993). In past research these disorders have been
defined in a number of different ways (O'Hara & Swain, 1996). PND is distinct from the
“baby blues,” which is a temporary experience occurring within 10 days postpartum and
does not interfere with the mother’s functioning (American Psychiatric Association,
2000). Both of these are quite different to puerperal psychosis, which is rare and the most
severe of the three (Cantwell & Smith, 2006). It occurs following around 0.2% of all
deliveries, but has the greatest risk to the mother and the infant and may lead to suicide
and homicide.
The Diagnostic and Statistical Manual of Mental Disorders, (Fourth Edition Text
Revision) defines the time frame for onset of symptoms of PND as within 4 weeks of
childbirth (American Psychiatric Association, 2000). Researchers and clinicians may use
a more extensive time frame for onset of depression, such as within the first 3 months
(Yonkers, et al., 2001) or even up to 12 months after childbirth (Chaudron, Szilagyi,
Kitzman, Wadkins, & Conwell, 2004). A review by Boyd, Le, and Somberg (2005),
recommended that it is “reasonable to conduct a first screen for postpartum depression
between 2 weeks and 6 months postpartum, with an attempt to conduct screening as soon
after 2 weeks as feasible” (p. 150).

2.3 Symptoms and clinical presentation of PND
Symptoms of PND include variations in mood such as socially withdrawn
behaviour and feelings of worthlessness, and obsession with the infant to the point where
the infant receives insufficient rest because the mother is over concerned and disturbs the
child (American Psychiatric Association, 2000; Buist & Udechuku, 2007). The mother’s
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attitudes towards the infant can vary and include lack of interest, worry and anxiety about
being alone with the infant (American Psychiatric Association, 2000). It is necessary to
consider that many of the symptoms usually described as diagnostic criteria for
depressive disorders are not applicable to postnatal women, particularly those that stress
sleep disturbances and other somatic changes (Buist & Udechuku, 2007). For example, in
the postnatal period it is difficult to know whether loss of weight is normal or excessive
and symptoms such as impaired concentration or forgetfulness may just be the mother
adjusting to changes in motherhood (American Psychiatric Association, 2000; Buist &
Udechuku, 2007).
When considering the relationship between sleep disruption in infants and its
association with PND, it is necessary to consider other potential confounding factors that
may predispose a woman in developing PND. Several factors including biological, social
and psychological factors have been identified in the aetiology of PND. Some of the most
important are past history of depression, psychological disturbance during pregnancy,
poor relationship with partner, low social support, and stressful life events (Beck, 2001;
O'Hara & Swain, 1996). Other risk factors suggested are chronic stressors such as
financial problems and having other young children to look after. Moreover, previous
stillbirth, termination or miscarriage may increase vulnerability (Cantwell & Smith,
2006).
This thesis examines the relationship between sleep disruption in children and
their subsequent development, and it also examines the relationship between sleep
disruptions in children and family functioning. Therefore, it is necessary to consider the
evidence that suggests PND can have several negative outcomes on a child’s cognitive,
behavioural, social and emotional development and family relationships. The following
sections will review the effects of PND on children’s temperament, mother-infant
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interactions, children’s later social functioning, children’s developmental outcomes, and
development of psychiatric disorders in later childhood and adolescence. It will also
consider the effects of PND on other family relationships.

2.4 Consequences of PND
2.4.1 Effects on child temperament
It has been suggested that maternal depression can affect a child’s early individual
temperamental characteristics, which may be linked with more maladaptive behaviours in
later childhood (Hanington, Ramchandani, & Stein, 2010). Studies have shown support
for a relationship between maternal postnatal depression and temperament difficulty in
the child (Austin, Hadzi-Pavlovic, Leader, Saint, & Parker, 2005; Bruder-Costello, et al.,
2007; Cutrona & Troutman, 1986; Durbin, Klein, Hayden, Buckley, & Moerk, 2005;
Hanington, et al., 2010; McGrath, Records, & Rice, 2008). The relationship between
postnatal maternal depression and child temperament remains significant, once maternal
abuse or prenatal anxiety has been controlled for (McGrath, et al., 2008). In a large
population study, maternal depression when infants were 6-months-old was predictive of
temperament difficulty at 24-months-old in both female and male infants, even when
maternal depression at 24 months of age and temperament at 6 months of age were
accounted for (Hanington, et al., 2010). Moreover, Cornish, et al. (2006) found that
mothers who had experienced chronic depression for 12 or more months duration had
significantly higher parenting stress, reported more difficult infant behaviour and more
hostile feelings towards their infants, than those mothers who were never depressed.
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2.4.2 Effects on maternal-infant relationship and later social functioning
The long-term negative outcomes in children such as behavioural, emotional,
health and cognitive deficits have frequently been attributed to poor mother-infant
interactions between depressed mothers and their infants. It has been shown that the
development of close, dependent relationships between mothers and infants is especially
vulnerable when mothers experience depression in the postpartum period (Murray, 2009).
Several studies (Murray, 1992; Murray, Fiori-Cowley, Hooper, & Cooper, 1996; Murray,
et al., 1999; Righetti-Veltema, Bousquet, & Manzano, 2003; Teti, Gelfand, Messinger, &
Isabella, 1995) have shown children of mothers with PND are more likely to develop
insecure attachments (Misri & Kendrick, 2008). The odds ratio of a child with maternal
PND showing an insecure attachment type increased by a factor of 3.8 (Murray, et al.,
1996). When children were 5-years-old, even though mothers had generally recovered
from their prior depressive symptomology, children were unresponsive when mothers
tried to engage with them. This relationship was completely mediated by the child’s
earlier insecure attachment (Murray, et al., 1999). Noteworthy is that Campbell, Cohn,
and Meyers (1995) found that PND for 6 or more months was significantly associated
with more negative face-to-face interactions between the mother and the child and that
these interactions were not affected if women were depressed for a short period of time.
In 3-month-old infants, maternal depression was associated with increased
irritability and hostility towards the child, disengagement from the child, and less active
and pleasant social interaction (Lovejoy, Graczyk, O'Hare, & Neuman, 2000). Across
cultures and levels of socio-economic status, depressed mothers are less likely to engage
in vocal and visual communication with their infant, they engage less in smiling,
imitation, playing, and they are less sensitive to their infant (Field, Diego, & HernandezReif, 2006; Field, et al., 2010; Murray, Fiori-Cowley, et al., 1996; Righetti-Veltema, et
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al., 2003; Righetti-Veltema, Conne-Perrard, Bousquet, & Manzano, 2002). Depressed
mothers also touch their infants less frequently and less affectionately (Ferber, Feldman,
& Makhoul, 2008; Field, 2010; Herrera, Reissland, & Shepherd, 2004) and have more
negative affective and less informative features in their speech (Herrera, et al., 2004). In a
large population study, maternal and paternal depression was associated with less
interactions with the child such as singing songs, reading and telling stories (Paulson,
Dauber, & Leiferman, 2006). It is thought that these interaction activities are important
for cognitive, social, emotional and physical development (Bus, van Ijzendoorn, &
Pellegrini, 1995; Field, 2010). Therefore, the reduced time that the depressed mother
spends in activities with their infants’ may have negative consequences on their later
development (Field, 2010).
Studies have also shown that PND is related to poorer social functioning in later
childhood. Females at 13 years of age with mothers who had experienced PND had
higher scores for emotional sensitivity and in turn this was associated with insecure
attachment in infancy (Murray, Halligan, Adams, Patterson, & Goodyer, 2006). Matthey,
Guedeney, Starakis and Barnett (2005) found that maternal report of irritability, anxiety,
sadness, or depression since birth was related to significantly worse social behaviour in
infants. In addition studies have reported that in 5 to 8-year-old children, of mothers
previously experiencing PND, had more social difficulties, higher rates of problems with
peers and aggression and were unresponsive when approached by other children
(Hipwell, Murray, Ducournau, & Stein, 2005; Maughan, Cicchetti, Toth, & Rogosch,
2007; Murray, et al., 1999; Wright, George, Burke, Gelfand, & Teti, 2000).
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2.4.3 Effects on developmental outcome
Studies that have examined the effects of depression in mothers in the postpartum
period on child development outcome are shown in Table 2.1. Two studies have shown
that maternal depression in pregnancy has significant negative effects on physiological
predictors of cognitive development in the neonatal period. In addition, two studies have
shown that maternal anxiety and/ or depression during the pregnancy places the child at
greater risk of developmental delay later in infancy and in the toddler years. For example,
Van Batenburg-Eddes, et al. (2009) showed that mothers with anxiety in pregnancy
placed the child at a greater risk of non-optimal neuromotor performance at 3-months-old.
Similarly, Deave, Heron, Evans, and Emond (2008) have shown that if a mother had
depression at two points during the pregnancy period, independent of postpartum
depressive symptoms, this placed the child at an increased risk of developmental delay at
18 months of age. Some studies have shown that maternal depressive symptomology in
the first year of life is associated with poorer developmental outcome in later childhood
(Hay, et al., 2001; Sharp, et al., 1995). However, Sharp et al. (1995) found that this
association was only significant for boys, not girls. The association between maternal
depression and poorer cognitive ability persisted at 11-years-old, although again this
association was stronger for boys than girls (Hay, et al., 2001). Other studies have shown
that the effect of PND duration on cognitive ability is further complicated by confounding
factors such as socio-economic status. For example, mothers with first onset of PND after
birth did not affect language or mental development at 18-months-old if the child was in a
high socio-economic status stratum (Murray, 1992). However, infants in lower socioeconomic levels had significantly poorer mental development and language development
if mothers experienced PND. Moreover, boys of mothers with first onset of depression
after birth had significantly lower expressive language scores compared to girls (Murray,
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1992). Five years later there were no significant effects of postnatal depression on the
child’s developmental outcome, either for children in lower socio-economic levels or
boys (Murray, Hipwell, Hooper, Stein, & Cooper, 1996).
It is also evident that the duration and persistence of depressive symptomology in
the first postpartum year is necessary to consider. Three studies showed that children of
toddler and pre-school age had deficits in cognitive and language abilities if their mothers
were chronically depressed in the postpartum period (Brennan, et al., 2000; Kurstjens &
Wolke, 2001; N.I.C.H.D.E.C.C.R. Network, 1999). In addition, another two studies found
that infants of mothers depressed for 6 or more months duration (Field, 1992) or 12
months duration (Cornish, et al., 2005) had significantly lower development scores at 12months-old (Field, 1992) and lower mental and motor development scores at 15 months
of age (Cornish, et al., 2005). There are several conflicting results that can be explained
by a number of methodological issues. A wide variety of definitions have been used for
what is meant by the term “chronic” depression. For example some studies have defined
it as depression in the first 6 months postpartum to depression in the first 2 years of the
child’s life (Cornish, et al., 2005). Moreover, the length of the follow-up period has
varied from 6 weeks to 11 years and hence this reduces the comparability of the findings
across studies (Cornish, et al., 2005).
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Table 2.1
Studies examining the effect of maternal depression and anxiety in pregnancy and postpartum on developmental outcome
Study
Whiffen & Gotlib (1989)

Sample /size
25 depressed mothers; 25 non-depressed mothers

Field (1992)1

NA

Murray (1992)

Control = 42; no previous history of depression but
depression since delivery (PD) = 40; previous history of
depression, but no depression since delivery (PH) = 14;
previous history of depression and depression since
delivery (PHPD) = 21 (111 assessed when infants were 18months-old)

Sharp et al. (1995)

172 children; 170 mothers & 105 of their partners at 46months-old

Murray, et al., (1996)

Baseline: 100 mothers & infants (2-months-old); Followup: 56 depressed; 42 control mothers & infants

Murray, Hipwell, et al.
(1996)

Of the 100-child pairs recruited to study; 98 followed up at
18-months-old and 95 followed up at 5-years-old

N.I.C.H.D.E.C.C.R.
Network (1999)

Birth: 5265 eligible; 1 month:1364 enrolled; & 36 months:
1215 families with questionnaire and observational data at
1, 6, 15, 24, & 36-months-old

Brennan et al. (2000)

4953 followed from birth to 5-years-old

±

Main findings
Non-depressed mothers were sig. better educated compared to depressed mothers. Maternal education not sig.
associated with infant cognitive ability. Infants of depressed mothers had sig. worse mental development scores
compared to non-depressed mothers. No sig. differences between groups for motor development. Infants of
depressed mothers were sig. more likely to become distressed as assessment progressed as rated by test examiner.
Children scored lower on mental and motor development scales if mum depressed for first 6 months & infant
showed a “depressed” style at 12-months-old. Child not delayed or appeared depressed if mother not depressed at 6months.
Mothers with first onset of depression after birth had sig. lower cognitive ability scores compared to other groups at
9-months-old (subsample n = 53). At 18-months-old: Both groups with mums with PND had lower cognitive
scores than those not depressed. No diff. between infants of mums with first onset after birth and mums with prior
dep. and PND. If child had succeeded on ability scales at 9-months-old then more likely to succeed at 18-monthsold. Maternal depression group not sig. lower for mental development. For mums with first onset of depression after
birth, children with low SES had sig. lower cognitive scores. No effect of maternal groups on infant language
comprehension. Infants with mum that had first onset of depression after birth: children of low SES had sig. lower
scores. No sig. differences between groups for expressive language. Infants with mums experienced first onset of
depression after birth: low SES had sig. lower scores for expressive language & boys had sig. lower expressive
language scores compared to girls.
Boys of mums depressed in the 1st year postpartum scored 1 SD lower on cog. ability at 46-months-old compared to
boys of control mums. This difference remained when child’s behaviour during assessment, birth weight,
behavioural problems, parental IQ, family environment, mother-child interaction, breast-feeding during 1st year
accounted for.
Initial analyses showed that current maternal depression at 18-months-old was not related with current infant
cognitive development. Boys of mums with PND at 2-months-old had worse cognitive outcome at 18-months-old
compared to boys of control mothers.
No sig. effect of PND on cognition. No sig. effects for PND on cognition for children of low SES or for boys
compared to girls. Infants of mothers that actively engaged in communication with them at 2-months-old, then sig.
better cognition at 5-years-old.
After controlling for site, child sex, birth order, maternal education: children of mums reported to feel chronically
depressed compared to children of mums never reported to have dep. had sig. lower school readiness & verbal
comprehension. Children of mums reported to feel chronically depressed had lower expressive language scores than
mums never or sometimes reported depressed symptoms. Mums reported feeling chronically depressed reported
children had more problematic & less cooperative behaviour than mums reported feeling depressed some of the
time, and these had reported sig. more problematic & less cooperative behaviour in children than women never
reported depression. However, maternal sensitivity mediated the relationship between maternal depression & school
readiness, expressive language & verbal comprehension.
Higher maternal depressive severity scores related to higher levels of behaviour problems & lower vocab. scores for
children (small % of variance). More chronic maternal dep. associated with more behaviour problems & lower
scores on vocab. scores (small % of variance in vocab. scores). More behaviour problems for children with mums
with moderate levels of dep. only at 6 months postpartum than for those children with mum with moderate levels of
dep. only in pregnancy. Sig. more behaviour probs. in children with mums with severe dep. at 5-yrs-old than
children with mums with severe dep. during pregnancy or at 6-months-old. No sig. results for timing of dep. and
vocab. test scores.
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Study
Hay, et al. (2001)

Sample /size
(Ongoing prospective study of Sharp 1995)
148 women with psychiatric interview at 3-months-old
132 of these families followed-up when children 11-yearsold

Kurstjens & Wolke (2001)

1329 mothers of 8421 followed since birth and assessed 20
months, 4.8 years old and 6.3 years old

Field, et al. (2003)

Baseline: 166 pregnant women
Follow-up: 132 mothers and infants

Diego, et al. (2004)

No depression pre or post partum (n = 58); depression both
visits (n = 42); depression only pre-partum (n = 20);
depression only post-partum (n = 20)
114 mothers and their infants of 127 at 4, 12 & 15-monthsold

Cornish, et al. (2005)

Deave, et al. (2008)

Non-depressed women (n = 8799); Depressed women (n =
2299)

Van Batenburg-Eddes, et al.
(2009)

n = 2724 included in one or more analysis. 3382 of 5296
mothers returned both antenatal and postnatal
questionnaire. 1833 infants of 5296 mothers had a
behavioural questionnaire and no neuromotor assessment.
Neuromotor assessment in 3463 infants corrected age 9-20
weeks.

Main findings
In 11-year-old children of control mums scored (Mean = 100.3, SD = 17.9) sig. lower on Full Scale IQ than those
children of mums with dep. at 3-months-old (M = 89.3; SD = 15.2). Association between lower IQ & dep. in mum
at 3 months postpartum was sig. for boys only. Boys of mums with depression at 3-months-old had sig. lower FSIQ
scores than control mums of 19.4 points. Relationships were not sig. reduced when parental IQ, breastfeeding and
social disadvantage controlled for.
No sig. differences between children with mum with PND and children with mum without PND at 20-months-old;
4.8-years-old; 6.3 years old. Group of children with chronically affected depressed mums did not differ from less
affected depressed mums or controls at 6.3 years old. Boys of chronically depressed mums in low SES families had
significantly lower scores compared to boys of chronically depressed mums in upper SES families or boys & girls
of control group of low or high SES. Boys with neonatal risk and chronically depressed mum had significantly
lower scores compared to boys with neonatal risk and less severely depressed mums or boys of control group
mothers with or without birth risk.
Prenatal and postnatal: high anxiety group had high dep. and high anger scores at both times. High anxiety mums
had more postnatal complications and infants had greater relative right frontal EEG activation. Infants of high
anxiety mums spent more time in deep sleep and less time in quiet and active alert states, less time crying. Infants of
high prenatal anxiety mums had lower motor organization and autonomic stability and higher withdrawal levels.
Infants of mothers with pre & post partum depressive symptomology had significantly elevated cortisol &
norepinephrine levels, lower dopamine levels & increased right frontal EEG.
Infants of chronically depressed mothers for 12 months or more in the postpartum period showed sig. lower motor
and mental scores compared to those mothers that were never depressed or briefly depressed. Moreover, infants at
15-months-old of chronically depressed mothers for 12 months or more were sig. less likely to be walking.
Odds Ratio (OR) for developmental delay at 18-months-old if mother had depression at both 18 & 32 weeks of
gestation 1.35 (95% CI 1.04-1.76); adjusting for smoking, maternal age & life events 1.50 (95% CI 1.15-1.96). OR
for developmental delay at 18-months-old if mother had depression at both 18 & 32 weeks of gestation and
adjustment for PND at 8 weeks & 8 months: (OR 1.34 (95% CI 1.01-1.78)).
Adjusting for gestational and postnatal age & gender; antenatal anxiety and postnatal depression increased risk of
non-optimal neuromotor development at 3-months-old; however after adjusting for other covariates none of the
associations remained sig. (esp. due to education of mother and ethnicity of child). Mothers with only antenatal
symptoms of anxiety, children had increased risk of non-optimal neuromotor dev (OR: 1.49). When excluding
mothers with symptoms of depression, OR for association between antenatal maternal symptoms of anxiety and
infant neuromotor dev increased slightly (OR: 1.70).

±

Note 1 Sample size and description not reported; Only results for developmental outcome are provided; studies that assessed attachment are not provided
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2.4.4 Effects on the child’s development of psychiatric disorders in later childhood
Only a few studies to date have investigated the effects of maternal PND on the
child’s development of psychiatric disorders in later childhood. Studies have shown that
children of mothers with PND are vulnerable to cognitive, emotional and biological
disturbances (Halligan, Murray, Martins, & Cooper, 2007; Hipwell, et al., 2005;
Maughan, et al., 2007; Murray, et al., 1999). In turn, these disturbances may lead children
to an increased risk of developing psychiatric disorders in later childhood. In one
longitudinal study it was shown that mother’s postnatal depression predicted a child’s
violent behaviour at 11-years-old even when depression during pregnancy, later history of
depression and family demographics were taken into consideration (Hay, Pawlby,
Angold, Harold, & Sharp, 2003). In this same group of children aged 11 years, children
were also more likely to suffer from a psychiatric disorder including social anxiety,
depressive episode, oppositional-defiant disorder, conduct disorder, attention-deficit
hyperactivity disorder, if their mother experienced postnatal depression when they were
3-years-old as identified by a clinical interview, compared to those mothers who had been
well throughout the postnatal period (Pawlby, Sharp, Hay, & O'Keane, 2008). In contrast
to these findings Halligan, Murray, et al., (2007) found that there were higher rates of
psychiatric disorders in 13-year-old adolescents if their mother had experienced PND.
However, maternal PND was only associated with an increased risk for depression in the
adolescent if the mother had experienced episodes of depression after the postpartum
period (i.e. when the child was older than 12 months). Additionally, it has been shown
that adolescent children of mothers with PND during the child’s infancy had increased
basal morning cortisol levels, indicating an elevated stress response. This association was
not significant for children exposed to maternal depression experienced at times other
than during the child’s infancy (Halligan, Herbert, Goodyer, & Murray, 2004). In
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addition, after controlling for earlier symptoms, elevated cortisol levels in13-year-olds
predicted higher depressive scores in 16-year-olds (Halligan, Herbert, Goodyer, &
Murray, 2007). In all, the results of these studies suggest that maternal PND may
contribute to the development of psychiatric disorders in the child’s later childhood and
adolescence.

2.4.5 Effects on family
PND can also have negative effects on the spouse and family. For example, PND
has been linked with increased marital distress and conflict (Burke, 2003; Lee & Chung,
2007). Viinamaki, et al., (1994) found that mothers with depression reported more marital
problems during pregnancy and after delivery. Moreover, these women perceived the
social support they received as inadequate. Even when the level of depression decreases
over the first year of life, problems involving the marital relationship persist and increase
throughout the first year (Milgrom & McCloud, 1996). In addition, fathers are
significantly more likely to be depressed if their partner experiences depression
(Goodman, 2004). Depressed mothers have been shown to have different interaction
styles with their spouse and other family members, including more withdrawn and
intrusive behaviour (Field, Diego, & Hernandez-Reif, 2009) and higher levels of
parenting stress when infants were 15-months-old (Cornish, et al., 2006).
The evidence reviewed above suggests that PND can have serious consequences
on child and family relationships. It is therefore necessary to consider factors that are
interrelated with PND such as infant sleep problems that may help to explain these
outcomes (Hiscock & Wake, 2002). This thesis considers whether sleep disruption in
infants, including snoring, is linked with maternal sleep disruption and its consequences
such as mental health problems. The following section first considers the evidence for a
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relationship between maternal sleep disruption and child sleep disruption. Second, it
considers the impact of sleep disruption both in older and younger children on maternal
mental health problems. Third, the direction of this relationship is discussed.

2.5 Child sleep and maternal sleep
Disrupted maternal sleep during the postpartum period is common due to frequent
feeding of the newborn leading to a number of night awakenings (Lee, 1998). In the early
postpartum weeks following delivery, new mothers sleep less compared to pregnant
women and non-pregnant women (Lee, McEnany, & Zaffke, 2000; Nishihara, Horiuchi,
Eto, & Uchida, 2001). In infants aged 9 to 12 weeks, average total sleep duration was
reported as ranging between 5.4 hours and 5.6 hours per night. However, conclusions
from this study were limited by a small sample size. In a recent large population study,
when infants were 7-weeks-old, women were reported to sleep 6.5 hours each night on
average with a sleep efficiency 1 of 73% (Dǿrheim, Bondevik, Eberhard-Gran, &
Bjorvatn, 2009). It has been suggested that this sleep deprivation in mothers could
produce fatigue, sleepiness and cognitive deficits consistent with depressive
symptomology. It is also possible though that postpartum depression could exacerbate an
impaired sleep quality (Chang, Pien, Duntley, & Macones, 2009).

1
2
3

Note: Sleep efficiency is the proportion of time spent asleep (total sleep time) to the total time spent in bed.
Parasomnia includes sleep terrors, sleepwalking, sleep talking, confusion arousals and enuresis.

Note: Although an attempt is made for nurses to visit families as close to the birth of the child as possible;
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2.6 The relationship between maternal sleep disruption and
maternal functioning
2.6.1 In older children
Sleep problems in children often impact the quality of parents’ sleep and daytime
functioning. In Australia, in a longitudinal population study of children aged 6 to 7-yearsold and 2 to 3-years-old, 23% of parents reported that quality of sleep was fairly bad to
very bad, while 33% of parents reported their quality of sleep was adequate (LSAC,
2008). In Boergers, Hart, Owens, Streisand, and Spirito's (2007) study, parents of
children diagnosed with more than one sleep disorder reported more daytime sleepiness,
but not more reported sleep duration, than parents of children with only one diagnosis of
parasomnia 2, Obstructive Sleep Apnoea (OSA) or behavioural sleep disorder. Moreover,
compared with fathers, mothers reported more daytime sleepiness, but there were no
significant differences between mothers and fathers for the reported sleep duration. When
considering the impact of sleep disruptions in children on parent’s sleep, a small number
of studies have focused on sleep disruptions in children with chronic illnesses. For
example, a parent of a child with epilepsy was more likely to have more interrupted and
fewer hours of sleep (Cottrell & Khan, 2005) and this was related to poorer parental
social, emotional and physical functioning (Cottrell & Khan, 2005). In children with
ectopic eczema both parents were frequently woken up and spent around 45 minutes per
night with the child, and the mother’s sleep was more disrupted when the eczema was
more severe (Moore, David, Murray, Child, & Arkwright, 2006). The parent’s sleep
disruption was related to an increase in parental anxiety; however, sleep disruption was
only related to an increase in depression for mothers but not for fathers (Moore, et al.,
2006). In one study to date, in a sample of children without chronic illnesses, child sleep
2

Parasomnia includes sleep terrors, sleepwalking, sleep talking, confusion arousals and enuresis.

68

disruptions were related to poorer maternal sleep quality and this was associated with
negative mood, higher parenting stress and poorer daytime functioning (Meltzer &
Mindell, 2007).

2.6.2 In infants
It has also been shown that poor maternal sleep quality is a common problem
reported in mothers early postpartum, and sleep quality is associated with depression even
when adjusted for risk factors such as poor partner relationship, previous depression,
depression during pregnancy and stressful life events (Bayer, Hiscock, Hampton, &
Wake, 2007). In a recent population study, shorter sleep duration in mothers recorded by
actigraphs was associated with higher maternal depression scores. Factors that were
associated with poor sleep quality early postpartum included previous sleep problems,
first time mothers, not exclusively breastfeeding and having a younger or male infant
(Dǿrheim, et al., 2009). Moreover, it has been shown that good sleep quality can
significantly reduce the relationship between infant sleep problems and maternal mental
health (Bayer, et al., 2007).

2.7 The relationship between child sleep and maternal depressive symptomology
2.7.1 In older children
In older children, it has also been shown that sleep problems in children are linked
with more maternal depressive symptomology. In a clinical sample, children of mothers
with a diagnosis of unipolar and/ or bipolar affective illness had more severe and frequent
sleep problems as assessed by the Child Behaviour Checklist compared to children of
mothers with no current or past psychiatric illness (Stoléru, Nottelmann, Belmont, &
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Ronsaville, 1997). In a longitudinal study of a community sample of infants aged 12 to
24-months-old, maternal depression was not predictive of persistent sleeping problems
among these children, although maternal depression was associated with current sleep
problems in these children (Morrell & Steele, 2003). Similarly, in a follow-up community
survey of 114 mothers and infants, higher maternal depression scores when infants were 8
to 10-months-old did not predict sleep problems when these children were 3 to 4-yearsold; although mothers of children with sleep problems at 3 to 4-years-old had higher
current maternal depression scores (Lam, et al., 2003).

2.7.2 In infants
In younger children, there is a well established association between maternal PND
and infant sleep problems including difficulty settling the child to sleep, frequent night
waking, being awake during the night for increasingly longer periods of time, and infants
taking shorter naps (Armstrong, O'Donnell, McCallum, & Dadds, 1998; Hiscock &
Wake; Scott & Richards, 1990; Smart & Hiscock, 2007; Zuckerman, Stevenson, &
Bailey, 1987). A recent study has shown that infant sleep and crying problems were also
associated with poorer paternal mental health (Smart & Hiscock, 2007). In an Australian
community based setting, in infants aged 6 to 12-months-old, 46% of mothers surveyed
reported that their infant’s sleep was a problem (Hiscock & Wake, 2001). Also, report of
infant’s sleep as a problem remained a significant predictor of depression even when
potential confounders and factors such as maternal history of depression and marital
status had been accounted for (Hiscock & Wake, 2001). In another study Bayer, et al.
(2007) found that in a sample of infants aged 3 to 6-months-old, one third of mothers
reported that their infant’s sleep was a problem. This is in contrast to the opinions of
clinicians who commonly consider frequent night wakings to be normal and non
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problematic (Bayer, et al., 2007). Also, mothers who reported infant sleep problems,
reported poorer mental health and physical health, regardless of socio-economic status. In
contrast, data from the National Institute of Child Health and Human Development Study
of Early Child Care in the US showed that maternal depression had weak correlations
with infant sleep such as night waking, longer wake times, and more total time awake
(Karraker & Young, 2007). However, in this study the proportion of clinically significant
depression scores was doubled among those mothers who reported persistent or severe
infant night waking, compared with those who did not (Karraker & Young, 2007).

2.8 Are child sleep problems predictors or a consequence of maternal mental health?
It has been unclear, however, whether infant sleep problems precede maternal
depression or whether maternal depression predicts infant sleep problems (Warren, Howe,
Simmens, & Dahl, 2006). Certainly, in case-control studies mothers of children with poor
sleep behaviour have reported more depressive symptoms compared with mothers of
children with good sleep behaviours (Lozoff, Wolf, & Davis, 1985), even when socioeconomic status was accounted for. In a longitudinal study, Warren, et al. (2006)
provided evidence to suggest that maternal depressive symptoms contributed to the
duration of child awakenings over a 3 year period. Some researchers have suggested that
depressed mothers could contribute to their child’s sleep problems through biological and
social mechanisms (Warren, et al., 2006). For example, children of depressed mothers
were more irritable and had more difficulty in self–soothing (Field, 1995), which could
result in them exhibiting more problems in settling to sleep (Warren, et al., 2006). In
another study, infants of mothers with a high risk of depression compared to mothers with
a low risk of depression, had longer nocturnal sleep latency, shorter sleep episodes, and
lower sleep efficiency when infants were 2-weeks-old and again when infants were 6-
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months-old. However, this study was limited by a small sample size (n = 18) (Armitage,
et al., 2009).
On the other hand, a significant reduction in maternal depressive symptoms after
the treatment for the child’s sleep problems suggests that sleep problems precede
maternal depressive symptoms. When parents have been admitted to a residential
program to aid them to manage their irritable infant, maternal depressive symptomology
and parental perception of their infant’s behaviour improved significantly at postadmission follow-up (Leeson, Barbour, Romaniuk, & Warr, 1994). In uncontrolled
intervention studies, when parents were shown how to modify their child’s problematic
sleep behaviour, maternal mental health scores (Armstrong, Van Haeringen, Dadds, &
Cash, 1998) and parental mental health scores (Smart & Hiscock, 2007) improved
significantly. Similarly, in a randomized controlled trial, a behavioural intervention to
improve infant sleep resulted in a significant decrease of mother’s reported symptoms of
depression at 2-months-old and this was sustained at 4-months-old, for mothers with high
depression scores (Hiscock & Wake, 2002).

2.9 Methodological issues
The primary constructs in sleep research include total sleep time (number of hours
of sleep), sleep onset latency (number of minutes to fall asleep at bedtime), night waking
(frequency and duration of wakings between sleep onset and sleep offset) and sleep
quality (subjective rating of how well the person felt they sleep) (Meltzer & Moore,
2008). However, a number of the studies reviewed above have relied upon subjective
parental-reported measures of sleep for the infant and subjective self-reported measures
of sleep for the mother in assessing associations between maternal and/ or infant sleep
with maternal PND scores (Armstrong, O'Donnell, et al., 1998; Armstrong, Van
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Haeringen, et al., 1998; Bayer, et al., 2007; Hiscock & Wake, 2001). It is known that
mother’s perceptions may not be accurate when recording their child’s sleep and thus an
objective measure may be important in determining this relationship (Meltzer & Moore,
2008). Moreover, only a few studies have actually considered the duration of time for
which the parent is awake when they are up attending their infant, and this could
potentially have an effect on the mother’s mood (Chang, et al., 2009). For example, in the
first postpartum month, mothers’ reports about poor subjective sleep quality and more
time awake were significantly associated with more negative mood (Swain, O'Hara, Starr,
& Gorman, 1997). That is, if mothers reported more time awake in the previous night,
they also reported more negative mood the following day. In addition, inconsistencies in
results between studies have arisen because of sampling, some studies have included low
risk community samples and others have included clinical groups (Sadeh, Tikotzky, &
Scher, 2009). The inconsistencies in results between studies have also arisen because the
timing of the depressive symptoms has varied, for example, because some studies have
measured prenatal depression, others postpartum depression in infancy or depression in
toddlerhood (Sadeh, Tikotzky, et al., 2009). Finally, the child’s age is also important to
consider not only for the timing of the parent’s depressive symptoms, but also for the
different developmental stages and tasks that infants face at different ages (Sadeh,
Tikotzky, et al., 2009). Therefore, due to these limitations, comparisons across studies are
difficult.
The literature reviewed above has indicated that sleep disruptions in infants and
children is related to poorer maternal and paternal mental health and general functioning.
There is an increasing awareness in the literature that sleep in children can impact the
functioning of other family members. The following section will first provide a definition
of family functioning. Secondly, it will examine the effects of family functioning on child
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development. Third, it will examine the evidence for a relationship between sleep in
children and the family context. Finally, it will discuss the evidence of a relationship
between SDB and family functioning.

2.10 Family functioning
2.10.1 Conceptual definition
The term family functioning has been used to describe a range of interacting
family qualities and relationships that allow child socialisation to occur (Kitzmann,
Dalton, & Buscemi, 2008). It has become clear that the concept of family functioning is
complex because it is a multidimensional construct. It includes the interactions that occur
between family members in several situations and also the extent to which family
members are involved and concerned about the wellbeing of other members in the family.
Family functioning also includes parent’s characteristic styles of how they interact with
their child. In this thesis, the McMaster model of family functioning has been applied
because it has been used in previous studies that have examined the role of family in
medical conditions such as asthma and sleeping problems (Reid, et al., 2009; Sawyer, et
al., 2000). This model has been developed over the past 30 years and has been tested and
conceptualized in clinical work, research and teaching. It is a multidimensional model and
each dimension is important to understanding the family as a complete entity (Miller,
Ryan, Keitner, Bishop, & Epstein, 2000). In this model six dimensions of family life are
assessed: problem-solving, communication, roles, affective responsiveness, affective
involvement and behaviour control. The first dimension is problem solving and is defined
as the family’s ability to resolve problems so that family functioning remains effective
(Miller, et al., 2000). Problems include those of everyday life such as money
management. Other problems include those related to feelings and emotional experience.
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The second dimension is communication and is defined as verbal information exchanged
within a family. Although non-verbal aspects of communication within family are also
important, these are excluded because there is potential misinterpretation and
methodological difficulties in collecting and measuring data for research (Miller, et al.,
2000). A third dimension is family roles and these are defined as the necessary family
functions that the family must be repeatedly concerned with, if it is to function well
(Miller, et al., 2000). These are routine family tasks such as cooking, or washing dishes
(Miller, et al., 2000). A fourth dimension is affective responsiveness, including the
capacity of the family to respond with the appropriate quality and quantity of feelings to a
range of stimuli (Miller, et al., 2000). A fifth dimension is affective involvement, defined
as the degree to which the family is able to value the activities and interests of family
members (Miller, et al., 2000). The final dimension is behaviour control and is defined as
the patterns that the family utilise to handle behaviour in three types of situations. The
first type of situation includes physically dangerous situations. The second type of
situation includes meeting and expressing innate drives such as eating, drinking and
aggression. The third type of situation includes interpersonal socialising behaviour among
family and others outside the family (Miller, et al., 2000).
This thesis examines the effects of sleep disruption on the child’s subsequent
development. However, few studies have adjusted satisfactorily for parental, family and
environmental characteristics that may confound the relationship. The following section
will consider the effects of family characteristics on child developmental outcome.
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2.10.2 The relationship between family characteristics and child
developmental outcome
Several characteristics of family functioning and home environment have been
shown to predict development in childhood. A number of studies have shown that
parenting stress is related to adverse developmental outcomes (Wacharasin, Barnara, &
Spieker, 2003). The quality of the home environment and parenting quality has also been
shown to be a significant predictor of child cognitive outcome (Carlson & Corcoran,
2001; Duncan, 1994; N.E.C.C.R. Network & Duncan, 2004; Tong, Baghurst, Vimpani, &
McMichael, 2007; Zhou, Baghurst, Gibson, & Makrides, 2007). In general, an
environment that provides opportunities for learning and exploring and provides warmth
and emotional support is associated with healthy cognitive development (N.E.C.C.R.
Network & Duncan, 2004). In addition, higher maternal education, maternal IQ and
family income have been found to be significant indicators of better child outcomes
(Hillemeier, Morgan, Farkas, & Maczuga, in press). Duncan (1994) reported that
persistent poverty was associated with developmental deficits. For example, family
income may determine the neighbourhood in which families can afford to live and, in
turn, poverty and economic stress may lead to less effective parenting and subsequently
poorer child development and adjustment (Carlson & Corcoran, 2001; Duncan, 1994).
The literature also suggests that household chaos, high in noise and a lack of structure and
routines within the family, is predictive of lower IQ scores and lower school achievement
scores (Asbury, Wachs, & Plomin, 2005; Dumas, et al., 2005) and more behavioural
problems in children, including oppositional behaviour and aggression (Coldwell, Pike, &
Dunn, 2006; Dumas, et al., 2005; Petrill, Pike, Price, & Plomin, 2004; Pike, Iervolino,
Eley, Price, & Plomin, 2006). In a recent study, after controlling for other family and
home factors, such as poor living conditions, low parental education and IQ, poor literacy
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environment within the household, higher parenting stress, higher parenting negativity
and lower parental warmth, and household chaos predicted lower IQ and more conduct
problems in children (Deater-Deckard, et al., 2009).
The literature above suggests that lower family functioning is associated with
poorer developmental outcome in children. It is therefore necessary to consider factors
that may be interrelated with family functioning. The following section considers the
evidence for a relationship between sleep disruption in children and poorer family
functioning.

2.11 The relationship between family and children’s sleep problems
There is an increasing focus on the family context when examining sleep
problems, a focus that has often been omitted in past discussion (Dahl & El-Sheikh,
2007). This change has occurred since it has become more apparent that sleep
disturbances can have a substantial influence not only on the child’s life but also on their
caregiver’s life (Baldassari, Mitchell, Schubert, & Rudnick, 2008; Georgalas, BabarCraig, Arora, & Narula, 2007; Stewart, Glaze, Friedman, Smith, & Bautista, 2005). There
are several reasons why it is crucial to consider both the impact of the sleep problems in
the child on family functioning and also, the influence of the family context on the sleep
problem in the child (Dahl & El-Sheikh, 2007).
Sleep problems in one family member can often have an impact on multiple
members of the family (Dahl & El-Sheikh, 2007). A number of studies have shown that
crying and sleep problems during infancy can impact many members of the family.
Families with excessively crying infants have reported more chaos, more conflict, more
anxiety and less flexible family environments (Raiha, Lehtonen, Korhonen, &
Korvenranta, 1996). In another study, excessive crying in infants in the first year of life
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was associated with a significant deterioration in marital satisfaction (Meijer & van den
Wittenboer, 2007). Families of previously colicky infants reported more dissatisfaction
with their arrangements of daily family responsibilities when their child was 3-years-old.
The parents of these infants also shared less leisure time than parents of non-colicky
infants (Rautava, Lehtonen, Helenius, & Sillanpaa, 1995). In another study sleep
problems and anxiety problems in 3 and 4-year-old twins were associated with maternal
depressive symptoms and family dysfunction (Gregory, Eley, O'Connor, Rijsdijk, &
Plomin, 2005).
It has been suggested that aspects of the family context that include stress,
parental attitudes, the emotional environment and sleeping arrangements all have
significant impacts on sleep (Dahl & El-Sheikh, 2007). In a representative population
study of 2454 children, positive parenting behaviours such as the levels of control and
warmth were related to better sleep behaviours in children (Adam, Snell, & Pendry,
2007). In younger children, parental warmth was associated with longer sleep duration,
and this effect was larger for weekday rather than weekend sleep (Adam, et al., 2007). In
another study, greater depressed parental mood, more parental hassles and more
interrupted bedtime routines were related to an increased number of night time wakings in
children with asthma (Fiese, Winter, Sliwinski, & Anbar, 2007). Four studies have used
structural equation modelling to test models that examine how psychological risk factors
contribute to the relationship between sleep patterns and behavioural problems.
Goodnight, Bates, Staples, Pettit, and Dodge (2007) found that 5-year-old children who
were more temperamentally resistant were more likely to show more sleep problems and
higher scores for externalising behaviours; however the association between sleep
problems and externalising behaviours was not significant. Bates, et al. (2002) reported
that after considering family stress and family management practices, children’s
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problematic sleep patterns such as variability in the quantity of sleep reported, bedtime
resistance and late bed time, was associated with increased psychopathology. In this study
there was no relationship between problematic sleep behaviours and family management
practices, but this lack of association could have occurred because the sample was
comprised of a high risk group, that is, low income earners (Bates, et al., 2002). In a large
population sample, Reid, et al. (2009) found that, in 2 to 3-year-old children, family
dysfunction and parental psychopathology was related negatively to parenting, which in
turn was associated with more sleep problems. Parental marital conflict can also
contribute to disruptions in the quantity and quality of children’s sleep (El-Sheikh,
Buckhalt, Mize, & Acebo, 2006). El-Sheikh, Buckhalt, Cummings, and Keller (2007)
found that parental marital conflict increased emotional insecurity leading to reduced
sleep duration and quality and, in turn, this was linked to emotional, behaviour and
academic problems.
A contributing factor to maternal sleep quality and a possible consequence to
maternal mental health and poorer family functioning are practices surrounding child
sleep behaviour. For example, parental concern about child breathing during sleep in
children with SDB is common. The following section will consider the relationship
between parental functioning and SDB.

2.12 The relationship between family and SDB
Recent research has assessed the quality of life of children and parents affected
with SDB. A meta-analytic review of 10 studies examining the quality of life (QOL) of
children with SDB showed that SDB can have psychological impacts on both patients and
their caregivers (Baldassari, et al., 2008). In studies comparing QOL in children with
Obstructive Sleep Apnoea (OSA), compared to healthy children, children with OSA had
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poorer scores for subscales measuring emotional impact on parents (Georgalas, et al.,
2007; Rosen, Palermo, Larkin, & Redline, 2002; Stewart, et al., 2005), time impact on
parents (Georgalas, et al., 2007) and family activities (Georgalas, et al., 2007; Georgalas,
Tolley, & Kanagalingam, 2004). In addition, compared with children with rheumatoid
arthritis (Georgalas, et al., 2004; Stewart, et al., 2000) and asthma (Stewart, et al., 2000),
children with OSA had significantly lower scores for subscales measuring emotional
impact on parents and time impact on parents.
In the meta-analytic review by Baldassari, et al. (2008) it was found that caregiver
concern is a domain frequently affected by OSA. Caregivers frequently report concern
that their child will stop breathing during sleep, and also express concern regarding their
child’s general health status and daytime behaviours that may be disrupted as a result of
the apnoea (Baldassari, et al., 2008). Parental concern about their child’s night time
apnoea may impact the parent by feeling the necessity to stay awake at night watching
their child breathing (Georgalas, et al., 2007). This in turn places stress on parents,
disrupting family relationships (Georgalas, et al., 2007). In an epidemiological study by
Montgomery-Downs and Gozal (2006a) examining the prevalence of snoring in children
aged 2-months-old to 2-years-old, 17% of parents of habitual snorers, compared to 4.4%
of parents of non-snorers, reported being concerned about their child’s breathing during
sleep.
A number of studies have examined the changes in QOL domains after surgery for
tonsils and adenoids removal (Baldassari, et al., 2008). Several studies have shown that
within 6 months of surgery QOL scores for caregiver concerns improve significantly
(Goldstein, et al., 2002; Mitchell & Kelly, 2005; Mitchell, Kelly, Call, & Yao, 2004b;
Sohn & Rosenfeld, 2003; Tran, et al., 2005). Additionally, two studies have examined the
changes in QOL 6 to 16 months after surgery, showing significant improvements in
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caregiver concerns (Flanary, 2003; Mitchell, Kelly, Call, & Yao, 2004a). These studies
that have described QOL in children with OSA have been limited, with males
overrepresented in several studies (Flanary, 2003; Georgalas, et al., 2007; Mitchell, et al.,
2004b; Mitchell & Kelly, 2005; Sohn & Rosenfeld, 2003; Stewart, et al., 2000; Tran, et
al., 2005), or overrepresentation of African-American participants (Rosen, et al., 2002;
Tran, et al., 2005), or Hispanic participants (Mitchell & Kelly, 2005; Mitchell, et al.,
2004b).
Several studies have considered the extent to which OSA affects QOL; however,
few studies to date have examined more specific domains of family functioning in
children with symptoms of SDB. It was evident from the literature that parents of children
with symptoms of SDB have frequently reported concern about their child’s apnoea at
night. Only one epidemiological study to date has considered the impact of snoring on
parental concern, but this study did not consider links with parental mental health,
parental sleep quantity or quality and family functioning. It is possible that parental
concern about the child’s breathing during sleep, may lead to increased parent waking to
check their child’s breathing leading to less parental sleep duration and poorer parental
sleep quality; considering the potential links between poor sleep quality and less sleep
duration and poorer mental health in parents. This in turn, could lead to reduced parental
mental health. Moreover, poorer mental health has been linked with marital conflict and
impairment of maternal social functioning. Thus, it is thought that these circumstances
may also lead to increased dysfunction within the household.
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2.13 Summary of the literature
The aim of the current chapter was to consider the impact of sleep in children in a
family context. In summary, PND is common in mothers in the first year of life and can
have significant negative effects on the child’s relationship with their mother, child’s
temperament, child’s developmental outcome and family relationships. In examining the
relationship between sleep disruptions and neurocognitive functioning in children, it
seems pertinent to consider PND in mothers, considering its potential relationship with
poorer developmental outcomes. Evidence also shows an evident relationship between
maternal sleep disruption due to frequent infant night wakings, and child sleep problems.
It has been suggested that this sleep deprivation in mothers could lead to sleepiness,
fatigue, cognitive deficits and depressive symptomology. In all, the studies reviewed have
suggested a relationship between sleep in infancy and mental health problems in mothers.
However, comparisons between studies are difficult because some studies have included
low risk samples whereas other studies have included vulnerable clinical populations.
In all, the studies reviewed suggest that it is important to consider the family
context in children’s sleep and this includes the levels of family adaptation, family
cohesion, and family communication. Sleep in infants affects the level of chaos and
conflict within the family. In addition, while it is known from the limited research that
there is a relationship between sleep disruption in infants and mothers and subsequent
family functioning, the mechanism is unknown. It is known that sleep disruption in both
infants and mothers leads to higher PND scores. It is also evident in the literature that
higher PND scores leads to poorer family functioning. Therefore, it is necessary to
determine whether the link between sleep disruption in infants and mothers and family
functioning is PND.
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Moreover, parenting behaviours and conflict can affect sleep in children. In
addition, it is known that parental practices such as a high level of concern about the
child’s breathing during sleep are common in children with SDB. Often parents comment
that they feel the necessity to wake during the night to watch their child breathe, afraid
they will stop breathing. One study to date by Montgomery-Downs and Gozal (2006a)
has shown that in 2 month to 2-year-olds, 17% of parents of habitual snorers compared to
4.4% of parents of non-snorers were concerned about their child’s breathing during sleep.
It is therefore possible to speculate that more maternal concern about the child’s breathing
during sleep could lead to less parent sleep duration, poorer parent sleep quality and
higher PND scores. Or alternatively, more concern and anxiety about the child’s
breathing during sleep leads to higher PND scores, and this results in less parental sleep
duration and poorer parental sleep quality. It is also possible that poorer sleep quantity
and quality among parents may result in worse daytime functioning and higher PND
scores, and this may subsequently affect family functioning.
The chapter to follow will describe the methodology employed for the entire
research study. This includes participants, protocol of the studies, and measures used.
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CHAPTER 3: RESEARCH METHODS

3.1 Overview
This study uses a longitudinal design, as described in detail here. This chapter details the
methodology applied for each phase of data collection, including ethical considerations,
details of sampling, inclusion and exclusion criteria, measures and protocol.

3.2 Method
3.2.1 Design
The design of studies is documented in Figure 3.1. Phase 1 was a community
survey that made it possible to determine the prevalence of snoring of infants at one time
point. Phase 2 was a cross-sectional study conducted as close as possible to when infants
were 6-months-old (though infant’s ages ranged from 5 to 8-months-old) that recruited
and identified infants from Phase 1 into three subgroups: “habitual snorers” (snoring 3 or
more nights per week), “infrequent snorers” (snoring 1-2 nights per week) and “controls”
(never reported to snore in the absence of a cold). Phase 2 analysed group differences in
developmental outcomes between these groups. Phase 3 followed the infants recruited at
Phase 2, 6 months later, to determine the differences in developmental outcomes at 12months-old (one time point) and the longitudinal associations between measurements for
the infant at 6 months and 12 months of age.
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Phase 1
Cross-sectional survey
Total surveys returned (n = 515)
Exclusion
Prematurity (n = 35)
Infants aged > 3 months (n = 23)
Phase 1
Cross-sectional survey
Infants aged 0-3-months-old
(N = 457) surveys analysed
No contact details (n = 157)
Not contacted (n = 88)
Assessed for eligibility
(n = 212)
Exclusion
Medical conditions (n = 2)
Living in regional South
Australia (n = 29)
181 Eligible
(n = 64 declined participation)

Phase 2
Infants aged 6-months-old
Developmental assessment
(N = 117)
Withdrawal
(n = 4)
Phase 3
Infants aged 12-months-old
Developmental Assessment
(N = 113)

Figure 3.1. The recruitment procedure
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3.2.2 Participants
3.2.2.1 Phase 1
Of the 2500 surveys distributed across South Australia 515 were returned
(response rate = 21%). Of these, 23 were excluded because they did not meet the age
criteria; and 35 were excluded because infants were born preterm (< 37 weeks gestational
age). To ensure anonymity, details of non-responders were not recorded.
The final sample consisted of 457 infants born at full term (204 males; 253 females).
Infants’ ages ranged from 7 days to 13.86 weeks of age at Phase 1 (Mean age (SD) = 4.86
(2.68) weeks old). Mothers’ age ranged from 15.8 to 45 years (Mean age (SD) = 32.00
(5.20) years old). Mothers not sufficiently fluent in English to complete the questionnaire
were excluded from the study.

3.2.2.2 Phase 2
Of the potential 212 participants who had agreed in the questionnaire completed at
Phase 1 to be re-contacted, 181 were eligible to be contacted. Infants born with medical
conditions that would affect sleep (e.g. craniofacial abnormalities, congenital
abnormalities) and developmental outcome (e.g. deaf (n = 2)) were excluded. Children
who lived in regional areas of South Australia (n = 29) were also excluded, because it
would have required travelling long distances. Of the 181 infants who were eligible for
the assessment, 117 completed the first testing phase when infants were aged 6-monthsold (response rate = 65%).
The final sample consisted of 117 infants (58 males; 59 females) born at full term,
together with their primary caregiver (98% mother; 2% father). Fathers were the primary
caregiver for two participants and questionnaire responses were retained. Children were
classified by parental responses to the question “In the past week how often did your
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child snore?” into three groups reflecting frequency; habitual snorers (snoring more than
3 nights per week), infrequent snorers (snoring less than 3 nights per week) and a control
group (healthy infants reported to never snore in the absence of a cold). Parents were also
asked, “If snoring, when did the snoring begin?” and “How long has your child been
snoring for?” There were 88 control infants (34 males; 54 Females), 10 infrequent snorers
(5 males; 5 females) and 19 habitual snorers (15 males; 4 females). Twenty-one infants
were reported to snore since shortly after birth (16 habitual snorers and 5 infrequent
snorers); 3 infants were reported to snore from the age of 1 month (2 habitual snorers and
1 infrequent snorers); 2 from 2-months-old (2 infrequent snorer) and 3 from 4-months-old
(1 habitual snorer and 2 infrequent snorers).

3.2.2.3 Phase 3
Of the potential 117 full term infants who completed testing at Phase 2; 114
completed testing, but one child was excluded because completed surveys were not
returned at Phase 3 when they were aged 12-months-old (response rate = 97.5%).
The final sample consisted of 113 full term infants (55 males; 58 females) (Mean
age = 52.70; SD = 2.16 weeks old) and their primary caregiver (98% mother; 2% father).
Of the 88 Controls at Phase 2; three did not complete testing (3%); one did not return
completed surveys (1%) and six started infrequent snoring (7%). Of the 10 infrequent
snorers at Phase 2; two stopped snoring (20%) and three became habitual snorers (30%).
Of the 19 habitual snorers at Phase 2, three became infrequent snorers (16%) and two
stopped snoring (11%). There were 78 controls, 5 infrequent snorers and 14 habitual
snorers at both 6 and 12-months-old.
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3.2.3 Measures
3.2.3.1 Phase 1
3.2.3.1.1 Demographic information.
Demographic items collected in Phase 1 are included in Appendix 1.
Demographic information collected included infant factors of gender, birth date, birth
weight, method of delivery (caesarean section or vaginal), breastfeeding status, birth
order, length of gestation (<32 weeks, 32-36 weeks, > 36weeks) and any medical
conditions. Parental data collected included mother’s medical conditions during
pregnancy (e.g. preeclampsia and gestational diabetes), marital status, number of
cigarettes smoked within the household, number of people smoking within the household,
number of cigarettes smoked by the mother each day and number of cigarettes smoked
each day during pregnancy. Socio-economic status (SES) was determined from the
Australian Bureau of Statistics (ABS) Socio-economic Index of relative socio-economic
advantage and disadvantage (SEIFA) (SEIFA National Mean = 1000; SD = 100). This
gives an indication of the social and economic conditions of a neighbourhood area, based
on the information collected at the 2006 census data (Australian Bureau of Statistics,
2006 Census data). A lower score indicates more disadvantage.
The following items about the infant and parent were collected at all phases of data
collection. These items can be viewed in Appendix 1 (items administered in Phase 1),
Appendix 2 (items administered in Phase 2) and Appendix 3 (items administered in Phase
3).
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3.2.3.1.2 Information about the infant: sleep problems and respiratory infection.
This questionnaire was administered to parents at all phases. The assessment of
sleep disorders was conducted using previously validated questionnaires including a)
sleep duration, waking and settling items (Sadeh, 2004), and b) respiratory and sleep
disordered breathing items (Montgomery-Downs & Gozal, 2006a; Montgomery-Downs,
et al., 2004; Sohn & Rosenfeld, 2003). Respiratory and sleep disordered breathing items
included two items regarding parental concern about their child’s breathing. These items
were “how often in the past week were you worried about your baby’s breathing during
sleep” and “how often in the past week did you watch your baby while they slept at night
afraid that they would stop breathing”. Parents were also asked in the past week how
often their baby had “nasal discharge or a runny nose”, “struggled to breathe”, “noisy
breathing while asleep”, “stopped breathing while asleep”, “sweat while asleep”, and
“restless sleep”, “mouth breathe because of a blocked nose”, “a cold” and “snore” while
asleep. The answers to each of these 11 items were registered using a 5-point Likert scale
ranging from “not at all”, “1-2 nights”, “3-5 nights”, “6-7 nights” and “don’t know”.
These items were recoded from four (not at all, 1-2 nights/week, 3-5 nights/week and ≥ 6
nights/week) to three (not at all, 1-2 nights/week and ≥ 3nights/week) categories. In
addition, parents were asked if their baby was snoring “how loud is the snoring?” and
parents could choose one of three answers: “quiet”, “medium” or “loud”. Sleep duration
items included, “the amount of sleep during the night”, “the amount of sleep during the
day”, “the average number of night awakenings”, “the length of time to put the baby to
sleep in the evening”, and “the time the baby usually went to sleep at night”. Parents were
also required to indicate whether their child’s sleep was a problem ranging from “not a
problem”, “a small problem” and “a serious problem”. In addition parents were asked
how worried or concerned they were about their child’s breathing during sleep, “not at
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all”, “a little”, “somewhat” and “very”. They were also asked their baby’s usual sleeping
position including “back”, “side”, “tummy” and “don’t know”. Finally, parents were
asked their child’s usual sleeping location and parents circled one of four possible
answers, “in parent’s bed”, “in parent’s room”, “in own room” and “in another room of
the house”. All of these items are included in Appendix 1. Nocturnal sleep duration,
daytime sleep duration and number of night wakings items from the Brief Infant Sleep
questionnaire (Sadeh, 2004) have shown strong correlations for test-retest reliability
(correlation coefficients ranged from .82-.89) (Sadeh, 2004). Sadeh (2004) has reported
significant correlations between actigraphy data and infant questionnaire items about
sleep-onset time (r = .54), the number of night wakings (r = .42) and nocturnal sleep
duration (r = .23). Moreover, Montgomery-Downs, et al., (2004) have shown that
parental-report of snoring was reliable when compared with Polysomnography (PSG) in
children as young as 2-years-old. In addition, Greenfeld et al. (2003) have validated
snoring frequency as the main symptom for SDB in infants.

3.2.3.1.3 Information about the parent: sleep.
The author constructed six items to assess parent sleep. This included the amount
of sleep that the parent had each day and each night on average during the past week and
participants circled one of four possible answers: “less than 5 hours sleep”, “5-6 hours
sleep”, “7-8 hours sleep” and “more than 8 hours sleep”. The parent was also asked to
circle from a range of five possible responses the number of times the parent woke each
night ranging from “never”, “once a night”, “twice a night”, “three times a night”, “four
times a night” and “five or more times a night”. The parent was asked the reason she or
he woke up each night and the possible answers included “to feed”, “to check on their
child’s breathing” or they were required to “specify their answer”. Parents were also
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asked the amount of time they spent out of bed when roused and the time taken to fall
back to sleep afterwards. Participants were required to circle one of three answer boxes
which ranged from “less than 10 minutes”, “10 to 30 minutes” and “more than 30
minutes”. One item from the Pittsburgh Sleep Quality Index was used to ask parents
about their sleep quality (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989).
Participants were asked, “In the past week, how would you rate your sleep quality
overall?” and they responded to a 5-point Likert scale ranging from “very good” (1) to
“very bad” (5) (see Appendix 1).

3.2.3.1.4 Information about the parent: parental wellbeing (The Edinburgh
Postnatal Depression Scale).
Parental wellbeing was assessed by the Edinburgh Postnatal Depression Scale
(EPDS), developed by Cox, Holden and Sagovsky (1987) and the items are included in
Appendix 1. This is a 10-item self-report questionnaire and responses are rated on a
Likert scale ranging from 0-3 (“yes most of the time” to “no not at all”) resulting in a total
score ranging from 0-30 with higher scores indicating higher levels of depression. The
questions assess ability to enjoy pleasurable emotions (items 1 and 6), self blame (item 2),
fear or panic (item 3), difficulty in sleeping (item 4), tearfulness (item 5), anxiety (item
7), ability to cope (item 8), sadness (item 9) and suicide ideation (item 10). The EPDS
scores can be divided into three categories using cut-off scores: <10 (normal range); 1012 (borderline range); >12 (probable postnatal depression) (Boyce, Stubbs, & Todd,
1993; Hiscock & Wake, 2001; Murray & Carothers, 1990). The EPDS was designed
specifically for women in the postpartum period and measures emotional and cognitive
symptoms of depression. The EPDS measures only one somatic symptom, sleep
difficulties, and purposefully excludes postnatal symptoms, such as changes in appetite
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and loss of energy, which may be normal physiological changes associated with
childbearing (Boyd, et al., 2005; Eberhard-Gran, Eskild, Tambs, Opjordsmoen, &
Samuelsen, 2001). In the current study there was good internal consistency at each age
(Cronbach’s alpha = .58 at 0-3-months-old; Cronbach’s alpha = .86 at 6-months-old;
Cronbach’s alpha = .82 at 12-months-old), and moderate to strong split-half reliabilities at
each age (correlation co-efficient = .59 at 0-3-months-old; correlation co-efficient = .91
at 6-months-old; correlation co-efficient = .86 at 12-months-old). This is similar to
previous studies that have demonstrated the EPDS has good internal consistency with
Cronbach’s alpha ranging from .73 - .87 at 3-12 weeks postpartum and strong split-half
reliabilities (correlation coefficients ranged from .73 - .83) (Boyd, et al., 2005). It was
decided that for analyses with EPDS the fathers who had filled out the EPDS were
excluded from analyses (n =2 at each phase) and the analyses focused on mothers.

3.2.4 Measures
3.2.4.1 Phase 2 and Phase 3
3.2.4.1.1 Demographic information.
In addition to the demographic information collected when infants were aged
from birth to 3-months-old, information about family history of asthma, eczema, hay
fever and allergies were collected when infants were 6-months-old. Parents were also
asked whether the child had experienced any episodes of wheezing, eczema or allergies in
the past 6 months. Parents were also asked questions about their infant’s feeding methods.
For example, parents were asked if the infant had been fed breast milk or formula. If the
infant was given breast milk, the age at which they had stopped being given breast milk
was reported. If the child was eating solids and if so, the age they had started eating solids
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was reported. Demographic information collected when infants were 6-months-old are
included in Appendix 2 and demographic items collected when infants were 12-monthsold are included in Appendix 3.

3.2.4.1.2 Developmental assessment (Bayley Scales of Infant and Toddler
Development–Third Edition).
These scales constitute a standard instrument used to assess mental and motor
development in children one to 42 months of age. They are composed of four subtests:
cognitive, language (composed of receptive communication and expressive
communication), motor (composed of fine motor and gross motor) and social emotional
and adaptive behaviour. The cognitive scale assesses sensory-perceptual acuity,
discriminations and response abilities, and also assesses how the child learns object
constancy as well as memory, learning and problem-solving abilities (Bayley, 2006a).
The language scale measures the infant’s ability to form generalisations and
classifications, vocalisations and beginnings of verbal communication are assessed
(Bayley, 2006a). The scales are scored ranging from 50 to 150 with the mean of 100
points and a SD of 15 points. A score below 85 is considered below the normal range; 70
to79 is considered borderline and 69 and below is extremely low. The Bayley takes
around 45 to 50 minutes in children 12 months and younger. For children aged 13 to 42
months, the test takes about 60 to 90 minutes to complete. The social-emotional scale is
an adaptation of the Greenspan Social-Emotional Growth Chart developed by Stanley
Greenspan. It assesses acquisition of social and emotional development in infants and
young children (Bayley, 2006a). The items assess the child’s functional emotional skills,
for example, self-regulation and interest in the world, communicating needs, engaging
others and establishing relationships and using emotions in interactions (Bayley, 2006a).
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This questionnaire comprises 15 items for 6-9-month-olds and 17 items for 10-14-montholds, is completed by the parent and takes approximately 5 minutes to complete. Overall,
at 6-months-old and 12-months-old, each of the scales have been shown to have high
internal consistency and to be reliable to assess individuals with different levels of
development (Bayley, 2006b). The reliability coefficient estimates for the cognitive scale
(α = .87), language combined (α = .87), receptive communication (α =.81), expressive
communication (α = .81), motor combined (α = .90), fine motor (α =.82), gross motor
scale (α =.89) and social emotional scale (α = .83) for 6-month-old children are good.
Similarly, reliability coefficient estimates for the cognitive scale (α = .83), language
combined (α = .89), receptive communication (α =.78), expressive communication (α =
.90), motor scale (α = .88), fine motor (α = .79), gross motor scale (α = .92) and social
emotional scale (α = .88) for 12-month-old children are also good. The scales also have
adequate validity (Bayley, 2006b).

3.2.4.1.3 Sleep actigraphy.
Due to limited resources, actigraphy monitoring was not possible for the entire
sample. However, a subset of participants (n = 59 at 6-months-old and n = 41 at 12months-old) were chosen at random to wear an actigraph (Actiwatch 2 Mini Mitter
Company Inc, USA) for 7 days. This is a small solid-state computerized movement
detector that continuously records the occurrence of limb movements and then sums the
number of movements for a given epoch length (So, Buckley, Adamson, & Horne, 2005).
In the present study the given epoch length was 30 seconds. These movement levels were
then scored using a validated computer algorithm into states of sleep or wake (Sadeh,
Acebo, Seifer, Aytur, & Carskadon, 1995; Sadeh, Hauri, Kripke, & Lavie, 1995; So,
Adamson, & Horne, 2007). The sleep/wake scoring algorithm was defined by the
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software. This algorithm has been validated against polysomnography (Sadeh, Flint-Ofir,
Tirosh, & Tikotzky, 2007; Scher, 2005; So, et al., 2005) and actigraphy has been used by
a number of infants studies as a measure of sleep/wake (Scher, 2005; So, et al., 2005; So,
et al., 2007).
In infants, actigraphy is a particularly useful tool because it allows for noninvasive assessment of the infant’s sleep/wake patterns in their home environment (So, et
al., 2007). The actigraph also senses incoming light exposure, although this function was
not used for this set of analyses. Actigraphs were scored manually and times from the
sleep diary of when the child was put into bed and the time when the child woke up for
day and night sleep were entered. It was possible to record sleep onset time (defined as
the time of the first of at least 3 consecutive minutes of sleep (Scher, 2005), sleep end
time (defined as the time of the last of at least 5 consecutive minutes of sleep (Scher,
2005), the entire sleep duration from sleep onset to sleep end time, the total amount of
continuous sleep periods without movement which was labelled “lack of motor activity”,
and the index of restlessness which was labelled “fragmentation”. Participants with fewer
than 4 nights or 3 days recorded were excluded.

3.2.4.1.4 Sleep diary.
Only the subset of infants who wore an actigraph (n = 59 at 6-months-old and n =
41 at 12-months-old) for 7 days were also required to complete a 7 day sleep-wake diary
for recording sleep schedules. Parents were asked to indicate by recording directional
arrows when the child was put in bed for night and taken out of bed in the morning and to
shade in 30 minute squares when they believed the child was asleep, as shown in the
example in Figure 3.2. This diary was kept for one week after the cognitive testing (see
Appendix 4). Sleep diaries were analysed manually with visual interpretation. Five sleep
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diaries were selected at random and scored for day and night sleep independently by two
researchers to enable a check of their agreement on the sleep duration for both night and
day sleep. Agreement was met if the two researchers were within 5 minutes for the total
mean sleep duration for each participant. Initial agreement was 80% but discrepancies
were resolved by discussion until agreement was reached. In particular, discrepancies
about defining parent’s sleep were discussed, and an agreement of what both researchers
interpreted as “15 minutes” shaded compared to “30 minutes” shaded was defined for
further scoring. The measures derived from the diary included: total amount of sleep
duration for night and daytime. Total amount of sleep was calculated by the total amount
of shading from the time the child was put into bed (i.e. downward arrow) to the time the
child was taken out of bed (i.e. upward arrow). Wake after sleep onset (WASO) was also
recorded as a period of wake that is a break in the shading and deducted from the total
amount of sleep. Night sleep was defined as between 20:00 and 8:00 (24 hour clock) and
day sleep was defined as between 8:00 and 20:00 in accordance with previous studies
(So, et al., 2005; So, et al., 2007). Data were then averaged over the week for each infant.
Parents were also provided additional space to indicate other information such as
disruptions to their child’s normal sleeping patterns (for example, illness or travel).
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Figure 3.2. An example of a 7 day sleep diary used by mothers for children. The downward arrow indicates when the child was put to sleep
and the upward arrow indicates when the child was picked up out of bed. The shaded area symbolises when the mother judged the child to be
asleep. The unshaded areas indicate when the child was awake.
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3.2.4.1.5 Maternal IQ (National Test of Adult Reading –2nd Edition).
An estimate of maternal IQ was measured by the National Test of Adult Reading (2 nd
Edition) (NART) (Nelson & Willison, 1991). The NART is used widely for this purpose and
is a 50-word reading test (Mathias, Bowden, & Barrett-Woodbridge, 2007). Full Scale
Intelligence Scores (FSIQ) were calculated (Mean = 100; SD = 15). The NART has
demonstrated the smallest discrepancies between the mean estimated and concurrent IQ in
Australian samples (Mathias, et al., 2007). It is important to obtain an estimate of maternal
IQ because this has been found to provide an indication of a child’s inherited cognitive
capacity (Tong, et al., 2007). Maternal IQ has been suggested to be a better integrated
predictor of children’s IQ than maternal education (Tong, et al., 2007).

3.2.4.1.6 Family Functioning (The Family Assessment Device).
The Family Assessment Device (FAD, Epstein, Baldwin & Bishop, 1983) is a 60item self-report questionnaire that looks at the perceptions of the family members regarding
six domains (see Appendix 5 for items) (Hayden, et al., 1998; Miller, et al., 2000). These
domains are: problem solving, communication, roles, affective involvement, affective
responsiveness, and behaviour control. In addition there is a general functioning subscale
which assesses the overall level of family functioning. The general functioning scale consists
of 12 items and lower scores indicate better family functioning (Hayden, et al., 1998; Miller,
et al., 2000). The number of items within each of the subscales varies from 6 to 12 (Miller, et
al., 2000). There are four alternate responses for each statement, ranging from “strongly
agree” (1), “agree” (2) to “disagree” (3), “strongly disagree” (4). The score is generated by
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summing the responses and dividing by the number of items for each scale (negatively
worded items are reversed score) (Miller, et al., 2000). In total the questionnaire takes
approximately 15 to 20 minutes to complete. The FAD has shown high levels of internal
consistency (Kabacoff, Miller, Bishop, & Epstein, 1990) and acceptable levels of test-retest
reliability (Miller, Epstein, Bishop, & Keitner, 1985; Sawyer, Sarris, Baghurst, Cross, &
Kalucy, 1988). Similarly in the present study, Cronbach’s alpha in the current study for each
subscale was satisfactory (general functioning at 6-months-old (α = .88); 12-months-old (α =
.89); problem solving at 6-months-old (α = .78); 12-months-old (α = .74); communication at
6-months-old (α = .70); 12-months-old (α = .73); affective involvement at 6-months-old (α =
.80); 12-months-old (α = .82); affective responsiveness at 6-months-old (α = .84); 12months-old (α = .80); behaviour control at 6-months-old (α = .89); 12-months-old (α = .79)
and roles at 6-months-old (α = .61); 12-months-old (α = .70)). Confirmatory factor analysis
has supported the underlying factor structure (Kabacoff, et al., 1990). The seven FAD
subscales correlate moderately (.4-.6), consistent with the view that all dimensions of family
functioning are interrelated to some extent (Miller, et al., 2000).

3.2.5 Procedure
3.2.5.1 Phase 1
This study was approved by the Human Research Ethics Committees at the
Children’s, Youth and Women’s Health Services, University of Adelaide, Central Northern
Adelaide Health Service, Burnside War Memorial Hospital and Adelaide Community
Healthcare Alliance.
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An invitation information sheet detailing the project was included in parent
information packs and a consent form, which were distributed to parents at the birthing
hospital (see Appendix 6). Two of three metropolitan public hospitals agreed to distribute
information sheets; four of the five metropolitan private hospitals distributed information
sheets; and one of the two major regional birthing hospitals distributed information sheets. It
was anticipated that this would give parents sufficient time to read the information sheet and
to consider participating in the study. Table 3.1 shows the relevant hospitals and the time
periods when information sheets were distributed.

Table 3.1
The time that each hospital included information sheets in parent packs
Distribution of information sheets
Public Hospitals:
Women’s and Children’s Hospital (Central
Metropolitan)
Lyell McEwin Hospital (Northern
Metropolitan)
Mount Barker Hospital (Adelaide Hills Region)
Private Hospitals:
North Eastern Community Hospital (Central
Metropolitan)
Burnside Memorial Hospital (Central Metropolitan)
Ashford Hospital (Southern Metropolitan)
Flinders Private Hospital (Southern Metropolitan)
Regional Areas:
Mount Gambier Hospital

October 2008- July 2009
December 2008-June 2009
February2009-June 2009
December 2008-May 2009
April 2009-May 2009
December 2008- June 2009
December 2008-June 2009
February 2009-May 2009

In South Australia, when the infant is 1-12-weeks-old 3, 90% of parents receive a free
child and mother health well child visit by a Child and Family Health (CFH) nurse (K.
Bowering, personal communication, July 31, 2008). At this CFH visit in each participating
3

Note: Although an attempt is made for nurses to visit families as close to the birth of the child as possible; in
some circumstances families are seen when infants are older. Moreover, some mothers did not complete the
questionnaire for several weeks and this accounts for the range of ages received at this initial phase of data
collection.
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region, nurses invited parents to be part of the project. Regions included four metropolitan
regions of Adelaide, one town in the outer metropolitan southern region of Adelaide, one
town in the Adelaide Hills region and eight regional towns. In the southern metropolitan
region, nurses also invited parents to be part of the project at other visits, when infants were
older, aged up to 16 weeks because the directions were misunderstood. The study period and
proportion of participants recruited from each of the regions are listed in Table 3.2. CFH
nurses were trained and instructed about the questionnaires to distribute. Nurses distributed a
questionnaire pack, which included an information sheet (in case this was not previously
received from the hospital); a copy of the questionnaire and a consent form. The information
sheet and consent form are to be found in Appendix 6. Parents were able to either complete
the questionnaire at the end of the visit or in subsequent days on their own. The completed
questionnaire and consent form were placed into a reply paid envelope and returned to the
Sleep Disorders Unit, Women’s and Children’s Hospital. This process ensured that all
parents completing the survey would remain anonymous to the research team. Parents
identified as having “probable clinical depression” (score > 12) were recommended to see
their General Practitioner (GP).
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Table 3.2
The time that questionnaires were distributed by Child and Family Health nurses for each
region
Area

Distribution of Surveys

Proportion of
surveys from
each region

Proportion of surveys for each
season
Spring/
Autumn/
Winter
Summer
% (n)
% (n)
17 (42)
12 (32)
27 (65)
23 (62)
38 (94)
43 (114)

Metropolitan North
Metropolitan South
Metropolitan Central
Regional Areas:
South Eastern (Mount
Gambier, Naracoorte &
Millicent)
Murray Bridge
Adelaide Hills (Mount
Barker)
Northern (Port Pirie, Port
Lincoln, Whyalla & Port
Augusta)

January 2009–July 2009
October 2009–July 2009
December 2009–August 2009

%
15
25
41

(n)
(74)
(127)
(209)

December 2009–June 2009

8

(40)

12 (29)

4

(11)

February 2009 –July 2009

5
6

(26)
(30)

1
2

(3)
(6)

9
9

(23)
(24)

December 2009-June 2009

1

(6)

2

(6)

0

(0)

Prior to distributing questionnaires, the items were piloted with a small sample of
convenience (n = 5) to ensure that the items would be understood. Some items were slightly
modified as shown in Table 3.3. The acceptability of the questionnaire items were then
piloted with a number of nurses from both the southern and northern metropolitan regions
and no further changes were made to the survey. These questionnaires were included in the
analyses. At questionnaire completion the parents were invited to participate in further
research on sleep in young infants.

Table 3.3
Original items and revised item after piloted with parents
Original item
“How many hours of sleep do you get each night
on average?”
“How many hours of sleep do you get each day on
average?”

Revised item
“How many hours of sleep do you get each night on
average?” (between 7 in the evening and 7 in the morning)
“How many hours of sleep do you get each day on average?”
(between 7 in the morning and 7 in the evening)
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3.2.5.2 Phase 2
This comprised an initial testing phase as close as possible to when the child was 6months-old. This was well achieved because the average age was 6.6-months-old (SD = .42;
range = 5.43-8.21).
Between January 2009 and August 2009, those parents from the initial survey who
had indicated their interest of being involved in further research were sent an information
sheet inviting them to participate in the 6 month follow up and a consent form (see Appendix
7). A week later, the chief investigator telephoned the parent to confirm willingness to
participate in the study and to arrange a convenient time to meet and complete the cognitive
assessment at 6-months-old. Parents were asked to come to the Sleep Disorders Unit at the
Women’s and Children’s Hospital, Adelaide, South Australia. Parents completed the consent
form for the study before the assessment commenced. In total the visit took around 60 to 90
minutes. Once the cognitive assessment was completed, the parent was asked to complete the
social-emotional questionnaire and Family Assessment Device (FAD). The parents were
given the option to complete the questionnaires at home at a time more convenient to them,
in which case they were given a reply paid envelope to return the questionnaire. At the first
session, the parent also completed the National Test of Adult Reading (NART).
For the subset chosen to wear actigraphy, parents were given instructions about the
use of the actigraph. The actigraph was pre-programmed and then placed around the infant’s
ankle, which did not appear to cause discomfort for the infant. The parents were instructed
not to remove the actigraph during the assessment and were asked to leave the device on the
child for up to 7 nights. In conjunction with the actigraph, parents completed a sleep diary
which was used to define periods when the child was in bed and to record estimates by the
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parents of their sleep length. The time the infant was put down to sleep, the time the infant
awoke and other information such as disruptions to the child’s normal sleeping patterns were
recorded. It was estimated that the sleep diary would take parents a few minutes to complete
either in the morning or the evening. Both the actigraph and sleep diary were returned to the
hospital in a reply paid envelope. Reimbursement for parking, travel and meal costs of $25
per visit was paid to parents. Parents identified as having “probable clinical depression”
(score > 12) were recommended to see their General Practitioner (GP). Similarly, parents of
children identified as habitual snorers were also recommended to consult their GP.

3.2.5.3 Phase 3
Developmental assessments for Phase 3 were completed between July 2009 and May
2010. An attempt was made to test the participants as close as possible to 12 months of age.
This was well achieved because the average age was 12.3-months-old (SD = .50; range =
11.63-14.33).
The procedure was very similar to the initial developmental assessment conducted
during Phase 2. Participants were contacted by the chief researcher and a convenient time
was arranged for them to come into the hospital. For some participants who lived in the outer
southern metropolitan region or country south region, the researcher conducted the
assessment at their nearest Child and Family Health Clinical Room. In one case, where the
participant had moved interstate and the participant wished to continue, the researcher
conducted the assessment in an office at the University of New South Wales. Questionnaires
were posted to participants a week prior to the assessment to reduce the burden on
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participants when they came into the hospital. All of the questionnaires and assessment were
re-assessed in the same way as described above. In total the visit took around 60 to 100
minutes to complete. Again, the subset of participants who wore actigraphs at Phase 2 were
asked to wear the actigraph for a week and to complete a sleep diary. Of the 59 infants who
wore the actigraph for Phase 2 (6-months-old), 41 infants wore the actigraph for Phase 3 (12
month follow up). This was due to difficulties in wearing the actigraph, the number of
actigraphs available to use, and the time requirement involved if they needed to wear the
actigraph.
The chapter to follow will discuss the results of the first phase of the study.
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CHAPTER 4: PREVALENCE OF SNORING AND ASSOCIATED FACTORS WHEN
INFANTS ARE 0-3-MONTHS-OLD

4.1 Overview
This chapter presents the results of the findings for Phase 1 of data collection, when
infants were aged from birth to 3-months-old. The chapter first summarises the age-related
trends in sleep to confirm that the sleep trends in this sample were similar to those of infants
in other populations. Subsequently, the prevalence of snoring frequency in the first 3 months
of life is presented (Aim 1), together with sleep data for each of the snoring frequencies.
Finally, those potential environmental, socio-economic and infant sleep behaviours
associated with snoring frequency are examined (Aim 2).

4.2 Background/Rationale
Snoring is a primary symptom of upper airway obstruction which ranges in severity
from primary snoring, that is no evidence of ventilation abnormalities, to more severe
obstruction characterised by gas exchange abnormalities and frequent nocturnal arousals.
This spectrum is collectively known as Sleep Disordered Breathing (SDB). Snoring is
common in children and it is estimated that 5-10% of school-aged children snore 3 or more
nights per week (Lumeng & Chervin, 2008). Snoring is not benign and has been associated
with a range of physiological and psychological deficits. Children with SDB utilise more
health care services (Reuveni, et al., 2002), experience higher cardiovascular morbidity
(Amin, et al., 2002; Amin, et al., 2005), and demonstrate reduced neurocognitive and
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behavioural functioning (Kennedy, et al., 2004; Kohler, et al., 2009; O'Brien, Mervis,
Holbrook, Bruner, Klaus, et al., 2004). However, despite its ubiquity, childhood SDB is
infrequently reported by parents to primary physicians and often remains unrecognised and
untreated. Details of the prevalence of snoring in childhood is based mainly on data collected
in older children and the early natural history of snoring during the first year of life remains
poorly described (Kuehni, et al., 2008). It is crucial to understand that brain growth is
maximal in the first year of life (Graven & Browne, 2008), and the presence of any adverse
events during this period, such as snoring, could significantly impair development and thus it
is important that the prevalence of a potentially detrimental factor on infant development
such as snoring and its associated risk factors be clearly delineated.
Snoring estimates in infancy vary widely with prevalence rates ranging from 5.0% in
2 to 4-month-olds (Kelmanson, 2000), 5.1% in 6 to 12-month-olds, 4.9% in birth to 12month-olds (Montgomery-Downs & Gozal, 2006a) and 26.1% in 1 to 8-month-olds (Mitchell
& Thompson, 2003). This variation may be explained by several confounders including the
presence of colds, ethnicity and gender. As anticipated, higher rates of the prevalence of
snoring are reported in studies with the inclusion of colds (Mitchell & Thompson, 2003). A
further methodological issue affecting the understanding of the prevalence of snoring is
ethnicity. Two studies by Mitchell and Thompson (2003) and Montgomery-Downs and
Gozal (2006a) have been hampered by the inclusion of mixed populations of ethnic groups
that are known to have a higher prevalence of childhood upper airway obstruction (Redline,
et al., 1999). An additional methodological confounder in describing the prevalence of
snoring is gender. Studies have found that there is a higher frequency of snoring in males
(Kaditis, et al., 2004; Mitchell & Thompson, 2003). Snoring is also associated with a range
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of additional social and environmental factors including maternal cigarette smoking (Mitchell
& Thompson, 2003; Montgomery-Downs & Gozal, 2006a), supine sleeping position
(Mitchell & Thompson, 2003), restless sleep (Montgomery-Downs & Gozal, 2006a),
maternal concern about the child’s breathing during sleep (Montgomery-Downs & Gozal,
2006a) and low socio-economic status (Kuehni, et al., 2008). Although examined in
isolation, these factors remain to be examined simultaneously.
Finally, there is a paucity of information in very young infants with only
Montgomery-Downs and Gozal (2006a) having evaluated snoring frequency in 0-1-montholds but in small numbers (n = 49). The limitations identified above remain to be addressed
in a prospective community-based sample of infants.

4.2.1 Aims
The aims of the current study were to assess a large community sample of infants aged
from 0-3-months-old to examine:
x The prevalence of snoring.
x The factors associated with snoring frequency.
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4.3 Method
This study is the first phase of a longitudinal study consisting of three study phases. A
summary of the participants, measures and procedure followed for this first phase of the
study is given in brief below, for a more detailed description refer to Chapter 3. Only
measures relevant to this chapter are discussed here.

4.3.1 Participants
The final sample was 457 infants born at full term (204 males; 253 females) and their
primary caregiver (99% mother; 1% father). Infants were aged 1 to 13.86-weeks-old.

4.3.2 Measures
Questionnaires included demographic details and items about the infants: a) sleep
duration waking and settling items (Sadeh, 2004) and b) sleep disordered breathing and
respiratory infections (Montgomery-Downs & Gozal, 2006a; Montgomery-Downs, et al.,
2004; Sohn & Rosenfeld, 2003). Note: The snoring item was recoded from four (not at all, 12 nights/week, 3-5 nights/week and ≥ 6 nights/week) to three (not at all, 1-2 nights/week and
≥ 3 nights/week) categories.

4.3.3 Procedure
A cross-sectional survey was distributed to participants at their first free Child and
Family Health (CFH) well-child nurse visit when infants were 1-12-weeks-old. In some
regions, nurses distributed surveys to infants at 16-weeks-old.
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4.3.4 Statistical Analyses
Prior to analyses, variables were examined for accuracy of data entry, and missing
values. All data were entered accurately. There were missing values for some participants.
For socio-economic and demographic variables, participants with missing data were
excluded for those analyses. For other variables, mean values were inserted as recommended
by Tabachnick and Fidell (2007). Parents who responded “don’t know” to questionnaire
items were excluded from analyses. Descriptive statistics for each of the demographic
measures, sleep variables, snoring frequencies, and postnatal depression scores were
obtained. A series of One-Way Analysis of Variance (ANOVA) were used to assess mean
group differences in sleep variables between age groups and snoring groups. In assessing
factors associated with snoring frequency for continuous dependent variables Univariate
ANOVA and for categorical dependent variables Chi-square analyses were calculated. Effect
sizes were determined using partial eta squared values (ηp2); 0.01 = small effect, 0.06 =
medium effect, and 0.14 = large effect size (Cohen, 1988). The demographic, medical and
social factors that were significant were entered into a hierarchical multiple regression
model, to assess how much variance each of the variables accounted for in snoring
frequency.
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4.4 Results
4.4.1 Sample Characteristics
Demographic details are outlined in Table 4.1. Population data from the Pregnancy
Outcomes Unit Department of Health South Australia (Chan, Scott, Nguyen, & Sage, 2009)
permits testing the representativeness of this sample with respect to plurality, prematurity and
gender. In the current sample, 1.7% of births were twins, comparable to 2008 data indicating
that 1.5% of all births in South Australia were twins or triplets. The proportion of premature
births in non-Aboriginal women was 7.0%, comparable to 2007 data where 8.4% of nonAboriginal women in South Australia had premature births. In the current sample, 55% of
births were female, a little higher than 2008 in which 49% of births in South Australia were
female. It is not clear that the current sample is representative although the differences are
small.
Census data from the Australian Bureau of Statistics (ABS, 2006) does not provide
infant demographic data; but allows for comparison of representativeness of the sample in
respect to maternal and paternal education completed for the entire Australian population. In
the current study mother’s educational attainment was 26% who had attained a high school
certificate or less, 27% a trade certification or Apprenticeship or Technical and Further
Education (TAFE) qualification and 47% having completed a university degree, and this was
markedly higher compared to 39.41 % of females aged between 15 and 44 years old, reported
in the 2006 Australian Census data completing some type of higher education (including
postgraduate degree, graduate diploma and certificate, bachelor degree, and certificate I,II,III
& IV). Father’s educational attainment was that 27% had attained a high school certificate or
less, 34% completed Trade or Apprenticeship or Technical and Further Education (TAFE)
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qualification and 39% completed a University degree. The combined post-secondary
education of 73% was therefore higher compared with 2006 Australian Census data for
males, only 42.07% reported completing some type of higher education. To summarize,
almost three quarters of the mothers and fathers in this sample had obtained some type of
post-secondary higher education and this was a much higher proportion than, reported in the
wider population in 2006, indicating that the current sample was a well educated group
compared with people from the wider population.
The majority of infants were Caucasian ethnicity (95%), with 4% of Asian ethnicity
and 1% of Aboriginal or Torres Strait Islander and African ethnicity. Table 4.1 also shows
the marital status of the sample. The majority of parents were either married (74%) or living
with a partner (22%), with only 4% not living with a partner. Almost half of the sample was
first born with only 34% second born, and 17% accounting for birth order third or more.
Finally, the majority of infants were vaginal births with 31% of births by caesarean section.
According to the Australian Bureau of Statistics (ABS) Socio-economic Index of relative
socio-economic advantage and disadvantage (SEIFA), 46% of participants were in the high
socio-economic status (deciles: 7-10), 24% in the medium socio-economic status (deciles: 46) and 30% in the low socio-economic status (deciles: 1-3).
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Table 4.1
Demographic details for participants

Female
Child’s ethnicity
Caucasian (European)
Indigenous (Aboriginal or Torres Strait Islander)
Asian
African
Plurality
Single
Twins
Birth order
1st
2nd
≥3rd
Type of delivery
Vaginal
Caesarean Section
Relationship status a
Never Married
Married
Not married, but living with a partner
Mother’s education attainment
High School (Year 8-11)
High School (Year 12 or Year 13)
Technical qualification
University
Father’s education attainment
High school (Year 8-11)
Year 12 or Year 13 completed
Technical qualification
University
Socio-economic Status
Low
Medium
High
Birth weight (kilograms)
Gestational age (weeks)
Age (weeks)
Maternal age b (years)
Note: a n = 4 missing data; b n = 14 missing data

% (n)
55 (253)
95 (436)
.7 (3)
4 (17)
.2 (1)
98 (449)
2 (8)
49 (222)
34 (157)
17 (78)
69 (318)
31 (139)
4 (14)
74 (339)
22 (100)
8 (37)
18 (80)
27 (124)
47 (216)
11 (51)
16 (72)
34 (154)
39 (180)
30 (137)
24 (109)
46 (211)
Mean (Standard Deviation) [Range]
3.54 (.48) [2.05, 4.81]
39.28 (1.16) [37.00-42.00]
4.62 (2.68) [1.00-12.86]
31.95 (5.20) [15.50-45.00]
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4.4.2 Sleep patterns
First, descriptive statistics were calculated to assess the age-related changes in infant
sleep in the first 3 months of life. A series of one-way ANOVA were performed with the
independent variable age in months, as shown in Table 4.2. Outcome variables were total
sleep time, night time sleep duration, daytime sleep duration, night waking, and time to settle
at night. Mean values according to age group are presented in Table 4.2. Total sleep time,
daytime sleep duration, number of night wakings, and average time to settle the infant to
sleep differed by age group. However, there were no significant age group differences for
nocturnal sleep duration. Post hoc analyses (Bonferroni corrections) showed that total sleep
time (TST) steadily decreased across the three age groups, with infants less than 1-month-old
sleeping significantly more than infants 1-2-months-old and 2-3-months-old. There were no
significant differences between 1-2-months-old and 2-3-months-old for TST. Daytime sleep
duration was significantly shorter for 2-3-month-olds compared with 0-2-month-olds. There
were no differences in daytime sleep between 1-2-months-old and 0-1-months-old. There
were also significant differences between age groups for night time waking, with infants at 23-months-old showing significantly less night time waking compared with 0-2-month-old
infants. Compared with 0-1-months-old and 2-3-months-old, 1-2-months-old infants took
more time to get to sleep.
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Table 4.2
Means and Standard Deviations (SD) for sleep variables in each age group
0-1-months-old
1-2-months-old
2-3-months-old
F-value (Effect size (ηp2 ))
Mean
(SD)
Mean
(SD)
Mean
(SD)
Total sleep (min)
15.68
(2.98)
14.35 (3.12)
14.01 (4.02)
9.89**
(.07)
Night sleep (hrs)
8.38
(1.55)
8.28
(1.76)
8.82
(1.38)
2.32
(.01)
Day sleep (hrs)
7.32
(1.97)
6.17
(2.03)
4.46
(2.21)
43.03**
(.17)
No. of waking at night 2.48
(1.03)
2.47
(1.27)
1.70
(1.11)
11.58**
(.05)
Time to settle (min)
41.15
(33.43) 52.48 (37.48)
34.04 (37.29) 6.02*
(.02)
Note * denotes p<.01; **p < .001; Effect size (ηp2): small = .01; medium = .06; large = .14

Second, descriptive statistics were calculated to determine the proportion of infants
for each sleep position and sleep location as shown in Figures 4.1 and 4.2, respectively. In
each age group the majority of infants slept supine (88%) and overall only 2% indicated that
their infant slept prone. The majority of infants for each age group were reported to sleep in
their parent’s room. For 2-3-month-old infants the proportion reported to sleep in their
parent’s room or their own room were similar. Overall only 5% of infants were reported to
sleep in their parent’s bed.
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Proportion (%)
Proportion (%)

Figure 4.1. Sleep position (%) for infants for each age group

Figure 4.2. Sleep location (%) for infants for each age group
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4.4.3 Prevalence of snoring
The principal aim of this chapter was to examine the prevalence of snoring in infants
in the first 3 months of life. Approximately 18% of infants were reported to snore 1 to 2
nights (infrequent snoring), and 12 % of infants were reported to snore 3 or more nights a
week (habitual snoring) in the past week. A significantly larger proportion of children
reported to have a cold (χ2 (4) = 26.00, p <.001) or nasal discharge (χ2 (4) = 32.07, p < .001)
were reported to snore (see Table 4.3). A significantly higher proportion of children reported
to have a cold were reported to snore in the winter/autumn months (χ2 (2) = 4.51, p = .03)
compared to the summer/spring months as shown in Table 4.4. When excluding all infants
reported to have a cold in the past week, 75% of infants were reported to never snore, 16% of
infants were reported to snore infrequently and 9% of infants were reported to snore
frequently (see Table 4.3). To avoid confounding snoring with colds for all subsequent
analyses, children reported to have a cold in the past week were excluded and thus the
sample of children without colds was n = 365.

Table 4.3
Proportion (%) of infants reported to have a cold or nasal discharge for snoring and nonsnoring groups
Non-snorers
%
(n)

Infrequent snorers
%
(n)

Habitual snorers
%
(n)

Cold a
Not at all
75
(274)
16
(57)
9
(34)
1-2 nights/week
52
(22)
26
(11)
21
(9)
≥ 3 nights/week
36
(9)
44
(11)
20
(5)
Nasal discharge b
Not at all
77
(216)
13
(37)
9
(26)
1-2 nights/week
66
(68)
23
(24)
11
(11)
≥ 3 nights/ week
41
(23)
34
(19)
25
(14)
a
n = 432; b n = 439 because parents responded “don’t know” to items relating to colds (n = 9), snoring (n = 16)
and nasal discharge (n = 2) were excluded
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Table 4.4
Proportion (%) of infants reported to have colds for snoring and non-snoring groups for
each of the seasons
Snoring

Colds (% (n))
Yes
No
Winter/
Summer/
Combined
Winter/
Summer/
Combined
Autumn
Spring
Autumn
Spring
61 (26)
42 (10)
54 (36)
28 (49)
22 (42)
25 (91)
Yes
No
39 (17)
58 (14)
46 (31)
72 (125)
78 (149)
75 (274)
a
n = 432 because parents responded “don’t know” to items relating to colds (n = 9) and snoring (n = 16) were
excluded

The proportion of infants reported to snore in the past week for each age group was
analysed, as detailed in Figure 4.3. A significantly higher proportion of older infants (i.e. 1-3month-olds) were reported to snore habitually compared to 0-1 month-olds (χ2 (1) = 6.91, p =
.03) (see Figure 4.3).
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Proportion (%)
Snoring frequency
Figure 4.3. Proportion of infants (%) snoring for each age group and snoring frequency
4.4.4 The influence of snoring frequency on sleep patterns
Secondly, the associations of varying degrees of snoring frequency with infant sleep
over the first 3 months of life was examined. Snoring frequencies were divided into three
categories: non-snorers, infrequent snorers (1 to 2 nights in the past week) and habitual
snorers (3 or more nights in the past week). A One-Way Analysis of Variance (ANOVA) was
performed with the independent variable: snoring frequency. Outcome variables were: total
sleep time, night time sleep duration, daytime sleep duration, night waking, and time to settle
at night. Table 4.5 shows that there were no significant differences between non-snoring and
snoring groups for total sleep duration, night time sleep duration, night waking and time to
settle at night. There was a significant difference between groups for daytime sleep duration,
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with small effect sizes. Post-hoc analyses (Bonferroni corrections) showed that non-snorers
had significantly more daytime sleep compared with infrequent snorers.

Table 4.5
Means (SD) for sleep variables for each snoring frequency
Non-snorers
Mean
SD
15.28 (2.83)
8.46
(1.54)
6.80
(2.08)
2.36
(1.08)

Infrequent snorers
Mean
SD
14.40
(2.82)
8.19
(1.95)
5.81
(2.14)
2.57
(1.08)

Habitual snorers
Mean
SD
14.91
(3.30)
8.35
(1.89)
6.30
(2.62)
2.35
(1.74)

Total sleep (hrs)
Night sleep (hrs)
Daytime Sleep (hrs)
No. of waking at
night
Time to settle (min)
44.76 (36.98)
50.93
(42.58)
45.15
Note * denotes p < .05; Effect size (ηp2): small = .01; medium = .06; large = .14

(37.81)

F-value
(Effect size (ηp2))
2.11
(.02)
.65
(.00)
5.06*
(.03)
.83
(.00)
.62

(.00)

4.4.5 Factors associated with snoring
Univariate analyses were conducted to characterise the relationships between
potential risk factors and the different categories of snoring. For continuous variables a oneway ANOVA was calculated and for categorical variables Chi-square analyses were
performed. Demographic factors were gender, birth order, birth weight, relationship status
and maternal age. Socio-economic factors were maternal and paternal education completed,
and socio-economic status score (SEIFA index). Environmental factors were presence of
cigarette smoke in the household, current maternal smoking and maternal smoking during
pregnancy. Infant sleep behaviours were sleep position, sleep location, restless sleep,
maternal concern about breathing during sleep, and number of nights mother watched child
breathe during sleep afraid they would stop breathing. A significantly higher proportion of
habitual snorers were formula fed and had restless sleep. Also a significantly higher
proportion of mothers of habitual snorers were concerned about their child’s breathing duri ng
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sleep (see Table 4.6). There were no significant differences between groups for maternal
education completed, paternal education completed, maternal age, socio-economic status,
relationship status, presence of cigarette smoke in the household, current maternal smoking,
and maternal smoking during pregnancy, sleep location and sleep position, as shown in Table
4.6.

Table 4.6
Frequencies (%) for infant demographic variables according to snoring group with Chisquare or F-value results

Maternal age a (mean (SD))
Socio-economic status (mean (SD))
Gestational age (mean (SD))
Birth weight (mean (SD))
Birth length (mean (SD))
Ethnicity
Caucasian
Other
Type of delivery method
Vaginal
Caesarean section
Feeding
Breast milk only
Formula only
Breast and formula

Not at all
32.10 (4.97)
987.25
(71.10)
39.28 (1.21)
3.51 (.43)
50.20 (3.72)

Snoring frequency (% (n))
1-2 nights/ week ≥ 3 nights/ week
31.17 (6.22)
33.21 (4.19)
986.91 (81.53)
992.21 (62.00

F-value/Chisquare
1.57 (.01)
.07 (.00)

39.39 (1.15)
3.60 (.43)
50.52 (2.24)

38.97 (1.19)
3.59 (.52)
50.60 (2.43)

1.34 (.00)
1.21 (.01)
.34 (.00)

96 (262)
4 (12)

93 (53)
7 (4)

94 (32)
6 (2)

.77

69 (188)
31 (86)

70 (40)
30 (17)

62 (21)
38 (13)

76 (207)
8 (23)
16 (44)

79 (45)
9 (5)
12 (7)

56 (19)
29 (10)
15 (5)

15.23**

Birth order
1st
2nd
≥3

50 (138)
34 (92)
16 (44)

54 (31)
32(18)
14 (8)

53 (18)
27 (9)
21 (7)

.87

Maternal education completed
High school or less
Technical qualification
University

26 (70)
25 (69)
49 (135)

30 (17)
26 (15)
44 (25)

24 (8)
38 (13)
38 (13)

3.32

Paternal education completed
High school or less
Technical qualification
University

23 (66)
35 (96)
41 (112)

31 (18)
30 (17)
39 (22)

35 (12)
27 (9)
38 (13)

.3.63

.77
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Relationship status b
Never married
Married
Living with partner

2 (6)
75 (205)
22 (61)

2 (1)
66 (36)
32 (18)

3 (1)
82 (28)
15 (5)

4.30

Smoking in homed
Yes
15 (41)
19 (11)
15 (5)
1.01
No
85 (233)
81 (46)
85 (29)
Maternal smoking
Yes
7 (18)
12 (7)
6 (2)
2.37
No
93 (256)
88 (50)
94 (32)
Maternal smoking pregnancy
Yes
7 (18)
7 (4)
3 (1)
2.67
No
93 (256)
93 (53)
97 (33)
Sleep position
Supine
90 (247)
88 (50)
85 (29)
Side
9 (25)
10 (6)
9 (5)
2.00
Prone
1 (2)
2 (1)
0 (0)
Sleep location
Parent bed/parent room
61 (168)
75 (43)
65 (22)
3.52
Own room/another room
39 (106)
25 (14)
35 (12)
Restless sleep c
Not at all
44 (119)
29 (16)
18 (6)
1-2 nights
40 (109)
47 (26)
27 (9)
31.07**
≥ 3 nights
16 (42)
24 (13)
55 (18)
Maternal concern about breathing
Not at all
70 (152)
56 (32)
44 (15)
A little
26 (72)
39 (22)
44 (15)
13.29*
Somewhat/very
4 (10)
5 (3)
12 (4)
Watched child breathing during sleep
Not at all
73 (200)
63 (36)
62 (21)
19 (53)
30 (17)
21 (7)
7.55
1-2 nights
≥ 3 nights
7 (20)
7 (4)
18 (6)
Note * denotes p < .05, **p <.01; a Missing data for n = 17; Controls (n = 10), Infrequent snorers (n = 4),
Habitual snorers (n = 3); b Missing data for n = 5; c Parents responded “don’t know” (n = 6) were excluded;
d

Please note that although more detailed questions about smoking were asked in the questionnaire; due to the

small numbers of people who reported smoking it was not possible to use these descriptors for analyses.

123

The variables that were significant in univariate analyses above were entered into a
hierarchical multiple regression model and included age (weeks old), formula feeding since
birth, maternal concern about breathing during sleep, and restless sleep. Initially, age
accounted for 1% of the variance in snoring frequency (Adjusted R 2 = .01; (F (1, 335) = 1.49,
p = .22). In the second step formula feeding since birth shared an additional 2% of the
variance in snoring frequency (Adjusted R 2 = .01; (F (2, 335) = 5.17, p = .01). In the third
step maternal concern about the child’s breathing at night accounted for an additional 8% of
the variance in snoring frequency. In the final step restless sleep shared an additional 2% of
the variance in snoring frequency. Thus together these variables accounted for 12% of the
variance in snoring frequency (Adjusted R 2 = .01; (F (4, 335) = 12.21, p < .001). As shown
in Table 4.7, in the final step, formula feeding since birth, restless sleep, and maternal
concern about the child’s breathing at night were significant predictors of snoring frequency.

Table 4.7
A summary of regression co-efficients for each variable predicting snoring frequency
B

SE

β

Adjusted R2

R2
change

Step 1
Age (weeks old)
.02
.01
.07
.01
.01
Step 2
Age (weeks old)
.02
.01
.08
.03
.03**
Formula1
.23**
.08
.16
Step 3
Age (weeks old)
.02
.01
.07
.11
.08**
.29**
.08
.20
Formula
Maternal concern about breathing
.04
.30
.25**
Step 4
Age (weeks old)
.02
.01
.04
.12
.01**
.30**
.08
.20
Formula1
.05
.26
Maternal concern about breathing
.22**
.06
.12
Restless Sleep
.13*
Note * denotes p < .05, **p <.01 11 = child ever formula fed since birth; 0 = never formula fed since birth
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4.5 Discussion
There were three main findings from this study: (1). Prevalence of snoring is high at
this young age; (2). Habitual snoring is more common in older infants (i.e. 2-3-months-old)
compared to younger infants, and (3). Snoring is significantly associated with maternal
concern about breathing, exclusive formula feeding and parental-reported restless sleep in
infants.
The main finding of this study is that the prevalence of snoring is high in young
infants. In a predominantly Caucasian sample aged 0-3-months-old, habitual snoring in the
absence of a parental-reported cold or nasal discharge was reported in 9% of infants. Mild
snoring in older children is associated with neurocognitive deficits. The present findings
suggest that a subset of otherwise healthy infants may also be at risk for developing daytime
deficits especially as brain growth and development is maximal at this age (MontgomeryDowns & Gozal, 2006b).
The snoring rate in the present study is a little higher than the majority of studies
which generally report a slightly lower frequency of habitual snoring in infants for example,
4.5% of 0 to 4-months-old (Montgomery-Downs & Gozal, 2006a), 5% of 2 to 4-months-old
(Kelmanson, 2000), 5.1% of 6 to 12-months-old (Gislason & Benediktsdottir, 1995) to 6.6%
of 12-months-old (Kuehni, et al., 2008). The exception is Mitchell and Thompson (2003)
who report in New Zealand that 16% of 1-month-old infants and 26% of 1-6-month-olds
snored in the past 2 weeks. However, that study did not adjust for colds or season and asked a
global question about snoring frequency which could explain the high estimate.
In the present study, several methodological limitations were addressed that may have
confounded previous estimates of snoring frequency including small sample size (Gislason &
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Benediktsdottir, 1995; Montgomery-Downs & Gozal, 2006a), a failure to separately examine
the interaction with ethnicity which is reported to be associated with SDB (Mitchell, E.,
personal communication, 2009; Montgomery-Downs & Gozal, 2006a), whether infants had a
cold and season of testing. In this large sample of almost exclusively Caucasian children, a
significantly higher proportion of children who had colds were reported to snore in
Winter/Autumn (61%) compared to Spring/Summer (42%). Thus, it is necessary to consider
the season of data collection in this age group when reporting the prevalence of snoring in
populations.
The second main finding of the present study was that a significantly larger
proportion of older infants (i.e. 2-3-months-old) were reported to snore habitually compared
to younger aged infants. This may be a parenting-related factor; with parents needing time to
familiarise themselves with their child’s breathing (e.g. is it noisy, habitual and of concern).
The capacity of parents to recognise and quantify snoring in children and how this might
alter with child development is unknown. It will be important to validate parental-reported
snoring in infants in future studies with objective data such as polysomnography
(Montgomery-Downs, et al., 2010).
The third main finding of the present study was that snoring frequency in young
infants was associated with the presence of a cold, formula feeding, maternal concern about
the child’s breathing during sleep and restless sleep in the infant. The association with colds
is expected (Kuehni, et al., 2008) as is the association with restless sleep (MontgomeryDowns and Gozal, 2006), maternal anxiety about snoring in older children (Baldassari, et al.,
2008) and formula feeding (Goldbart, et al., 2007; Montgomery-Downs, et al., 2007). This
study is the first to conduct a comprehensive analysis of the environmental and social

126

variables associated with snoring frequency in this youngest age group and the factors found
to be important in increasing snoring prevalence are very similar to those of older infants and
children.
In agreement with the study of Montgomery-Downs and Gozal (2006a) parental
concern about the child’s breathing during sleep was significantly associated with snoring
frequency with 57% of parents of habitual snorers, compared with 29% of non-snorers
reporting concern about their child’s breathing during sleep. In addition, 17% of parents of
habitual snorers reported watching their child sleep and worried that they might stop
breathing. In studies with older children with SDB, it is common for parents to report
concern that their child will stop breathing during sleep (Baldassari, et al., 2008). This may
significantly impact parental sleep and subsequently daytime functioning as they may feel the
need to stay awake at night watching their child breathe (Georgalas, et al., 2007). It is also
possible that at this young age the increased concern about the child’s breathing during sleep
is a result of the public health campaign that has raised parental concern about the risk of
Sudden Infant Death Syndrome (SIDS) in young infants (Cooper & Lumley, 1996; Huffman,
Smok-Pearsall, Silvestri, & Weese-Mayer, 1998). It was concerning though that, considering
the prevalence of habitual snoring, 43% of parents of habitual snorers were not concerned
about their child’s breathing during sleep. This is consistent with other studies that have
found that, although sleep problems are frequently reported by parents, they seldom discuss
these concerns with their general practitioner (Blunden, et al., 2004). This highlights the poor
education and knowledge that parents have about the consequences and significance of
snoring in childhood.
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A number of studies have demonstrated that factors that result in airway irritation
may result in increased noisy breathing. For example, it has been suggested that parental
smoking can induce swelling and narrowing of the upper airway passages in infants and
result in increased noisy breathing (Mitchell & Thompson, 2003). In contrast to Kaditis, et al.
(2004), Kuehni, et al. (2008), Mitchell and Thompson (2003) and Montgomery-Downs and
Gozal (2006a), snoring in the current study was not associated with cigarette smoke within
the household or maternal cigarette smoking during pregnancy. It may be that exposure to
cigarette smoke has more of an impact on snoring when the child is exposed to it for a longer
period of time. The same argument could be made for upper respiratory tract infections.
Smoking was assessed with questionnaires; however, it may be useful for future studies to
use objective measures to evaluate the parent’s consumption of tobacco and the level of
second-hand exposure the child had to tobacco smoke.
In the current study, a larger proportion of habitual snorers were formula fed. It has
been suggested that breast feeding can provide immunologic protection against early
exposures to infections that may cause swelling of the upper airways (Goldbart, et al., 2007;
Montgomery-Downs, et al., 2007). Montgomery-Downs, et al. (2007) found that children
aged 6-years-old had reduced SDB severity if they had been breastfed for at least two
months. It has also been suggested that children with high palates and narrow arches may be
more likely to develop SDB (Palmer, 2006). The mechanical aspects of bottle feeding has
been proposed as an additional risk factor in developing SDB because it can alter the
swallowing pattern of the infant which can lead to facial and plate structures that are more
susceptible to narrowing and collapse during sleep (Palmer, 2006). The mechanisms by
which the method of feeding the infant could reduce the development of SDB need to be
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explored further (Montgomery-Downs, et al., 2007) but it is interesting that even after a
relatively short time, there is a clear distinction between those who were formula versus
breast fed.
Previous studies have shown that children from lower socio-economic areas are more
likely to be exposed to air pollution and to have a parent who smokes within the house
(Kuehni, et al., 2008); factors likely to contribute to snoring. However, in the current study,
socio-economic status, relationship status, maternal and paternal education, and maternal age
were not related with snoring frequency. In the current sample more than half of both parents
had completed some form of higher education. Thus, this sample was a better educated group
compared with the general population, and this may explain why socio-economic status was
not associated with snoring. It has also previously been shown that prone sleep position is an
important determinant of snoring in infants (Mitchell & Thompson, 2003), however only four
infants in the current study were reported to sleep in the prone position and therefore this
analysis was obviously underpowered to test this question. It was also surprising that
increased sleeping proximity to the infant (i.e. co-sleeping) was not associated with higher
reported snoring frequency. It does seem likely that parents with children that sleep in their
own room or in their own bed would be more aware of their child’s breathing and snoring
noises at night.
In the present study, there were no significant gender differences in snoring. Most
studies report a higher frequency of snoring in males (Brunetti, et al., 2001; Castronovo, et
al., 2003; Corbo, et al., 2001; Kaditis, et al., 2004; Mitchell & Thompson, 2003;
Montgomery-Downs, et al., 2003), some no difference (Castronovo, et al., 2003;
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Montgomery-Downs & Gozal, 2006a; Rosen, et al., 2003) and one a higher frequency in
females (Smedje, et al., 1999).
In the current study the three snoring groups had similar total sleep duration, night
sleep duration, and night waking. Similar to the current findings for sleep duration, studies
with older children have found no significant differences between snorers and non-snorers
for night sleep duration (Ferreira, et al., 2000; O'Brien, Mervis, Holbrook, Bruner, Klaus, et
al., 2004). In the current study, infrequent snorers had significantly less day sleep duration
compared to controls, although this was a small effect. This could be due to a small sample
size. In contrast to the present findings for night wakings, Weissbluth, et al. (1984) report
that 4 to 8-month-old infants who snored were more likely to wake frequently. Although they
did not report more awakenings, a higher proportion of habitual snorers in the present study
had restless sleep similar to studies in older children that have reported more restless sleep in
habitual snorers (Cheruku, et al., 2002; Chervin, Archbold, et al., 2002; Ferreira, et al.,
2000). It has been suggested that frequent arousals and restless sleep can lead to sleep
fragmentation which may contribute to the neurocognitive deficits often reported in snorers
(O'Brien & Gozal, 2004).
The results have shown that, as expected, total sleep time of the infants decreased
with age, mostly due to reduced daytime sleep duration (Iglowstein, et al., 2003; Sadeh et al.,
2009; Ottaviano, 1996). The means found for infants in the current study are consistent with
those reported by studies in the US (Montgomery-Downs & Gozal, 2006a; Sadeh, et al.,
2009), China (Jiang, et al., 2007) and Switzerland (Iglowstein, et al., 2003). In a large crosssectional study, total sleep duration for 0-2-month-olds was reported at 14.3 hours, day sleep
duration of 5.75 hours and nocturnal sleep duration of 8.5 hours. In another study, neonates,
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1-month-old infants and 2-month-old infants were reported to have total sleep duration of
12.2 hours, 12.1 hours and 12.0 hours respectively, and 8.7 hours of nocturnal sleep duration
(Montgomery-Downs & Gozal, 2006a). In the current study 0 to 2-months-old total sleep
duration was 15.0 hours, day sleep duration was 7.32 hours and night time sleep duration was
8.4 hours. These differences are small; but discrepancies between studies could be due to
different methodologies utilised to elicit information. For example, Sadeh, et al. (2009) used
an internet survey.
The majority of infants were reported to sleep supine, with only 2% reported to sleep
prone. In previous studies, 20.1% of infants aged 4 months and younger (MontgomeryDowns & Gozal, 2006a) and 9% of 0 to 2-months-old were reported to sleep prone (Sadeh, et
al., 2009). This underlines the success of the Back to sleep campaign undertaken in Australia
since the early 1990s (Cooper, 1996) which has focused on encouraging parents to use
strategies to achieve supine sleeping. It was also encouraging that during this risk period only
a small proportion of parents (5%) reported that their child slept in the parent’s bed. This is
considerably less than the 18% of 0 to 2-months-old reported in recent United States studies
to sleep in their parent’s bed (Sadeh, et al., 2009) or the 11.6% of 1-month-old, and 18.5% of
2-months-old reported to co-sleep exclusively in the parental bed (Montgomery-Downs &
Gozal, 2006a). It is possible that the prevalence of co-sleeping was low in this study
compared to other studies because it was predominantly a Caucasian sample. Co-sleeping is
reported more commonly in African-American and Latino pre-school children compared
with white families (Milan, et al., 2007). Similar to previous studies the majority of infants
were reported to sleep in their parent’s room. Generally, it is only following the first year of
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life, that there is a steady increase in the proportion of infants reported to sleep in their own
room or another room (Sadeh, et al., 2009).
To date, no community studies investigating snoring in infants have considered the
differences in sleep between snoring frequencies in infancy. In the current study the three
snoring groups had similar total sleep duration, night sleep duration, and night waking. This
is similar to studies of older children that have found no significant differences between
snorers and non-snorers in total sleep duration (Ferreira, et al., 2000; O'Brien, Mervis,
Holbrook, Bruner, Klaus, et al., 2004). In the current study, infrequent snorers had
significantly more daytime sleep compared with infrequent snorers; however, the effect size
was small. This was unexpected and may have been due to sample size. In contrast to the
present findings for night waking, Weissbluth, et al. (1984) report that infants aged 4 to 8months-old who snored or breathed through the mouth during sleep were also more likely to
wake frequently. Although, they did not report more awakenings, a higher proportion of
habitual snorers in the present study had restless sleep similar to studies with older children
that have reported more restless sleep in snoring children (Cheruku, et al., 2002; Chervin,
Hedger Archbold, et al., 2002; Ferreira, et al., 2000). It has been suggested that frequent
arousals and restless sleep can lead to sleep fragmentation which may contribute to the
neurocognitive deficits often reported in snorers (O'Brien & Gozal, 2004).
The present study had several limitations. The reliance on parental-report is deemed
reasonable because sleep characteristics of a large community sample of infants were of
primary interest. The gold standard to assess snoring is Polysomnography, but fiscally
prohibitive in large samples. Previous studies have shown however, that parental-reports of
snoring frequency are reliable when compared with PSG in children as young as 2-years-old
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(Montgomery-Downs, et al., 2004). In addition, Greenfeld, Tauman, DeRowe, and Sivan
(2003) have validated snoring frequency as the main symptom for SDB in infants. It would
be instructive to collect PSG data in future studies and thereby better understand the
reliability of parental estimates of snoring in young infants and how that understanding is
moderated by child age. The method of participant recruitment also may have been a
confounder given the parental profile of a more educated sample. The current study used
standard questionnaires and asked parents about symptoms in the past week, it is also
possible that the duration of symptoms is equally important and this needs to be addressed in
future studies. Nevertheless, a strength of the present study is the inclusion of multiple
measures of predictors of snoring in a predominantly homogenous community sample.
In summary, this study demonstrated that the prevalence of snoring, in the absence of
parental-reported colds and runny nose, in 0-3-month-old infants is 9%. Restless sleep,
maternal concern about the child’s breathing during sleep and exclusively formula feeding
were significantly predictive of increased snoring frequency. Future research is needed to
clarify the natural history of snoring using larger longitudinal studies. The unanswered
question is whether the neurocognitive sequelae seen in older children with snoring, even of
mild degree, also occurs in infants who potentially are at a more critical period of brain
development. Therefore, it is warranted to consider snoring at 6 months of age and to
examine the associations between snoring and developmental outcomes. The following
chapter will explore whether snoring frequency at 6-months-old is associated with poorer
developmental outcomes at 6-months-old.
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CHAPTER 5: EFFECTS OF SLEEP AND SNORING ON DEVELOPMENTAL
OUTCOME AT 6-MONTHS-OLD

5.1 Overview
This chapter reports on data collected when infants were aged 6 months. First,
comparisons of demographic details, parental-reported sleep variables, and potential risk
factors between study groups (i.e. controls, infrequent snorers and habitual snorers) are
provided. Next, the group mean differences in developmental outcomes for frequent snoring,
infrequent snoring and controls are analysed. Finally, the relationships between sleep
duration, night waking and developmental outcomes are summarised for A) the entire
sample; and, B) the sample with objectively recorded sleep.

5.2 Introduction
Disruption of sleep due to restriction or fragmentation in children has detrimental
effects on their behaviour and cognitive functioning. One of the most common paediatric
sleep disorders in childhood which is known to fragment sleep is Sleep Disordered Breathing
(SDB). SDB ranges in severity. At the mild end of the spectrum is primary snoring which is
snoring without associated sleep gas exchange abnormality. At the severe end is Obstructive
Sleep Apnoea Syndrome (OSAS) where occlusion of the airway occurs and this obstruction
is characterised by abnormalities in gas exchange and nocturnal arousals. One feature of SDB
is snoring. Snoring is common in middle childhood, with an estimated prevalence rate of 5 10% in school aged children (Lumeng & Chervin, 2008). In infancy, the prevalence of
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snoring is reported to range from 5 to 26% (Mitchell & Thompson, 2003; MontgomeryDowns & Gozal, 2006a). In the current cohort, reported in the previous chapter (p. 105), the
prevalence of snoring in infants aged 0-3-months-old was 9%, similar to that reported in
school-aged children of the same geographical region (Biggs, unpublished thesis).
There is a general consensus in the literature that SDB in childhood is associated with
deficits in both neurocognition and behaviour. Even children with relatively mild snoring
have significantly lower scores in a wide range of neurocognitive domains compared to
children without SDB including executive functioning (Gottlieb, et al., 2004), memory
(Gottlieb, et al., 2004; Kennedy, et al., 2004; Kohler, et al., 2009), specific language and
visuospatial abilities (O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004), attention
(Kennedy, et al., 2004; Kohler, et al., 2009; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al.,
2004), verbal IQ and global IQ (Gottlieb, et al., 2004; Kennedy, et al., 2004; Kohler, et al.,
2009; Montgomery-Downs, Crabtree, & Gozal, 2005; O'Brien, Mervis, Holbrook, Bruner,
Klaus, et al., 2004). What is unclear however, is whether the same is true in infants who
snore. Given that infancy is a period of rapid brain growth and sleep is important for the
development of neural circuits that are involved in long-term memory and learning (Graven
& Browne, 2008) it is imperative to determine whether snoring in infancy is associated with
poorer cognitive development.
There is a paucity of data in children aged 0 to 2-years-old and to date only two
studies have highlighted the potential for cognitive deficits in infants. In a study of 35 8month-old infants, Montgomery-Downs and Gozal (2006b) report that higher snoring-related
arousals were significantly associated with lower mental development scores. However, no
infant in that study had episodes of either obstructive hypopnoea or apnoea. Moreover,
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Montgomery-Downs and Gozal (2006b) only collected data from a single night
Polysomnography (PSG) study. In the second case, as part of a large study examining
Apparent Life Threatening Events (ALTE), Hunt, et al. (2004) collected data using a home
oximetry monitor continuously for up to 3 months to examine the impact of cardiorespiratory events (i.e. oximetry-defined apnoea) in early infancy on cognitive functioning
(Bayley Scales of Infant and Toddler Development Edition 2) at 92 weeks of age. Hunt, et al.
(2004) reported that five or more events (events were scored as either apnoea ≥ 20 seconds or
heart rate <60 to 80 beats per minute or <50 to 60 beats per minute for ≥ 5 to 15 seconds)
was associated with lower mental development scores compared to those infants without
respiratory events. This study however, did not include the evaluation of infants who snored
versus non-snorers. These early results albeit limited in number taken together suggest that
snoring is associated with cognitive impairment in infants but this remains to be fully
examined in children with a history of snoring versus those who do not snore.
A further issue in studying the relationship between SDB and daytime functioning is
that, to date, the majority of studies in older children have been recruited from children on
hospital waiting lists suspected of SDB. These children’s referrals may have been stimulated
because of cognitive problems or daytime behavioural problems. Therefore, these samples
may be overrepresented with children with behavioural problems (Emancipator, et al., 2006;
Rosen, et al., 2004) compared with children from the general community. In infants,
Montgomery-Downs and Gozal (2006b) included a community sample, while Hunt, et al.
(2004) examined at risk ALTE children from the community. One study in older children
recruited from the community has reported no deficits in snoring children (Calhoun, et al.,
2009). It would be instructive for future studies to include children recruited from the

137

community, rather than to limit focus to hospital settings. Similarly, little is known about the
extent to which sleep quantity and quality is important for development in infancy.
It has been established that reduced sleep duration in the early postnatal period has a
significant impact on development in the first year of life (Arditi-Babchuk, Feldman, &
Eidelman, 2009; Borghese, Minard, & Thoman, 1995; Holditch-Davis, Belyea, & Edwards,
2005). The impact of sleep duration on development in the later months of infancy is less
clear and has been restricted to two studies with inconsistent findings. Scher (2005) found
that in 10-month-old infants with less motor activity and more consolidated sleep had
improved cognitive development. While, Spruyt, et al. (2008) found that at 12-months-old
there were no significant relationships between sleep duration and developmental outcome,
but had a small sample size (n =19). In all, it is unknown whether sleep duration in 6-monthold infants is associated with developmental outcomes.

5.2.1 Aims
The aims of the present study were to examine in a community-based sample of 6months-old infants:
x

The relationships between snoring and developmental outcomes.

x

The relationships between sleep disruption, sleep duration and developmental outcomes.

5.2.2 Hypotheses
1.

Infants reported as habitual snorers (≥ 3 nights/ week) will have poorer cognitive

development, language, motor and social and emotional development.
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2.

Shorter sleep durations in infants will be associated with poorer developmental

outcomes.
3.

Increased night waking in infants will be associated with poorer developmental

outcomes.

5.3 Methods
This is the second stage of data collection of a longitudinal study which consists of
three study phases. Phase 1 was a community survey when infants were 0-3-months-old.
Phase 2 was conducted as close as possible to when infants were 6-months-old, although
infants were assessed between 5 to 8-months-old. A summary of the participants, measures
and procedure utilised in this phase of data collection is detailed below (for a detailed
description, refer to Chapter 3, p. 84).

5.3.1 Participants
Participants included 117 full term infants (57 males; 60 females) and their primary
caregiver (98% mother). Infants were classified by parent-report questionnaire into three
categories: Controls (healthy infants never reported to snore in the absence of a cold);
infrequent snorers (snoring 1 to 2 nights/ week) and habitual snorers (snoring 3 or more
nights/ week). There were 88 control infants; 10 infrequent snorers and 19 habitual snorers.
Twenty-one infants were reported to snore since shortly after birth (16 habitual snorers and 5
infrequent snorers); 3 infants were reported to snore from the age of 1 month (2 habitual
snorers and 1 infrequent snorers); 2 from 2-months-old (2 infrequent snorer) and 3 from 4months-old (1 habitual snorer and 2 infrequent snorers).
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To corroborate parental-report of sleep duration; objective sleep measures were
collected using actigraphy recordings (details of methodology are in Chapter 3, p. 84) for
50% of the full sample (n =59). There were no significant differences in age (t (116) = -.80, p
= .43), gender (t (116) = .18, p = .86) or socio-economic status (t (116) = -.54, p =.59) for
those infants who had objective measures of sleep compared to those without an objective
sleep record (see Appendix 8).

5.3.2 Measures
Development was assessed using the Bayley Scales of Infant and Toddler
Development Edition III. This comprises 4 subscales: Cognitive, language (receptive and
expressive), motor (fine and gross) and social-emotional (Mean = 100; SD =15). A score
below 85 is considered below the normal range. Maternal IQ was measured with the National
Adult Reading Test (Nelson & Willison, 1991). Questionnaires were used to gather
information about infant sleep duration, night waking and settling (Sadeh, 2004) and sleep
disordered breathing and respiratory infections (Montgomery-Downs & Gozal, 2006a;
Montgomery-Downs, et al., 2004; Sohn & Rosenfeld, 2003). Postnatal depression was
assessed using the Edinburgh Postnatal Depression Scale (Cox, et al., 1987) and family
functioning was assessed using the Family Assessment Device (FAD) (Epstein, Baldwin &
Bishop, 1983). The FAD consists of seven subscales: problem solving, communication, roles,
behaviour control, affective involvement, affective responsiveness and general functioning.
To ensure that scales could be comparable with other measures each of the family
functioning scales was standardised (n-mean/standard deviation). A total family functioning
score was calculated (the average of the standardised family functioning subscales) and used
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for all subsequent analyses. To corroborate parental-reported sleep durations, a subset of
participants (n = 59) wore Actigraphs and completed a 7 day sleep diary.

5.3.3 Procedure
Families from the first survey that indicated their interest of being involved in further
research were invited to participate in the 6 month assessment. Parents were asked to come to
the Sleep Disorders Unit, Women’s and Children’s Hospital, South Australia, for a
developmental assessment that took 50 minutes. After the assessment, parents completed the
NART and questionnaires (parents were also able to complete questionnaires at home for
convenience). Parents who volunteered their infants to wear an actigraph were given
instructions about its use. The actigraphs were pre-programmed and placed around the
infant’s ankle. The child wore the actigraph for 7 nights and parents completed a 7 day sleep
diary.

5.3.4 Statistical Analyses
All statistical analyses were examined using SPSS version 17.0. Prior to analyses,
variables were examined for accuracy of data entry and missing values. All data were entered
accurately and mean values were inserted for missing data for two participants for day sleep
duration as recommended by Tabachnick and Fidell (2007). There were missing data for
some participants for socio-economic and demographic variables (e.g. paternal education
completed) thus only participants with scores available were included in analyses. Also a
small number of participants answered “don’t know” for questions relating to atopy in the
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child (wheezing, asthma, eczema or allergies) and atopy in the parent (asthma, eczema, hay
fever and allergies); only parents who responded “yes” or “no” to these questions were
included in analyses. There was missing data for maternal IQ (26% for entire sample (n = 30)
and 19% for actigraph sample (n = 11)) as some of the children came to the developmental
assessment with the father; or because the mother’s second language was English; one
mother was dyslexic; and some infants were so irritable by the end of the session that it was
not possible to collect data from their mother. Thus in analyses with maternal IQ only those
with available scores were used.
Descriptive statistics were calculated for demographic variables, developmental
outcomes and sleep variables. The relationships between demographic variables and
developmental outcomes were assessed using Pearson product-moment correlation
coefficients. Independent sample t-tests were employed to assess mean differences in
developmental outcomes. The associations between environmental, socio-economic and
physiological and snoring frequencies were assessed using Chi-square analyses.
The distribution of scores of each of the developmental outcomes was assessed for
normality by the absolute values for Skewness and Kurtosis, and visual inspections of the
frequency histograms and stem and leaf plots. Following these criteria, the distribution of
cognitive, language, motor and social emotional development for the control group and
infrequent snorers group followed a normal distribution. The distribution of social emotional
development for the habitual snorers showed a normal distribution. However, cognitive
development and motor development followed a slight negatively skewed distribution and
language development followed a slight positively skewed distribution. It was decided
therefore, when assessing mean group differences to perform both Univariate Analysis of
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Variance (ANOVA) and the non-parametric test Kruskal-Wallis test. Effect sizes were
determined using partial eta squared values (ŋ p 2), 0.01 = small effect, 0.06 = medium effect,
and 0.14 = large effect size (Cohen, 1988). A hierarchical regression analysis was conducted
to assess the influence of snoring frequency on cognitive development once potential
confounders: maternal IQ, maternal education, paternal education, socio-economic status and
maternal depression, had been accounted for. In addition, children were divided into two
groups reflecting severity: children reported to snore since early life and who were currently
reported to snore frequently and controls (children never reported to snore in the absence of a
cold). ANOVA were employed to assess differences in groups for demographic variables and
developmental scores.
Dependent sample t-tests were employed to assess mean differences between
objectively recorded sleep duration and sleep diary recorded sleep duration. Agreement
between objectively recorded sleep duration and sleep diary recorded sleep duration for both
day and night sleep was examined with Bland-Altman plots using Prism Version 5.0. This is
a graphical method where differences between sleep diary and actigraph for each participant
are plotted against the average of the two measurements (i.e. mean sleep diary + mean
actigraphy)/2) (Atkinson & Nevill, 1998; Dietrich, et al., 2010). The mean difference
between the two measurements is represented as a horizontal line. The larger the scatter
around the line of mean difference, the larger the measurement error. Limits of agreement
define the range within which 95% of the differences between the two measurements are
likely to fall (Atkinson & Nevill, 1998; Dietrich, et al., 2010). The interpretation of whether
the agreement is acceptable is a judgement based on the influence that the mean difference
and the limits of agreement will have on the target outcome. The relationships between sleep
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durations and developmental outcomes were investigated using Pearson product-moment
correlation coefficients.

5.4 Results
5.4.1 Sample characteristics
The study groups consisted of 88 controls, 10 infrequent snorers and 19 habitual
snorers. The demographic data for the three study groups is presented in Table 5.1. Infants
were aged between 17.3 and 32.9-weeks-old (Mean = 26.2; SD = 1.9). Maternal age ranged
from 18.3 to 43.5-years-old (Mean = 32.9; SD = 5.2). The 2006 Australian Census data
(ABS, 2006) permits testing of the representative of the parents in the sample in respect to
level of education reported. In the current study, 51% of mothers had completed a university
degree; 34% completed a trade certification or apprenticeship or Technical and Further
Education (TAFE) qualification and 15% had completed high school. The 2006 Australian
Census data (ABS, 2006) indicates that the proportion of mothers that had completed some
form of higher education is higher than the 39.41% of females aged between 15 and 44 years
in the general population. For fathers, in the current study, 18% had completed high school;
34% had completed a trade certification or apprenticeship or Technical and Further
Education (TAFE) qualification and 46% had completed a University degree. More than half
of the fathers in this sample had completed some form of higher education which was higher
than the 42.07% of males reported in the 2006 Australian census data. Thus, this sample
reported attaining a higher level of education compared with the general population.
Demographic data for infants is compared to the population data from Pregnancy Outcome
Unit, Department of Health South Australia (2007). In the current sample, 47% of births
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were males, which is somewhat lower to the population data that found in 2007 in which
51% of births in South Australia were male.
Preliminary analyses revealed no significant group differences between habitual
snorers, infrequent snorers and controls in age, socio-economic status, ethnicity, delivery
method, maternal and paternal education completed, maternal medical history and maternal
and paternal snoring as shown in Table 5.1. Examination of gender differences revealed that
there was a significantly higher proportion of males who snored (χ2 (2) = 8.45, p =.02).

Table 5.1
Descriptive statistics for demographic variables for each snoring frequency
Demographic/ Sleep variable

Male
Mode of Delivery: Vaginal
Mother’s education completed±
High school
Technical qualification
University
Father’s education completed±
High school
Technical qualification
University
Maternal medical history±
Pre-eclampsia
Gestational Diabetes
None
Ethnicity
Caucasian
Asian
Relationship status±
Never married
Married
Living with partner

Controls
(n = 88)
%
(n)
43
(35)
63
(56)

Infrequent snorer
(n = 10)
%
(n)
50
(5)
70
(7)

Habitual snorer
(n = 19)
%
(n)
79
(15)
63
(12)

17
31
52

(15)
(27)
(46)

50
50

(5)
(5)

29
33
39

(5)
(6)
(7)

20
30
50

(18)
(26)
(43)

20
40
40

(2)
(4)
(4)

12
56
33

(2)
(10)
(6)

9.63

2
5
91

(2)
(4)
(80)

10
0
90

(1)
(0)
(9)

5
11
84

(1)
(2)
(16)

4.18

99
1

(88)
(1)

100
-

(10)

100
-

(19)

1.29

3
78
18

(3)
(68)
(16)

80
20

6
83
11

(1)
(15)
(2)

1.57

(8)
(2)

Chi-square

8.45*
.47
4.62

Mean
(SD)
Mean
(SD)
Mean
(SD)
F-value (ηp2))
Age (weeks old)
26.20
(1.91)
25.53
(.69)
26.67
(2.13)
1.86 (.03)
SEIFA Score
1005.58 (68.41) 1000.20 (55.94) 972.89 (72.95)
1.79 (.03)
Note * denotes p < .01; Effect size (ηp2): .01= small; .06 = medium; .14 = large; ± Missing data: paternal
education (controls (n = 1); habitual snorer (n = 1)); maternal education (habitual snorer (n = 1)); maternal
medical history (controls (n = 1)); relationship status (controls (n = 1); habitual snorer (n = 1))
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After initial evaluation of the database it was clear that there was an important subgroup of
infants who began to snore early and frequently soon after birth and continued to snore to the
6 month assessment. Thus two groups reflecting snoring severity were compared: children
who were reported to snore since early life and also reported to snore habitually at 0-3months-old and 6-months-old (n = 16), compared with controls (children who were never
reported to snore in the absence of a cold) (n = 88). Exploratory analyses revealed no
significant group differences between these two groups in age, socio-economic status,
ethnicity, delivery method, maternal and paternal education completed, maternal medical
history and maternal and paternal snoring as shown in Table 5.2. There was a significantly
higher proportion of males reported to snore frequently and since early life (χ2 (2) = 9.61, p
=.002).
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Table 5.2
Demographic details for children reported to snore since early life and who were reported to
snore habitually at 0-3-months-old and 6-months-old (labelled “early life”) and controls

Male
Mode of Delivery: Vaginal
Maternal snoring (Yes)
Paternal snoring (Yes)
Mother’s education completed
High school
Technical qualification
University
Father’s education completed±
High school
Technical qualification
University
Ethnicity
Caucasian
Asian
Maternal medical history±
Pre-eclampsia
Gestational Diabetes
None
Relationship status±
Never Married
Married
Living with partner

Controls
(n = 88)
%
43
63
35
73

n
(36)
(56)
(29)
(62)

Early life
(n = 16)≠
%
81
69
44
72

Chi-square
n
(13)
(11)
(7)
(61)

17
31
52

(15)
(27)
(46)

19
29
52

(3)
(5)
(8)

20
30
50

(18)
(26)
(43)

12
50
38

(2)
(8)
(6)

99
1

(87)
(1)

100
0

(16)
(0)

2
5
93

(2)
(4)
(80)

6
13
81

(1)
(2)
(13)

9.61**
.19
.57
2.93
.13

1.90

1.14
1.27

2.44
3
(3)
6
(1)
78
(68)
88
(14)
18
6
(1)
(16)
Mean
SD
Mean
SD
F-value (Effect size (ηp2))
Age (weeks old)
26.20
(1.91)
26.55
(2.31)
.43 (.00)
SEIFA score (SES)
1007.66
(69.83) 971.94 (78.07)
3.35 (.04)
Note * denotes p < .01; ± Missing data: paternal education (controls (n = 1)); maternal medical history (controls
(n = 1)); relationship status (controls (n = 1)) ≠ The following groups of children were excluded from analyses
because of small sample size: children reported to snore since early life and infrequently (n = 5) and children
reported to snore from 1-2-months-old and infrequently (n = 4) or children reported to snore from 3-4-monthsold and infrequently (n = 1) or children reported to snore from 3-4-months-old and frequently (n = 1) or
children reported to snore from 1-2months-old and frequently (n = 2).
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5.4.2 Descriptive statistics for sleep and developmental outcomes for the entire sample
Preliminary analyses showed that there were no gender differences for all sleep
variables and developmental scales as shown in Tables 5.3 and 5.4. As shown in Table 5.4,
all scores for cognition were within the normal range. For language development, with the
exception of three participants, all were within the normal range. These three participants
scored between 80 to 84 (i.e. low average). For motor development, with the exception of
two participants, all were within the normal range. One participant scored between 70 to 79
(i.e. borderline) and the other participant scored between 80 to 84. For social emotional
development six participants were below the normal range, with two participants who scored
between 70 to79 and four participants who scored between 80 to 84.
Previous literature has identified that certain demographic variables such as poor
parental education, and low maternal IQ and family variables including maternal postnatal
depression (PND) and low family cohesion and adaptability are associated with poorer
developmental outcome (see Chapter 2, p. 54). However, few studies have adequately
controlled for them. Pearson moment-product correlations assessed the relationships between
demographic variables and developmental outcomes as shown in Table 5.5. There were
small, significant, and negative correlations between cognitive development and family
functioning, and between motor development and family functioning. This indicates that
poorer performance in cognitive development and motor development was associated with
poorer family functioning scores. There was a significant, negative and small correlation
between maternal education and social emotional development. There were no other
significant correlations between demographic variables and developmental outcomes.
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Table 5.3
Means, Standard Deviation (SD) and Range for developmental outcomes for males
and females and for the entire sample
Scale
Cognitive
Language
Motor
Social
emotional

Males
Mean (SD)
98.94 (4.47)
91.17 (3.73)
99.08 (8.07)
99.52 (12.81)

[Range]
[90-105]
[83-100]
[76-118]
[75-130]

Females
Mean (SD)
100.45 (4.19)
91.89 (3.81)
101.02 (7.82)
99.46 (12.85)

[Range]
[90-110]
[83-100]
[85-121]
[75-130]

TValue
1.94
-.46
-.59
.23

Entire
Mean
99.50
91.64
100.16
99.54

sample
(SD)
(4.35)
(3.87)
(8.13)
(12.59)

[Range]
[90-110]
[83-100]
[76-121]
[75-130]

Table 5.4
Means, Standard Deviations and Range for sleep variables for each gender
Scale
Night sleep (hrs)
Day sleep (hrs)
Total sleep (hrs)
No. of wakings at night

Males
Mean (SD)
[Range]
10.17 (1.44)
[5-12.50]
2.97 (1.21)
[1 - 6]
13.07 (1.97) [6.5 -17.00]
2.13 (2.15)
[0 -10]

Females
Mean (SD)
[Range]
10.25 (1.12) [7.50-12.00]
3.156 (1.52)
[0 – 7]
13.42 (1,88) [10 – 17.0]
2.04 (1.41)
[0 -6]

T-Value
-.19
.82
.73
-.11

Table 5.5
Correlations between developmental outcomes and demographic variables for the entire
sample (N = 117)
Entire Sample
SES
Maternal education
Paternal education
Breastfeeding duration
Maternal IQ
PND (0-3-months-old)
PND (6-months-old)
Family functioning
Note *denotes p < .05; p < .01

Cognitive
.10
.02
.09
.05
.11
-.01
-.03
-.20*

Language
-.11
.02
.10
.07
-.12
.01
.02
.04

Motor
-.06
.00
-.02
.02
.02
-.00
-.05
-.21*

Social emotional
.07
-.19*
.08
-.02
-.18
-.10
-.08
-.10
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5.4.3. Descriptive statistics for sleep variables for each of the study groups
Firstly, a series of one-way ANOVA were performed to assess the differences in
parental-reported sleep durations and night waking for each of the study groups as detailed in
Table 5.6. Habitual snorers had significantly less night time sleep duration compared with
controls. Habitual snorers compared with controls also had less total sleep duration, more
time to fall asleep and more night waking than controls, although these were not statistically
significant. There were no significant differences between groups for day sleep duration.
Infrequent snorers had significantly more night wakings compared with controls (F (1, 116)
= 4.88, p = .01; ηp2 = .08), but there were no significant differences between infrequent
snorers and habitual snorers for night wakings. Another question parents were asked was “In
the past week how often has your child had restless sleep?” Habitual snorers had significantly
more restless sleep at night compared with controls and infrequent snorers had significantly
more restless sleep at night compared with controls. There were no significant differences
between frequent snorers and infrequent snorers in restless sleep.

Table 5.6
Means and standard deviations of sleep variables for each group
Controls
(n = 88)
Mean (SD)

Infrequent
snorers
(n = 10)
Mean (SD)

Habitual
snorers
(n = 19)
Mean (SD)
9.32 (1.55)
3.03 (1.38)
12.31 (2.28)
21.65 (19.39)
2.12 (1.87)
2.42 (.77)

Night sleep (hrs)
10.37 (1.09)
10.28 (1.64)
Day sleep (hrs)
3.32 (2.29)
3.63 (1.23)
Total sleep (hrs)
13.40 (1.81)
13.98 (2.06)
Time to fall asleep (min)
19.74 (18.43)
17.00 (8.23)
No. of waking at night
1.89 (1.57)
3.70 (2.89)
No. of nights of restless
1.83 (.80)
2.50 (.71)
sleep
Note ** denotes p <.01; Effect size (ηp2): small = .01; medium = .06; large = .14

F-value

6.29**
.76
2.97**
.22
4.88
6.84

Effect size (ηp2)

.10
.01
.05
.00
.08
.11
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5.4.4. The association between snoring frequencies and associated factors
A series of Chi-square analyses were carried out to assess the impact of potential
environmental and physiological factors that in previous literature have been found to be
associated with snoring. There were no significant differences between groups for respiratory
infections in the past 6 months, eczema in the past 6 months, paternal asthma, paternal
eczema, paternal allergies, paternal snoring, paternal hay fever, presence of smoking in the
household and smoking during pregnancy, as shown in Table 5.7. There were significant
differences between groups for: breastfeeding, maternal history of asthma, maternal history
of eczema, maternal snoring and maternal history of allergies. There was a trend towards
significance for wheezing. A significantly higher proportion of habitual snorers compared to
controls were reported to wheeze in the past 6 months (χ2 (1) = 5.27, p = .02), maternal
history of asthma (χ2 (1) = 6.48, p = .01), breastfed for 3 or less months (χ2 (1) = 13.70, p =
.001). Although, not significant there was a trend towards significance with a higher
proportion of habitual snorers compared with controls reported to have maternal history of
eczema (χ2 (1) = 3.07, p = .08), maternal history of allergies (χ2 (1) = 3.00, p = .08) and
maternal snoring (χ2 (1) = 2.87, p = .09). A significantly higher proportion of infrequent
snorers compared with controls were reported to have maternal history of eczema (χ2 (1) =
5.86, p = .02), maternal history of allergies (χ2 (1) = 6.79, p = .01) and maternal snoring (χ2
(1) = 4.86, p = .03).
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Table 5.7
Frequencies for socio-economic, environmental and physiological factors according to
snoring and non-snoring groups±
Controls

Infrequent
Habitual snorers Chi-square/
snorers
F-value (ηp2)
% (n)
% (n)
% (n)
Respiratory infections
Yes
10
(10)
10
(1)
22
(4)
2.00
No
90
(78)
90
(9)
78
(15)
Wheezing
Yes
12
(10)
20
(2)
33
(6)
5.17a
No
88
(74)
80
(8)
66
(12)
Eczema
Yes
17
(15)
40
(4)
33
(6)
4.42
No
83
(72)
60
(6)
66
(12)
Allergies
Yes
5
(4)
10
(1)
18
(3)
3.28
No
95
(75)
90
(9)
82
(14)
Maternal snoring
Yes
35
(29)
70
(7)
56
(10)
7.13*
No
66
(55)
30
(3)
41
(7)
Paternal snoring
Yes
72
(62)
100 (10)
88
(16)
4.82
No
28
(24)
0
(0)
11
(2)
Paternal Asthma
Yes
21
(18)
40
(4)
11
(2)
3.35
No
79
(70)
60
(6)
89
(16)
Maternal Asthma
Yes
28
(26)
50
(5)
56
(10)
4.22*
No
70
(60)
50
(5)
44
(8)
Paternal Eczema
Yes
17
(14)
10
(1)
11
(2)
.65
No
83
(68)
90
(9)
89
(16)
Maternal Eczema
Yes
21
(18)
56
(5)
39
(7)
6.51*
No
79
(67)
44
(4)
61
(11)
Paternal Allergies
Yes
36
(30)
40
(4)
50
(5)
.13
No
63
(53)
60
(5)
50
(5)
Maternal Allergies
Yes
46
(39)
90
(9)
68
(13)
8.75*
No
54
(45)
10
(1)
32
(6)
Paternal Hay fever
Yes
55
(44)
60
(6)
59
(10)
.15
No
45
(36)
40
(4)
41
(7)
Maternal Hay fever
Yes
56
(49)
80
(9)
79
(15)
4.62
No
44
(38)
20
(2)
21
(4)
Breastfeeding
0-3 months
13
(11)
40
(4)
42
(8)
13.41**
3-6 months
36
(32)
30
(3)
11
(2)
30
(3)
47
(9)
0-6 months exclusively
51
(45)
Number of days breastfed (Mean (SD)) 155.14 (52.78)
126.20 (72.05)
116.16 (71.54) 4.21* (.07)
Smoking in household
Yes
15
(13)
50
(5)
28
(5)
1.86
No
85
(76)
50
(5)
72
(13)
Smoking/Pregnancy
Yes
7
(6)
1
(10)
6
(1)
3.18
No
93
(83)
90
(9)
94
(17)
Reflux
Yes
7
(6)
10
(1)
21
(4)
3.72
No
93
(81)
90
(9)
79
(15)
Note * denotes p < .05; ** p < .01; a p = .08; Effect size (ηp2): small = .01; medium = .06; large = .14; ± Parents
who responded “don’t know” for atopy in child (wheezing; eczema; allergies) and atopy in parents (snoring;
asthma; eczema; allergies; hay fever) and smoking were excluded from analyses
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Based on these significant findings a hierarchical regression was conducted to assess
how much variance each of these variables (wheezing, maternal asthma, maternal allergies,
maternal eczema, maternal snoring and length of breast feeding) accounted for in snoring
frequency. The variables that have been described as potential confounders in the literature,
including socio-economic status, relationship status, maternal education completed and
paternal education completed, were not included in the model, as these variables were not
significantly associated with snoring frequency (see Table 5.5 above). However, gender was
significantly associated with snoring frequency and was included in the model. In step 1,
gender shared 10% of the variance in snoring frequency (Adjusted R 2 = .10, F (1, 100) =
12.66, p = .001). In step 2, wheezing, maternal asthma, maternal eczema, maternal snoring
and maternal allergies shared an additional 9% of the variance in snoring frequency
(Adjusted R2 = .19, F (5, 100) = 4.94, p < .001). In step 3 breastfeeding duration shared an
additional 3% of the variance in snoring frequency. Thus together these variables accounted
for 22% of the variance in snoring frequency (Adjusted R 2 = .22, F (7, 100) = 4.95, p <
.001). As shown in Table 5.8 the only significant predictors in the final step were: gender and
breastfeeding duration and maternal eczema approached significance.
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Table 5.8
Summary of hierarchical regression analysis for independent variables (episodes of
wheezing, maternal asthma, maternal eczema, maternal allergies and length of
breastfeeding) predicting snoring frequencya
B

SE B

β

Adjusted R2

R2 change

Step 1
Gender
-.50
.14
-.34**
.10**
.11**
Step 2
Gender
-.48
.14
-.32**
.19**
.13*
Wheezing
.30
.19
.14
.16
Maternal asthma
.25
.15
.14
Maternal eczema
.24
.17
.05
Maternal allergies
.08
.14
Maternal snoring
.19*
.28
.14
Step 3
Gender
-.46
.13
-.31**
.25**
.03*
Wheezing
.24
.19
.11
.14
Maternal asthma
.22
.15
.17a
Maternal eczema
.30
.17
.08
Maternal allergies
.12
.14
.11
Maternal snoring
.16
.15
Breastfeeding duration
-.20*
-.01
.00
Note * denotes p < .05; **p < .01(a Maternal eczema and maternal allergies had a small correlation (r = .25) and
maternal asthma and maternal allergies had a moderate correlation (r = .49). However, there was no
multicollinearity between variables, and thus these small to moderate correlations between variables did not
impact findings).

5.4.5 Relationships between snoring frequency and developmental outcomes
The following section examines the main aim of this chapter which was to assess
whether snoring in infancy has a detrimental effect on developmental outcome. Pearson
correlation coefficients were calculated to assess the relationships between developmental
outcomes and snoring frequency and snoring duration (responses to the questions, “When did
the snoring begin?” and “If snoring, how long for?”). Snoring frequency and snoring duration
were significantly related to cognitive development, but not significantly related to language,
motor or social emotional development as shown in Table 5.9.
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Table 5.9
Correlation coefficients for developmental outcome and snoring frequency and snoring
duration
Scale

Snoring frequency

Cognitive
Language
Motor
Social emotional

-.41**
-.03
.02
.11

Snoring duration
-.35**
.10
.02
.03

Note ** denotes p < .001

5.4.5.1 Hypothesis 1: Infants reported as habitual snorers (≥ 3 nights/week) will have poorer
cognitive development, language development, motor development and social emotional
development compared to controls
The means and standard deviations of developmental outcomes according to each
snoring frequency are detailed in Table 5.10. To test the differences in developmental
outcome for snoring frequency a series of Kruskal-Wallis Tests and Univariate Analysis of
Variance were performed. Habitual snorers scored significantly lower than control infants
and infrequent snorers in overall cognitive ability, with large effect sizes. A hierarchical
regression analysis revealed that after controlling for family functioning (identified as a
potential confounder in Table 5.5 above) (Adjusted R2 = .03, F (1, 114) = .4.47; p = .04),
snoring frequency accounted for 16% of the variance in cognitive ability (R2 change = .16, F
(1, 112) = 14.16, p < .001).
For motor development, there were significant differences between groups. Habitual
snorers had significantly lower motor development scores compared to infrequent snorers.
Even though habitual snorers had lower motor scores compared to controls, these differences
were not significantly different. There were no significant differences between groups for
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language development or social emotional development (see Table 5.10). Thus the first
hypothesis was partially supported.

Table 5.10
Means and Standard Deviations (SD) for each of the groups for developmental outcomes (N
= 117)
Infrequent
Habitual snorers
F-value (ηp2)
Snorers
Mean (SD)
Mean (SD)
Mean (SD)
Cognitive
100.57 (4.04)
100.00 (2.36)
95.00 (4.54)
15.11** (.19)
Language
91.55 (3.78)
92.90 (4.33)
91.44 (3.55)
.48
(.01)
Motor
99.61 (8.11)
104.50 (5.21)
97.56 (7.22)
3.87*
(.06)
Social emotional 99.59 (12.63)
96.00 (9.37)
102.50 (10.50)
.79
(.01)
Note ** denotes p<.01; *p<.05; Effect size (ηp2): small = .01; medium = .06; large = .14
Controls

Chi-square

18.76**
.72
7.60
.40

Table 5.11
Summary of hierarchical regression analysis for snoring frequency after controlling for
family functioning
Step 1
Family functioning
Step 2
Family functioning
Snoring frequency
Note * denotes p < .05; **p < .01

B

SE B

β

Adjusted R2

R2 change

-.89

.48

-.20*

.03

.04

-.89
-2.30

.44
.48

-.17*
.41**

.19**

.17**

To assess the effect of snoring severity on developmental outcome in infancy,
children reported to snore since early life and reported to snore habitually at both 0-3months-old and 6-months-old (n = 16) were compared to control children (n = 88) (never
reported to snore in the absence of a cold). Children reported to snore since shortly after birth
and reported to snore habitually at both 0-3-months-old and 6-months-old had significantly
lower cognitive development scores compared with controls. There were no significant
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differences between children reported to snore since shortly after birth and reported to snore
habitually for language development, motor development and social emotional development
(see Table 5.12).

Table 5.12
Means and Standard deviations (SD) for developmental outcomes for children reported to
snore since early life and were also currently reported to snore frequently (labelled “early
life”) and controls
Controls
Early life
F-value
(n = 88)
(n = 16)
Mean (SD)
Mean (SD)
Cognitive
100.65 (3.92)
95.31 (4.27)
23.83**
Language
91.41 (3.58)
91.25 (3.87)
.03
Motor
100.22 (7.76)
97.25 (7.36)
1.98
Social emotional
99.19 (12.72)
103.53 (15.18)
1.30
Note ** denotes p < .01; Effect size (ηp2): small = .01; medium = .06; large = .14

Effect size (ηp2)

.21
.00
.02
.01

5.4.6 Relationships between sleep duration, sleep disruption and development
The second main aim of this chapter was to assess the associations between sleep
duration, night waking and developmental outcome. The data analysing the relationships
between infant sleep and development are presented in two parts. First, analyses for
hypotheses 2 and 3 are summarised for the entire sample. The parent-reported independent
variables were: night sleep duration, daytime sleep duration and night waking. Secondly,
analyses for hypotheses 2 and 3 for the subset of participants for whom objective sleep data
were obtained with the actigraph are presented (n = 59). The actigraph provided measures of:
total sleep duration, sleep efficiency (the proportion of total sleep time compared to actual
time spent in bed for a given rest interval), the number of continuous sleep bouts without
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movement (“lack of motor activity”) and a measure of restlessness or movement (the
“fragmentation index”). The independent variables from the sleep diary were night sleep
duration and daytime sleep duration.

5.4.7 The relationships between sleep duration and infant development at the 6 month
assessment point for the entire sample
5.4.7.1 Hypothesis 2: Shorter sleep duration as measured will be associated with poorer
developmental outcome
Pearson correlation coefficients assessed the relationships between infant
development and sleep durations. There was a significant, weak and positive relationship
between parental-reported daytime sleep and social emotional development. That is, the
longer the reported daytime sleep duration, the higher the infant’s social emotional
development score. After controlling for previously identified significant demographic item
maternal education (see Table 5.5), daytime sleep duration accounted for 2% in social
emotional development (see Appendix 10). No other significant relationships between
parent-reported sleep durations and developmental outcomes were found as shown in Table
5.13. Thus hypothesis 2 was partially supported.

5.4.7.2 Hypothesis 3: Increased night waking will be associated with poorer developmental
outcome
There were no significant relationships between night awakenings and developmental
outcomes, as shown in Table 5.13. Thus hypothesis 3 was supported.
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Table 5.13
Correlations between parental-reported infant sleep items and developmental outcomes
Night Sleep
Day sleep
Total sleep time
No. of wakings at night
Restless sleep
Note * denotes p < .05

Cognitive
-.02
.03
.04
.07
-.08

Language
-.03
-.01
-.04
.02
-.04

Motor
-.07
-.03
-.08
.09
.07

Social emotional
-.13
.24*
.12
-.15
-.17

5.4.8 Infant sleep and development: subset of participants with actigraph data
5.4.8.1 Descriptive statistics
Preliminary Pearson moment-product correlations were calculated to assess the
relationships between demographic variables and developmental outcomes for the subset of
participants with actigraphs (n = 59), as shown in Table 5.14. There was a significant,
positive and small correlation between paternal education and language development and a
significant, small and negative correlation between social emotional development and
maternal education. There were no other significant correlations.

Table 5.14
Correlations between developmental outcomes and demographic variables for the sample
with actigraphs (n = 59)
Entire Sample
SES
Maternal Education
Paternal Education
Breastfeeding duration
Maternal IQ
PND (0-3-months-old)
PND (6-months-old)
Family functioning

Cognitive
-.05
-.02
.09
.02
.12
-.08
.13
-.18

Language
-.07
.01
.32*
.13
.01
.03
.09
-.00

Motor
-.03
.02
.03
.11
.07
.07
.09
-.17

Social emotional
-.18
-.27*
.10
-.14
-.04
-.09
-.23
-.18
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Descriptive data for the total night and day sleep duration as recorded by the
actigraphs and sleep diaries are outlined in Table 5.15. For night sleep duration, comparisons
between the actigraphs and sleep diaries show that overall there were no significant
differences between measures for determining the total amount of sleep (t (57) = 1.03, p =
.31). Despite this, when assessed by Bland-Altman the agreement between sleep diaries and
actigraphs was poor as indicated by the large limits of agreement (see Figure 1). For day
sleep duration there was a significant difference between measures (t (58) = 3.58, p = .001),
with actigraphs estimating higher levels of average sleep for the child during the day than
were recorded in diaries. Again, assessment with Bland Altman showed that the agreement
between parental-reported day sleep duration and actigraphy day sleep duration was poor as
shown by the large limits of agreement (see Figure 5.1).

Table 5.15
Means (SD) for Actigraph and Sleep diary recordings in minutes

Night sleep
Day sleep

Actigraph
Mean (SD) [Range]
626.87 (70.98)
[434.7-753.3]
227.12 (53.40)
[108.4-325.2]

Sleep Diary
Mean (SD)
620.54 (66.94)
198.75 (50.26)

[Range]
[528.0 -780.0]
[80.0-310.0]
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Figure 5.1. Bland-Altman Plots for agreement between sleep diaries and actigraphy for
daytime sleep (upper) and night time sleep (lower). The mean difference or bias (solid line)
and the limits of agreement (2 SD; dashed line) are shown. The mean difference (2 SD) for
the upper and lower graphs are 27.57 (120.50) and 1.51 (100.50) respectively. Note the large
variance on both graphs indicating poor agreement.
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5.4.8.2 Hypothesis 2: Shorter sleep duration will be associated with poorer developmental
outcome
The correlations between sleep variables from both sleep diary and actigraphy and
developmental outcomes are shown in Table 5.16. There was a significant, moderate positive
relationship between cognitive development and night sleep duration. That is, as objective
night sleep duration increased, scores on the cognitive development scale increased. There
was a significant but weak positive relationship between cognitive development and sleep
efficiency. That is, as sleep efficiency increased, scores on the cognitive development scale
also increased. There were no other significant relationships between night sleep duration
and the other developmental outcomes, thus hypothesis 2 in the sample of children who had
objectively recorded sleep was partially supported. There was a significant weak positive
relationship between sleep diary recorded day sleep duration and social emotional
development, as there was when this was examined in the entire sample. As day sleep
duration increased, scores for social emotional development improved. There was no
significant relationships between sleep diary night duration and developmental outcomes,
again, as found in the entire sample.
A hierarchical regression was performed to assess how much of the variance in
cognitive development could be explained by snoring frequency, sleep duration, and sleep
efficiency. In the first step, the family functioning variable was controlled for as it was
identified as a potentially confounding variable (Table 5.14). Family functioning accounted
for 2.0% of the variance in cognitive ability but was not significant (Adjusted R2 = 2.0; F (1,
58) = 1.90, p = .17). In step 2, snoring frequency accounted for an additional 12% of the
variance in cognition (Adjusted R2 = 14.0; F (2, 58) = 5.83, p = .01). In step 3, sleep duration
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accounted for an additional 7% of the variance in cognition (Adjusted R2 = 21.0; F (3, 58) =
6.20, p = .001). In step 4, sleep efficiency accounted for an additional 1% of the variance in
cognition and was not significant (R2 change = .01, F (1, 54) = .54, p = .47). In the final
model, only snoring frequency predicted cognitive ability as shown in Table 5.17.
5.4.8.3 Hypothesis 3: Increased night waking will be associated with poorer developmental
outcome
There were no significant correlations between reduced nocturnal or diurnal motor
activity and the developmental outcomes and between fragmentation and the developmental
outcomes (see Table 5.16). Thus, in the sample of children who had objectively recorded
sleep, the third hypothesis was not supported.

Table 5.16
Correlations between developmental outcome and sleep variables from actigraph and sleep
diary (n = 59)
Cognitive
Night time
Sleep Duration
.39**
Sleep Efficiency
.30*
Lack of motor activity
.13
Fragmentation
-.12
Daytime
Sleep Duration
-.12
Sleep Efficiency
.12
Lack of motor activity
-.24
Fragmentation
-.12
Sleep Diary
Night duration
.21
Day duration
-.18
Note ** denotes p < .01; *p < .05

Language

Motor

Social emotional

.06
.05
-.01
-.09

.15
.13
.06
-.02

-.03
.17
.17
.10

.09
-.06
-.18
.16

-.04
.04
-.09
-.01

.16
-.05
.20
-.16

-.08
.07

-.03
.03

-.01
.28*
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Table 5.17
Summary of hierarchical regression analysis for sleep duration and sleep efficiency
B

SE B

β

Adjusted R2

R2 change

Step 1
Family functioning
-.89
.64
-.18
.02
.03
Step 2
Family functioning
-1.04
.60
-.21
.14**
.14**
.66
Snoring frequency
-2.05
.38**
Step 3
Family functioning
-.95
.58
-.19
.21**
.08*
Sleep duration
.67
-1.56
.29*
Sleep efficiency
.01
.29*
.02
Step 4
Family functioning
-.84
.60
-.17
.21**
.01
Snoring frequency
.67
-1.57
-.29*
.01
Sleep duration
.02
.25
Sleep efficiency
.10
.13
.10
Note * denotes p < .05; **p < .01; Habitual snorers (n = 10); controls (n = 43); infrequent snorers (n = 6).

5.6 Discussion
The present study revealed four major findings. First, cognitive ability in 6-month-old
infants was lower in habitual snorers compared to infrequent snorers and controls. Second
children reported to snore since early life and habitually at both 0-3-months-old and 6months-old had significantly lower scores in cognitive ability compared to controls. Third,
longer nocturnal sleep time (actigraphy) was associated with higher cognitive ability but, of
note, no significant relationships were observed with subjective sleep measures (i.e. sleep
diary and questionnaire). Finally, a history of atopy in the child (wheezing) and mother
(maternal asthma, eczema and allergies), maternal snoring and formula feeding were
associated with an increased frequency of snoring.
The first main finding in the current study was that compared to controls, infant
habitual snorers exhibited poorer cognitive development at 6-months-old, thus partially
supporting the first hypothesis. Studies in adults and school aged children suggest that
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snoring without changes in oxygen saturation is associated with poorer cognitive functioning
compared with controls, and deficits in IQ are common (Gottlieb, et al., 2004; Kennedy, et
al., 2004; Kohler, et al., 2009; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004). The
current study’s findings are also in accordance with two studies that have examined the
effects of snoring in infancy. Montgomery-Downs and Gozal (2006b) found that snoring
arousals in infants aged 8-months-old was associated with lower mental development scores.
Similarly, Hunt, et al. (2004) found that full term infants with five or more respiratory events
were 5.6 points lower in mental development at 2-years-old, compared with those children
that had zero recorded events. Further, Montgomery-Downs and Gozal reported that snoreassociated arousals accounted for 18% of the variance in cognitive development. Similarly in
the current study a history of frequent snoring from early life accounted for 16% of the
variance in cognitive development, after controlling for family functioning. The current study
is the first study conducted in this age range of 6-month-old infants. Moreover, compared to
Montgomery-Downs and Gozal and Hunt, et al. the current study collected a history of
snoring symptoms from a community recruited sample of infants and was able to identify a
non-snoring and snoring group.
The second main finding was that there were also significant differences between
children reported to snore since birth and who were also reported to snore frequently
compared to control children. It is possible that if a child snores frequently for a longer
period, it has a more significant impact on brain development compared to a child who
snores infrequently for a shorter period of time. Due to small sample size it was not possible
to consider children snoring frequently for a short period of time compared with those
children snoring infrequently for a short or long period of time. Therefore, this should be
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considered in future research. It is also necessary in future research to consider the prenatal
environment that may predispose a child to snore from birth and whether these factors
independently impact the child’s cognitive development.
These findings suggest that there may be critical window of development early in life
during this time of rapid and maximal brain growth, where disruption to sleep due to snoring
is associated with poorer cognitive development. In a recent study in 46 children with SDB,
the association between SDB and neurocognitive performance was significant for children
who were 3-4-years-old, but not for children who were 5-7-years-old or 8-12-years-old
(Kohler, Lushington, & Kennedy, 2010). This further supports the notion that the origin of
neurocognitive deficits begin in a critical developmental period. However, the unanswered
question is the length of this critical window of development and whether commencement of
snoring past the first 6 months of life is also associated with neurocognitive deficits. It has
also been thought that young children compared to adults may be able to recover from early
brain insults because of adaptive neural mechanisms (Siegler, et al., 2006). This would also
imply that early identification and treatment of snoring may be needed.
The third main finding was that in the subset of infants who underwent actigraphy,
there was a modest relationship between actigraphic nocturnal sleep duration and cognitive
functioning, partially supporting the second hypothesis. In addition, objectively recorded
night sleep duration accounted for only 7% of the variance in cognitive ability after
controlling for family functioning and snoring frequency. A number of studies have shown
that sleep in the first few postnatal months predicts later cognitive development (Anders,
Keener, & Kraemer, 1985; Arditi-Babchuk, et al., 2009; Borghese, et al., 1995; Gertner, et
al., 2002; Holditch-Davis, et al., 2005). For example, preterm infants with increasing quiet
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sleep periods had higher mental development scores at 6-months-old and those infants able to
maintain longer periods of uninterrupted sleep had higher mental development scores at 12 months-old (Anders, et al., 1985). Evidence for a relationship between sleep duration and
developmental outcome past the first few months is less clear. Scher (2005) has shown that
10-month-old infants with more consolidated sleep, less motor activity during sleep and less
night waking showed better cognitive development. Although, in the current study there was
a significant relationship between sleep duration and cognitive development, there were no
significant relationships between cognitive development and motor activity and
fragmentation. However, fragmentation was only assessed with actigraphy and it is not
possible to comment on the level of cortical or sub-cortical arousal with the absence of
movement. Thus the relationship between arousal and developmental outcome may be
evident if Electroencephalogram (EEG) arousals were recorded. These results confirm the
importance of sleep for normal growth and development, and if disrupted the negative
consequences on neurocognitive functioning.
The fourth main finding was that in 6-month-old infants snoring is associated with
atopy including reports of wheeze, maternal asthma, maternal eczema and maternal allergies,
similar to previous studies with older children (Chng, et al., 2004; Kuehni, et al., 2008).
Atopy is associated with inflamed and narrowed upper airways which results in increased
upper airway resistance and subsequently snoring (Chng, et al., 2004). In addition, in the
present study increased snoring frequency was associated with formula feeding in support of
the findings by Montgomery-Downs, et al. (2007). It has been suggested breast milk may
provide infants immunoglobulin protection against early exposure to viruses that may
contribute to enhanced proliferation of the upper airway tissues (Goldbart, et al., 2007;
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Kuehni, et al., 2008; Montgomery-Downs et al., 2007). It is essential to determine whether
this relationship holds when infants are older.
There were significant differences between snoring frequencies in motor
development. Habitual snorers had significantly poorer motor development compared to
infrequent snorers. Habitual snorers also had poorer motor development scores compared to
controls, although this was not significant. Again, it is possible that the difference observed
between the habitual snorers and infrequent snorers is due to small sample sizes. It is also
possible since motor development has been linked with the maturation of the cortex (Siegler,
et al., 2006), that arousals due to snoring are interrupting synaptic maturation.
In contrast to the findings for cognitive ability and motor development, the three
groups had similar language development and social emotional development scores. The
present results are in contrast to previous studies in school aged children that report children
with SDB symptoms have deficits in language ability (Kohler, et al., 2009; O'Brien, Mervis,
Holbrook, Bruner, Klaus, et al., 2004) and increased problematic behaviour (Kennedy, et al.,
2004; Kohler, et al., 2009; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004; O'Brien,
Mervis, Holbrook, Bruner, Smith, et al., 2004). It is possible though that children’s language
ability is in its very early stages of development at 6-months-old and, therefore, it could be
that current tests are not sensitive enough for this early stage of development. Another
possible explanation for the lack of association between snoring frequency and social
emotional development is that age is an important factor to consider. For example, most of
the studies, Kennedy, et al. (2004), Kohler, et al. (2009), O'Brien, Mervis, Holbrook, Bruner,
Klaus, et al. (2004) and O'Brien, Mervis, Holbrook, Bruner, Smith, et al. (2004) that have
considered behavioural problems in snoring children have included children who were able
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to verbalise their unhappiness and therefore there was no ambiguity. It could also suggest
however, that the behavioural problems observed in older children with SDB are likely a
result of sleepiness and not due to the physiological impacts of snoring such as hypoxia.
In the present study objective (actigraphy) but not subjective (sleep diary and
questionnaire) measures of nocturnal sleep duration, were predictive of cognitive ability. The
agreement between sleep diary and actigraphy were poor as evidenced by the large
inconsistencies between methods of reported sleep duration. Thus the inconsistencies could
have resulted from the little agreement between the measures. The estimate of sleep in
infants is complicated by several methodological limitations. For example, the accuracy of
parental estimates in infants attending day care or being cared for by others such as
grandparents, or whether the child shares a room with the parent. It is possible that parents
may be more aware of their child’s sleep and waking if the child is sleeping in their own
room or their own bed compared to a child sleeping in another room in the house.
The reliability of sleep estimates may also be further influenced by mother’s mood.
For example, depressed compared to non-depressed mothers, report that their children have
more difficulties sleeping, and more night wakings (Armstrong, et al., 1998; Hiscock &
Wake, 2001; Smart & Hiscock, 2007). Thus, the perception of the child’s sleep pattern may
be altered if the mother is depressed. It is possible that depressed mothers compared to nondepressed mothers may sleep more poorly and be more aware of their infant’s sleep (Hiscock
& Wake, 2001). Alternatively, it may be that infant’s who have not learnt to settle on their
own may disrupt their mother’s sleep and this may lead to reduced maternal sleep and report
of depressive symptoms (Hiscock & Wake, 2001). In the subset of infants who wore
actigraphs in the current sample, the proportion of mothers with depression was small, and
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therefore it was not possible to test this hypothesis. The influence of postnatal depression and
sleep in infancy will be discussed in a separate chapter.
In contrast, in the current study the relationship between cognitive ability and
parental-reported sleep duration was not significant. There was, however a significant, weak
and positive relationship between social emotional development and parental-reported sleep
duration. Other studies have similarly shown that infants who were reported to sleep longer
also were perceived by parents to be happy, more approachable, less distracted, and more
predictable (Novosad, Freudigman, & Thoman, 1999; Scher, Tirosh, & Lavie, 1998; Spruyt,
et al., 2008). Thus, it seems reasonable that babies sleeping longer in the daytime would be
perceived by parents to express their emotions better and to interact with them more
frequently. In the current study, there were also no significant relationships between parentalreported night waking and cognitive, language, motor or social emotional development.
A further distinguishing characteristic of the infants who snored from the first month
of life in the current study was the predominance of males (81%). In children, the majority of
studies have reported a higher frequency of snoring in males (Brunetti, et al., 2001;
Castronovo, et al., 2003; Corbo, et al., 2001; Kaditis, et al., 2004; Mitchell & Thompson,
2003; Montgomery-Downs, et al., 2003), while some studies have reported no differences in
the prevalence of snoring between males and females (Castronovo, et al., 2003;
Montgomery-Downs & Gozal, 2006a; Rosen, et al., 2003). In adult life the majority of
snorers are male (Punjabi, 2008). It is intriguing to speculate whether it is this subset of male
infants who snore shortly after birth who go on to become the male snorers who predominate
in later life.
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Previous studies have identified that correlates of low socio-economic status, such as
smoking within the household and maternal cigarette smoking, are related with increased
snoring frequency (Kuehni, et al., 2008; Mitchell & Thompson, 2003; Montgomery-Downs
& Gozal, 2006a; Montgomery-Downs, et al., 2004). However, in the current study at 6
months of age there were no significant relationships between habitual snoring and presence
of smoking within the household, number of persons smoking in the household, maternal
cigarette smoke or maternal cigarette smoke during pregnancy. In the current study, a
number of parents commented on the questionnaire that smoking occurs “outside” the house,
and thus children may not be directly exposed to the cigarette smoke. Thus, it is possible that
parents are more conscientious about not smoking around their infants or small children,
which could explain the lack of relationship.
In summary, the main finding from this study was that children reported to snore
habitually at 6-months-old had lower scores for cognitive ability compared with controls and
infrequent snorers. However, there were no significant differences between categories for
social emotional functioning and language development. Habitual snorers also showed
significantly poorer motor development scores compared to infrequent snorers. Furthermore,
children reported to snore in early life and also reported to snore frequently had significantly
lower scores for cognitive ability, but not for language, motor or social emotional
functioning. These results suggest that as young as 6-months-old, snoring children are
susceptible to cognitive deficits. However, it is unknown whether these deficits that have
been identified at this young age persist at a later stage of infancy.
It was also evident that objectively recorded sleep duration was related to cognitive
outcome, but parental- reported sleep duration was not related to cognitive outcome. It will
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be necessary to consider whether this relationship persists later in infancy. Moreover,
whether shorter sleep duration at 6-months-old is associated with development at a later stage
in infancy is a further issue that needs to be considered.
The following chapter will report the results of the third phase of data collection for
this study when infants were aged 12-months-old and aimed to consider the effects of snoring
and sleep duration on developmental outcome.
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CHAPTER 6: EFFECTS OF SLEEP AND SNORING ON DEVELOPMENTAL
OUTCOME AT 12-MONTHS-OLD

6.1 Overview
This chapter reports the data of the third phase of data collection for the longitudinal
study when infants were 12-months-old. First, comparisons of descriptive statistics, parentalreported sleep variables and potential risk factors between study groups (i.e. controls,
infrequent snorers and habitual snorers) are presented. Second the associations between
snoring frequency, snoring duration and developmental outcomes at 12-months-old are
examined. Finally, the relationships between sleep duration, night waking and developmental
outcomes are analysed for the entire sample and subsequently for the sample with actigraph
data.

6.2 Introduction
Infants younger than 12-months-old spend more than half of their time asleep,
indicating that sleep has important biological functions and its disruption either in duration or
by fragmentation is likely to have significant adverse effects particularly on daytime
functioning. Several studies have shown that sleep disruption in older children, either in
duration or fragmentation, results in poorer neurocognitive functioning and behavioural
problems (Carskadon, et al., 1981; Fallone, Acebo, Arnedt, et al., 2001; Fallone, Acebo,
Seifer et al., 2005; Randazzo, et al., 1998; Sadeh, et al., 2003). However, in younger children
the picture is less clear given the dearth of published data in this age group. This is
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paradoxical given that development is extremely rapid in the first year of life and factors that
potentially affect sleep may have their greatest effect.
The disruption of normal sleep architecture by fragmentation in the first year of life
may have a major impact on subsequent development. One such factor that is common in
childhood that is known to fragment sleep is upper airway obstruction (Sleep Disordered
Breathing (SDB)). SDB ranges in severity from primary snoring with no evidence of
ventilatory abnormalities to more severe obstruction characterised by apnoea, hypoxia and
frequent arousals. A cardinal feature of SDB is snoring. On average, 5-10% of all children
snore frequently (Lumeng & Chervin, 2008) and 6-26% of infants in the first year have been
reported to snore (Gislason & Benediktsdottir, 1995; Kelmanson, 2000; Mitchell &
Thompson, 2003; Montgomery-Downs & Gozal, 2006). In an earlier study, described in
detail in chapter 4 (p. 107) it was demonstrated that 9% of infants aged 0-3-months-old snore
in the absence of a cold a figure that, is comparable to older children. Snoring has been
associated with neurocognitive deficits in older children, yet there is a paucity of research of
the effects of snoring in infants. It may be that neurocognitive deficits associated with
snoring seen in older children (Blunden, et al., 2000; Gottlieb, et al., 2004; Kennedy, et al.,
2004; Montgomery-Downs, et al., 2005; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al.,
2004; O'Brien, Mervis, Holbrook, Bruner, Smith, et al., 2004) may also occur early in life in
infants who develop symptoms of SDB i.e. snoring. This possibility is supported by the
results detailed in the previous chapter (p. 133) where it was found that in 6-month-old
infants, habitual snorers showed poorer cognitive development compared to infrequent
snorers and controls. These findings are similar to two previous studies reported by
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Montgomery-Downs and Gozal (2006b) and Hunt, et al. (2004). These early results suggest
that snoring is indeed associated with poorer cognitive development in infants.
The natural history of snoring in infants is unknown and there are mixed findings in
older children. Ali, et al. (1994) found that self-reported snoring resolved in 50% of cases
while Marcus et al. (1998) and Topol and Lee (2001) demonstrated that OSAS severity was
unchanged up to 2 years after polysomnography and Li, Au, Ng, et al. (2010) found that mild
OSA did not resolve up to 2 years after the diagnosis. However, in these studies the
associated sequelae and natural history of snoring are unknown. Given that infancy is a time
of rapid brain growth and development it is possible that snoring at an early stage of infancy
is associated with poorer development at a later stage in infancy. It is imperative to determine
whether the poorer development observed in habitual snorers at 6-months-old as this thesis
has outlined is a temporary phenomenon or whether the effect of snoring continues to exert a
negative impact on development at 12 months of age.
Similarly, sleep duration and quality is also associated with developmental outcome.
In infants, Scher (2005) found that 10-month-old infants with more consolidated sleep and
less motor activity during sleep showed better mental development. Consistent with Scher’s
results, Touchette, et al. (2007) found that short sleep duration before 41-months-old (as
reported by parents) predicted poorer cognitive and behavioural problems at 6 years of age,
even for those individuals whose sleep was normalised by 3.5 years of age. In contrast,
Spruyt, et al. (2008) found no significant relationships between sleep duration and
development at 12-months-old but these results may have been spurious because this study
relied on a very small sample (n =19). The results of Touchette and Scher suggest a critical
time period during infancy when sleep might be important for normal brain growth and
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development. However, it is unclear as to what degree of sleep restriction causes
developmental changes. No studies to date have considered whether poorer sleep in the first
6 months of life is associated with poorer development at 12-months-old.

6.2.1 Aims
This chapter aims to examine in a community-based sample of infants:
x The relationships between snoring at 6-months-old and developmental outcomes at 12months-old.
x The relationship between sleep quantity and quality and developmental outcomes at 12months-old.
6.2.2 Hypotheses
1. Infants reported as habitual snorers (≥ 3 nights/week) at 6 months of age will have poorer
cognitive, language, motor and social-emotional development at 12 months of age compared
to non snoring control infants; this effect will be independent of their snoring status at 12months-old.
2. Shorter sleep durations at 6 and 12 month assessment points will be associated with
poorer developmental outcomes at 12-months-old.
3. Increased night waking at 6 and 12 month assessment points will be associated with
poorer developmental outcomes at 12-months-old.
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6.3 Method
This is the final stage of data collection of a longitudinal study consisting of three
study phases. Phase 1 was a community survey when infants were 0-3-months-old. Phase 2
was a cross-sectional study when infants were 6 months of age that recruited and classified
infants from Phase 1 into three subgroups: controls (infants reported to never snore in the
absence of a cold); infrequent snorers (snoring 1-2 nights/week) and habitual snorers (snoring
3 or more nights a week). Phase 3 followed infants recruited at Phase 2 when they were 12months-old. A summary of the methodology utilised in the third phase of data collection is
briefly described below. For a detailed description, please refer to Chapter 3 (p. 84). Only
those measures relevant to the current chapter are presented here.

6.3.1 Participants
Participants in this study included 113 full term infants (55 males; 58 females) with
their primary caregiver (98% mother). Of the 88 controls at Phase 2, three (3%) did not
complete testing; one did not return completed surveys (1%) and six (7%) started infrequent
snoring between 6 and 12-months-old. Of the 10 infrequent snorers at Phase 2; two (20%)
stopped snoring and three (30%) became habitual snorers. Of the 19 habitual snorers at the
initial testing phase, three (16%) became infrequent snorers and two (11%) stopped snoring.
At Phase 3 there were 78 controls, five infrequent snorers and 14 habitual snorers at both 6
and 12-months-old.
Objective sleep measures were recorded for 70 % of the participants who wore
actigraphy at 6-months-old. Four actigraphs of participants were not included in analyses due
to actigraphs failing to record for the duration of wear and two actigraphs were lost by the
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participant. Five participants did not wear actigraphs because of withdrawal and seven
because of limited equipment. There were no significant differences in age (t (58) = -.53, p =
.60), gender (t (58) = 1.43, p =.16), or socio-economic status (t (58) =.09, p =.93) for those
infants who had objective measures of sleep compared to those 18 without objective sleep
recorded (see Appendix 8).
Note: For analyses examining snoring at 12-months-old; children who changed
snoring status were excluded from analyses. However, when examining sleep or
demographic variables the entire sample was examined.

6.3.2 Measures
Developmental outcome was measured with the Bayley Scales of Infant and Toddler
Development Edition III. This comprises 4 subscales: Cognitive, language (receptive and
expressive), motor (fine and gross) and social-emotional (Mean = 100; SD =15). A score
below 85 is considered below the normal range. Maternal IQ was measured with the National
Adult Reading Test (Nelson & Willison, 1991). Questionnaires evaluating infant sleep
duration, night waking and settling (Sadeh, 2004) and sleep disordered breathing and
respiratory infections (Montgomery-Downs & Gozal, 2006a; Montgomery-Downs, et al.,
2004; Sohn & Rosenfeld, 2003) were administered. Postnatal depression was measured with
the Edinburgh Postnatal Depression scale (Cox, et al., 1987). Family functioning was
measured with the Family Assessment Device (FAD) (Epstein, Baldwin & Bishop, 1983).
The FAD consists of seven subscales: problem solving, communication, roles, behaviour
control, affective involvement, affective responsiveness and general functioning. Each of
these scales were standardised (n-mean/standard deviation). A total family functioning score
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was calculated (the average of the standardised family functioning subscales) and used for all
subsequent analyses. To objectively corroborate sleep duration reported by parents, a subset
of participants (n = 59 at 6-months-old and n = 41 at 12-months-old) who wore actigraphs
when infants were 6-months-old were invited to wear an actigraph for this phase of data
collection and parents of these infants also completed a 7 day sleep diary.

6.3.3 Procedure
Families were contacted and invited to come into the Sleep Unit, Women’s and
Children’s Hospital, Adelaide for testing. The questionnaires outlined above were forwarded
to parents a week prior to the assessment. The Bayley developmental testing took 50-60
minutes for infants 12-13-months-old and 60-90 minutes for infants 14-months-old.
Actigraphs and sleep diaries were given to the subset of infants who previously wore
actigraphs at Phase 2 (i.e. 6- months-old).

6.3.4 Statistical Analyses
All statistical analyses were conducted using SPSS Version 17.0. Prior to analyses,
variables were examined for accuracy of data entry and for missing values. All variables
were entered correctly. There were missing data for three participants for day sleep duration.
For these cases, mean values were inserted as recommended by Tabachnick and Fidell (2007)
for missing data. There were missing data for some participants for socio-economic and
demographic variables (e.g. paternal education completed) thus only participants with scores
available were included in analyses. Also a small number of participants answered “don’t
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know” for questions relating to atopy in the child (wheezing, asthma, eczema or allergies)
and atopy in the parent (asthma, eczema, hay fever and allergies); only parents who
responded “yes” or “no” to these questions were included in analyses. There were missing
data for maternal IQ (24% for entire sample (n = 26) and 37% for actigraph sample (n = 11))
as some of the children came in with the father; or because the mother’s second language was
English; one mother was dyslexic; and a few children were so irritable by the end of the
session that it was not possible to collect data from their mother. Thus in analyses with
maternal IQ only those with available scores were used.
Descriptive statistics were calculated for demographic variables, developmental scale
outcomes and sleep variables. The relationships between demographic variables and
developmental outcomes were assessed using Pearson product-moment correlation
coefficients. Chi-square analyses were performed to assess associations between
environmental, socio-economic and physiological and snoring frequencies. Independent
sample t-tests were employed to assess mean differences in developmental outcomes and
sleep patterns for gender.
A series of one within groups (age) and one between groups (group) analysis of
variance (ANOVA) were carried out to assess the effect of age and participant status on
parental-reported sleep durations and developmental outcome. Effect sizes were determined
using partial eta squared values (ŋp 2), 0.01 = small effect, 0.06 = medium effect, and 0.14 =
large effect size (Cohen, 1988)4.
Dependent sample t-tests were employed to assess mean differences between
objectively recorded sleep duration and sleep diary recorded sleep duration. Agreement
4

It is hypothetically possible to examine this data by a model that essentially had an overall sleep latent variable (with each of the sleep
variables numbered) and a developmental viability latent factor (with each of the Bayley subscales numbered). However, it is clear from
examination of the data that only a small number of children were developmentally delayed and or reported with sleep problems and thus it
is not possible with existing data to obtain models that provided reasonable fit.
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between objectively recorded sleep duration and sleep diary recorded sleep duration for both
day and night sleep was examined with Bland-Altman plots using Prism Version 5.0. This
was described in detail in the previous chapter (p. 139-141), but is summarised here briefly.
This is a graphical method where differences between sleep diary and actigraph for each
participant are plotted against the average of the two measurements (i.e. mean sleep diary +
mean actigraphy)/2) (Atkinson & Nevill, 1998; Dietrich, et al., 2010). The mean difference
between the two measurements is represented as a horizontal line. The larger the scatter
around the line of mean difference, the larger the measurement error. Limits of agreement
define the range within which 95% of the differences between the two measurements are
likely to fall (Atkinson & Nevill, 1998; Dietrich, et al., 2010). The interpretation of whether
the agreement is acceptable is a judgement based on the influence that the mean difference
and the limits of agreement will have on the target outcome.
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6.4 Results
6.4.1 Sample Characteristics
Descriptive statistics of the demographic variables for the study groups (i.e. controls,
infrequent snorers and habitual snorers) at 6-months-old were described in chapter 5 (p. 135);
however a summary of these 6 month data for the sample of infants now aged 12 months (N
= 113) is provided in Table 6.1 below. Some of these data are different at 12-months-old for
participants in circumstances where parents changed their relationship status (e.g. married or
separated) or had a different street address and thus changed socio-economic status as this
was based on postcode. At the 12 month assessment there were no significant differences
between snoring and non-snoring groups for socio-economic status, ethnicity, delivery
method, maternal and paternal education, maternal medical history, the prevalence of
maternal and paternal snoring and age at the 12 month assessment. For the 12 month
assessment infants’ ages ranged from 44.14 to 61.40 (Mean = 52.81; SD = 2.31) weeks old.
Examination of gender differences revealed that a significantly higher proportion of males
were reported to snore (χ2 (2) = 8.45, p =.02).
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Table 6.1
A summary of the descriptive statistics for demographic variables for each snoring frequency
at 6 months of age
Demographic/ sleep variable

Male
Mode of Delivery: Vaginal
Maternal medical history
Pre-eclampsia
Gestational Diabetes
None
Mother’s education completed±
High school
Technical qualification
University
Father’s education completed±
High school
Technical qualification
University
Ethnicity
Caucasian
Asian
Relationship status
Never married
Married
Living with partner

Controls
(n = 84)
%
(n)
40
(34)
64
(54)

Infrequent snorer
(n = 10)
%
(n)
50
(5)
70
(7)

Habitual snorer
(n = 19)
%
(n)
79
(15)
61
(11)

Chi-Square

2
5
93

(2)
(4)
(78)

10
0
90

(1)
(0)
(9)

5
11
84

(1)
(2)
(16)

17
31
53

(13)
(26)
(45)

50
50

29
33
39

(5)
(6)
(7)

3.39

(5)
(5)

20
31
41

(16)
(26)
(41)

20
40
40

(2)
(4)
(4)

12
56
33

(2)
(10)
(6)

4.55

99
1

(83)
(1)

100
-

(10)

100
-

(19)

1.78

12.17*
0.15
5.81

(1)
4
(4)
5
2.37
90
(17)
(68)
90
(9)
80
5
(1)
15
(12)
10
(1)
Mean
(SD) Mean
(SD)
Mean
(SD)
F-value(ηp2 )
Age (weeks old)
52.68
(2.14) 53.04
(1.54)
53.65
(4.60) .09 (.01)
SEIFA score (SES)
1003.40 (68.32) 1003.50 (54.05) 971.72 (81.98) 133 (.02)
Note * denotes p < .01; Effect size (ηp2): small = .01; medium = .06; large = .14; ± Missing data: paternal
education (controls (n = 1); habitual snorer (n = 1)); maternal education (habitual snorer (n = 1))

As mentioned previously in chapter 5, after initial evaluation of the database of
results it was clear that there was an important subgroup of infants who unlike other infants
began to snore early and frequently soon after birth and continued to snore to the 6 month
assessment. Thus two groups reflecting snoring severity were compared: children who were
reported to snore since early life and also reported to snore habitually at 0-3-months-old and
6-months-old, independent of their snoring status at 12-months-old, (n = 16) compared with
controls (children who were never reported to snore in the absence of a cold at 0-3-months183

old and 6-months-old (n = 84). The descriptive statistics for the demographic variables were
presented in Chapter 5 (p. 135); however, a summary of these data for the sample of infants
at 12-months-old is provided in Table 6.2. Exploratory analyses revealed no significant
differences between these two groups in age, socio-economic status, ethnicity, delivery
method, maternal and paternal education completed, maternal medical history and maternal
and paternal snoring as shown in Table 6.2. There was a significantly higher proportion of
males reported to snore frequently and since birth (χ2 (2) = 9.44, p =.001).
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Table 6.2
Demographic details for children reported to snore since early life and also reported to
snore habitually at both 0-3-months-old and 6-months-old (labelled “Early life”) and
Controls

Male
Mode of delivery: Vaginal
Maternal snoring (Yes)
Paternal snoring (Yes)
Mother’s education completed
High school
Technical qualification
University
Father’s education completed
High school
Technical qualification
University
Ethnicity
Caucasian
Asian
Maternal medical history
Pre-eclampsia
Gestational Diabetes
None
Relationship status
Never married
Married
Living with partner
Age (weeks old)
SEIFA score (SES)

Chi-square

n
(34)
(54)
(28)
(59)

Early life≠
(n = 16)
%
n
81
(13)
71
(12)
44
(7)
72
(61)

16
31
53

(13)
(26)
(45)

19
29
52

(3)
(5)
(8)

.21

20
31
49

(16)
(26)
(41)

12
50
38

(2)
(8)
(6)

99
1

(83)
(1)

100
0

(16)
(0)

2
5
93

(2)
(4)
(78)

6
13
81

(1)
(2)
(13)

5
81
14
Mean
52.68
1003.40

(4)
(68)
(12)
(SD)
(2.14)
(68.32)

6
81
13
Mean
375.63
974.94

(1)
(13)
(2)
(SD)
(24.28)
(78.07)

Controls
(n = 84)
%
40
64
35
72

9.44**
.20
.66
3.00

1.60

1.14
1.20

1.27

F-value (Effect size (ηp2 ))
2.43 (.03)
2.35 (.01)

Note ** denotes p < .01; Effect size (ηp2): small = .01; medium = .06; large = .14; ± Missing data for paternal education (controls (n = 1)) ≠
The following groups of children were excluded from analyses because of small sample size: children reported to snore since early life and
infrequently (n = 5) and children reported to snore from 1-2-months-old and infrequently (n = 4) or children reported to snore from 3-4months-old and infrequently (n = 2) or children reported to snore from after 1-months-old and frequently (n = 2). ≠ The following groups of
children were excluded from analyses because of small sample size: children reported to snore since early life and infrequently (n= 5) and
children reported to snore from 1-2-months-old and infrequently (n = 4) or children reported to snore from 3-4-months-old and infrequently
(n = 1) or children reported to snore from 3-4-months-old and frequently (n = 1) or children reported to snore from after 1-months-old and
frequently (n = 2).
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6.4.2 Descriptive statistics for sleep and developmental outcomes for infants at the 12 month
assessment point for the entire sample
For the entire sample (N = 113) preliminary analyses revealed that there were no
significant gender differences for night sleep duration, day sleep duration , night waking or
‘time to settle for child to sleep’ or developmental outcomes, as shown in Tables 6.3 and 6.4.
For all infants, cognitive scores fell within the normal range while for language development
all except for eight infants were within the normal range. Two of these participants scored
between 70 to 79 (i.e. borderline) and five infants scored between 80 to 84 (i.e. low average).
For motor development, 15 participants were outside the normal range. Seven of these
participants scored between 70 to 79 and eight scored between 80 to 84. Scores for social
emotional development were within the normal range with the exception of two participants.
Pearson correlations assessed the relationships between developmental outcomes and
potential demographic confounders. As shown in Table 6.5, there were significant but small
negative correlations between cognitive development at 12 month of age and concurrent
family functioning and between language development at 12 month of age and concurrent
family functioning. This indicated that poorer family functioning scores were associated with
poorer cognitive and language development. There was also a significant, negative and small
correlation between maternal Postnatal Depression (PND) at 12-months-old and language
development, as well as significant, negative and small correlations between paternal
education and motor development and social emotional development. There was a positive,
significant but weak correlation between breastfeeding duration and cognitive development.
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Table 6.3
Means, Standard Deviations and Range for sleep variables for each gender at 12 month
assessment point

Night sleep
(hrs)
Day sleep (hrs)
Total Sleep
(hrs)
No of night time
awakenings

Males

Females

Mean (SD) [Range]
10.34 (1.37)
[5-12.5]

Mean (SD)
[Range]
10.29 (1.72) [7.50-12.00]

1.40

Mean (SD)
10.32 (1.55)

2.73 (.92)
[1-6]
12.92 (1.75) [6.5-17.00]

2.63 (.91)
13.19 (1.47)

[0–7]
[10–17.0]

.55
-.85

2.68 (.92)
[0-7]
13.06 (1.61) [6.5-17.00]

1.44 (1.35)

1.42 (1.16)

[0 -6]

-.96

1.43

[0 -10]

TValue

Entire sample
[Range]
[5-12.5]

(1.26)

[0-10]

Table 6.4
Means, Standard Deviation and Range for developmental outcomes for males and females

Cognitive
Language
Motor
Social
emotional

Males
Mean (SD)
99.18 (4.06)
90.65 (4.70)
93.26 (8.97)
98.70 (11.28)

[Range]
[90-105]
[83-100]
[73-118]
[70-130]

Females
Mean (SD)
100.17 (3.82)
91.31 (3.81)
95.39 (8.35)
102.83 (9.38)

[Range]
[90-110]
[83-100]
[85-121]
[80-130]

TValue
-1.34
-.82
-1.31
-1.99

Entire
Mean
99.89
91.37
95.48
100.44

sample
(SD)
(4.08)
(4.02)
(8.35)
(9.51)

[Range]
[90-110]
[79-103]
[73-112]
[70-130]

Table 6.5
Correlations between developmental outcomes and demographic variables for the entire
sample (N = 113)
Cognitive
SES
.08
Maternal education
-.02
Paternal education
.03
Breastfeeding duration
.24*
Maternal IQ
.14
PND (0-3-months-old)
-.01
PND (6-months-old)
-.04
PND (12-months-old)
-.04
Family functioning (6-months-old)
-.08
Family functioning (12-months-old)
-.19*
Note *denotes p < .05;** p < .01; (PND = Postnatal Depression)

Language
-.04
-.03
-.07
.12
-.06
.12
.06
-.21*
-.13
-.22*

Motor
-.06
-.08
-.23*
-.07
.14
.02
.01
-.25*
.08
-.09

Social emotional
.02
-.10
.21*
.05
.14
-.11
.06
.10
-.15
-.17
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6.4.3 Descriptive statistics of sleep for each of the snoring and non-snoring groups
Descriptive statistics of the parental-reported sleep durations for each of the snoring
frequencies at 6-months-old and at 12-months-old are shown in Table 6.6. A one within
groups (age) and one between groups (group) repeated-measures ANOVA was used to assess
the effect of age and participant status on sleep durations as reported by parents. Habitual
snorers had significantly less night time sleep compared to controls at both time points and
less night time sleep compared to infrequent snorers, although this was not significant.
Another question parents were asked was “In the past week how often has your child had
restless sleep?” Habitual and infrequent snorers had significantly more nights of restless
sleep compared to controls. Infrequent snorers had significantly reduced night waking at 12 months-old compared to 6 months earlier. Infrequent snorers also had significantly more
night waking compared to controls and more night waking compared to habitual snorers
at12-months-old, although this was not significant. There were no significant differences
between groups for day sleep duration at 6-months-old or 12-months-old.

188

Table 6.6
Means (SD) for sleep variables for each snoring frequency at 6-months-old and 12-monthsold
Habitual
snorers
(n = 14)

F-value (Effect size (ηp2 ))

(n = 78)

Infrequent
snorers
(n = 5)

Mean SD

Mean SD

Mean SD

Group

Controls

Age

Night sleep
(hrs)
6 months
10.36 1.10
9.90 1.82 9.21 1.60 5.34** (.10)
1.55
(.02)
12 months 10.57 1.06
9.90 1.24 9.71 1.77
Day sleep
(hrs)
6 months
3.13 1.37
3.25 1.03 2.48 1.15 1.39
(.01)
1.78
(.01)
12 months 2.74
.86
2.70 .97
2.49 1.06
No of night
Waking
6 months
1.96 1.60
5.00 3.00 2.00 2.18 7.51** (.11)
11.84** (.14)
12 months 1.24 1.23
2.80 1.30 1.93 1.60
No of nights
of restless
sleep
6 months
1.84 .81
2.75 .50
2.64 .67
8.07** (.15)
.08
(.00)
12 months 1.91 .76
2.75 .50
2.36 .81
Note: * denotes p < .05; ** p < .01; Effect size (ηp2) small = .01; medium = .06; large = .14

Group x
Age

.56

(.01)

.57

(.01)

3.16

(.06)

.01

(.00)

6.4.4 The associations between demographic, social and physiological factors and habitual
snoring for infants reported to snore habitually at 6 and 12 months of age compared to nonsnoring controls at 6 and 12 months of age
It was thought that factors associated with persistent habitual snoring may differ
compared to those children not reported to snore at both 6 and 12-months-old. Therefore, a
series of chi-square analyses were performed to determine the demographic, social and
physiological factors associated with habitual snoring at 12-months-old for those infants
reported to snore habitually both at 6 and 12-months-old (n = 14), compared to those not
reported to snore at 6 and 12-months-old (n =78). A significantly higher proportion of
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habitual snorers at 12-months-old were reported to have episodes of wheezing in the past 12
months, who were not breast fed beyond 6-months-old and have allergies in the past 12
months as shown in Table 6.7. There was a trend towards significance for the presence of
smoking within the household. There were no significant differences between groups for
respiratory infections, eczema, maternal asthma, eczema, allergies, hay fever or paternal
asthma, eczema, or allergies.
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Table 6.7
Socio-economic, environmental and physiological factors associated with habitual snoring at
both 6 and 12-months-old≠

Respiratory infections
Wheezing in the
past 12 months
Eczema in the
past 12 months
Allergies in the
past 12 months
Maternal snoring
Paternal snoring
Maternal asthma
Paternal asthma
Maternal eczema
Paternal eczema
Maternal hay fever
Paternal hay fever
Smoking in household
Smoking in pregnancy

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

Controls
(n = 78)
%
(n)
22
(17)
78
(61)
16
(12)
84
(62)
23
(17)
77
(57)
3
(2)
97
(65)
36
(27)
65
(49)
72
(55)
28
(21)
28
(21)
72
(53)
22
(16)
78
(56)
21
(15)
80
(58)
(12)
17
(60)
83
58
(43)
42
(31)
54
(37)
46
(31)
15
(12)
85
(63)
8
(6)
92
(72)

Habitual snorers
(n =14)
%
(n)
43
(6)
57
(8)
55
(6)
45
(5)
18
(2)
82
(9)
23
(3)
77
(10)
46
(6)
54
(7)
92
(12)
8
(1)
50
(7)
50
(7)
14
(2)
86
(12)
31
(4)
69
(9)
(2)
15
(11)
85
71
(10)
29
(4)
50
(7)
50
(7)
36
(5)
64
(9)
8
(1)
92
(11)

Chi-square

2.81
5.93*
0.72
7.5**
.54
2.37
2.54
0.50
0.67
0.01
0.87
0.08
3.26a
0.01

Breastfeeding duration
0-6 months
7-12 months

30
70

(24)
(57)

64
36

(7)
(4)

5.01*

T-value
Days (Mean (SD))
256.38 (124.08) 167.26 (135.24) 2.79
Note * denotes p < .05; **p < .01; a p = .07; ≠ Parents who responded “don’t know” for atopy in child
(wheezing; eczema; allergies) and atopy in parents (snoring; asthma; eczema; allergies; hay fever) and
smoking were excluded from analyses
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6.4.5 The associations between snoring and developmental outcome
The following section will examine one of the two principal aims of this chapter
which was to determine whether snoring in early infancy is associated with deficits in
developmental outcome in later infancy. Pearson moment product correlations were
calculated for developmental outcome and snoring frequency at 6-months-old and snoring
duration (responses to the questions, “When did the snoring begin?” and “If snoring, how
long for?”). As shown in Table 6.8, snoring frequency at 6-months-old and snoring duration
were significantly related to cognitive development at 12-months-old, but not language,
motor or social emotional development at 12-months-old.

Table 6.8
Correlations between snoring frequency at 6-months-old and snoring duration and
developmental outcomes at 12-months-old

Snoring Frequency at 6-months-old
Snoring Duration

Cognitive

Language

Motor

-.46**
-.48**

-.14
-.16

.04
.10

Social
emotional
-.09
-.10

6.4.5.1 Hypothesis 1: Infants reported as habitual snorers at 6-months-old will have poorer
cognitive, language, motor and social-emotional development at 12 months of age compared
to non-snoring control infants; this effect will be independent of their snoring status at 12months-old.
The following considers whether the effect of snoring at 6-months-old on cognitive
development is a temporary phenomenon, or whether the effect of snoring on cognitive
development continues to have a negative effect on development at 12 months of age.
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Analyses were carried out to examine the differences in developmental outcomes for children
at 12-months-old with the same snoring status as they had at 6-months-old, independent of
their snoring status at 12-months-old. This sample comprised 84 controls, 10 infrequent
snorers and 19 habitual snorers. Habitual snorers scored significantly lower in cognitive
ability compared with infrequent snorers and controls at both 6-months-old and 12-monthsold, as shown in Table 6.9. There were no significant differences between habitual snorers,
infrequent snorers and controls for language, motor or social emotional development at 12months-old. There was a significant effect for age for motor development (see Table 6.9).
Participants scored significantly lower for motor development at 12-months-old compared to
6-months-old, and this will be addressed below. Thus hypothesis 1 was partially supported.

Table 6.9
Means (SD) of 12 month developmental outcomes for infants categorised controls; infrequent
snorers and habitual snorers at 6-months-old for the entire sample (N = 113)

Cognitive
6 mths
12 mths
Language
6 mths
12 mths
Motor
6 mths
12 mths
Social
emotional
6 mths
12 mths

Controls

Infrequent
snorers

Habitual snorers

(n = 84)
Mean

(n = 10)
Mean

SD

(n = 19)
Mean

SD

SD

F-value (Effect size (ηp2 ))
Group

Age

Age
x Group

100.52
100.47

3.99
3.65

100.00
99.50

2.36
4.38

95.55
95.23

3.99
2.36

21.12**

(.28)

.23

(.00)

.06

(.00)

91.56
91.22

3.77
4.08

92.90
92.20

4.33
4.13

91.28
89.06

3.66
5.11

2.12

(.04)

2.40

(.02)

.95

(.02)

100.31
94.12

7.73
9.00

104.50
96.80

5.21
6.86

96.74
94.58

6.53
8.26

1.92

(.03)

16.73**

(.13)

1.58

(.03)

99.57
101.50

12.7
7.09

96.00
101.50

9.37
7.09

103.42
98.42

14.34
12.37

.21

(.00)

.25

(.00)

2.61

(.05)

Note **denotes p < .001; Effect size (ηp2): small = .01; medium = .06; large = .14; (mths = months)
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A hierarchical regression analysis assessed how much of the variance snoring
frequency shared with cognitive development, after controlling for potential confounders of
cognitive ability (breastfeeding duration and family functioning), which were identified
earlier (see Table 6.5 above). In the first step, breastfeeding duration and family functioning
accounted for 7.0% of the variance in cognitive ability (Adjusted R 2 = .07, F (2, 108) = 4.85,
p = .01). In the second step, snoring frequency shared an additional 16% of the variance in
cognitive ability (R2 change = .17; F change (1, 104) = 24.25, p < .001) (see Table 6.10).

Table 6.10
Summary of hierarchical regression analysis for snoring frequency at 6-months-old
predicting cognitive ability at 12-months-old after controlling for breastfeeding duration and
family functioning
B
Step 1
Breastfeeding duration
.01
-.94
Family functioning
Step 2
Breastfeeding duration
.00
Family functioning
-.92
Snoring frequency-6 months
-.2.33
Step 3
Breastfeeding duration
.00
-.95
Family functioning
-.39
Snoring duration
Snoring frequency -6 months
-.48
Note * denotes p < .05; **p <.01 a p = .05

SE B

β

Adjusted R2

R2 change

.00
.47

.22*
-.19*

.07*

.09**

.00
.42
.47

.10
-.18*
-.43**

.23

.17**

.00
.42
.20
1.11

.08
-.19*
-.40 a
-.07

.25

.001

To test the effect of snoring severity on developmental outcome, analyses were
carried out to determine the developmental status at 12-months-old for children reported to
snore since early life and also reported to snore habitually at 0-3-months-old and 6-monthsold, independent of the snoring status at 12-months-old. Children reported to snore from
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early in life and were also reported to snore habitually at 0-3-months-old and 6-months had
significantly lower scores in cognitive ability compared with controls at both 6 and 12 months-old as shown in Table 6.11. There were no significant differences between groups for
motor, language or social emotional development at 6-months-old or 12-months-old. Similar
to the results reported above there was a significant main effect for age for motor
development. Participants scored significantly lower scores for motor development at 12months-old than 6-months-old.

Table 6.11
Means and Standard deviations (SD) for developmental outcomes for children reported to
snore from early in life and were also reported to snore habitually at 0-3-months and 6months-old (labelled “early life”) and controls
Entire
sample

Controls
(n = 84)
Mean (SD)

Early life
(n = 16)
Mean (SD)

F-value (Effect size (ηp2 ))
Group

Age

Cognitive
6 mths
100.52 (3.99)
95.31 (4.27)
40.16**
(.30)
.14
12 mths
95.00 (3.65)
100.47 (3.65)
Language
6 mths
91.56
(3.77)
91.07 (3.94)
1.29
(.02)
1.29
12 mths
89.60 (3.55)
91.22
(4.08)
Motor
6 mths
100.31 (7.73)
97.25 (7.36)
.04
(.00)
7.15**
96.00 (7.28)
94.12
(9.00)
12 mths
Social
emotional
6 mths
99.57
(12.67) 103.75 (15.65) .04
(.00)
.46
12 mths
101.50 (7.09)
98.75 (13.23)
Note **denotes p < .001; Effect size (ηp2): small = .01; medium = .06; large = .14

Age x Group
(.00)

.03

(.00)

(.01)

.66

(.01)

(.07)

3.07

(.03)

(.01)

3.27

(.04)

Of the children who were reported to snore since early life and habitually at 0-3months-old and 6-months-old, one stopped snoring and two were reported as infrequent
snorers at the 12 month assessment. Further analyses were performed on the group of
195

children who were reported to snore since shortly after birth and also reported to snore
habitually at 0-3-months-old; 6-months-old and 12-months-old (n = 13), compared to
children who were reported as non-snoring controls at all three assessments. Similar to the
results above, compared to non-snoring controls, children reported to snore since shortly after
birth and also reported to snore habitually at 0-3-months-old; 6-months-old and 12-monthsold had significantly lower cognitive scores at both 6 and 12-months-old with large effect
sizes as shown in Table 6.12. For motor, language or social-emotional development there
were no significant differences between groups at 6-months-old or 12-months-old. Similar to
the results reported above there was a significant main effect for age for motor development.
Participants scored significantly lower scores for motor development at 12-months-old than
6-months-old.

Table 6.12
Means and Standard deviations (SD) for developmental outcomes for children reported to
snore since early in life and were also reported to snore habitually at 0-3-months and 6months-old and 12-months-old (labelled “Early life”) and controls
Entire sample

Controls
(n = 78)
Mean (SD)

Early life
(n = 13)
Mean (SD)

F-value (Effect size (ηp2 ))
Group

Age

Cognitive
6 months
100.70 (3.90)
95.00 (4.08)
40.58** (.32)
.47
12 months
100.57 (3.67)
94.24 (3.92)
Language
6 months
91.41 (3.55)
90.25 (3.25)
.02
(.00)
.022
12 months
91.18 (4.14)
90.25 (4.07)
Motor
6 months
100.00 (7.79)
97.00 (6.67)
1.30
(.01)
7.85**
12 months
94.00 (9.24)
94.54 (7.05)
Social emotional
6 months
99.55 (12.96)
101.15 (15.43) .02
(.00)
1.15
12 months
101.82 (10.79) 98.46 (13.75)
Note **denotes p < .001; Effect size (ηp2): small = .01; medium = .06; large = .14

Age x Group
(.01)

.24

(.00)

(.00)

.02

(.00)

(.08)

1.30

(.01)

(.01)

.12

(.00)
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6.4.6 Relationships between infant sleep duration, night waking
and developmental outcomes
The following section will consider the second aim of this chapter which was to
determine whether sleep duration and night waking is associated with poorer developmental
outcomes. The data analysing the relationships between sleep and infant development are
summarised in two parts, similar to the previous chapter. First, analyses are examined for the
entire sample. The independent variables were items from the questionnaire and included
parental- report of infant night sleep duration, infant daytime sleep duration and infant night
waking. Second, analyses are conducted for those infants who wore actigraphs and for whom
sleep data were therefore objectively recorded. The independent variables for both night and
day sleep from the actigraph recordings were: total sleep duration, sleep efficiency (the ratio
of the total time asleep to the total amount of time spent in bed for a given interval), the
number of continuous sleep bouts without movement (“lack of motor activity”) and the
restlessness or movement index (the “fragmentation index”). Parents were also required to
complete a 7 day sleep-wake diary for recording sleep schedules in the subset of infants who
wore actigraphs. The independent variables from the sleep diary were: total night sleep
duration and total day sleep duration.
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6.4.7 Relationships between infant sleep and development for the entire sample
6.4.7.1 Hypothesis 2: Shorter sleep durations at 6 and 12-month assessment points will be
associated with poorer developmental outcomes at 12-months-old.
Pearson correlation coefficients were carried out to determine whether shorter sleep
duration at 6 (N = 117) and 12-months-old (N = 113) was associated with poorer
developmental scores at 12-months-old. There was a significant, positive and small
correlation between total sleep time at 12-months-old and social emotional development at
12-months-old. After controlling for previously identified confounder, paternal education
(see Table 6.5), total sleep time at 12-months-old accounted for 2% of the variance in social
emotional development at 12-months-old. There were no other significant relationships
between parental-reported infant sleep durations and developmental outcomes, as shown in
Table 6.13. Thus hypothesis 2 was partially supported.

6.4.7.2 Hypothesis 3: Increased night wakings at 6 and 12 month assessment points will be
associated with poorer developmental outcomes at 12-months-old.
Pearson correlation coefficients were also carried out to determine whether increased
night waking at 6 and 12-months-old was associated with lower developmental scores at 12months-old. There were no significant associations between parental-reported infant night
waking and development at 12-months-old, as shown in Table 6.13. Thus hypothesis 3 was
not supported.
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Table 6.13
Correlations between 12-month-old developmental outcomes and parental-reported sleep
variables at 12-months-old and parental-reported sleep variables at 6-months-old
12 month
Developmental
outcome
Cognitive
Language
Motor
Social emotional
12 month
Cognitive
Language
Motor
Social emotional

Parental-reported sleep variable at 12-months-old
Day sleep
Total Sleep
No of awakenings
Time
night
.05
.11
.10
-.07
.03
.03
.00
.03
.18
-.00
.21*
.09
Parental-reported sleep variable at 6-months-old
Night
Day sleep
Total sleep
No of awakenings
sleep
time
night
.10
.06
.09
.17
.02
-.04
-.01
.03
-.16
.05
-.07
.04
.07
.04
.09
.02
Night
sleep
.13
.01
-.10
-.12

Restless
sleep
-.01
-.01
.15
.01
Restless
sleep
.00
-.12
.06
.03

Note * denotes p < .05

6.4.8 Sleep and developmental outcome: subset of participants with actigraph
data
6.4.8.1 Descriptive statistics.
Pearson correlations assessed the relationships between developmental outcomes and
potential demographic confounders. As shown in Table 6.14 for the sample of infants who
wore actigraphs (n = 41) there was a significant, negative and weak correlation between PND
at 12-months-old and language development at 12-months-old. There were significant, small
and negative correlations between language development and family functioning at 12months-old. This indicated that poorer family functioning scores were associated with poorer
language development. There was also a significant positive and weak correlation between
maternal education and social emotional development. There were no other significant
correlations.
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Table 6.14
Correlations between developmental outcomes and demographic variables for the sample
with actigraphs (n =41)

Maternal Education
Paternal Education
Breastfeeding duration
Maternal IQ
PND (0-3-months-old)
PND (6-months-old)
PND (12-months-old)
Family functioning (6-months-old)
Family functioning (12-months-old)

Cognitive
-.02
.03
.24
.13
.06
.20
-.06
.04
-.12

Language
-.00
-.09
-.22
.01
.11
-.19
-.29*
-.21
-.29*

Motor
-.02
-.21
-.07
-.15
-.05
-.04
.09
.08
-.06

Social emotional
.33*
-.20
.02
.12
-.12
-.00
-.28
-.02
-.05

For the sample who wore actigraphs (n = 41) and had completed sleep diaries,
dependent sample t-tests calculated the differences between actigraph and sleep diary
measures. There were no significant differences between the actigraph and sleep diary
measures for night sleep duration (t (36) = -1.11; p = .28) and day sleep duration (t (36) =
.18; p = .86) as shown in Table 6.15. Despite this, when assessed by Bland-Altman the
agreement between sleep diaries and actigraphs was poor as indicated by the large limits of
agreement (see Figure 6.1).

Table 6.15
Means (SD) for Actigraph and Sleep diary recordings in minutes

Night sleep
Day sleep

Actigraph
Mean (SD)
649.9 (43.9)
155.1 (66.6)

[Range]
[567.0- 769.1]
[6.8–380.4]

Sleep Diary
Mean (SD)
643.2 (46.9)
145.2 (35.5)

[Range]
[545.0-784.0]
[53-231]
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Figure 6.1. Bland-Altman Plots for agreement between sleep diaries and actigraphy for night
time sleep (upper) and daytime sleep (lower). The mean difference or bias (solid line) and the
limits of agreement (2 SD; dashed line) are shown. The mean difference (2 SD) for the upper
and lower graphs are -8.46 (90.32) and -1.74 (115.38) respectively. Note the large variance
on both graphs indicating poor agreement.
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6.4.8.2 Hypothesis 2: Shorter sleep durations at 6 month and 12 month assessment points
will be associated with poorer developmental outcomes at 12-months-old.
Pearson moment-product correlations assessed the relationships between objectively
recorded sleep at 6-months-old (n = 59) and 12-months-old (n = 41) and developmental
outcomes at 12-months-old. There was a significant, moderate and positive relationship
between night sleep duration at 12-months-old and motor development at 12-months-old.
There was also a significant, moderate correlation between objectively recorded night sleep
duration at 6-months-old and cognitive outcome at 12-months-old (r = .41, n = 59, p < .05).
This indicated that as sleep duration at 6-months-old increased, cognitive development scores
were higher at 12-months-old. There were no other significant relationships between
objectively recorded sleep variables at 6 and 12-months-old and cognitive, language and
social-emotional developmental outcomes, as shown in Table 6.16. Thus hypothesis 2 was
partially confirmed.
A hierarchical regression analysis also assessed how much of the variance snoring
frequency at 6-months-old and objectively recorded night sleep duration each accounted for
in cognitive ability at 12-months-old, after potential confounders breastfeeding duration and
PND at 6-months-old (as identified earlier and shown in Table 6.5 above) were controlled
for. In the first step breastfeeding duration and PND at 6-months-old accounted for 8% of the
variance in cognitive ability (Adjusted R 2 = .08; F (2, 57) = 3.48, p = .04). In the second step,
snoring frequency at 6-months-old accounted for 18% of the variance in cognitive ability
(Adjusted R2 = .26, F (3, 57) = 7.63, p <.01). In the third step, sleep duration at 6-months-old
accounted for 5% of the variance in cognitive ability (R 2 = .31, F (4, 57) = 7.32; p < .001).
(see Table 6.17).
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Table 6.16
Correlations between 12-month-old sleep variables from Actigraph and sleep diary and 12-month-old developmental outcome and
6-month-old sleep variables from Actigraph and 12-month-old developmental outcome
Cognitive
Night time
Sleep duration
Sleep efficiency
Lack of motor activity
Fragmentation
Daytime
Sleep duration
Sleep efficiency
Lack of motor activity
Fragmentation
Sleep Diary
Night duration
Day duration
Note *denotes p < .05; **p < .01

12-months-old
Language
Motor

.16
.05
.20
.18

.17
.02
-.01
-.02

.17
-.25
-.12
-.10

-.28
.03
-.34*
-.22

.09
.09

.21
-.21

.45**
.27
.20
.11

Social
emotional

Cognitive

6-months-old
Language
Motor

Social
emotional

.16
.09
.28
.10

.41**
.22
.18
.04

.15
.10
.28*
.11

-.04
-.19
.20
.16

.19
.38**
-.07
-.09

-.22
.26
-.34*
-.40*

.18
.04
-.05
-.24

-.15
.14
.02
-.25

-.21
-.31*
-.15
.13

-.11
.01
.06

.13
.12
.12

.27
-.10

.30
.40*

.14
-.23

.10
-.07

-.08
.15

.27
.24
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Table 6.17
Summary of hierarchical regression analysis for snoring frequency at 6-months-old and
objectively recorded sleep duration at 6-months-old predicting cognitive ability at 12months-old after controlling for breastfeeding duration and PND at 6-months-old (n = 58)
B

SE B

β

Adjusted R2

R2 change

Step 1
Breastfeeding duration
.02
.01
.27*
.08*
.11*
PND-6 months
.95
.62
.20
Step 2
Breastfeeding duration
.01
.01
.14
.26**
.19**
PND-6 months
1.03
.55
.21
Night sleep duration
-2.59
.67
-.45**
Step 3
Breastfeeding duration
.01
.00
.01
.31**
.06*
1.07
.54
.22a.
PND-6 months
Night sleep duration
-2.22
.69
-.38**
Snoring frequency
.02
.01
.26*
Note Habitual snorers (n = 10); controls (n = 43); infrequent snorers (n = 6). a p = .05; *p < .05; **p <.01

6.4.8.3 Hypothesis 3: Increased night wakings at 6 month and 12 month assessment points
will be associated with poorer developmental outcomes at 12-months-old.
There was a significant, weak and positive correlation between lack of motor activity
and language development. This showed that language development scores were higher at
12-months-old, as the number of continuous periods of sleep without activity increased.
There was also a significant, weak and positive correlation between day sleep efficiency and
language development. There was a significant, weak and positive correlation between night
sleep efficiency and social emotional development. This indicated that as night sleep
efficiency increased at 6-months-old, there were higher social emotional development scores
at 12-months-old. There were no other significant correlations between objectively recorded
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sleep variables at 6 and 12-months-old and developmental outcome at 12-months-old, as
shown in Table 6.16. Thus hypothesis 3 was partially supported.
A hierarchical regression analysis assessed the amount of variance that lack of motor
activity during night sleep or sleep efficiency during the day accounted for in language
development, after potential confounders such as maternal postnatal depression (PND) at 12months-old, and family functioning (as shown in Table 6.5 above) were controlled for. In the
first step PND at 12-months-old and family functioning variables were entered and accounted
for 8% of the variance in language ability (Adjusted R 2 = .08; F (2, 54) = 3.56; p = .04). In
the second step, lack of motor activity during night sleep explained an additional 7.0 % of the
variance in language ability (Adjusted R2 = .15; F (3, 55) = 4.15, p = 01.). In the third step,
day sleep efficiency did not explain any additional variance in language development (R2
change

= .02; F change (1, 51) = 1.04, p = .31) (see Table 6.18).

Table 6.18
Summary of hierarchical regression analysis for day sleep efficiency and night motor activity
at 6-months-old predicting language development at 12-months-old after controlling for
family functioning and PND at 12-months-old (n = 58)
Step 1
PND at 12 months
Family functioning
Step 2
Family functioning
PND at 12 months
Lack of motor Activity
Step 3
Family functioning
PND at 12 months
Lack of motor activity
Day sleep efficiency
Note * denotes p < .05; a p = .06

B

SE B

β

Adjusted R2

R2 change

-.83
-.82

.70
.62

-.19
-.20

.08*

.12*

-.72
-1.11
.05

.60
.69
.02

-.18
-.25
.29*

.15*

.07*

-1.12
-.53
.05
-.07

.69
.63
.02
.07

-.13
-.25
.25a
-.14

.15*

.02
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6.5 Discussion
There were 4 main findings from the present study. First, habitual snorers at 6months-old, independent of their snoring status at 12-months-old, had significantly lower
cognitive development scores compared to controls. Secondly, children snoring since early
life and also reported to snore habitually at 0-3-months-old and 6-months-old, independent of
their snoring status at 12-months-old, had significantly lower cognitive development scores
compared to controls. Third, lack of motor activity during sleep at 6-months-old was
significantly associated with language development at 12-months-old. Finally, longer
objectively recorded sleep duration at 6-months-old was significantly associated with better
cognitive development at 12-months-old.
The first major finding of this study was that at 12-months-old, children reported to
snore habitually at 6-months-old had poorer cognitive development scores compared to
infrequent snorers and controls, independent of their snoring status at 12-months-old.
Previous studies have shown that in adults and school aged children snoring without changes
in oxygen saturation, i.e. primary snoring, is significantly associated with deficits in
cognitive functioning (Gottlieb, et al., 2004; Kennedy, et al., 2004; Kohler, et al., 2009;
O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004). Findings presented in Chapter 5
suggested that deficits in cognitive ability due to snoring may in fact occur shortly after birth.
As reported, 6-month-old infants who were habitual snorers had significantly poorer
cognitive development scores compared to controls and infrequent snorers (see Chapter 5; p.
135 for details). These results are in accordance with two other infant studies. MontgomeryDowns and Gozal (2006b) found that infants with snore-associated arousals had significantly
poorer mental development scores at 8-months-old. Similarly, Hunt, et al. (2004) found that
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infants with five or more cardio-respiratory events had poorer mental development scores at
2-years-old compared to infants without cardio-respiratory events. The results of the current
study suggest the possibility of the importance of sleep and the consequences on mental
development due to snoring during a critical time of maximal brain growth and development
early in life.
The second major finding was that children reported to snore since early life and also
reported to snore habitually at 0-3-months-old and 6-months-old had significantly lower
scores in cognitive development compared to controls. In addition, children reported to snore
habitually at 0-3-months-old, 6-months-old and 12-months-old and since early life also had
significantly lower scores in cognitive development compared to controls. Moreover, snoring
frequency explained 17% of the variance in cognitive ability at 12-months-old. These results
are important because previous studies have shown that during a period when brain growth
and development is maximal, the primary activity for infants is sleep (Dahl, 2005; Graven &
Browne, 2008). The current study’s results suggest that disruption to sleep as a consequence
of snoring during this critical time of brain development has negative consequences on the
infant’s mental development. The results in the current study also found that the duration of
the snoring, not only the frequency, was important to consider in this critical time of
development. Due to the small sample size and short follow-up period it was not possible to
determine whether commencement of snoring in the first 6 months of life, compared to
commencement of snoring in the second 6 months of life, might have a more negative impact
on the child’s neural development. Some authors suggest that recovery from insults to the
brain due to hypoxia such that which occurs in SDB in infancy may be more difficult
compared to insults that occur in later childhood (Siegler, et al., 2006). Proponents of this
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idea suggest that certain functions are learned during critical periods of development,
however, if injury occurs then the function may be permanently damaged or lost (Anderson
& Catroppa, 2005). Thus it could be that if snoring begins in the first 6 months, then these
functions may be permanently impaired. On the other hand, others have proposed that
children may have a better chance of recovery of function from insults on the brain, because
the brain can compensate and make alternative neural pathways (Siegler, et al., 2006). This
would then suggest that early identification of the illness and treatment would be important.
Future research is required to determine the length of the critical window of development in
the first year of life. It will also be important to determine whether treatment of the disorder
early in life results in recovery of the function lost.
The third major finding was that after controlling for maternal postnatal depression
(PND) at 12-months-old and family functioning at 12-months-old, less motor activity during
night time sleep contributed an additional 7.0% of the variance in language development.
Daytime sleep efficiency did not contribute any additional variance in language ability. In
support of these findings, one study to date by Dearing, et al. (2001) has examined the effects
of sleep in early infancy on language development in later childhood. Infants with better
circadian regulation at 7-months-old and 19-months-old had better language development at
36-months-old (Dearing, et al., 2001). The current results suggest that children who have
longer periods of uninterrupted sleep during the night, with less motor activity, have better
language development at 12-months-old. It is known that parietal and temporal association
cortex development (receptive language/ speech production) occur maximally around 6 to
10-months-old (Casey, Tottenham, Liston, & Durston, 2005). Sleep is important for the
formation of synapses in the cortex (Graven & Browne, 2008) and thus it is possible that if
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sleep quality during this time is disrupted then this may have an impact on language
development.
The final major finding was that in the subset of infants who underwent actigraphy
there was a modest relationship between actigraphic nocturnal sleep duration at 6-months-old
and cognitive development scores at 12-months-old, partially supporting the second
hypothesis. This is consistent with studies that have shown that sleep in the first few
postnatal months predicts later mental development. Anders (1985) found preterm infants
with more uninterrupted sleep periods in early postpartum showed higher mental
development scores at 6-months-old. In another study, Dearing, et al. (2001) found that
children with a better regulated sleep-wake cycle at 7-months-old and 19-months-old had
better mental development at 24-months-old and 36-months-old. In addition, shorter parentreported sleep duration before 41-months-old was predictive of poorer cognitive
development and behaviour at 5 or 6-years-old, despite normal sleep patterns between 3.5 to
6 years of age. However, in subsequent analyses it was shown that sleep duration accounted
for only additional 7% of the variance in cognitive ability after controlling for snoring
frequency. This suggests that snoring frequency is important to consider as an underlying
factor in the relationship between sleep duration and cognitive ability. It is possible that a
child who has restricted night sleep duration and snores habitually, and for a longer period of
time, is at greater risk of poorer cognitive development. It is imperative for future research to
delineate these relationships in larger longitudinal samples. All of these findings are
consistent with the hypothesis that there is a critical time period in infancy during which
maintenance of sleep architecture is important for normal brain growth and subsequent
development.
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It was also found that objectively recorded sleep duration at 12-months-old was
significantly associated with motor development at 12-months-old also partially supporting
the second hypothesis. A review by Ednick et al. (2009) highlighted that there were mixed
findings in reporting a relationship between sleep duration and motor development. While
several authors have reported no association between motor development and sleep
parameters (Montgomery-Downs & Gozal, 2006b; Scher, 2005; Spruyt, et al., 2008), other
authors have found significant associations between sleep and motor development (Anders,
et al., 1985; Freudigman & Thoman, 1993). The findings in the current study which found
that objectively recorded sleep duration was associated with motor development could be a
result of the small sample size with objectively recorded sleep data at 12-months-old.
Nevertheless, these results also highlight that sleep duration may be important for brain
growth and subsequent motor development. It has been proposed that motor development in
infants is governed by the developing neural mechanisms and the maturation of the cortex
(Siegler, et al., 2006). It is also known that sleep is important for the defined synapses that
occur in normal brain development (Graven & Browne, 2008; Jan, et al., 2010). Thus
disruption to these processes is likely to lead to delayed motor development.
There were no significant differences between study groups for language
development. These results are in contrast to past studies in older children that have found
language deficits in snorers compared to controls (Kohler, et al., 2009; O'Brien, Mervis,
Holbrook, Bruner, Klaus, et al., 2004). As explained in the previous chapter, it is possible
that language is in its very early stages of development, and the current tests are not
sufficiently sensitive enough for this early stage of development. It was also evident,
however, that habitual snorers had reduced language scores compared to their 6 month
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assessment and compared to the controls, though this was not significant. It is possible to
speculate that the deficit in language scores will accumulate over time, and the difference in
language development will become more evident as the child grows older.
There were no significant differences between snorers and non-snorers for motor
development. This is similar to Montgomery-Downs and Gozal (2006b) who reported that
snore-related arousals were not significantly associated with motor development. In the
current study, there was a significant effect for age, in that participants had significantly
lower motor development scores at 12-months-old compared to 6-months-old. Moreover, of
the 15 participants scored below the normal range for motor development only 2 participants
were habitual snorers and the others were controls. It is uncertain as to why this group of
children would have significantly lower motor development at 12-months-old compared to 6months-old and may be due to an artefact of the test. It would be important to follow this
group of children at 2 or 3-years-old to determine whether children remained delayed.
There were also no significant differences between snorers and non-snorers for social
emotional development. This is in contrast to studies with older children that have found
snorers compared to controls have more behavioural problems (Kennedy, et al., 2004;
Kohler, et al., 2009; O'Brien, Mervis, Holbrook, Bruner, Klaus, et al., 2004; O'Brien, Mervis,
Holbrook, Bruner, Smith, et al., 2004). The difference in result outcomes could be a result of
the different ages of the children in the current study compared to studies of older children.
In most of the studies that have reported differences in behaviour, these children have been
able to verbalise their unhappiness. Furthermore, the differences in results between studies
could be that items in the tests measured different constructs.
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Habitual snoring has been associated with a number of socio-economic factors. Both
smoking within the household and maternal cigarette smoking have been related to snoring
frequency (Kuehni, et al., 2008; Mitchell & Thompson, 2003; Montgomery-Downs & Gozal,
2006a; Montgomery-Downs, et al., 2004). When infants were 0-3-months-old and 6-monthsold, neither smoking within the household nor maternal cigarette smoke were related to
habitual snoring (see Chapter 4, p. 107; Chapter 5, p. 135). However, smoking within the
household was significantly related to habitual snoring at 12-months-old for those infants
reported to snore habitually at both 6 and 12-months-old. This suggests the longer a child
spends in a smoking household, the more likely their upper airways and lungs will be
affected, thus increasing the likelihood of developing and maintaining snoring.
Physiological co-morbidities such as wheezing have been linked with habitual
snoring. Similarly, in the present study a significantly higher proportion of habitual snorers
were reported to have experienced episodes of wheezing if they snored habitually at 6 and
12-months-old. There were no significant associations for respiratory infections and maternal
asthma. However, the lack of associations could reflect small sample sizes.
In the current study, a greater proportion of infants reported to snore habitually at
both 6 and 12-months-old (64%) were breastfed for fewer than 6 months duration, compared
to only 30% of controls (never snoring) who were breastfed for fewer than 6 months
duration. As discussed previously, this is similar to a study by (Montgomery-Downs, et al.,
2007) who found that compared with children who were never breastfed, those fed breast
milk for at least two months duration in infancy had a reduced severity of sleep disordered
breathing at 7-years-old. It has been suggested that breast milk may provide infants
immunoglobulin protection against respiratory viral infections (Goldbart, et al., 2007;
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Kuehni, et al., 2008; Montgomery-Downs, et al., 2007). If a child has not been breast fed
then they may be more susceptible to viral infections which may decrease the long-term
viability of upper airway tissue (Goldbart, et al., 2007). It is essential to continue to explore
these relationships when children are older, to determine whether these relationships
continue.
In the current study, it was objective (actigraphy) but not subjective (sleep diary and
questionnaire) measures of nocturnal sleep duration and day sleep duration that were
predictive of developmental outcome at 12-months-old. Similarly, when infants were 6months-old the agreement between sleep diary and actigraphy was poor, as shown by the
large inconsistencies between methods of reported sleep duration. This confirms previous
arguments that parental perception of child sleep is often different to objective records of
sleep. Although, actigraphy is a non-invasive and established method of recording sleep
(Sadeh, et al., 2007; Scher, 2005; So, et al., 2005), it does not provide information about
sleep architecture therefore, future studies should include Polysomnography.
In summary, children reported to snore habitually at 6-months-old, independent of
their snoring status at 12-months-old, had significantly poorer cognitive developmental
outcomes at 12-months-old. However, there were no significant differences between snorers
and non-snorers for motor development, social emotional functioning and language
development. There was also evidence to suggest that longer sleep duration at 6-months-old
has a modest, positive and significant association with cognitive development. These results
imply that sleep in the first 6 months of life is important for developmental outcome at 12months-old. It will be imperative to conduct future research with larger samples and
objectively recorded sleep and snoring variables to confirm these results.
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CHAPTER 7: EFFECTS OF SNORING IN INFANTS ON POSTNATAL
DEPRESSION AND MATERNAL SLEEP

7.1 Overview
The following chapter investigates whether snoring in infants places the mother at
increased risk of postnatal depression (PND) by disrupting her sleep. This chapter reports the
manyfold relationships between maternal sleep duration and quality, infant sleep, infant
snoring and the putatively increased risk of postnatal depression. Firstly, it summarises the
descriptive statistics for maternal sleep and postnatal depression scores for the entire sample
at each age. Subsequently it examines whether mothers of snoring infants compared to
mothers of control infants have more concern about their infant’s breathing during sleep
(Hypothesis 1), shorter maternal sleep duration (Hypothesis 2), poorer sleep quality
(Hypothesis 3) and finally higher maternal depression scores (Hypothesis 4).

7.2 Introduction
An important issue in the postpartum period is the relationship between poor maternal
sleep and maternal mental health problems. It is well known that parents’ sleep, particularly
mother’s, in the postpartum period is often disrupted and restricted due to frequent waking by
infants (Lee, 1998). This in turn is associated with poor sleep quality and its daytime
consequences-fatigue, sleepiness and depressed mood (Chang, et al., 2009). Concerning the
latter, PND is associated with poor infant sleep including difficulty in settling the child to
sleep, frequent night waking and infants taking shorter naps, which are all common during
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the first year of life (Armstrong, Van Haeringen, et al., 1998; Dǿrheim, et al., 2009; Hiscock,
Bayer, et al., 2007; Hiscock & Wake, 2001). In a recent survey 46% of mother’s of 6-12month-old infants reported their infant’s sleep was a significant problem. The latter remained
a predictor of depression even when all the potential confounders such as maternal history of
depression and marital status were accounted for.
The relationship between infant sleep problems and maternal depression is likely to
be bi-directional. Mothers of children with poor sleep behaviours compared to good sleep
behaviours reported more depressive symptoms, even after controlling for socio-economic
status (Lozoff, et al., 1985). While infants of depressed mothers were reported to be more
irritable and had more difficulty in self-soothing (Field, 1995) and in turn more problems in
settling to sleep (Warren, et al., 2006). Armitage, et al. (2009) reported that at 2 weeks of age
infants of mothers with high compared to low risk of depression have longer nocturnal sleep
latency, shorter sleep episodes and lower sleep efficiency. In addition, these deficits were
also evident at 24 weeks of age. A significant reduction in maternal depressive symptoms is
evident after the treatment of the child’s sleep problems (Armstrong, Van Haeringen, et al.,
1998; Smart & Hiscock, 2007). In a randomised controlled study a behavioural intervention
to improve infant sleep resulted in a significant decrease of mother’s reported symptoms of
depression at 2 and 4 months for mothers with high depression scores (Hiscock & Wake,
2002).
A contributing factor to maternal sleep quality and a possible consequence to
maternal mental health are parental practices surrounding child sleep behaviour. For
example, parental concern about child breathing during sleep in children with sleep
disordered breathing is common (Baldassari, et al., 2008). In addition, parents report concern
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regarding the effect of upper airway obstruction during sleep on daytime functioning,
particularly behaviour (Baldassari, et al., 2008). Although, the prevalence of habitual snoring
in infancy ranges from 5.0-26% (Gislason & Benediktsdottir, 1995; Kelmanson, 2000;
Mitchell & Thompson, 2003; Montgomery-Downs & Gozal, 2006a) and parental concern
about their child’s breathing is common (Montgomery-Downs & Gozal, 2006a). It was found
that parents of 17% of habitual snorers and 4.4% of non-snorers were concerned about their
child’s breathing during sleep. It is unknown whether this in turn is significant enough to
impact parental mental health. Parents who are concerned about their child’s breathing
during sleep report that they often stay awake at night to watch their child sleep (Baldassari,
et al., 2008; Georgalas, et al., 2007), thus it is likely that their sleep duration and quality
would be adversely affected, again affecting their daytime functioning and in particular,
depressive symptoms.

7.2.1 Hypotheses
Given the dearth of evidence regarding the effect of infant snoring on maternal sleep
and mental health the current study was undertaken to evaluate this.
The hypotheses tested in infants at 0-3-months-old, 6-months-old and 12-months-old were:
1.

Maternal concern about their child’s breathing during sleep will be higher in snoring

infants.
2.

Maternal sleep duration will be shorter in snoring infants.

3.

Quality of maternal sleep will be poorer in snoring infants.

4.

Maternal postnatal depression scores will be higher in snoring infants.
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7.3 Method
The study used a longitudinal design consisting of three study phases which is
documented in Figure 7.1 below. A summary of the methodology used for each phase of data
collection is set out briefly below. For a detailed description, please refer to Chapter 3. Only
those measures relevant to the current chapter are summarised below.
Phase 1
0-3-months-old
Cross-sectional survey analysed
n = 457

Phase 2
6-months-old
Developmental assessment
n = 117

Phase 3
12-months-old
Developmental assessment
n = 113

Figure 7.1. Recruitment and assessment: Phase 1 was a community survey that made it
possible to determine the prevalence of snoring of infants at one time point. Phase 2 was a
cross-sectional study that recruited and identified infants from Phase 1 into three subgroups:
“Infrequent Snorers” (snoring 1-2 nights per week), “Habitual snorers” (snoring 3 or more
nights per week) and “Controls” (never reported to snore in the absence of a cold). Phase 2
analysed group differences in developmental outcomes between these groups at baseline.
Phase 3 followed the infants recruited at Phase 2 to determine the differences in
developmental outcomes at 12- months-old (one time point) and the longitudinal associations
between measurements for the infants at 6 months and 12 months of age.
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7.3.1 Participants
7.3.1.1 Phase 1
The final sample was 457 infants born at full term (204 males; 253 females) and their
primary caregiver (99% mother). Infants were aged 1 to 13.86-weeks-old.

7.3.1.2 Phase 2
There were 117 full term infants (57 males; 60 females) and their primary caregiver
(98% mother). Infants were classified by parent-report into three categories: controls (infants
never reported to snore in the absence of a cold); infrequent snorers (snoring 1-2 nights/
week) and habitual snorers (snoring ≥ 3 nights/ week). There were 88 control infants; 10
infrequent snorers and 19 habitual snorers.

7.3.1.3 Phase 3
There were 113 infants (55males; 58 females) born at full term and their primary
caregiver (98% mother). Of the 88 Controls at Phase 2; three did not complete testing; one
did not return completed surveys and six started infrequent snoring. Of the 10 infrequent
snorers at Phase 2; two stopped snoring and three became frequent snorers. Of the 19
habitual snorers at the initial testing phase, two became infrequent snorers and three stopped
snoring. There were 78 controls (infants never reported to snore in the absence of a cold for
12 months); five infrequent snorers (snoring 1-2 nights/ week for 12 months) and 14 habitual
snorers (snoring ≥ 3 nights/ week for 12 months). Note: For analyses examining snoring at
12-months-old; children who changed snoring status were excluded from analyses. However,
when examining infant and maternal sleep variables the entire sample was examined.
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7.3.2 Measures
Questionnaires were repeated at each phase and included demographic details and
items about the infants: (a) sleep duration, night waking and settling items (Sadeh, 2004) and
(b) sleep disordered breathing and respiratory infections (Montgomery-Downs & Gozal,
2006a; Montgomery-Downs, et al., 2004; Sohn & Rosenfeld, 2003). Items about the parents
included: night sleep duration, night waking, day sleep duration5 and sleep quality and
mental health was assessed using the Edinburgh Postnatal Depression Scale (Cox, et al.,
1987).

7.3.3 Procedure
A survey was distributed to parents at their first free Child and Family Health (CFH)
well-child nurse visit when infants were aged 0-3-months-old. Families from the first survey
who indicated their interest of being involved in further research were invited to participate
in the 6 month assessment. Parents were asked to come to the Sleep Disorders Unit,
Women’s and Children’s Hospital for a developmental assessment that took 50 minutes and
were asked to complete questionnaires either after or prior to the assessment. At 12 -monthsold, families were contacted and a convenient time was made for them to come into the
hospital for the developmental assessment and for questionnaires to be completed.
Note: As there was a small proportion of fathers that responded (n = 2 at each phase); these
were excluded from the following analyses, focusing on maternal sleep and wellbeing. For 03-months-old (n = 455) and 6-months-old (n = 115). At 12-months-old when examining

5

Note: Day sleep was excluded from analyses because due to an error not all of the questionnaires distributed
included the definition of day sleep as between “7:00 and 19:00”.
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sleep and PND (n = 111), however when examining the association between snoring status
and PND and sleep, children who changed snoring status were excluded from analyses (n =
95).

7.3.4 Statistical Analyses
To assess the mean group differences in postnatal depression (PND) scores for parent
and infant sleep variables Univariate Analysis of Variance (ANOVA) and t-tests for
dichotomous independent variables were performed. Prior to analyses, variables were
examined for accuracy of data entry and missing values. Descriptive statistics for each of the
sleep variables and postnatal depression scores were calculated. In analyses examining the
relationship between PND scores and sleep variables, the dependent variable was PND. For
independent continuous variables Pearson moment-product correlations were calculated. For
categorical independent variables Univariate ANOVA were performed. Post-hoc analyses
(Bonferroni corrections) were applied. Effect sizes were determined using partial eta squared
values (ŋp2): 0.01 = small effect, 0.06 = medium effect, and 0.14 = large effect size (Cohen,
1988). A multiple regression analysis was employed to assess how much of the variance in
PND scores could be explained by the significant sleep variables once confounders
highlighted by previous research (previous history of mental health issue, previous clinical
diagnosis of mental health issue, maternal age and socio-economic status) were controlled
for. The mean group differences in PND scores for snoring frequencies were analysed using
an ANOVA and post-hoc (Bonferroni Corrections) were applied. To test the differences
between non-snoring and snoring frequencies for categorical outcome variables such as
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parent sleep duration, parent sleep quality, and parental concern variables, a series of Chisquare analyses were calculated.

7.4 Results
The following provides an overview of the descriptive results for maternal sleep and
PND scores for infants at 0-3-months-old; 6-months-old and 12-months-old. It then considers
the factors associated with PND at each age. The second section provides results for testing
the hypotheses outlined earlier.
7.4.1 Maternal sleep and postnatal depression (PND): Descriptive statistics
Descriptive statistics for maternal sleep for the entire sample are detailed in Table 7.1.
Overall, as infants aged, mother’s gained more sleep, were less likely to get out of bed and
more likely to return to sleep if aroused. For example, at 0-3-months-old 70% of mothers
slept 6 hours or less a night, at 6-months-old 41% of mothers indicated sleeping 6 hours or
less a night and at 12-months-old 42% of mothers indicated sleeping 6 or less hours a night.
When infants were 0-3-months-old, 79% of the mothers indicated getting out of bed between
two and four times a night, by 6-months-old 47% of mothers indicated getting out of bed
between one and two times a night and by 12-months-old 67% of mothers reported waking
“once” or “never”. At 0-3-months-old the majority of mothers (67%) when out of bed were
awake for more than 30 minutes, and 54% reported that it took them no more than 10
minutes to return to sleep. By 6-months-old, for those mothers getting out of bed, the
majority were awake for between 10-30 minutes, and most mothers took no more than 10
minutes to fall asleep when they returned to bed. When infants were 12-months-old, only 9%
of mothers indicated staying awake for 30 minutes or more when their child woke, and
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similarly 7% reported staying awake for 30 minutes or more once their child was settled. The
proportion of mothers reported to have average to very bad sleep quality remained similar
throughout the first year of life. The proportion of mothers with “average to very bad sleep
quality” was 57% at 0-3-months-old, 60% at 6-months-old and 58% at 12-months-old.
It was necessary to determine the prevalence of probable postnatal depression in each
age group so that it could be compared to other populations to establish that it was
comparable. To assess the prevalence of probable postnatal depression when infants were
aged 0-3-months-old, infants aged younger than 2-weeks-old were excluded from analyses,
because depression in this time period is often referred to as the “baby blues” and can be a
temporary state (American Psychiatric Association, 2000). The Edinburgh Postnatal
Depression Scale (EPDS) scores were positively skewed when infants were 0-3-months-old;
6-months-old and 12-months-old. As shown in Table 7.1 the Mean EPDS score decreased
throughout the first year of life. According to previous studies (Boyce, et al., 1993; Hiscock
& Wake, 2001; Murray & Carothers, 1990) EPDS scores can be broken into three categories
using cut-off scores: <10 (normal range); 10-12 (borderline range); >12 (probable postnatal
depression). The proportion of mothers who reported probable postnatal depression also
decreased throughout the first year (Table 7.1). Nine percent of mothers when infants were 03-months-old and 6-months-old reported a previous clinical diagnosis of depression prior to
pregnancy. For purposes of analyses the EPDS scores were transformed and the square root
PND scale used in all analyses.
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Table 7.1
Descriptive statistics for maternal sleep variables and Postnatal Depression (PND) scores
when infants were aged 0-3-months-old, 6-months-old and 12-months-old

Previous Mental Health Problem Yes
Clinical Diagnosis
Yes
Night time sleep (between 7pm and
7am)
Less than 5 hours
5-6 hours
≥7 hours
Out of bed awakenings
Never
Once a night
Twice a night
3-4 times a night
5 or more times a night
Out of Bed Reason
Feed
Check breathing
Other
Feed and check breathing
Feed and other
Never
Amount of time parent awake for
when they were out of bed
Less than 10 minutes
10-30 minutes
More than 30 minutes
After settled time to fall asleep
Less than 10 minutes
10-30 minutes
More than 30 minutes
Parent Sleep Quality
Very good or good
Average
Bad or very bad
PND
Normal (< 10)
Borderline (10-12)
Probable PND (> 12)
Median (Mean (SD)) [Range]

0-3-months-old
% (n)
13 (57)
9 (40)

6-months-old
% (n)
12 (14)
9 (10)

12-months-old
% (n)
11
(13)
8
(9)

12 (53)
58 (262)
30 (139)

3 (3)
38 (44)
60 (69)

5
37
58

(5)
(41)
(65)

2
16
40
39
4

(9)
(72)
(182)
(173)
(19)

20
27
20
26
7

(23)
(31)
(23)
(30)
(8)

30
37
19
11
3

(33)
(42)
(21)
(12)
(3)

90
1
2
1
5
1

(404)
(5)
(9)
(6)
(26)
(5)

50
4
34
12

(56)
(5)
(40)
(14)

26
4
54
16

(28)
(4)
(60)
(19)

5 (21)
28 (129)
67 (304)

32 (37)
58 (67)
10 (11)

51
40
9

(57)
(44)
(10)

54 (245)
38 (175)
8 (35)

52 (60)
37 (43)
11 (12)

55
38
7

(60)
(43)
(8)

43 (196)
44 (200)
13 (59)

41 (47)
38 (44)
22 (25)

42
41
17

(46)
(46)
(19)

59 (270)
30 (137)
11 (48)
9 ((9.14)(2.62)) [3-23]

85 (98)
8
(9)
7
(7)
4 (5.30(4.43) [0-22]

88
(98)
9
(9)
3
(4)
4 (4.34(3.56)) [0-14]

224

7.4.2 Factors associated with PND
Descriptive statistics for PND scores for the maternal sleep variables and maternal
concern variables are shown in Table 7.2 and Table 7.3. The following parameters were
associated with higher PND scores at each age: maternal sleep duration of 6 or less hours a
night, maternal concern about their child’s breathing during sleep, “very bad or bad sleep
quality”, maternal waking 3 or more nights a week, and restless sleep in infants 3 or more
nights a week. In addition, when infants were 0-3-months-old, but not when infants were 6months-old or 12-months-old, there were significant differences in PND scores for the
amount of time mothers were awake when settling their child. Mothers who were awake for
more than 30 minutes had significantly higher PND scores, compared with mothers awake
for less than 10 minutes and mothers awake for 10-30 minutes. At 0-3-months-old and 6months-old, but not when infants were 12-months-old, those mothers reported to watch their
infant sleep because they were afraid they would stop breathing had significantly higher PND
scores compared with mothers reported to never watch their baby sleep. At each age there
was a significant, positive correlation between PND scores and number of infant night
wakings; and the strength of this relationship slightly increased at each time point (Table
7.3). When infants were 0-3-months-old and 6-months-old, but not 12-months-old, there was
a significant, positive correlation between the time taken for the child to fall asleep and PND
scores (Table 7.3).
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Table 7.2
Mean (SD) Postnatal Depression scores for maternal sleep variables and infant sleep variable
0-3-months-old
Raw Scores

Restless sleep1
Not at all
1-2 nights a
week
≥ 3 nights a
week
Time awake
once child
settled
<10 min
10-30 min
>30 min
Method Child
Fed
Breast fed
Formula
only
Both
Maternal sleep
duration
≤6 hours
≥7 hours
Time awake
when mother
out of bed2
< 10 min
10-30 min
> 30 min

6-months-old

Mean

SD

Transformed
Score
Mean SD

8.47
8.82

.18
.14

2.91
2.98

.42
.37

10.11

.17

3.18

.47

8.82
9.12
9.18

.18
.18
.19

2.97
3.02
3.03

.42
.43
.44

9.00
8.53

.17
.14

3.00
2.92

.41
.37

9.24

.26

3.04

.51

9.30
8.18

.19
.12

3.05
2.86

.44
.35

7.67
8.47
9.24

.08
.16
.18

2.77
2.91
3.04

.29
.40
.43

Raw Scores

12-months-old

F-value
/T-value

Mean

SD

Transformed
Score
Mean SD

13.71**b
C>A=B

3.53
3.10

1.02
.76

1.88
1.76

1.01
.87

6.60

.69

2.57

.83

.97

4.37
4.20
6.05

71
1.12
.86

2.09
2.05
2.46

.84
1.06
.93

.33

3.65
5.34

.94
.96

1.91
2.31

.97
.98

4.28

.81

2.07

.90

3.45*a

6.30
3.06

.88
.79

2.51
1.75

.90
.89

6.65**a
C>A=B

3.50
5.15
4.00

.48
1.04
.92

1.87
2.27
2.00

.69
1.02
.96

Raw Scores
F-value
/T-value

Mean

SD

Transformed
Score
Mean SD

9.51***c
C>A=B

2.37
2.99

.64
.76

1.54
1.73

.80
.87

5.52

.77

2.35

.88

.77

3.42
4.20
4.48

.86
.72
.76

1.85
2.05
2.34

.93
.85
.87

1.27

1.56

3.50
3.03

.86
.92

1.87
1.74

.93
.96

.35

4.41

.85

2.10

.92

21.72** c

4.75
2.72

.76
.81

2.18
1.65

.87
.90

3.07**

1.84

3.61
4.08
4.80

.56
.92
1.44

1.90
2.02
2.19

.75
.96
1.20

.52

F-value
/T-value
8.99*** c
C>A=B
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Maternal sleep
Quality3
Very
8.29
.14
2.88
.37
good/good
Average
9.06
.16
3.01
.40
Very bad
10.96 .25
3.31
.50
/bad
Maternal night
waking4
Never
8.47
.15
2.91
.39
1-2 times/
9.00
.18
3.00
.43
night
≥ 3 times/
9.67
.17
3.11
.41
night
Maternal
concern
No
8.58
.15
2.93
.40
Yes
9.61
.20
3.10
.45
Watched baby
sleep
No
8.76
.18
2.96
.42
Yes
9.67
.17
3.11
.41
Note * denotes p < .05;** p < .01, ***p <. 001

26.61**b

2.66

.72

1.63

.85

17.10**c

2.25

.77

1.50

.88

C>B=A

4.37
8.12

.77
.66

2.09
2.85

.88
.81

C>B>A

4.12
6.45

.72
.45

2.03
2.54

.85
.67

A<B=C

3.85*a
C>A

2.69
3.57

.88
.86

1.64
1.92

.94
.93

7.93***a
C>A=B

2.10
3.69

.64
.85

1.45
1.92

.80
.92

.13***c
C>B=A

6.30

.77

2.51

.88

6.60

.61

2.57

.78

-4.21***

3.65
6.25

.88
.76

1.91
2.50

.94
.87

9.61**b

3.13
5.24

.76
.92

1.77
2.29

.87
.96

-2.61*

-2.94*

3.92
6.66

.86
.85

1.98
2.58

.93
.92

7.03**b

3.42
5.71

.83
.77

1.85
2.39

.91
.88

-1.80

11.39***
c

a = 0.01 < Effect size (ŋp 2) small < .06; b= 0.06 < Effect size (ŋp 2) medium < .0.14; c = Effect size (ŋp 2) large ≥ .14. 1 Indicates that A = never, B = 1-2
times per night and C = ≥ 3 times per night. 2 Indicates that A = < 10 min, B = 10-30 min, C = > 30 min; 3 Indicates A = Very good/good, B = Average, C =
Very bad/bad; 4 Indicates A = never, B = 1-2 times per night and C = ≥ 3 times per night
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Table 7.3
Correlations between infant sleep variables and postnatal depression scores

Night sleep (hours)
Day sleep (hours)
Number of infant night awakenings
Time taken for infant to fall asleep (min)
Note **denotes p < .01 *p <.05

0-3-months-old
PND
-.09
-.05
.15**
.15**

6-months-old
PND
-.27**
.02
.22*
.20*

12-months-old ≠
PND
-.25**
.02
.32**
.07

A hierarchical multiple regression was carried out for when infants were 0-3-monthsold, 6-months-old and 12-months-old. In the first step, the following previously identified
potential confounders in the literature (previous history of mental health issues, clinical
diagnosis of previous mental health issue, maternal education, relationship status, socioeconomic status and maternal age) were entered. In the second step, the variables that were
significant above (see Table 7.2 and 7.3) were entered. When infants were 0-3-months-old in
the first step the potential confounders contributed 4.0% of the variance in PND scores
(Adjusted R2 = .05, F (6, 398) = 4.34, p < .001). Only previous history of maternal mental
health issue was significant. At step 2 the variables that were significant above; combined to
contribute an additional 10% of the variance in PND (Adjusted R 2 = .15, F (14, 398) = 6.18,
p < .001). Previous history of maternal mental health issue, maternal sleep quality, and
restless sleep were significant predictors of PND as shown in Table 7.4. When infants were
6-months-old the previously identified potential confounders contributed 10.6% of the
variance in PND (Adjusted R 2 = .11, F (6, 92) = 2.83, p = .02). Only previous history of
mental health problems was significant. In the second step, the significant variables from
above analyses (see Table 7.2 and Table 7.3) contributed 40.3% of the variance in PND
(Adjusted R2 = .41 F (13, 92) = 5.91, p <.001). Only maternal sleep quality was a significant
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predictor of PND (see Table 7.4). When infants were 12-months-old the potential
confounders in step 1 contributed 9.5% of the variance in PND (Adjusted R 2 = .095, F (6, 94)
= 2.64, p = .02). Only clinical diagnosis of previous mental health was significant with PND.
In the second step, the variables significant from the above analyses contributed 19.1 % of
the variance in PND (Adjusted R 2 = .29 F (11, 90) = 4.42, p <.001). Clinical diagnosis of
previous mental health issue, infant restless sleep and maternal sleep quality were significant
predictors of PND as shown in Table 7.4.

Table 7.4
Standardised Beta Coefficients (β) of predictors for maternal postnatal depression when
infants are aged 0-3-months-old, 6-months-old and 12-months-old
Step 1
Previous mental health problem
Clinical diagnosis
Maternal education completed
Relationship status
Socio-economic status
Maternal age
Step 2
Previous mental health problem
Clinical diagnosis
Maternal education completed
Relationship status
Socio-economic status
Maternal age
Restless sleep
Maternal sleep quality
Maternal sleep duration
Maternal concern about child’s breathing during
sleep
Number of infant night wakings
Watched baby sleep
Amount of time mother awake for when out of
bed
Infant night sleep duration
Amount of time to settle infant to sleep
Note *denotes p < .05; **p < .01

0-3-months-old
β

6-months-old
β

12-months-old
Β

.31**
-.10
.00
-.08
-.04
.05

.49*
-.12
.06
.07
.05
-.09

-.20
.53
.14
.13
.10
-.08

.23*
-.08
-.03
-.08
-.04
.04
.12*
.17**
-.04

.44
-.07
.09
-.12
.03
-.12
.05
.42**
-.12

-.30
.55**
-.10
.11
.13
-.15
.21*
.32*
-.17

.01
.08
.07
.09

.10
-.03
-.09
NA

.11
-.01
NA
NA

NA
.09

-.03
NA

NA
NA
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7.4.3 The relationship between snoring in infancy and maternal concern about the child’s
breathing during sleep
The first hypothesis (that snoring in infants is related to more maternal concern about
the child’s breathing during sleep) was tested with Chi-square analyses. A significantly
higher proportion of mothers of habitual snorers were concerned about their child’s breathing
during sleep at night compared to infrequent snorers and controls when infants were 0-3months-old, 6-months-old and 12-months-old, as shown in Table 7.5. A significantly higher
proportion of mothers of habitual snorers reported staying awake at night to watch their child
sleep because they were afraid that they would stop breathing, compared to mothers of
controls at 6-months-old (χ2 (1) = 10.91, p = .01).

7.4.4 The relationship between snoring in infancy and maternal sleep duration
The second hypothesis (that snoring in infants is related to less maternal sleep
duration compared to controls) was tested using Chi-square analyses. At 0-3-months-old,
there were no significant differences between snoring and non-snoring groups for maternal
night sleep duration as shown in Table 7.5. At 6-months-old a significantly larger proportion
of mothers of habitual snorers (58%) compared with 34% of mothers of controls reported
sleep duration of 6 hours or less during the night. At 12-months-old, a significantly higher
proportion of mothers of habitual snorers had sleep duration of 6 hours or less a night.
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7.4.5 The relationship between snoring in infancy and maternal sleep quality
The third hypothesis (that snoring in infants is related to poorer sleep quality
compared to controls) was tested using Chi-square analyses and is shown in Table 7.5. At 03-months-old, there were no significant differences between snoring and non-snoring groups
for maternal sleep quality. At 6-months-old, a higher proportion of mothers of habitual
snorers (39%) reported their sleep quality was “bad” or “very bad” compared with 17% of
mothers of non snorers who reported that their sleep quality was “bad” or “very bad”.
However, these differences were not statistically significant. At 12-months-old a higher
proportion of mothers of habitual snorers had “average” or “bad” to “very bad” sleep quality
compared to mothers of controls; although again this was not statistically significant.

7.4.6 The relationship between snoring in infancy and maternal postnatal
depression (PND)
The fourth hypothesis (that snoring in infants is related to higher maternal PND
scores) was tested using ANOVA, as shown in Table 7.5. There were significant differences
in PND between snoring and non-snoring groups when infants were 0-3-months-old and 6months-old. Post hoc analyses (Bonferroni corrections) showed that those infants reported to
never snore were associated with significantly lower maternal PND scores, compared with
habitual snorers (≥ 3 nights a week). Although, the maternal PND score for habitual snorers
was higher compared with infrequent snorers, there were no significant differences between
non-snoring and snoring frequencies when infants were 12-months-old. There was a trend
toward significance.
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Hypothesis 4 (that snoring in infants is related to higher maternal PND scores) was
reassessed with the sample of infants reported to snore habitually from 0-12-months-old (n =
14), compared to those infants reported to never snore (in the absence of a cold) from 0-12months-old (n = 78). A one-way repeated measures ANOVA assessed the longitudinal
changes in association over time. There was a significant effect for age (Wilks’ Lambda =
.52, F (2, 87) = 39.46, p < .001; ŋp2 = .48), a statistically significant main effect for PND
scores (F (1, 88) = 10.34, p = .002; ŋp2 = .11) and a statistically significant interaction effect
(Wilks’ Lambda = .92, F (2, 87) = 3.73, p = .03; ŋp2 = .08). These results suggested that on
average mothers of controls had reduced PND scores from 0 to 6-months-old and then these
scores reduced only slightly from 6 to 12-months-old. On average, mothers of habitual
snorers had higher scores than controls for all three times in the first year; however from 0 to
6-months-old these remained fairly similar and then there was a larger reduction in scores

Postnatal depression scores

from 6-months-old to 12-months-old (see Figure 7.2).

Age (months old)
Figure 7.2 Postnatal depression scores for mothers of infants who remained controls and
habitual snorers throughout the first year of life
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Table 7.5
PND scores, proportion of mothers concerned about their child’s breathing during sleep, watching their child sleep afraid the y
would stop breathing, maternal sleep duration and maternal sleep quality for the three study groups (Non-snorers; Infrequent
snorers (snoring 1-2 nights/week) and Habitual snorers (snoring ≥ 3nights/week)
Non-snorers
Mean
SD [Range]
PND: 0-3 months ≠
Raw score
Transformed score
PND: 6 months ≠
Raw Score
Transformed score
PND: 12 months ≠
Raw score
Transformed score
Night sleep duration: 0-3 months
≤ 6 hours
7+ hours
6 months
≤ 6 hours
7+ hours
12 months
≤ 6 hours
7+ hours
Sleep quality
0-3 months
Very good or good
Average
Very bad or bad
6 months
Very good or good
Average
Very bad or bad

Infrequent snorers
Mean
SD [Range]

Habitual snorers
Mean SD [Range]

F-value (Effect
2
Size (ŋp )

8.64
2.93

.17 [3, 16.00]
.40 [1.73, 4.00]

9.42
3.09

.22 [4.00, 23.00]
.52 [2.24, 4.00]

9.94
3.15

.14 [4, 16.00]
.48 [2.24, 4.00]

6.30** (.04)
C>A<B

3.57
1.89

.88 [0, 16]
.94 [0, 4]

5.20
2.28

.35 [4, 6]
.59 [2, 2.45]

7.02
2.65

1.08 [1, 22]
1.04 [1, 4.69]

5.52** (.09)
C>A

2.96
1.75
%

.98 [0, 14]
.92 [0, 3.74]
N

7.07
2.62
%

.20 [4, 8]
.40[2, 2.83]
n

4.37
2.10
%

1.04 [0, 14]
1.02 [0, 3.74]
N

2.92a (.06)

70
30

(189)
(83)

72
28

(41)
(16)

67
33

(23)
(11)

.28

34
66

(29)
(57)

70
30

(7)
(3)

58
42

(11)
(8)

7.37*

32
67

(25)
(51)

80
20

(4)
(1)

64
36

(9)
(5)

8.37*

46
44
11

(125)
(120)
(27)

37
47
16

(21)
(27)
(9)

50
29
21

(17)
(10)
(7)

5.92

44
38
17

(38)
(33)
(15)

20
40
40

(2)
(4)
(4)

26
37
37

(5)
(7)
(7)

4.84

Chi-square
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12 months
Very good or good
(34)
(2)
9.12
45
40
36
(5)
(32)
(0)
(7)
Average
45
0
50
Very bad or bad
(10)
(3)
(2)
13
60
14
Maternal concern:
#
0-3 months
Not at all
70
(191)
56
(32)
44
(15)
13.29*
A little
26
(71)
39
(22)
44
(19)
Somewhat or almost always
4
(10)
5
(3)
12
(4)
6 months
Not at all
(70)
(7)
(8)
81
70
42
17.41**
17
(14)
10
(1)
47
(9)
A little
Somewhat or almost always
2
(2)
20
(2)
11
(2)
12 months
Yes
(65)
(4)
86
80
29
(4)
21.58***
No
(11)
(1)
(10)
14
20
71
Watching baby sleep
0-3 months
(228)
(46)
84
81
74
(25)
2.30
No
Yes
(44)
(11)
(9)
16
19
27
6 months
No
(76)
(8)
89
80
68
(13)
5.08b
Yes
11
(10)
20
(2)
32
(6)
12 months
No
(70)
92
100
(5)
79
(11)
3.08
Yes
(6)
(0)
(3)
8
0
21
Note * denotes p < .05; **p< .01;***p< .001; a p = .06; b p = .08 # Note due to the small sample sizes across groups for 12-month- old maternal concern
was dichotomised (yes/no)
≠

The analyses between non-snorers and snorers for 0-3-months-old is for the sample without a cold (n = 363; Controls (n = 257; Infrequent snorers (n = 57);

Habitual snorers (n = 34) because it was thought that snoring would impact the mother more if the child was reported to snore irrespective of a cold. At 6months-old n = 115 (Controls (n = 86); Infrequent snorers (n = 10); Habitual snorers (n = 19)). At 12-months-old children who changed snoring status were
excluded from analyses n = 95 (Controls (n = 76); Infrequent snorers (n = 5); Habitual snorers (n = 14))
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7.4.6.1 Additional analyses
When infants were 0-3-months-old, analyses above indicated that 27% of mothers
of habitual snorers stayed awake to watch their baby sleep, afraid that they would stop
breathing, and 56% of mothers of habitual snorers were worried about their child’s
breathing. Therefore, further analyses of the habitual snorers (n = 38) were made to assess
potential consequences of maternal concern about their child’s sleep. As shown in Table
7.6, the independent variable was “worried about child’s breathing” (not concerned and
concerned) and the outcome variables were: postnatal depression score, maternal sleep
quality, maternal waking, maternal sleep duration, maternal time awake when out of bed,
maternal time awake when child is settled, birth order, infant night sleep, day sleep and
night waking. A larger proportion of those mothers concerned about their baby’s
breathing during sleep reported less night time sleep duration, poorer sleep quality, and
more infant night waking. There were no significant differences in PND scores between
those mothers concerned about their baby’s breathing and those not concerned about their
baby’s breathing for maternal time awake when out of bed, maternal time awake when
child is settled, maternal night waking, birth order, infant night sleep and day sleep.
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Table 7.6
Frequency (%) of sleep behaviour for mothers of habitual snorers for mother’s concerned
about their child’s breathing during sleep and mother not concerned about their child’s
breathing during sleep

Maternal waking
Never
1 time a night
≥2 times a night
Time awake when out of bed
< 10 minutes
10-30 minutes
>30 minutes
Time taken for mother to
sleep once child settled
< 10 minutes
10-30 minutes
>30 minutes
Maternal sleep quality
Very good/ good
Average
Very bad /bad
Maternal sleep duration
≤ 6 hours
≥7 hours
Birth order
First
Second
Third or more

Mother concerned
%
n

Mother not concerned
%
n

Chi-square

21
47
32

(4)
(9)
(6)

27
73
0

(4)
(11)
(0)

5.82a

16
32
53

(3)
(6)
(10)

0
47
53

(0)
(7)
(8)

2.87

17
72
11

(3)
(13)
(2)

47
47
7

(7)
(7)
(1)

3.49

21
47
32

(4)
(9)
(6)

87
7
7

(13)
(1)
(1)

83
17

(15)
(3)

47
53

(7)
(8)

47
32
21

(9)
(6)
(4)

60
20
20

(9)
(3)
(3)

SD
1.91
2.47
2.04

Mean
8.93
6.88
1.60

SD
1.47
2.79
.83

T-Value
1.67
1.07
-2.40*

14
.55

9.61
3.11

.15
.38

.45

14.47**

4.95*

.68

Mean
Night sleep (hours)
7.86
Day sleep (hours)
5.85
Night waking
2.95
PND
Raw score
9.80
Transformed score
3.18
Note * denotes p<.05; **p < .01; a p =.06

A similar proportion of mothers of non-snorers reported concern about their
child’s breathing during sleep (30%). However, only a quarter of these mothers of nonsnorers who had reported concern about their child’s breathing during sleep stayed awake
to watch their child sleep. The same analysis in the non-snorers (n = 274) shows,
similarly to that of mother’s of snoring children, that a larger proportion of mothers
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concerned about their child’s breathing during sleep had first born children, less sleep
duration, longer time out of bed when the mother was awake, more maternal waking,
longer time awake once their child was settled and poorer maternal sleep quality (see
Table 7.7).

Table 7.7
Frequency (%) of sleep behaviour for mothers of non-snorers for mother concerned about
their child’s breathing during sleep and mothers not concerned about their child’s
breathing during sleep
Mother concerned
%
n
Maternal waking
Never
1-2 times a night
≥ 3 times/night
Time awake when out of bed
< 10 minutes
10-30 minutes
>30 minutes
Time taken for mother to
sleep once child settled
< 10 minutes
10-30 minutes
>30 minutes
Maternal sleep quality
Very good or good
Average
Very bad or bad
Maternal sleep
≤6 hours
≥7 hours
Birth order
First
Second
Third or more

Mother not concerned
%
n

Chi-square

11
77
12

(9)
(63)
(10)

20
69
11

(38)
(133)
(21)

3.14

4
17
79

(3)
(14)
(64)

3
33
65

(5)
(62)
(122)

6.79*

43
46
11

(35)
(38)
(9)

62
33
5

(118)
(62)
(9)

8.37*

23
58
18

(22)
(54)
(17)

50
38
8

(118)
(82)
(17)

26.46***

66
34

(126)
(66)

5.07*

45
35
20
Mean
8.51
6.86
2.32

(87)
(67)
(38)
SD
1.56
2.01
1.13

79
21
62
31
7
Mean
8.34
6.67
2.43

(65)
(17)
(51)
(25)
(6)
SD
1.50
2.25
.96

Night time (hours)
Day sleep (hours)
Number of night waking
PND
Raw score
.18
9.06
Transformed score
3.01
.42
Note *denotes p < .05; **p < .01; *** p < .001

8.41
2.90

.15
.39

9.15*
T-Value
.92
.77
-1.33
-2.13*
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7.5 Discussion
There were four main outcomes of the present study: (1). mothers of habitual
snorers had higher PND scores compared with mothers of controls when infants were
aged 0-3-months-old; 6-months-old and 12-months-old; (2). a significantly larger
proportion of mothers of habitual snorers reported concern about their child’s breathing
during sleep when infants were 0-3-months-old; 6-months-old and 12-months-old; (3).
mothers of habitual snorers had less sleep duration compared to mothers of controls when
infants were 6-months-old, and 12-months-old but not when infants were 0-3-months-old;
and (4). there were no significant differences between non-snoring and snoring groups for
maternal sleep quality when infants were 0-3-months-old, 6-months-old and 12-monthsold.
The first main finding of the present study was that habitual snoring in infants is
related to higher maternal PND scores, supporting the fourth hypothesis. Mothers of
infants reported to snore habitually at 0-3-months-old and 6-months-old had significantly
higher PND scores compared to mothers of control infants. Although, there were no
significant differences in PND scores between controls and habitual snorers at 12months-old, there was a trend towards significance. These results are in line with studies
that have shown that infant and child sleep disruptions are related to worse maternal and
paternal depression and anxiety scores (Hiscock, Canterford, Ukoumunne, & Wake,
2007; Hiscock & Wake, 2001, 2002). It could be suggested that habitual snorers may
sleep less during the night, are more restless, and have more night waking resulting in
reduced maternal sleep duration and poorer sleep quality and thus higher PND scores.
Alternatively, it is possible that depressed mothers more frequently awake compared with
non depressed mothers who sleep more during the night (Hiscock & Wake, 2002) and
thus are aware of their child’s sleeping and breathing patterns. Certainly, depressed
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mothers compared with non depressed mothers have been found to report sleep patterns
characteristic of a sleep problem (Hiscock & Wake, 2001). In addition, further analyses
revealed that there is an improvement in PND scores over the first year of life, consistent
with Eberhard-Gran, Tambs, Opjordsmoen, Skrondal, and Eskild (2004). However, the
improvement in PND scores for mothers with infants of habitual snorers was somewhat
slower compared to mothers of controls. It is important to note that the sample size of
infants who remained habitual snorers was small throughout the first year of life and thus
future studies with larger numbers need to be conducted.
The role of maternal concern about their child’s breathing in sleep has seldom
been considered in the relationship between child sleep disruption and maternal
wellbeing. The second finding of this study was that at 0-3-months-old, 6-months-old and
12-months-old, a significantly larger proportion of mothers of reported concern about
their child’s breathing during sleep. Thus, supporting the first hypothesis that mothers of
habitual snorers would show more concern about their child’s breathing during sleep.
When infants were 6-months-old, a significantly larger proportion of mothers of habitual
snorers reported staying awake at night to watch their child sleep, afraid they would stop
breathing. This is similar to the study reported by Montgomery-Downs and Gozal (2006a)
who found 17% of parents of habitual snorers compared to 4.4% of non snorers were
concerned about their child’s breathing during sleep “frequently” or “almost always”. It
also confirms results of other studies that suggest that OSA in children has significant
effects on parents, reporting that they are worried that their child will stop breathing and
then feeling forced to stay awake at night (Georgalas, et al., 2007; Stewart, et al., 2000;
Stewart, et al., 2005).
The third finding was that mothers of habitual snorers reported less sleep duration
compared with controls when infants were 6-months-old and 12-months-old, supporting
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the second hypothesis. However, when infants were 0-3-months-old; there were no
statistically significant differences between study groups for maternal sleep duration or
maternal sleep quality. The final finding of the current study was that although at both 6
and 12–months-old, mothers had larger proportions of poor sleep quality the differences
were not statistically significant, thus not supporting the third hypothesis. Also, those
mothers with poorer sleep quality and reduced sleep duration when infants were 0 -3months-old and 6-months-old reported significantly higher PND scores, in line with
several studies (Dǿrheim, et al., 2009; Hiscock & Wake, 2001). Meltzer and Mindell
(2007) found that child sleep disruptions were related with poorer maternal sleep quality
and maternal functioning which was in turn related to negative mood, more parenting
stress and worse daytime functioning.
When infants were aged 0-3-months-old; 56% of mothers of habitual snorers
reported concern about their child’s breathing during sleep. In addition, 27% of mothers
of habitual snorers reported watching their child sleep, worried that they would stop
breathing. Despite the prevalence of habitual snoring (9% in the absence of a cold or
runny nose as reported in Chapter 3), a reasonable proportion (44%) of mothers of
habitual snorers were not concerned about their child’s breathing during sleep. This
finding supports results found in other studies that have reported that, although sleep
problems are frequently reported by parents; they seldom discuss these with their general
practitioner (Blunden, et al., 2004). Subsequent analyses showed that mothers of habitual
snorers concerned about their child’s breathing during sleep also reported significantly
more infant night waking and significantly more nights of restless sleep in the past week.
This suggests that if infants are more restless, wake more frequently and snores habitually
then mothers are likely to be more concerned about their child’s breathing during sleep.
Mothers who reported concern about their child’s breathing during sleep also reported
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significantly less night time sleep duration for themselves, and poorer sleep quality. Thus
this result implies that habitual snoring in early infancy impacts maternal sleep patterns if
those mothers are concerned about their child’s breathing during sleep. In turn it seems
that a combination of maternal sleep characteristics, infant sleep characteristics and
concern about breathing during sleep can account for the higher PND scores among
mothers of habitual snorers.
Also noteworthy is that 30% of the mothers of those children reported not to snore
when infants were aged 0-3-months-old were concerned about their child’s breathing
during sleep. Moreover, half of these mothers stayed up at night to watch their child
sleep, afraid that the child would stop breathing. A larger proportion of these mothers
who were concerned about their child’s breathing during sleep had first born children.
Comparisons between mothers concerned about their child’s breathing during sleep and
those not concerned about their child’s breathing during sleep did not reveal significant
differences between groups for sleep duration, night waking or restless sleep in the infant.
In a sample of non-snoring infants, similar to mothers of habitual snorers, mothers
concerned about their child’s breathing reported significantly less night sleep duration for
themselves, poorer sleep quality, and more time awake when they got out of bed and
longer time awake once their child was settled. Given that fatigue in the postpartum
period is common and has been shown to be related to increased postpartum depression
(Corwin & Arbour, 2007) and decreased maternal health (Aktan, 2007), it would also
seem important to consider how much sleep quality and PND contributes to fatigue in the
postpartum period. It will then be necessary to determine factors that could possibly
improve sleep quality and fatigue in new mothers.
The majority of mothers (70%) reported sleeping 6 hours or less per night in the
past week when their infants were aged 0-3-months-old. This is similar to a recent study
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indicating that mothers of infants of two months of age had average sleep duration at
night of 6.5 hours. The first 3 months postpartum are associated with changes in maternal
sleep parameters (Chang, et al., 2009), with tiredness and lack of sleep common
complaints. The postpartum period is a difficult time for new mothers and they often find
it difficult to adapt to the new routines and responsibilities of taking care of a new born.
In the present study, when infants were aged 6 and 12-months-old, a large proportion of
mothers were maintaining the same amount of sleep to that reported when infants were 2 months-old. Approximately 40% and 39 % of mothers of infants aged 6 and 12 months,
respectively, reported sleeping 6 hours or less a night in the past week. This is concerning
considering that sleep periods in adults reduced to 4 hours and 6 hours per night for 14
days, have been reported to result in deficits in psychomotor vigilance performance,
working memory and cognitive functioning (Van Dongen, Maislin, Mullington, &
Dinges, 2003). Moreover, a number of studies have shown that moderate levels of fatigue
can affect psychomotor performance, similar to or greater than observed in alcohol
intoxication (Dawson & Reid, 1997; Lamond, et al., 2004), which is unacceptable for
driving and/ or working. Therefore, mothers maintaining reduced sleep over several
months are at risk of overload and dysfunction, especially if they are trying to maintain
prior functioning levels and may struggle to provide adequate emotional and physical care
for their infant (Bayer, et al., 2007).
In Western cultures the prevalence of PND is reported as between 10 and 15%
(Beck, 2001; O'Hara & Swain, 1996), similar to the current study where 10.4% of
mothers of infants aged 2 weeks to 3 months reported PND. It is also similar to a previous
population study conducted in South Australia where 10.2% of mothers of infants aged 6
to 8-weeks-old were reported to have probable PND (Buist, et al., 2008). In the current
study, when infants were aged 6-months-old, the prevalence of probable PND in the
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sample was 7%. This is similar to a European study that found that when infants were 6months-old, 6.6% of the women indicated probable PND using the Edinburgh Postnatal
Depression Scale. When infants were 12-months-old, the prevalence of probable PND
was 3%. Both of the prevalence rates reported in the current study when infants were 6 months-old and 12-months-old were lower than the studies that have suggested that 1015% of women are reported to have PND. However, in their comprehensive review
Halbreich and Karkun (2006) suggested that the prevalence of PND in the postpartum
period is highly variable, ranging from 0 to 60%. One of the factors suggested to
influence the prevalence of PND is the time period when the assessment is carried out.
For example, some studies have considered the prevalence when infants were 2-weeksold, whereas other studies have considered the prevalence when infants were 6 -monthsold. Studies that have reported the prevalence of PND have also varied depending on the
instrument used (Halbreich & Karkun). Therefore, it is important to compare studies that
have used a similar time period and similar instruments. A longitudinal population study
conducted in Sweden that considered the prevalence of PND scores in early pregnancy, 2
months postpartum and 1 year postpartum, found that 6% of women had high depression
scores on two of these occasions, and 3% had high depression scores at all three times
(Rubertsson, Wickberg, Gustavsson, & Rådestad, 2005). In another longitudinal study in
the same group of women using the Edinburgh Postnatal Depression Scale the prevalence
of PND decreased from 5-8 months postpartum to 12 months postpartum (Eberhard-Gran,
et al., 2004).
In the current study when infants were 0-3-months-old and 6-months-old, a
previous history of a mental health issue without a clinical diagnosis was significant in
predicting PND scores. At both of these ages, in the regression model, a clinical diagnosis
of a previous mental health issue was not significantly associated with PND. A recent
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survey in Australia found that 78% of respondents reported feeling embarrassed to talk to
their General Practitioner (GP) about depression. This suggests that although mental
health issues may be frequent, many people still have negative attitudes towards mental
health problems and may be reluctant to discuss these with their GP, which may mean
that only a small proportion of mental health issues are clinically diagnosed (Beyond Blue
Depression Monitor, November 2008). In the current study, however, by the time infants
were 12-months-old, clinical diagnosis of a previous mental health issue was significantly
associated with PND. It is possible to speculate that a woman with a personal history of
clinical depression would be more likely to continue to exhibit such depressive symptoms
when infants are 12-months-old. When infants were 0-3-months-old, previous history of
mental health issue, maternal sleep quality, infant restless sleep, and amount of time
mother awake for when she is out of bed attending to her child were significant predictors
of PND. When infants were 6-months-old, previous history of mental health issue and
maternal sleep quality were significant predictors of PND. When infants were 12 -monthsold, clinical diagnosis of previous mental health issue, infant restless sleep and maternal
sleep quality were significant predictors of PND. Clinicians have often considered
frequent night waking in early infancy to be common and that it only becomes
problematic to parents when children are aged 6 months or older (Bayer, et al., 2007).
However, recent studies have shown that frequent night waking is problematic in children
aged 3 to 6-months-old (Bayer, et al., 2007). The current study also suggests that frequent
night waking and restless sleep in infants is common in 0-3-months-old and is a
significant predictor of PND at this young age. It is also clear that the subjective report of
maternal sleep quality is important in predicting mental health scores throughout the first
year of life, consistent with previous studies (Hiscock, Bayer, et al., 2007; Hiscock &
Wake, 2001). Again, these results have highlighted that uninterrupted sleep, and not
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necessarily the amount of sleep, is important in predicting the mother’s wellbeing. It is
therefore important to consider methods that would help to improve maternal sleep
quality. These would need to include ways in which to help the child to settle to sleep,
and to wake less during the night.
There were several limitations to this study. The study relied on self-report of
sleep duration and a global measure for sleep quality to determine maternal sleep and in
the future, use of actigraphy or Polysomnography to identify mother’s sleep would be an
improvement. It is also possible that there was a selection bias, that is depressed mothers
may have been less likely to continue with the study.
The main finding from this study was that mothers of habitual snorers at 0-3months-old; 6-months-old and 12-months-old reported less night sleep duration, poorer
sleep quality and higher postnatal depression scores. This confirms previous studies
suggesting that disruption to sleep in infancy has profound influences on maternal mental
health and sleep duration and quality. Moreover, for the first time the study has shown
that the cardinal feature of upper airway obstruction, snoring, presenting at a young age,
has a strong impact on maternal wellbeing and sleep duration. This finding suggests that
future studies in younger and older children with SDB should consider psychosocial
aspects of the disease including maternal wellbeing, and daytime functioning.
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CHAPTER 8: INFANT SLEEP, MATERNAL SLEEP, INFANT SNORING AND
FAMILY FUNCTIONING

8.1 Overview
This chapter investigates whether sleep disruption in infants and mothers, and
snoring in infants at both 6 and 12-months-old, places the family in greater risk for family
dysfunction because of a relationship between these circumstances and Postnatal
Depression (PND). The chapter will first analyse the relationships between infant sleep
duration, maternal sleep duration and family functioning. Subsequently, whether PND is a
mediator in the relationship between sleep disruption and family functioning (Hypothesis
1) is addressed. Finally, the impact of snoring frequency on family functioning
(Hypothesis 2) is examined.

8.2 Background/Rationale
Several studies have considered the impact of sleep on the child’s daytime
functioning. However, only recently has it become clear that the family context is
important in discussions about sleep in children (Dahl & El-Sheikh, 2007). These studies
have typically focused on the role of infant sleep on parents - particularly mother’s mental
and general health and sleep. In the postpartum period mother’s sleep is often disrupted
and restricted due to frequent waking by infants (Lee, 1998). This in turn is associated
with poor sleep quality and its daytime consequences - fatigue, sleepiness and depressed
mood (Chang, et al., 2009).
Concerning the latter, it is well established that postnatal depression (PND) is
associated with poor infant sleep, including difficulty in settling the child to sleep,

247

frequent night waking and infants taking shorter naps, all of which are common during
the first year of life (Armstrong, Van Haeringen, et al., 1998; Dǿrheim, et al., 2009;
Hiscock, Bayer, et al., 2007; Hiscock & Wake, 2001). In a recent survey 46% of mothers
of 6 to 12-month-old infants reported that their infant’s sleep was a significant problem
(Hiscock & Wake, 2001). Problem sleep remained a predictor of depression even when
potential confounders such as maternal history of depression and marital status were
accounted for. Moreover, PND has also been linked with increased irritability and
hostility towards the child, disengagement from the child (Lovejoy, et al., 2000), marital
conflict, social withdrawal, increased parenting stress, a strain on family relationships and
lack of communication with others (Burke, 2003; Cornish, et al., 2006; Leigh & Milgrom,
2008; Lovejoy, et al., 2000). Despite these associations between infant and maternal sleep
disruption and PND, and the associations between PND and family functioning, few
studies to date have considered the impact of infant sleep on other domains within the
family.
Four studies in early childhood have shown that excessive crying and sleep
problems can impact many members of the family. Families with infants who cry
excessively have reported more chaos, more conflict, more anxiety and less flexible
family environments (Raiha, et al., 1996). Meijer and van den Wittenboer (2007) found
that excessive crying in infants in the first year of life was associated with a significant
deterioration in marital satisfaction. A study by Rautava, et al. (1995) found that families
of previously colicky infants reported more dissatisfaction with their arrangements of
daily family responsibilities when their child was 3-years-old. The parents of these infants
also had less shared leisure time than parents of non-colicky infants. Finally, Gregory, et
al. (2005) found that sleep problems and anxiety problems in 3 and 4-year-old twins were
associated with maternal depressive symptoms and family dysfunction.
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In sum, these studies suggest that there is an association between sleep disruption
in infants and mothers and PND and this was illustrated in the previous chapter (see p.
204). Secondly, previous work suggests that there is a relationship between PND and
poorer family functioning. Thirdly, although there has been little research to date, a
relationship between infant sleep disruption and maternal sleep disruption and family
functioning is likely. Finally, it is possible that the relationship between sleep disruption
and family functioning could be exacerbated if the mother has PND. However, no studies
to date have considered whether maternal PND is a mediating factor in the relationship
between infant and maternal sleep disruption and family functioning. Both maternal PND
and poor family functioning can potentially contribute to children developing maladaptive
behaviours and psychopathology in childhood (Halligan, Herbert, et al., 2007; Pawlby, et
al., 2008; Tough, Seiver, Benzies, Leew, & Johnston, 2010; Van Oort, Verhulst, Ormel,
& Huizink, 2010). Thus, it is potentially important to identify factors like infant sleep
problems that may be interrelated with increased maternal psychopathology and family
dysfunction in infancy.
A contributing factor to maternal sleep quality and a possible consequence to
maternal mental health are parental practices surrounding child sleep behaviour. Parental
concern about child breathing during sleep is common for children with sleep disordered
breathing. It is common for parents to report a concern about their child’s health in
general, their daytime behaviour and concern about their child’s breathing during sleep
(Baldassari, et al., 2008). Breathing problems can impact parents who feel the necessity to
stay awake at night watching their child breathe during sleep (Georgalas, et al., 2007). It
is also known that snoring in infancy ranges from 5.0% to 26% (Gislason &
Benediktsdottir, 1995; Kelmanson, 2000; Mitchell & Thompson, 2003; MontgomeryDowns & Gozal, 2006b). Similar to older children, 17% of parents of habitual snorers
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aged 2-months-old to 2-years-old have reported concern about their child’s breathing
during sleep (Montgomery-Downs & Gozal, 2006a). The previous chapter (p. 212)
reported that mothers of habitual snorers had less sleep duration and higher postnatal
depression (PND) scores. It is also possible that, due to the lack of sleep and higher PND
scores, these families may have poorer family functioning.

8.2.1 Hypotheses
The current study was conducted because the extent of associations between
snoring in infancy, sleep disruption in infancy, parental sleep disruption in infancy and
family functioning is relatively unknown. Hypotheses tested at 6 and 12-months-old
were:
1. The effect of infant sleep disruption on family functioning will be mediated by
maternal sleep disruption and PND (see Figure 8.1).
2. Family functioning will be poorer in families of infants categorised as ‘snorers’,
compared to controls.

Maternal sleep
disruption

Postnatal
Depression

Infant sleep
disruption

Family
Functioning

Figure 8.1. Hypothesised Model to be tested in this study
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8.3 Methods
This study is a longitudinal design consisting of three main study phases as shown
in Figure 8.2 below. Family functioning questionnaires were collected in the second and
third study phase when infants were aged 6 and 12 months, respectively. Only those
measures collected in these two study phases are summarised below. A summary of the
participants, measures and procedure utilised for the second and third study phases are
detailed in brief below (for a detailed description, refer to chapter 3 p. 84).
Phase 1
0-3-months-old
Cross-sectional Survey
Surveys analysed
(n = 457)

Phase 2
6-months-old
Developmental assessment
n = 117

Phase 3
12-months-old
Developmental assessment
n = 113

Figure 8.2. Recruitment and assessment: Phase 1 was a community survey that made it possible to
determine the prevalence of snoring of infants at one time point. Phase 2 was a cross-sectional study that
recruited and identified infants from Phase 1 into three subgroups: “Infrequent Snorers” (snoring 1-2 nights
per week), “Habitual snorers” (snoring 3 or more nights per week) and “Controls” (never reported to snore
in the absence of a cold). Phase 2 analysed group differences in developmental outcomes between these
groups at baseline. Phase 3 followed the infants recruited at Phase 2 to determine the differences in
developmental outcomes at 12-months-old (one time point) and the longitudinal associations between
measurements for the infants at 6 months and 12 months of age.

251

8.3.1 Participants
8.3.2.1 Phase 2
Participants were 117 full term infants (57 males; 60 females) and their primary
caregiver (98% female). Infants were classified by parent-report into three categories:
Controls (infants never reported to snore in the absence of a cold); infrequent snorers
(snoring 1-2 nights/ week) and habitual snorers (snoring ≥ 3 nights/ week). There were 88
control infants; 10 infrequent snorers and 19 habitual snorers.

8.3.2.2 Phase 3
There were 113 full term infants (55 males; 58 females) and their primary
caregiver (98% mother). Of the 88 Controls at Phase 2; three did not complete testing;
one did not return completed surveys (1%) and six started infrequent snoring. Of the 10
infrequent snorers at Phase 2; two stopped snoring and three became frequent snorers. Of
the 19 habitual snorers at Phase 2, three became infrequent snorers and two stopped
snoring. There were 78 controls (infants never reported to snore in the absence of a cold
for 12 months); five infrequent snorers (snoring 1-2 nights/ week for 12 months) and 14
habitual snorers (snoring ≥ 3 nights/ week for 12 months) at 6 and 12-months-old. For
analyses considering sleep duration, PND and family functioning, the entire sample was
analysed. However, when considering the relationship between snoring and family
functioning at 12-months-old, the children who had changed snoring status were excluded
from analyses.
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8.3.3 Measures
Questionnaires were repeated at each phase and included demographic details and
items about the infant’s sleep duration and waking items (Sadeh, 2004) and sleep
disordered breathing and respiratory infections. Items about the parents included night
sleep duration, night waking, and sleep quality and an assessment of depression using the
Edinburgh Postnatal Depression Scale (EPDS) (Cox, et al., 1987)6. Information about the
family included the Family Assessment Device (FAD) (Epstein, Baldwin & Bishop,
1983). The FAD consists of the following subscales: problem solving, communication,
roles, affective involvement, affective responsiveness, behaviour control and general
functioning. The scales are scored such that lower scores indicate better family
functioning (Miller, et al., 2001).

8.3.4 Procedure
A cross-sectional survey was distributed to participants at their first free Child and
Family Health (CFH) well-child nurse visit when infants were 0-3-months-old. Families
from the first survey who indicated their interest in being involved in further research
were invited to participate in the 6 month assessment. Parents were asked to come to the
Sleep Disorders Unit, Women’s and Children’s Hospital for a developmental assessment,
which took 50 minutes, and were asked to complete questionnaires at this session. At 12months-old, families were contacted and a convenient time was made for them to come
into the hospital for the developmental assessment.

6

Note: Because a small number of fathers responded (n = 2) at each phase, these were excluded from the
following analyses focusing on maternal sleep and wellbeing. At 6-months-old (n = 115); 12-months-old (n
= 111).
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8.3.5 Statistical Analyses
Prior to analyses, variables were examined for accuracy of data entry and missing
values. For missing values the mean value was inserted as recommended by Tabachnick
and Fidell (2007). Descriptive statistics for each of the infant sleep variables (night and
day sleep duration, and night wakings ) variables, maternal sleep variables (night
wakings, time awake when out of bed, time to fall asleep once child is settled, night sleep
duration, and sleep quality) and family functioning subscales were calculated.
Associations between variables were assessed with Pearson moment-product correlations.
Path analysis was used to estimate relations among the variables and to test the
significance of the indirect effect of sleep disruption on family functioning through PND
(MPlus Version 6.0, Muthen & Muthen, 2010). This analysis included three latent
variables representing maternal sleep, infant sleep and family functioning; and PND- was
the total score on the EPDS. Because SES has been reported to correlate with infant sleep
disruption, maternal sleep disruption, PND, and family functioning (Bilszta, Gu, Meyer &
Buist, 2008; Simonds & Parraga, 1982), these variables were regressed onto SES as a
covariate.
Model fit for each of the three latent variable models was evaluated individually
using a number of indices as recommended by Kline (2005); the root mean error of
approximation (RMSEA < .10), comparative fit index (CFI > .90), standardised root
mean square residual (SRMR < .10) and or the weighted root mean square residual
(WRMSR < 1.00). The mediating effects of PND and maternal sleep disruption were
confirmed using a test of the indirect effect with bootstrap generated 95% confidence
intervals (1000 samples; Drew, Berg, & Wiebe, 2010; Preacher & Hayes, 2004, 2008;
Shrout & Bolger, 2002). Confidence intervals based on bias-corrected bootstrapping have
been shown to provide the most accurate method of assessing mediated effects. If the
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confidence interval does not contain zero, then the indirect effect is statistically
significant and a mediation effect is verified (Drew, et al., 2010; Preacher & Hayes, 2004,
2008; Shrout & Bolger, 2002). The mean group differences in family functioning scales
between snoring frequencies were assessed using a series of ANOVA.

8.4 Results
8.4.1 Descriptive statistics for family functioning scales; sleep variables and PND
Descriptive statistics for infant sleep variables have been detailed in chapters 5
and 6 (p. 135 and 173, respectively) and for maternal sleep variables in chapter 7 (p. 215);
however a summary of these and the descriptive statistics for family functioning scales
are set out in Table 8.1. The FAD has a clinical cut-off of 2.0, with scores higher than 2.0
indicating unhealthy functioning in the clinical range (Maxted, et al. 2005). The mean
scores for “roles” was slightly above the minimum clinical range at both 6 and 12months-old, but, none of the mean scores for the other subscales was in the clinical range.
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Table 8.1
Means (standard deviations) and range for each of the subscales of the Family
Assessment Device, maternal postnatal depression (PND), maternal sleep and infant
sleep variables at 6 and 12-months-old
Mean
Problem solving
Communication
Roles
Affective
responsiveness
Affective involvement
Behaviour control
General functioning
Maternal PND score
Infant
Night sleep (hrs)
Day sleep (hrs)
No. of night
wakings
Maternal sleep
Out of bed awakenings
Never
1-2 times a night
3-4 times a night
≥5 times a night
Night sleep (hrs)
Less than 5
5-6
>6
Sleep quality
Very good/good
Average
Very bad/bad
Amount of time parent
awake for when they
were out of bed
Less than 10 mins
10-30 mins
More than 30 mins
After settled time to
fall asleep
Less than 10 mins
10-30 mins
More than 30 mins

6-months-old
(SD)
[Range]

Mean

12-months-old
(SD)
[Range]

1.79
1.89
2.08
1.75

(.51)
(.41)
(.40)
(.46)

[1.00–3.33]
[1.00-3.00]
[1.00–3.00]
[1.00–4.00]

1.81
1.89
2.10
1.75

(.37)
(.37)
(.34)
(.44)

[1.00-2.83]
[1.00-2.86]
[1.22-3.00]
[1.00-3.00]

[Possible
Range]
1-4
1-4
1-4
1-4

1.83
1.54
1.59
5.30

(.39)
(.37)
(.38)
(4.43)

[1.00–2.75]
[.90–3.50]
[1.00–2.62]
[0-22]

1.71
1.68
1.65
4.34

(.42)
(.38)
(.41)
(3.56)

[1.00-3.43]
[1.00-2.88]
[1.00-3.23]
[0-14]

1-4
1-4
1-4
0-30

10.21
3.07
2.10

(1.28)
(1.37)
(1.78)

[5-12.50]
[0-7]
[0-10]

10.32
2.68
1.41

(1.55)
(.92)
(1.61)

[5-12.5]
[0-7]
[0-10]

-

%

(n)

%

(n)

20
47
26
7

(23)
(54)
(30)
(8)

-

30
58
11
3

(33)
(63)
(12)
(3)

-

-

3
37
60

(3)
(44)
(69)

-

5
34
62

(5)
(41)
(65)

-

-

41
38
22

(47)
(44)
(25)

-

42
41
17

(46)
(46)
(19)

-

-

29
61
10

(37)
(67)
(11)

-

44
45
10

(57)
(44)
(10)

-

-

49
39
11

(60)
(43)
(12)

-

46
45
8

(60)
(43)
(8)

-

-
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8.4.2 Intercorrelations between infant sleep, maternal sleep, PND and family functioning
For 6-month-old infants, there was a significant, negative, but small correlation
between infant’s daytime sleep and the behaviour control measure from the FAD. As
daytime sleep increased, families scored lower scores for behaviour control. There were
significant, positive but small to moderate correlations between infant nocturnal waking,
maternal sleep quality and PND. That is, more nocturnal infant waking and poorer
maternal sleep quality was linked with higher PND scores. There were significant,
negative but small to moderate correlations between infant night sleep duration, maternal
sleep duration and PND. Thus, shorter infant and maternal sleep duration was related to
higher PND scores. Otherwise infant and maternal sleep patterns were not significantly
related to family functioning or PND, as shown in Table 8.2.
When infants were 12-months-old, there were significant, negative but mainly
small correlations between night sleep duration and overall family functioning, problem
solving, roles, affective involvement and behaviour control. Thus, as night sleep at 12 months-old increased, families registered better (lower) scores for family functioning.
There were significant, small and negative correlations between day sleep duration and
general functioning, communication, affective responsiveness, and affective involvement.
This indicated that as day sleep increased families registered better scores for family
functioning (see Table 8.2). Finally, there was a significant, small and positive correlation
between night waking and general family functioning, showing that, as night waking
increased, families’ family functioning improved.
At 12-months-old maternal sleep duration had significant, negative but small
correlations with overall family functioning and problem solving. This indicated that
longer maternal sleep duration was associated with better (lower) family functioning
scores. Maternal time awake when out of bed had significant, positive but small
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correlations with general family functioning. That is, longer duration the mother was
awake for when she was out of bed was associated with poorer (higher) family
functioning scores. Maternal sleep quality had significant, positive but small associations
with overall family functioning, problem solving, roles and behaviour control. This
indicated better maternal sleep quality was associated with better (lower) family
functioning scores. There were also significant, negative but small correlations between
infant night sleep duration, maternal night sleep duration and PND. Thus, less sleep in
infants and mothers was associated with higher PND scores. There were also significant,
negative but small to moderate correlations between infant night waking, maternal sleep
quality and PND. That is, more infant night waking, and poorer maternal sleep quality
was associated with higher PND scores.
To summarise, many of the correlations between maternal sleep, infant sleep,
family functioning and PND were significant when infants were 12-months-old, but not
6-months-old. Therefore, these results justified testing the first hypothesis that infant
sleep influences maternal sleep which leads to increased maternal PND symptoms which
results in poor family functioning when infants were 12-months-old.
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Table 8.2
Correlations between infant (I) sleep variables, maternal (M) sleep variables, PND and family functioning variables at 6-months-old and 12months-old

Problem solving
Communication
Roles
Affective responsiveness
Affective involvement
Behaviour control
General functioning
PND

Problem solving
Communication
Roles
Affective responsiveness
Affective involvement
Behaviour control
General functioning
PND
Note * denotes p < .05; ** p < .01

I. night
sleep
.01
.12
-.05
.00
.02
-.04
-.11
-.27*

I. day
sleep
-.08
-.08
.05
-.01
02
-.19*
-.07
.06

I. night
sleep
-.34**
-.18
-.27**
-.19
-.28**
-.20*
-.34**
-.25*

I. day
sleep
-.09
-.21*
-.13
-.21*
-.22*
-.14
-.20*
.00

I. night
waking
.01
-.08
.00
.03
.02
.01
-.02
.23*
I. night
waking
.14
.11
.16
.18
.19
.14
.21*
.32**

6-months-old
M. night
M. night
waking
sleep
-.02 .05
-.09 .15
-.03 .01
.10 .12
.04 .06
.01 .03
.04 .09
.29** -.40**
12-months-old
M. night
M. night
waking
Sleep
-.04
-.19*
.00
-.10
.03
-.18
-.03
-.05
-.10
-.11
-.04
-.07
-.07
-.23*
.14
-.31**

M. sleep
quality
.13
.01
.12
.04
.10
.06
.08
-.48**

M. time out
of bed
.03
.06
.08
.09
.00
-.05
.11
.12

M. sleep
latency
-.10
0.09
-.02
.01
.02
-.09
-.03
.13

PND

M. sleep
quality
.26**
.05
.23**
.12
.15
.25**
.28**
.42**

M. time out
of bed
.02
.03
.01
.12
.06
-.05
.19*
-.26**

M. sleep
latency
-.03
.02
.12
.01
-.11
-.07
.06
-05

PND

.17
.13
.22*
.21*
.21*
.26**
.26**
1

.35**
.24*
.50**
.37**
.40**
.33**
.46**
1
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8.4.3 Hypothesis 1: PND and maternal sleep will mediate the relationship between infant
sleep disruption and family functioning
As noted, the model to be tested included three latent variables representing infant
sleep, maternal sleep and family functioning (see Figure 8.3). Because infant sleep had
only three indicators the model had df = 0. The model for family functioning showed
good fit (χ2= 17.00, p = .26; CFI = 1.00; RMSEA = .04; SRMR = 0.2). However, the
measurement model for maternal sleep did not provide such an adequate fit to the data
(χ2= 547.82, p < .001; CFI = .93; RMSEA = .25; WRMSR = 1.19) (Please refer to
Appendix 9 for path estimates for the maternal sleep measurement model including all 5
variables). Therefore, the variables “time taken to fall asleep once child is settled” and
“time awake while out of bed” were omitted, again leaving a model with df = 0, which
was the model used in subsequent analyses. None of the paths between SES and infant
sleep, maternal sleep, PND and family functioning was statistically significant and these
paths were removed.
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SES

Problem
solving

PND

Night sleep

Communication
Sleep
quality

Night
waking

Affective
involvement

Family
functioning

Maternal
sleep

Affective
Responsiveness

Awake
time

Roles
Sleep
latency
Behaviour
control
Infant
sleep
General

Night
sleep

Night
waking
Day
sleep

Figure 8.3. Model to be tested

As shown in Figure 8.4, all the pathways had appropriate parameter estimates.
Infant sleep had positive and strong effects on maternal sleep (β = .74; p = .08). Maternal
sleep had significant, moderate and negative effects on PND (B = -.45, p < .001). Also
PND had significant, moderate and positive effects on family functioning (β = .47, p <
.001). There was no significant direct effect from infant sleep to family functioning (B = .58, p = .43) or maternal sleep to family functioning (β = -.45, p = .43). However, the
indirect effect of infant sleep to family functioning through maternal sleep and PND was
significant (β = -.16, p = .01; 95% CI [-.29, -.04]. The indirect effect of maternal sleep on
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family functioning through PND was also significant (β = -.22, p = .01; 95% CI [-.39, .05]). This was confirmed by the bootstrapping technique (Preacher & Hayes, 2008),
where zero fell outside the 95% confidence interval around the indirect effect. Overall
infant sleep, maternal sleep and PND accounted for 33% of the variance in family
functioning. This model suggests that infant sleep has an indirect effect on family
functioning through maternal sleep and PND.
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.87

.50

PND

.50

.82

Problem
solving

Night sleep

.82
Sleep
quality

.59

.44

-.50

Communication
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-.36
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sleep

.83
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= -.41
C` = -.22

2D

.74

Af f ective
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.66
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.74

.97
General

Inf ant
sleep

.56

.67

= -.55

D` =-.16

Af f ective
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.80
.75

.69

.69

.73

-.86

Night
waking

.92

.67

.26
-.65

.21
Night
sleep

.72

Night
waking
Day
sleep

.75
.98

Figure 8.4. Path analysis linking infant sleep (IS) to family functioning (FF) through maternal sleep (MS) and PND. Path estimates are
standardised linear regression coefficients.
Note: 1 C = Direct path from MS to FF (p = .43) C’ = Indirect path from MS to FF through PND (p = .01) 2 D = Direct path from IS to FF (p = .43) D` = Indirect path
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from IS to FF through MS and PND (p = .01)

8.4.5 Hypothesis 2: Family functioning will be poorer in families of infants categorised as
‘snorers’, compared to controls
There were no significant differences between groups for the following subscales:
problem solving, communication, roles, affective responsiveness, affective involvement,
behaviour control and general functioning when infants were 6-months-old and 12months-old. Thus the second hypothesis was not supported.
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Table 8.3
Means and Standard deviations for each of the family functioning variables for controls, infrequent snorers and habitual snorers when
infants were aged 6 and 12-months-old
Controls
Mean SD
1.74 .40
1.89 .43
2.07 .40
1.55 .40
1.74 .50

6-months-old a
Infrequent snorers
Mean
SD
1.67
.31
1.80
.32
2.06
.38
1.58
.19
1.76
.27

Habitual snorers
Mean
SD
1.93
.29
1.96
.35
2.13
.43
1.47
.37
1.78
.40

F-value

Controls
Mean SD
1.78
.38
1.89
.39
2.10
.34
1.67
.38
1.75
.42

12-months-old b
Infrequent snorers
Mean
SD
1.53
.32
1.53
.27
2.00
.41
1.50
.47
1.43
.34

Problem solving
2.15a
Communication
.55 c
Roles
.18 c
Behaviour Control
.40 c
Affective
.05 c
Responsiveness
Affective involvement
1.81 .40
1.83
.28
1.92
.43
.57 c
1.77
.42
1.57
.42
General functioning
1.57 .38
1.52
.21
1.72
.41
1.30b
1.64
.41
1.43
.31
2
a
b
Note: all ŋp were small; < .06; n = 115; Children who changed snoring status were excluded from analyses (n = 95)

Habitual snorers
Mean SD
1.90
.34
1.89
.29
2.15
.35
1.69
.41
1.81
.48

F-value

1.99
1.73

2.25
.89

.46
.52

1.86
2.18
.37
.48
1.51
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8.5 Discussion
The main finding of this study was that the relationship between infant sleep and
family functioning at 12-months-old was mediated by maternal sleep and PND,
supporting the first hypothesis. This result is important, considering that children with
more family dysfunction and children with mothers who experience PND are at greater
risk for developing psychopathology in later childhood (Halligan, Murray, et al., 2007;
Pagani, Japel, Vaillancourt, Côté, & Tremblay, 2008; Pawlby, et al., 2008; Tough, et al.,
2010; Van Oort, et al., 2010). The present study therefore suggests that, to help prevent
deterioration to family functioning, it is important to identify and manage factors
reflecting the quality of an infant’s sleep, because this can be interrelated with PND.
The present study has found that maternal sleep indirectly affects family
functioning through PND when the infant was 12-months-old. The current study also
found that infant sleep indirectly affects maternal sleep and PND, which in turn affects
family functioning. Previous studies have reported that families with excessively crying
infants are associated with more chaos, more conflict, and more anxiety and less flexible
family environments and less marital satisfaction (Meijer & van den Wittenboer, 2007;
Raiha, et al., 1996). Meltzer and Mindell (2007) found that parents with better sleep
quality reported better daytime functioning, greater parenting stress and better general
health. A connection between sleep disruption in infants and mothers and family
functioning is not surprising. However, present results have clarified the mechanism
between sleep disruption in infants and family functioning, as recommended by Gregory,
et al. (2005).

The present findings extend previous research and highlight the role of PND in the
relationship between infant and maternal sleep disruption and family functioning. In the
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current study, sleep disruption for both infant and mother was related to family
functioning through the mediator PND. This suggests that it is likely that disruption in the
sleep of the infant and or mother leads to higher PND scores for the mother and in turn
this leads to more family dysfunction. Several studies, similar to the current study, have
shown that sleep problems in infants are related to more depressive symptomology in
mothers (Armstrong, Van Haeringen, et al., 1998; Bayer, et al., 2007; Hiscock & Wake,
2001, 2002). Moreover, mothers with PND have been found to be more likely to
disengage from the child, have increased irritability and hostility towards the child,
experience marital conflict, social withdrawal, increased parenting stress, and a strain on
family relationships (Burke, 2003; Cornish, et al., 2006; Leigh & Milgrom, 2008;
Lovejoy, et al., 2000). It is also known that in adults fatigue, stress, sleep, poor health and
cortisol levels are related (Dahlgren, Kecklund, Theorell, & Åkerstedt, 2009). Therefore,
it is possible that disruption to sleep in the mother leads to more fatigue and more stress,
which could lead in turn to poorer mental and physical health, which in turn means that
the mother is less able to manage family activities. Of note is that these relationships were
significant when infants were 12-months-old, but not 6-months-old. It is probable
therefore that although sleep disruption in infants and mothers and elevated PND scores
may not influence family functioning initially to a marked extent, these conditions will
develop considerable impact on family functioning if they persist for a longer time.
The current study has also found that family dysfunction was not elevated in
families with infants who snored. Considering that snoring frequency had a significant
relationship with postnatal depression, it was somewhat surprising that snoring frequency
did not have a significant relationship with family functioning. However, it may be that at
this young age snoring in children is more influential on maternal wellbeing and sleep
duration and quality rather than on the wider family context. Perhaps as the severity of
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snoring increases and the child has the disorder for a longer period of time this then has
more influences on wider family dynamics. For example, in children with obstructive
sleep apnoea, parents were concerned that their child would stop breathing and thus
stayed awake at night watching their child breathing and this places stress on parents
disrupting family relationships (Georgalas, et al., 2007).
Overall the scores for the family functioning scales appeared to be high, indicating
poor functioning. In particular, mean scores for the subscale “roles” were slightly higher
than the clinical cut-off indicating a problem of significance. However, it must be noted
that this subscale consists of items that ask the respondent the number of roles in the
household they undertake for the family to function well. These tasks include cooking and
cleaning (Miller, et al., 2000). The respondents were the mother and it is common for the
woman to manage child care, work and family responsibilities (Burchielli, Bartram, &
Thanacoody, 2008; Vincent, Ball, & Pietrikainen, 2003). It is possible then that the
mothers in the current study felt that they were overwhelmed with the responsibility
required in the number of roles with which they must deal within their family. Overall the
average scores were similar to those registered for previous studies involving infants and
toddlers (Räihä, Lehtonen, Korhonen, & Korvenranta, 1997; Unlü, Aras, Güvenir,
Büyükgebiz, & Bekem, 2006).
In summary, the present study has shown that PND and maternal and infant sleep
disruption are important factors that contribute to family functioning. PND completely
mediated the relationship between infant and maternal sleep disruption and family
functioning. The implications of the present study also point to the importance of early
identification of strategies to manage and reduce infant sleep and maternal sleep problems
because this may help to alleviate PND symptoms and possible family dysfunction. This
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in turn could help in reducing psychopathology developing in children in later childhood
and adolescence.
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CHAPTER 9: SUMMARY AND CONCLUSIONS

9.1 Overview
This chapter is organised into three sections. The first section provides an
overview of the findings from the studies examining the prevalence of snoring in infants
when infants were 0-3-months-old (Chapter 4) and the relationships between sleep,
snoring and developmental outcome in infants when infants were 6 and 12-months-old
(Chapters 5 and 6, respectively). In this section the implications of the results for research
and clinical practice are considered. The second section provides an overview of the
findings from the studies exploring the relationships between sleep, snoring, postnatal
depression (PND) and family functioning (Chapters 7 and 8). The implications of these
results for research and clinical practice are also considered. The third section concludes
with the methodological limitations of the current study and considerations for future
studies.

9.2 The relationship between snoring and developmental outcome in infants
9.2.1 Overview of findings
In chapter 1, an extensive review of the literature found that habitual snoring is a
common feature of upper airway obstruction in children and it is estimated that 5-10% of
school-aged children snore three or more nights per week (Lumeng & Chervin, 2008). In
infants, snoring estimates vary widely ranging from 5-26% (Gislason & Benediktsdottir,
1995; Kelmanson, 2000; Mitchell & Thompson, 2003; Montgomery-Downs & Gozal,
2006a). The variability could be explained by several confounding factors including the
presence of colds, ethnicity and gender and it was evident that snoring has been

271

associated with a range of additional social and environmental factors, including maternal
cigarette smoking (Mitchell & Thompson, 2003; Montgomery-Downs & Gozal, 2006a),
supine sleeping position (Mitchell & Thompson, 2003), restless sleep (MontgomeryDowns & Gozal, 2006a), maternal concern about the child’s breathing during sleep
(Montgomery-Downs & Gozal, 2006a) and low socioeconomic status (Kuehni, et al.,
2008). It was also clear that there is a paucity of data in very young infants, with only
Montgomery-Downs and Gozal (2006a) having evaluated very young infants aged 0-1months-old, but only with small numbers. Therefore, the aim of the first study was to
prospectively examine snoring prevalence and the association with potential risk factors
in a predominantly Caucasian community-based sample of ethnically homogenous
infants, initially aged 0-3-months-old and then re-examined at 6 and 12-months-old. As
described, in Chapter 4, the first phase of data collection when infants were 0-3-monthsold, found that the prevalence of habitual snoring (snoring 3 or more nights a week) in the
absence of parental-reported colds was 9.0%. Moreover, habitual snoring was
significantly associated with formula feeding, restless sleep in infants and maternal
concern about the child’s breathing during sleep.
Demographic and atopic factors associated with habitual snoring at 6-months-old
included atopy in the child (wheezing), atopy in the mother (maternal asthma, eczema and
allergies), and formula feeding. At 12-months-old again atopy in the child (wheezing and
allergies), smoking within the household and formula feeding were significantly
associated with habitual snoring.
As discussed, in Chapter 1, there was consensus in the literature that even mild
snoring in school-aged children is significantly associated with neurocognitive deficits
and behaviour problems (Blunden, et al., 2000; Gottlieb, et al., 2004; Kennedy, et al.,
2004; Kohler, et al., 2009; Montgomery-Downs, et al., 2005; O'Brien, Mervis, Holbrook,
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Bruner, Klaus, et al., 2004; O'Brien, Mervis, Holbrook, Bruner, Smith, et al., 2004). It
was unclear, however, whether the same is true for infants who snore. However, given
evidence that infancy is a period of rapid brain growth development and that sleep is
important for the development of neural circuits involved in long-term memory and
learning, it was essential to determine whether snoring in infancy was associated with
neurocognitive deficits. In this regard, two studies had highlighted the potential for
cognitive deficits in infants who snore. Montgomery-Downs and Gozal (2006b) reported
that higher snoring-related arousals were associated with lower mental development
scores. However, no infant in that study had episodes of either obstructive hypopnoea or
apnoea. Moreover, this study was based on a single night Polysomnography (PSG) study.
In the second case, as part of a large study of at risk Apparent Life Threatening
Event (ALTE) children from the community, Hunt, et al. (2004) report that five or more
cardio-respiratory events were associated with lower mental development scores,
compared to infants without respiratory events. These authors however did not include
the evaluation of infants who snored versus non-snorers. Therefore, in the current thesis, a
subset of infants from the first cross-sectional study in Chapter 4, were followed-up when
they were 6 and 12-months-old (Chapters 5 and 6, respectively) to determine the effects
of snoring on developmental outcome.
Results of the second phase of data collection (Chapter 5) when children were
aged 6 months indicated that habitual snorers at 6-months-old had significantly poorer
cognitive ability scores compared to controls and infrequent snorers (snoring 1-2 nights a
week). However, there were no significant differences between habitual snorers and
controls for language development, or social emotional development. Moreover, children
reported to snore since birth and also reported to snore habitually at 6-months-old had
significantly lower cognitive development scores at 6-months-old.
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The third phase of the study when infants were 12-months-old, reported in
Chapter 6, found that snoring frequency at 6-months-old, independent of the snoring
status at 12-months-old, was associated with lower cognitive development scores at 12months-old. In addition, children reported to snore since birth and also reported to snore
habitually at 6-months-old, independent of their snoring status at 12-months-old, had
significantly lower scores in cognitive development at 12-months-old. Snoring frequency
accounted for 17% of the variance in cognitive ability.
In all, the results of the studies have indicated that snoring in early infancy during
a critical period of brain growth impacts developmental outcomes. The following section
will first discuss the research and clinical implications relating to snoring and
development.

9.2.2 Research implications
9.2.2.1 Prevalence of snoring and associated risk factors in infancy
It is important to identify the prevalence of snoring in different populations from a
research perspective, because this will aid future investigation to understand better how
the aetiology of the condition changes or is similar in the different populations studied
(Lumeng & Chervin, 2008). It was evident in the current study that a history of atopy in
the child was significantly associated with habitual snoring, and this is similar to results
from previous studies of older children (Kuehni, et al., 2008). Atopy is associated with
inflamed and narrowed upper airways, which results in increased upper airway resistance
and subsequently snoring (Chng, et al., 2004). Of note was that formula feeding was
significantly associated with habitual snoring, even as young as 0-3-months-old. It has
been suggested that children with SDB often have different facial anatomy compared to
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children who do not have SDB. Recently, Löfstrand-Tideström and Hultcrantz (2010)
reported that 4-year-old children who snored frequently had narrower facial and palate
structures compared to non-snoring children. It has been proposed that the mechanical
aspects of bottle feeding may be an additional risk factor in developing SDB because it
can alter the swallowing pattern of the infant, in such a way as to lead to facial and palate
structures that are more susceptible to narrowing and collapse during sleep (Palmer,
2006). The mechanisms by which the method of feeding the infant could reduce the
development of SDB needs to be explored further (Montgomery-Downs, et al., 2007).
Addressing this issue was beyond the limits of the current study and so it will be
necessary for future studies with larger samples to follow habitual snorers throughout the
first few years of life, to determine the risk factors of developing SDB.

9.2.2.2 The Mental Development Index, intelligence and life outcomes
It was also found that at 6 and 12-months-old habitual snorers compared to
controls scored around 5 points lower on the Mental Development Index. The Bayley
Scales of Infant and Toddler Development (BSID) is intended to assess the
developmental status for mental processes like memory, learning, perceptual acuities and
early problem solving skills (Bayley, 2006). The extent to which the Mental Development
Index is comparable to IQ scores in later childhood is debated. However, a number of
studies have shown moderate to strong relationships between the Mental Development
Index in infancy and IQ scores in early childhood (Blaga, et al., 2009; Bowen, et al.,
1996; Dezoete, MacArthur, & Tuck, 2003; Skranes, et al., 1998). For example, in a
sample of low-birth-weight infants, both Mental Development Index and socio-economic
status at 18-months-old predicted intelligence scores at 4-years-old (Dezoete, et al.,
2003). In another study, (Skranes, et al., 1998) found that the Mental Development Index
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at 12-months-old had a significant moderate association with Verbal IQ (r = .53) and
Full-Scale IQ (r = .51) for the Wechsler Intelligence Scale at 6-years-old, although SES
and parental education were not controlled in this study. In a sample of 200 healthy fullterm children, Blaga, et al. (2009) found that intellectual function from 12-months-old, as
defined by the Mental Development Index from the BSID-II, was stable through to 48months-old, when IQ was assessed with the Stanford Binet and the Peabody Picture
Vocabulary Test. Standardised tests of intelligence from 3-years-old account for about
60% of the variance in IQ scores in later childhood and beyond (Sternberg, Grigorenko,
& Bundy, 2001). To summarise, it can be concluded that intelligence has moderate
stability in childhood, and it is possible that lower scores in mental development indices
may predict lower scores in intelligence later in childhood. The associations between
intelligence scores and life outcomes are now considered.
Intelligence is predictive of a number of outcomes including educational
attainment, and job performance (Barber, 2005; Hunt & Wittmann, 2008; Schmidt &
Hunter, 1998; Sternberg, et al., 2001). IQ is one of the best single indices of the
achievement level of a child at school (Braaten & Norman, 2006) , accounting for about
25% of the variance in schooling outcomes (Sternberg, et al., 2001). IQ can also account
for around 4-30% of the variance in job performance (Schmidt & Hunter; Sternberg, et
al.). Recent data have also suggested that intelligence can predict health inequalities in
later adulthood. Deary, et al. (2004) found that higher intelligence scores at 11-years-old
significantly improved survival to age 76-years-old. An IQ score one standard deviation
(15 IQ points) lower than the mean was associated with a relative survival of 79% and an
IQ score two standard deviations (30 IQ points) lower than the mean was associated with
a relative survival of 63%. Furthermore, lower IQ scores at 11-years-old were associated
with an increase in heart disease in both men and women and an increase in cancer in
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women in adulthood (Deary, et al., 2004). It must be pointed out, however, that IQ scores
can be influenced by a number of factors including parenting, quality of schooling, access
to educational stimulation, personality factors and emotional functioning (Braaten &
Norman, 2006). Nonetheless, a deficit in 10 IQ points in older children (e.g. Kohler, et
al., 2009) and 5 Mental Development Indices in infants should not be taken lightly,
because it appears that intelligence in childhood can predict a number of important life
outcomes.

9.2.2.3 The natural history of snoring
The findings of the current study are clearly preliminary and it will be necessary
to confirm them with larger numbers. Due to limited time and resources it was not
possible to continue screening for habitual snorers beyond the initial period of recruitment
and thus this group was small (n = 19). Consequently it was impossible to determine
whether the children who stopped snoring at 12-months-old, or changed snoring
frequency from 6-months-old to 12-months-old, had improved their cognitive functioning
or whether a deficit remained. It is possible for example, that if a child stops snoring
naturally, then any deficits will be resolved. On the other hand it is possible that, even if
the child stops snoring naturally, the deficits remain. Future studies are needed to
establish the natural history of snoring from infancy, which remains poorly described
(Kuehni, et al., 2008).

9.2.2.4 Confounding factors associated with cognitive development
A strength of the current study is that, when examining the relationship between
snoring and sleep and cognitive development, a number of potential confounders that
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have been identified as associated with cognitive development were assessed. These
included postnatal depression, maternal IQ, family functioning, breastfeeding duration
and socio-economic status. It would be advantageous for future studies to consider and
include other environmental aspects, particularly those reflecting parenting behaviours.
Parenting behaviours associated with better developmental outcomes include responding
appropriately and consistently to the child (Carlson, 2003; Feldman & Eidelman, 2007;
Treyvaud, et al., 2009). Parent synchrony is another aspect of the parent-child relationship
that has been identified as a protective factor in cognitive development, particularly in
preterm children who are at risk of delayed cognitive development (Landry, Smith,
Swank, Assel, & Vellet, 2001; Smith, Landry, & Swank, 2000; Treyvaud, et al., 2009).
Features of parent-child synchrony include the capacity for the child and parent to
respond to each other and the parent having the ability to communicate and respond both
verbally and non-verbally to their child, because these communication skills allow the
child to establish a secure attachment to their parent, so that the child is able to explore
their environment, grow and develop (Feldman & Eidelman, 2007; Treyvaud, et al.,
2009). In addition, parental behaviours like providing age-appropriate problem-solving
strategies by adapting the task to the infant’s needs to create an optimal challenge,
encouraging the child to complete the task, providing useful hints and suggestions and
allowing the child to make choices to ensure an active role in completing the task has
been associated with better child performance in working memory and other executive
functioning domains (Bernier, Carlson, & Whipple, 2010). It is thought that better quality
parenting that provides ongoing support, responding promptly and appropriately to the
child’s cues, and consistently provides praise and positive affect that matches the child’s
developmental level, may act as a protective factor during the time when the child’s brain
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growth and development is most rapid (Landry, et al., 2001; Smith, et al., 2000;
Treyvaud, et al., 2009).

9.2.2.5 Executive Functioning
Considering that the pre-frontal cortex may be impaired by episodic hypoxia and
sleep fragmentation associated with snoring (Beebe & Gozal, 2002; Kheirandish &
Gozal, 2006), future research may consider the challenge of including measures of
executive functioning which may be under the control of the frontal lobe. For some time
it was thought that executive functioning developed in adolescence only because of the
close relationship between executive functioning and the slow developing prefrontal
cortex, but current theorizing admits the possiblity of earlier development (Bernier, et al.,
2010). Although it is difficult to assess executive functioning in infancy, executive
functioning has been assessed in preschool children (Carlson & Wang, 2007; Diamond,
Barnett, Thomas, & Munro, 2007) and in toddlers as young as 18-months-old (Bernier, et
al., 2010; Carlson, 2005; Hughes & Ensor, 2005). Studies have certainly shown that in
older children snoring is associated with deficits in executive functioning as captured by
tasks of selective attention (Kohler, et al., 2010).

9.2.2.6 Antenatal factors
Pregnancy is a time when considerable brain growth and development occurs in
the foetus and thus it may be important to examine the specific circumstances of the
prenatal environment in more detail, to try to identify factors that may underlie the
relationship between snoring and neurocognitive deficits (Uylings, 2006). Around 28 to
30 weeks gestational age, rapid eye movement (REM) in the foetus is necessary for the
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development of the sensory cortex and this is the period of maximal brain activity
(Graven & Browne, 2008). Factors associated with low birth weight, including prenatal
exposure to alcohol consumption, have been linked with poor sleep efficiency in 8 -yearold children (Pesonen, et al., 2009). In a retrospective study, premature infants exposed to
mild preeclampsia during pregnancy were at highest risk for developing SDB at school
age (Hibbs, et al., 2008). A recent study has shown that pregnant women presenting with
Obstructive Sleep Apnoea (OSA) were at increased risk for pre-term birth and for preeclampsia and medical complications in the mother (Louis, Auckley, Sokol, & Mercer,
2010). It is possible that maternal hypoxia, as a result of OSA during pregnancy,
especially during this critical time of brain development, may have a negative effect on
subsequent infant development. The consequences of OSA in pregnancy and other comorbid conditions such as pre-eclampsia on subsequent infant neurocognitive functioning
and infant development of SDB are yet to be determined. Future prospective longitudinal
research is necessary to determine the characteristics of snoring children before birth and
the links with later cognitive functioning in infancy and early childhood.

9.2.2.7 Critical windows of development
Current results are consistent with those from previous studies that suggest that
the preservation of sleep and sleep cycles are essential for early brain development.
Furthermore, this research implies that disruption to sleep, particularly due to snoring
during a critical window of development, is associated with slower cognitive
development. Certainly, it has been suggested that during periods of growth in the
number of neurons, axonal projections and synapses, individuals are especially sensitive
to insults from internal and environmental influences (Uylings, 2006). It is unknown
whether there are specific periods of development, such as in the first year of life, when
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disruption of neural processes interrupts the opportunity for consolidation of learning that
may lead to long-term deficits. It has been suggested that recovery may be more difficult
from insults to the brain due to hypoxia such as that which occurs in SDB in infancy,
compared to insults that occur in later childhood (Siegler, et al., 2006). Advocates of this
idea suggest that during a critical or sensitive period of development a certain function
may be learned. If, however, injury occurs during this time then the function may be
permanently damaged or lost (Anderson & Catroppa, 2005). Support for this suggestion
comes from animal studies that have found that, in rat pups aged from 2 days to 120 days,
postnatal exposure to 48 hours of infrequent hypoxia was related to increased apoptosis in
the cortex and hippocampal regions at all ages. However, there were smaller increases in
apoptosis when rat pups were aged 2 to 5 days, compared to when they were 10-25-daysold (Gozal, et al., 2001). Kheirandish, et al. (2005) found that, for male rats, exposure
during a short but highly vulnerable period of postnatal development to infrequent
hypoxia, similar to that which occurs in OSA was associated with long–term alterations in
working spatial memory. These studies suggest that disruptions to the normal sleep
architecture during a critical development period may result in long-term damage that
could be irreversible. On the other hand, other authorities have argued that young children
compared to adults have a better chance of recovery of function from insults on the brain,
because the brain can compensate by making alternative neural pathways (Siegler, et al.,
2006). This would mean that early identification and treatment of the illness is important
so that children do not suffer possible long-term deficits.

9.2.3 Implications for clinical practice
The prevalence of snoring in the current study was high in young infants,
suggesting that a subset of otherwise healthy infants may also be at risk of developing
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daytime deficits, especially as brain growth and development is maximal at this age.
Despite the high prevalence of snoring, fewer than 20% of affected children are clinically
evaluated in the community (Blunden, et al., 2004). It will be imperative for clinicians to
be informed about the prevalence of the condition, and how the prevalence may vary
according to the population studied. This is necessary to encourage more targeted
screening and to prompt clinicians to consider more assessments and history of vulnerable
patients, especially from infancy so to prevent cases from being missed. Moreover, with
the identification of risk factors of SDB, this will help clinicians to identify potential
infants at increased risk of developing SDB and subsequent neurocognitive sequelae
(Lumeng & Chervin, 2008).
Given that the current study found deficits occurring at such a young age and that
previous studies in older children have shown deficits are associated with mild snoring,
this implies that early recognition of and treatment of SDB is required. The recommended
treatment for children with SDB is adenotonsillectomy. Studies have shown that
ventilatory parameters improve post surgery. It has been estimated that on average around
66% to 83% normalise post surgery (Brietzke & Gallagher, 2006; Friedman, et al., 2009).
However, evidence for improvement of neurocognitive functioning following surgical
treatment is less conclusive. Some studies have shown improvement post surgery in
attention (Chervin, Ruzicka, et al., 2006), general cognitive ability (Montgomery-Downs,
et al., 2005), sequential and simultaneous processing (Friedman, et al., 2003; Galland, et
al., 2006), objectively measured inattention and impulsivity (Galland, et al., 2006) and
memory (Hansen & Vandenberg, 2001). Only two studies to date, however, have
included controls and objective measures of SDB. In a recent well-controlled study, with
confirmed SDB using PSG at baseline and follow-up and validated tests of
neurocognitive performance, Kohler, et al., (2009) found that 6 months after surgery
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children with SDB did not improve in global intelligence, planning, working memory,
visual attention and language development. In particular, in 46 children with SDB, the
correlation between SDB severity and neurocognitive performance was stronger for
children aged 3-4-years-old, but not for children aged 5-7-years-old or 8-12-years-old
(Kohler, et al., 2010). This further supports the notion that the origin of these
neurocognitive deficits begins in a critical developmental period in the early years,
indicating the need for early identification of SDB and intervention. As discussed in the
preceding paragraph, it has been suggested that young children may have a better chance
to recover from brain insults because this is a time of rapid development of a number of
layered brain structures, fibre pathways and defined synapses. Therefore, if SDB is
identified and treated in early childhood, this may provide an opportunity for the brain to
re-create the adequate neural pathways that may have been lost due to the insults from
SDB, to normalise cognitive functioning. Future pre and post treatment studies in children
aged 1-4-years-old, with well-controlled designs and with PSG defined SDB both at
baseline and follow-up, are warranted. Such studies would demonstrate whether there is
an improvement in deficits post surgery in younger children or whether deficits remain.
In the literature it has been suggested that there is an increased risk of respiratory
complications as a result of adenotonsillectomy surgery in very young children, especially
under 3-years-old (McCarty, Statham, Elluru, Buncher, & Kalra, 2006; McColley, April,
Caroll, Naclerio, & Loughlin, 1992; Rosen, Muckle, Mahowald, Goding, & Ulevig,
1994). However, studies have been confounded by not controlling for children with comorbid medical conditions such as recurrent pneumonia, cardiac and craniofacial
abnormalities (McColley, et al., 1992; Rosen, et al.). In another study by Wiatrak and
Andrews (1991), it was found that the rate of complications post surgery for younger
children was similar to rates for older children, although it must be pointed out that
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surgery techniques have improved since 1991. Slovik, Tal, Shapira, Tarasiuk, and
Leiberman (2003) also found that there was a low rate of respiratory complications post
surgery in a group of children younger than 2-years-old, and that those children with
respiratory complications had severe OSA. Thus OSA severity is an important factor to
consider when indentifying the risk of post surgery respiratory complications in young
children. A recent study by Don, Geller, Koempel, and Davidson Ward (2009) found that
a larger proportion of children aged 1-2 years old had more severe categories of OSA, as
indicated by polysomnography (PSG), compared to children aged 3-5 years old, 6-11
years old or 12-18 years old. The authors suggested that children in the younger age
group may have been more likely to have a more severe form of OSA and this may have
placed them at increased risk of post surgical complications. There has also been an
increasing shift in practice from overnight stay surgery to day surgery to reduce the cost
of surgery (Bhattacharyya, 2010; Shapiro, et al., 1999). There is evidence to suggest that
adenotonsillectomy surgery in day surgery is safe with few complications post surgery
including haemorrhage and airway obstruction (Bhattacharyya, 2010; Shapiro, et al.,
1999). However, children under 4-years-old may require prolonged recovery room stays
because of possible complications (Bhattacharyya, 2010; Shapiro, et al., 1999). Thus, due
to these consequences, day surgery may be less cost-effective compared with overnight
admission (Shapiro, et al., 1999). In all it would seem that, when considering surgery for
children younger than 3-years-old, post-operative complications are minimal if disease
severity is taken into consideration, together with overnight hospital stay and vigilance of
the child for possible post-operative complications.

284

9.3 The relationship between sleep duration and developmental outcome
9.3.1 Overview of findings
The review of the literature outlined in chapter 1 concluded that the impact of
sleep duration on developmental outcome in infancy past the first few months of life has
seldom been explored. Only two studies to date have examined this question and they
reported inconsistent findings. Thus, Scher (2005) found that infants with less motor
activity in sleep and more consolidated sleep showed better cognitive development at 10months-old. However, Spruyt, et al. (2008) found that at 12-months-old there were no
significant relationships between sleep duration and developmental outcome. The current
thesis sought to determine the association between sleep duration and developmental
outcome at 6 and 12-months-old using both objective and subjective measures. This was
considered both in the entire sample with parental-reported questionnaire infant sleep
items and also in a subset of infants who wore actigraphs (n = 59 at 6-months-old; n = 41
at 12-months-old). The infants in the latter group also had parental-completed wake/sleep
diaries about the infant’s sleep. In Chapter 5 it was reported that, at 6-months-old,
objectively recorded sleep duration but not parental-reported sleep duration was
significantly but modestly associated with cognitive development (r = .39). At 12months-old similarly objectively recorded but not parental-reported sleep duration was
significantly and moderately associated with motor development (r = .45) but not
cognitive development. In addition, objectively recorded sleep duration at 6-months-old
was significantly associated with cognitive development at 12-months-old. However,
sleep duration at 6-months-old only shared 10% of the variance in cognitive development
and this correlation was reduced significantly once snoring frequency at 6-months-old
was accounted for. It was also demonstrated that language development at 12-months-old
was associated significantly with less motor activity during sleep as recorded by
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actigraphs at 6-months-old, although such motor activity could only account for 6% of the
variance in language development.

9.3.2 Research implications
It is important to note that in the current study objectively recorded but not
parental-reported sleep data were associated with developmental outcome. This finding
confirms previous reports (Scher, 2005). In the present study the agreement between sleep
diary and actigraphy was poor, as evidenced by the large inconsistencies between
methods of reported sleep duration. The practical use of objective measures is often
difficult to confirm when conducting large studies, due to limited resources; nonetheless,
current findings have suggested that where possible it is desirable to include measures of
both objective and parental-reported data.
It must also be pointed out that there was large individual variability in the
reported sleep durations and this was evident at each age (i.e. 0-3-months-old; 6-monthsold and 12-months-old). This is consistent with other studies of similar aged infants
(Iglowstein, et al., 2003; Montgomery-Downs & Gozal, 2006a; Sadeh, et al., 2009). For
example, while some infants at 2 to 3-months-old were reported by parents to sleep for
only 1 hour during the day, others were reported to sleep 10 hours during the day. At 6months-old while some infants were reported to sleep for 7 hours a night, others were
reported to sleep for 12 hours a night. Future longitudinal studies are necessary to
determine whether sleep below a certain threshold at this time of rapid brain development
is detrimental to behaviour and cognition at school age. Certainly, studies have found that
reduced sleep in older children can impact academic achievement, daytime behaviour and
cognition. It is uncertain whether sleep fragmentation at the young ages considered here
can contribute to the child’s academic and behaviour achievement in older years; but
286

determining this will allow parents to be informed about what is the necessary amount of
sleep required for infants and young children.

9.3.3 Implications for clinical practice
It is common for parents to be concerned about the amount of sleep their child is
receiving and this can result in them overestimating their child’s sleep needs (Gaylor,
Burnham, Goodlin-Jones, & Anders, 2005). Inflexible and unrealistic parent expectations
about children’s sleep needs are associated with increased bedtime difficulties, increased
night waking and early morning waking (Gaylor, et al., 2005). These sleep problems can
persist in infancy and continue into preschool years, and they are related to more child
behaviour problems and maternal depression (Lam, et al., 2003). Thus General
Practitioners (GPs) and community health nurses have a role in educating parents about
the variability in individual sleep patterns for infants and to give parents realistic
recommendations about their infant’s sleep durations and hopefully reduce anxiety and
stress in parents.

The thesis has also considered the associations between infant sleep and infant
snoring with maternal sleep, postnatal depression (PND) and family functioning. The
following section first provides an overview of the findings about the relationships
between infant sleep, maternal sleep, maternal PND and family functioning and considers
their research implications. Next, it gives an overview of the findings in relation to infant
snoring, maternal sleep, maternal PND and family functioning and their research
implications. Finally, implications of all of the results for clinical practice are discussed.
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9.4 The relationship between infant sleep, maternal sleep and Postnatal Depression
(PND)
9.4.1 Overview of findings
In Chapter 2, extensive consideration of the literature highlighted the need to
consider the influence of children’s sleep on parent’s sleep and daytime functioning. It
was evident that parent’s sleep, particularly the mother’s sleep duration, sleep quality and
mental health, is influenced by their child’s sleep. Few longitudinal studies to date, had
considered the changes in maternal and infant sleep and maternal mental health patterns.
The study reported in Chapter 7 found that there was a large reduction in the proportion
of mothers who reported sleeping 6 hours or less a night from when infants were aged 0 3-months-old, compared to 6-months-old. At both 6 and 12-months-old, at least 39% of
mothers reported sleeping 6 hours or less a night. Furthermore, at least 56% of women at
0-3-months-old, 6-months-old and 12-months-old reported having “average” to “very
bad” sleep quality. At each age maternal sleep quality was a significant predictor of
maternal PND, similar to results reported by Hiscock and Wake (2001). However,
although maternal sleep quality and maternal sleep duration remained poor over the year,
it was positive to note that the proportion of women with ‘probable clinical PND’
decreased throughout the first year of life. This confirms the outcome from the study by
Eberhard-Gran, et al. (2004), who also found a reduction in PND scores from 5-8 months
postpartum to 12 months postpartum in a longitudinal study of the same group of women.
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9.4.2 Research implications
9.4.2.1 Family factors that contribute to poor maternal sleep
It is concerning that a large proportion of mothers persistently reported reduced
sleep and poor sleep quality throughout the first year of life of their infant and this has
significant implications for the wellbeing of both mother and child. Future studies need to
consider other potential factors that may also contribute to poor and reduced maternal
sleep quality in the first year postpartum. For example, future work should consider the
number of children in the family, the age of the other children and information about the
other children’s sleep habits and medical conditions. It is possible that if a mother has
other young children who also have behavioural sleep issues, or medical conditions such
as asthma or eczema that require maternal attention, this may contribute and compound
the mother’s poor maternal sleep quality and quantity.

9.4.2.1 Effects of maternal sleep deprivation in the postpartum period
It has been well documented that in the postpartum period sleep deprivation,
poorer sleep quality, fatigue and sleepiness are common (Chang, et al., 2009). There is
now evidence to suggest that sleepiness, fatigue, and sleep restriction is significantly
associated with reduced reaction times and poorer driving performance (Philip, et al.,
2005; Philip, et al., 2003). Furthermore, fatigue in adults can lead to impaired cognitive
and psychomotor performance equivalent to levels caused by alcohol intoxication
(Dawson & Reid, 1997; Lamond, et al., 2004). Studies have shown that individuals who
continue to drive when sleepy and fatigued increase the risk of motor vehicle accidents,
as a result of reduced alertness (Lyznicki, Doege, Davis, & Williams, 1998). Thus,
mothers maintaining reduced sleep over several months are placing themselves and their
child at risk when driving. Future studies are required that include objective measures of
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cognitive and psychomotor performance in mothers with infants at different ages and
objective measures of sleep quality are required.

9.5 The relationships between infant sleep, maternal sleep, postnatal depression and
family functioning
9.5.1 Overview of findings
The review of the literature outlined in chapter 2 also found that sleep in infants
and children could affect other members of the family, and the level of cohesion and
adaptation in the family; however, there had been little research to date into these issues.
A limited number of studies, described in Chapter 2, have shown that sleep disruption in
early childhood was associated with more chaos, more conflict, more anxiety, more
marital dissatisfaction, more dissatisfaction with their daily family responsibilities, less
shared less leisure time and more family dysfunction (Gregory, et al., 2005; Meijer & van
den Wittenboer, 2007; Räihä, et al., 1997; Rautava, et al., 1995). Only one study by
Meltzer and Mindell (2007) involving older children found that parents with better sleep
quality reported better daytime functioning, less parenting stress and better general health.
No studies, however, had considered whether maternal sleep disruption in infancy was
associated with poorer family functioning. Moreover, while a link between sleep
disruption in infants and mothers and family functioning would not be surprising, the
mechanism was yet to be considered. Given that several studies had shown that higher
maternal PND scores were associated with sleep disruption in infants (Armstrong,
O'Donnell, et al., 1998; Armstrong, Van Haeringen, et al., 1998; Bayer, et al., 2007;
Hiscock & Wake, 2001) and also maternal sleep disruption (Dǿrheim, et al., 2009), it was
hypothesised that more infant sleep disruption would lead to more maternal sleep
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disruption leading to higher PND scores and subsequently to poorer family functioning.
Chapter 8 found that at 12-months-old, but not 6-months-old, PND mediated the
relationship between maternal sleep and family functioning. It was also found that at 12months-old, maternal sleep and PND mediated the relationship between infant sleep and
family functioning. These results suggested that more disruption to sleep in both infants
and mothers leads to higher PND scores, which in turn could lead to poorer family
functioning. These results have important implications and suggest that if PND, which is
related to infant and or maternal sleep duration, is reduced, this could in turn reduce
family dysfunction.

9.5.2 Research implications
9.5.2.1 Effects of family functioning and sleep on development in later childhood
The findings that maternal PND could mediate the relationship between sleep
disruption in infants or mothers and overall family functioning have important
implications. Many developmental changes occur in the first years of life, and both the
basic psychological profile of the mother and family cohesion and adaptability during this
period may determine whether the child develops adaptive or maladaptive behaviour.
Moreover, sleep issues in the child may indeed compound the problem. Family
dysfunction is also related to concurrent developmental problems. Compared to children
showing low levels of anxious behaviour, those showing consistently high levels of
anxious behaviour were more likely to live in a highly dysfunctional family (Pagani, et
al., 2008). In adolescent children, family dysfunction was more strongly associated with
anxiety than depression, whereas high parenting stress was more strongly associated with
depression than anxiety (Van Oort, et al., 2010).
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Disruption to sleep in infancy is associated with higher PND scores, and it is
important to identify maternal psychopathology early in the child’s life, because there is
evidence to suggest that children of mothers with PND are at greater risk for developing
psychopathology in later childhood. Children aged 11 years were more likely to suffer
from a psychiatric disorder if their mother experienced PND as identified by a clinical
interview, when they were 3-years-old, compared to those mothers who had been well in
the postnatal period (Pawlby, et al., 2008). In another study, adolescent children of
mothers with PND in infancy had increased cortisol levels indicating an elevated stress
response at 13-years-old (Halligan, et al., 2004). These elevated cortisol levels at 13years-old predicted higher depressive symptoms at 16-years-old, even after controlling
for earlier symptoms of depression (Halligan, Herbert, et al., 2007).
Maladaptive and adaptive behaviours in children are fairly stable during
development (Ford, Collishaw, Meltzer, & Goodman, 2007; Mesman & Koot, 2001). For
instance, Mesman and Koot (2001) found that preschoolers with internalising behaviours
had a three-fold increased risk for the similar behaviour in pre-adolescence and those
preschool children identified with externalising behaviours had a five-fold increased risk
for similar behaviours in pre-adolescence. In a large population study, mental health
scores remained fairly stable from the initial assessment to the follow-up assessment 3
years later (Ford, et al., 2007). Thus the identification of family dysfunction in early life
is imperative to reduce the risk of children consequently developing maladaptive
behaviours in later childhood.
In summary, due to the increased risk of children exposed to maternal depression
in infancy or family dysfunction of developing psychopathology later in childhood, it is
imperative to identify stressors that may increase the risk for developing PND and family
dysfunction in infancy. Thus, the findings of the current study suggest that improving
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maternal or infant sleep may help to improve both PND and consequently family
functioning. Future studies are required that consider the long-term impacts of sleep in
infants, PND in infancy and family functioning in infancy on development during
childhood and adolescence.

9.6 Infant snoring, maternal sleep, postnatal depression and family functioning
9.6.1 Overview of findings
The literature review in chapter 2 outlined that parental concern is common in
children with SDB. Studies of older children with SDB have shown that parents often
reported concern and anxiety about their child’s breathing during sleep (Baldassari, et al.,
2008). In turn, parents have reported feeling the need to stay awake at night to monitor
their child’s sleep (Georgalas, et al., 2007). However, these studies have not determined
whether mothers of children with SDB also reported less sleep duration, poorer sleep
quality and depressive symptomology. In that regard, the current thesis aimed to
determine whether infant snoring led to more maternal concern about the child’s
breathing during sleep, more maternal sleep disruption including less sleep duration,
poorer sleep quality and subsequently higher PND scores. Chapter 7 reported that
mothers of habitual snorers at 0-3-months-old and 6-months-old had significantly higher
postnatal depression scores (PND) compared to mothers of controls. When infants were
12-months-old, there was a trend for mothers of habitual snorers to have higher PND
scores compared to controls but the difference was not statistically significant. At 0-3months-old, 6-months-old and 12-months-old, mothers of habitual snorers compared to
mothers of controls reported more concern about their child’s breathing during sleep.
Mothers of habitual snorers at 6-and-12-months-old reported less sleep duration
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compared to mothers of controls. There were no significant differences between snorers
and non-snorers for maternal sleep quality at each age group.
The literature review in chapter 2 also highlighted that any associations between
snoring in children and family functioning were relatively unknown. Considering that
sleep disruption in infants is associated with poorer family functioning, in the current
thesis it was predicted that families of snoring infants at 6 and 12-months-old would also
have poorer family functioning (chapter 8). It was hypothesised that reduced maternal
sleep would lead to higher maternal PND scores and in turn be associated with poorer
family functioning. In chapter 8 it was reported that families of habitual snorers did not
have significantly reduced family functioning scores compared with controls.

9.6.2 Research implications
9.6.2.1 Effects of poor maternal sleep on daytime functioning
The findings that for infants 6 and 12-months-old, parents of habitual snorers had
significantly more concern about their child’s breathing during sleep and less sleep
duration and higher PND scores, are novel. Moreover, these results provide the first
evidence to suggest that snoring in infancy has effects on the caregiver’s sleep, and
daytime functioning. As discussed earlier, reduced sleep in adults can lead to fatigue and
consequently reduced cognitive and psychomotor performance (Dawson & Reid, 1997;
Lamond, et al., 2004). Consequently, reduced sleep in mothers can have significant
negative effects on the mother and on the child’s wellbeing and safety.

294

9.6.2.2 Effects of different spectra of SDB on parent’s daytime functioning
The current study used parental-reported symptoms of snoring and it will be
necessary to consider the effects of different spectra of SDB on parent’s daytime
functioning, from studies involving both infants and older children. For example, parents
of children with PSG confirmed OSA, compared to parents of children with primary
snoring, may exhibit more depressive and anxious symptomology as a result of the
increased severity of the disorder. It may also be necessary to consider the effects of the
disorder on parents for children of different ages. This is especially important, for
example, if a child has had SDB for 5 years, compared to only 2 years. If a child has had
the condition for a longer period of time, consequently mothers may have had a
prolonged duration of sleep restriction, resulting in worse daytime functioning. Of course,
it will be important to consider the persistence and severity of SDB. For example, a
mother of a child who has been snoring infrequently for 5 years may be less concerned
about the child’s breathing and this may have less impact on their sleep and daytime
functioning.

9.6.2.3 Effects on family and parent
It was unexpected to find that habitual snoring in infants was not associated with
more dysfunction within the family. It is possible that snoring in older children may have
more impact on dysfunction within the family particularly if the child has had the
condition for a longer period of time. On the other hand it is possible that snoring in
children does not affect the level of family functioning but rather has more impact on the
parent. Future studies could include measurements of parenting stress. Certainly in
healthy children, disruptions to the child’s sleep were related to poorer maternal sleep
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quality and this was associated with negative mood, greater parenting stress and worse
daytime functioning (Meltzer & Mindell, 2007).

9.7 Infant sleep, infant snoring, maternal PND, maternal sleep and family
functioning
9.7.1 Clinical implications
It was evident from the results that a large proportion of women had reduced sleep
durations and poor sleep quality throughout the first year postpartum. Parents maintaining
reduced sleep over several months are at risk of overload and dysfunction, especially if
they are attempting to maintain their prior functioning levels and struggling to provide
adequate emotional and physical care for their infant (Bayer, et al., 2007). This provides
health professionals such as community nurses and General Practitioners (GPs) with a
major role to play in educating new mothers about the realistic expectations of sleep
deprivation during the first year of life of their child. In Western societies a distortion
between actual maternal behaviours and women’s self-perceptions of the maternal role
during the postpartum period have developed (Koniak-Griffin, Logsdon, Hines-Martin, &
Turner, 2006). Motherhood is often portrayed as “easy” and “normal” (Woollett & Parr,
1997), and infant sleep patterns are often “normalised”. This is in contrast to the reality
often facing mothers, as was evident in the results of the present study, even at 6 and 12
months postpartum.
It is imperative for health care professionals to assess sleep deprivation in mothers
in the postpartum period and to convey information that sleep deprivation is a real issue
that may have serious consequences for themselves and their child (Gardner, 1991).
Mothers will need to be informed that the maternal sleep deprivation may impact their
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driving ability and their plans for return to work. Indeed, community interventions are
necessary to teach parents how to cope with and settle infants with sleep problems.
Nurses could encourage and teach mothers ways to restore and conserve their depleted
energy levels, so as to benefit both the mother and the infant. For example, an effective
method for preventing mental fatigue is yoga and strengthening exercises are an effective
tool for reducing physical fatigue (Parks, Lenz, Milligan, & Han, 1999).
Parents, particularly mothers, are required to make a number of decisions about
their child’s health, care and safety on a daily basis (Meltzer & Moore, 2008). In studies
examining the effects of sleep loss on work performance in doctors and nurses, it has
been found that medical personnel are more prone to an increase in errors when they are
sleep deprived (Richardson, et al., 1996; Scott, Hwang, & Rogers, 2006). Therefore, a
child’s well-being may be compromised by the lack of consistent and sufficient maternal
sleep. It would be advantageous for community health nurses and GPs to provide
education that addressed infant sleep as well as parental behaviours related to child sleep
and this may help to improve infant sleep and in turn could help to improve parental
sleep. For example, education could include putting the child to bed in a sleepy but awake
state and allowing the child to fall asleep without parental presence, but with consistent
sleep schedules and regular bedtime routines so that children are encouraged to maintain
and or develop healthy sleep habits (Meltzer & Moore, 2008; Touchette, Petit, Tremblay,
& Montplaisir, 2009). GPs could also suggest overnight respite care for parents of who
infants have severe sleep problems, especially if this has been for a prolonged time.
Indeed it has been shown that behavioural sleep interventions to help improve infant sleep
problems result in improved maternal mental health after the intervention (Armstrong,
Van Haeringen, et al., 1998; Hiscock & Wake, 2002; Smart & Hiscock, 2007).
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In approaching ways to manage PND and infant sleep disruption, it may also be
necessary to consider other family members. This thesis has focused on the mother’s
experience, but, often spouses and/ or relatives are unsure of how to cope with a woman
with depressive symptomology, and may feel deprived and or excluded from the birthing
experience (Burke, 2003). Fathers have reported feeling excluded from the parenting
experience, especially from early experiences of child care such as breastfeeding (Buist,
2003). Moreover, men have reported feeling that they have lack of control and intimacy
in their relationships and this may result from lack of communication with their partners
(Buist, 2003). In addition, men are more likely to experience depression if their partners
are also suffering from depression (Goodman, 2004). Thus education for couples is
important to aid discussion about anxieties and distresses experienced; and such
education may facilitate partner communication, which may help to manage depressed
women and their families (Burke, 2003). It may also be useful for small discussion groups
of men and women with similar postpartum experiences to form and to listen to other
peers who are having similar experiences.
Early identification of children at risk of psychopathology is paramount because
this can prevent the presentation of different types of psychopathology in older children.
Continued advocacy is required for increased access to the health care system for
vulnerable women and children and families. GPs and community nurses are in a position
to identify mothers with psychopathology postpartum, and children or families deemed
“at risk” can then receive early referral for support (Mesman & Koot, 2001). Community
agencies such as Child and Family Health (CFH) that have programs funded by the
Australian government would be advantageous to provide ongoing home and or clinic
visits to support at risk families. Moreover, early intervention of these “at risk” children
using a multidisciplinary approach that included social workers, psychologists and GPs,
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would be ideal to help and support families and children. This approach may enable a
communication between all healthcare providers to deliver the appropriate level of
therapeutic response (Baisch, Carey, Conway, & Mounts, 2010). The approach will also
need to be flexible to suit women and families from diverse cultural backgrounds (Baisch,
et al., 2010). Postpartum depression and other psychopathologies may manifest
differently between cultures, and thus the development of strategies and goals to support
specific cultural needs is imperative (Baisch, et al., 2010). In the long term this will assist
in prevention of development of psychopathology in later childhood and will, therefore,
aid in reducing the cost of treatment in later childhood.

9.8 Limitations of the present study and methodological considerations for future
studies
A limitation of the current study is that snoring was primarily assessed by parental
report, and it will be necessary to confirm the findings in the present study with
objectively recorded sleep and breathing parameters. Due to time, resources and financial
constraints it was not possible to conduct Polysomnography (PSG). Previous studies have
shown, however, that parental reports of snoring frequency are reliable when compared
with PSG in children as young as 2-years-old (Montgomery-Downs, et al., 2004). In
addition, Greenfeld et al. (2003) has validated snoring frequency as the main symptom for
SDB in infants. It is necessary for future studies to collect PSG data and thereby better
understand the reliability of parental estimates of snoring in young infants and how that
understanding is moderated by the child’s age.
Due to limited resources, not all children at 6 and 12-months-old were able to
have their sleep objectively recorded with an actigraph monitor. Thus it will be important
for future research to include actigraph monitors on all children studied. However, past
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research has identified that actigraphy may not be appropriate for accurately and reliably
measuring nocturnal sleep and waking in infants (Insana, Gozal & Montgomery-downs,
2010). Moreover, the actigraphy employed in the current studies was a new model (AW2) and validation with PSG particularly with this age of infants is required. This seems
pertinent considering that records of sleep obtained from the actigraph and sleep recorded
by parents on the sleep diary were quite discrepant. Sleep duration, quality and waking in
parents were also recorded only with self report. It has been shown that the perception of
the quantity of sleep an individual obtains and the actual sleep they obtain may be
different. Thus, it will be necessary to consider objective measures of sleep such as
actigraphy in mothers as well. It would be opportune if resources permitted inclusion of
actigraphs for both mothers and infants, so that it would be possible to determine how
well the infant and mother’s sleep were correlated.
Moreover, the researcher was not blind to membership within the snoring group. It
is ideal for the researcher to be blind to the membership within the snoring group, to
enhance the internal validity in the study by reducing bias. Future studies that involve
more time and resources could ensure that the researcher was blind to the membership
within the snoring group. It was not possible to record details about non-responders and
was therefore impossible to know whether the participants in the current study were the
same or different to the participants who did not participate. For example, non-responders
may have been from lower socio-economic status and thus, the prevalence recorded in the
first study when infants were 0-3-months-old (Chapter 4) may have been underestimated.
The sample at 0-3-months-old, 6-months-old and 12-months-old was slightly
biased towards higher level of education completed by parents, compared with census
data. It was advantageous to have information sheets and consent forms distributed
through birthing hospitals, because mothers who did not wish to have a CFH visit, but
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were interested in involvement in the study, could contact the researcher about receiving
questionnaire to be completed. If it were possible to send reminder letters and a second
copy of the questionnaire to parents via the CFH service then this may help in increasing
the return rate, as has been shown previously (Dillman, 2000). Fostering relationships
between community organisations, hospitals and research groups should help to
disseminate the important knowledge of SDB in young infants and children to health care
nurses, who are often the primary contact for mothers.
The aim was to recruit a sample of infants from birth and thus due to the time
constraints of a doctoral thesis, it was not possible to obtain measurements of the child
when they were 3 or 4-years-old. Future research with more resources would benefit from
testing the child using the Bayley Scales of Infant and Toddler Development Edition III,
which is a valid and reliable test for children younger than 3-years-old in the first year of
life, but then following these children when they are 3-years-old. In this way, it would be
possible to use a standard IQ measure such as the Standford Binet, which has relatively
moderate correlations with IQ in later childhood and adulthood (Sternberg, et al., 2001),
to establish whether deficits at 12-months-old persist at 3-years-old.
In considering children’s intellectual ability, it is necessary to consider
confounding factors such as maternal IQ. Maternal IQ has been found to provide an
indication of a child’s inherited cognitive capacity (Tong, et al., 2007). Maternal IQ has
also been suggested to be a better integrated predictor of children’s IQ than maternal
education (Tong, et al., 2007). The National Adult Reading Test was chosen not only
because it has shown the smallest discrepancies between the mean estimated and
concurrent IQ in Australian samples (Mathias, et al., 2007), but because it could be
administered quickly (within 3-5 minutes), which was advantageous when testing
mothers with young infants. However, if more time and resources were available the
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Wechsler Abbreviated Scales of Intelligence is recommended because it is a more reliable
estimate of IQ. This test however, takes 30 minutes if the four subtest scale is
administered (Axelrod, 2002).

9.9 Conclusions
This dissertation has provided evidence that snoring is common in very young
infants. The present findings suggest that a subset of otherwise healthy infants may also
be at risk for developing daytime deficits especially because brain growth and
development is maximal at this age. At both 6 and 12-months-old habitual snoring in
infants was significantly associated with poorer cognitive development. This implies that
early identification of snoring in children is paramount and that snoring cannot be
considered benign. It is necessary to build upon this initial study to provide evidence with
objective measures of sleep and breathing parameters about the relationship between
snoring and cognitive development in infancy. In addition, this thesis has demonstrated
that it is important to consider sleep problems in infants within the context of the family.
Sleep disruptions in infants, including snoring, are associated with less maternal sleep
duration, more maternal concern and higher PND scores. The identification of sleep
disruption in infants could potentially lead to reduced PND scores in mothers, which
could lead to improved family functioning.
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Appendix 1: Infant and parent sleep questionnaire at 0-3-months-old

NOTE:
Appendices 1-7 are included on pages
303-335 of the print copy of the thesis
held in the University of Adelaide
Library.

Sleep Disorders Unit, WCH,
Level 2, Good Friday Building, 72 King William Road,
Phone: 8161 6456
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Appendix 8: Demographic details for participants at 6-months-old (Table A1) and
for participants at 12-months-old (Table A2)

Table A1
Demographic details for the subset of participants who wore actigraph monitors and
those who did not wear them at the 6 month assessment

Gender
Socio-economic Status
Age (Weeks)

Male
Mean (SD)
Mean (SD)

Actigraph
%
(n)
49
(29)
997.39 (67.07)
25.97
(1.65)

No actigraph
%
(n)
47
(27)
1001.13 (70.07)
26.38
(2.10)

Table A2
Demographic details for participants with actigraph recordings at both 6 and 12-monthsold compared to those participants with actigraph recordings at 6 but not 12-months-old
Actigraphs recorded at 12 months

Gender
Male
Socio-economic status
Age (Weeks) (Mean (SD))

(n = 41)
%
44
1005.26
52.69

(n)
(19)
(67.40)
(2.03)

Participants without Actigraphs
recorded at 12 months
(n = 18)
%
(n)
65
(11)
1003.67
(55.19)
53.00
(2.86)
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Appendix 9: Path estimates for the measurement model maternal sleep with 5
variables
.52

Night sleep

Error 1
.72
.52

Sleep
quality

Error 2

-.77

Night
waking

.11

Error 3

-.34

Maternal
sleep

-.88

Awake
time

.77

-.84

Error 4

.08

Sleep
latency

Error 5

Figure A1. Path estimates (standardised linear regression coefficients) for the
measurement model maternal sleep with 5 variables.
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Appendix 10

Table A3
Summary of hierarchical regression analysis for parental reported day sleep and social
emotional development at 6-months-old after controlling for maternal education (N =
117)
B
Step 1
Maternal Education
-2.34
Step 2
Maternal Education
-2.38
Day sleep duration
1.67
Note * denotes p < .05; a p = .06

SE B

β

Adjusted R2

R2 change

1.12

-.19*

.03

.03*

1.11
.83

-.19
.18

.05

.03*

Table A4
Summary of hierarchical regression analysis for parental reported total sleep at 12months-old and social emotional development at 12-months-old after controlling for
paternal education (N = 115)
Step 1
Paternal Education
Step 2
Paternal Education
Day sleep duration
Note * denotes p < .05

B

SE B

β

Adjusted R2

R2 change

3.06

1.33

.22*

.04

.03*

3.01
.91

1.32
.68

-.22*
.13

.05

.02
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