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Abstract 

Background: There is considerable variability in early childhood regarding the consolidation of the 

sleep wake cycle.  Furthermore, it is recognised to be impacted on by a range of biological 

characteristics, psychological factors and environmental issues.  The complex relationship between 

sleep and other factors causes an ongoing uncertainty regarding what constitutes ‘normal sleep’ and 

what affects sleeping patterns.   

Aim. This thesis has four aims: to identify the sleeping patterns of typically developing UK infants in 

the first two years of life; to develop a Composite Sleep Difficulties Score (CSDS) to determine clinical 

parameters of a sleep problem in early childhood; to determine whether parents are able to 

accurately identify a sleep problem in their young child; and to identify which factors are associated 

with poorer infant sleep and how these relationships change over time.   

Design. This longitudinal population-based cohort study collected data at five time points; 

antenatally from the mothers enrolled in the registry, at birth and through questionnaires focused 

on the health and development of the infants when they were aged between 5-10 months, 11-17 

months and 23-30 months.   

Results.  This thesis is the first study to describe normal sleeping patterns of UK infants; the sleeping 

patterns of young children in this community sample are similar to studies in other Western 

countries, with sleep measures improving over the first two years of life.  A Composite Sleep 

Difficulties Score (CSDS) was validated at three timepoints and was found to correlate with parental 

perceptions of their child’s sleep. Parents in this study were accurate at identifying a sleep problem 

in their child at each wave of data collection.  Infants and young children who were reported to have 

no sleep problem had sleep measures indicative of better sleep and a lower CSDS compared to those 

reported to have either a small sleep problem or a serious sleep problem.   Furthermore, two 

specific measures, night wakings and nocturnal wakefulness, were significantly associated with 

parents reporting their young child had a serious sleep problem at each wave.  Self-settling in a cot 

in own room, dummy use, sleeping in a cot in own room and formula feeding were associated with 

fewer sleep difficulties.   

Conclusions.  The findings of this research have implications for clinical practice. Health professionals 

supporting families should screen for fragmented sleep to identify young children who may benefit 

from sleep support and universally promote strategies encouraging infants to self-settle.  This could 

also include supporting parents to move children into their own room at six months if appropriate, 
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provide information and support to parents when weaning their infant off a dummy and being 

aware that breastfeeding mothers may need specific advice and guidance regarding infant sleep.  
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1 Sleep in infancy and early childhood  

1.1 Sleep as a process 

Sleep is an active neurophysiological process governed by biological systems and consisting of 

different stages, whilst also being impacted on by individual characteristics, physiological factors, 

developmental milestones and environmental issues. Due to the complex relationship between 

sleep and other factors, sleep difficulties are common in early childhood (Bathory & Tomopoulos, 

2017). 

1.1.1 Sleep regulation  

The circadian rhythm and the homeostatic drive are opposing and complex processes which regulate  

sleep (Ono & Yamanaka, 2017).  The sleep-wake homeostatic drive describes the internal drive for 

either sleep or wakefulness (Bathory & Tomopoulos, 2017).   

The supra-chiasmatic nucleus is located in the hypothalamus and sets the circadian rhythm, the 

internal 24-hour clock, which is responsible for a range of biological cycles, including body 

temperature, hormone secretion, blood pressure and social activity.  The circadian rhythm is 

influenced by external factors or zeitgebers, with the most important and influential zeitgeber being 

light, which also inhibits the release of melatonin secretion from the pineal gland (Bathory & 

Tomopoulos, 2017; Hill, 2011; Kalia, 2006).  The homeostatic drive describes the process of 

becoming increasingly sleepier the longer you are awake due to an increase in sleep promoting 

substances, such as adenosine; these sleep inducing substances dissipate whilst an individual sleeps, 

so there is little or no homeostatic drive on waking (Bathory & Tomopoulos, 2017).    

The maturation of the physiological systems responsible for sleep wake regulation consolidate in the 

first year of life and are recognised to be impacted on by biological characteristics such as 

temperament, age and health, psychological factors (including bedtime routines and parental 

characteristics around mental health) and environmental issues such as exposure to light, electronics 

use and activity levels (Newton et al., 2020; Schaik et al., 2020).  There is considerable variability 

between infants regarding when their sleep aligns with a more regular nocturnal distribution, similar 

to older children and adults, with their largest phase of sleep being at night, and continued 

uncertainty as to the relationship between its development and biological, physiological, 

developmental, cultural and environmental factors which can cause confusion about what 

constitutes ‘normal sleep’ in infancy (Barry, 2021). 



2 
 

1.1.2 Sleep architecture 

Sleep comprises of two distinct stages, rapid eye movement (REM) sleep and non-rapid eye 

movement  (NREM) sleep, which are measured by electroencephalogram (EEG) and identifiable by 

differences in brain activity, muscle tone and eye movements (MacDonald & Cote, 2021).  Sleep 

architecture in infants aged under six months is different from child and adult sleep;  EEGs are not 

able to detect recognisable spindles of NREM sleep or sawtooth waves of REM sleep, instead sleep is 

categorised as quiet sleep, which correlates with NREM, and active sleep, which is aligned to REM 

sleep (Fraiwan & Alkhodari, 2020; Khazaei et al., 2021).  Sleep architecture in the first few months of 

life also does not follow the same recognisable pattern as child and adult sleep; sleep is fragmented 

with infants frequently moving between wakefulness, active sleep and quiet sleep, with active sleep 

making up 50% of total sleep compared to established sleep patterns (Blumberg et al., 2014; Tarullo 

et al., 2011).  The fragmented sleeping patterns and increased active sleep states are thought to be 

essential for consolidating learning that occurs when awake and to allow other key brain functions, 

such as synapse remodelling and sensorimotor development, to occur  (Georgoulas et al., 2021; 

Tarullo et al., 2011). 

 

  Figure 1 Hypnogram of a Sleep Cycle 

REM sleep is defined by increased brain activity, vivid dreams and muscle atonia, whereas NREM is 

characterised by decreased mental state, non-visual thoughts and ability to move the body (Mancz, 

2018).  REM sleep makes up 25% of adult sleep and is a single sleep state (Blumberg et al., 2014), 

whereas NREM sleep consists of three stages; stage 1 is a brief transitory stage where the person 

moves between being drowsy and falling asleep, stage 2 is the stepping stone between light and 

deep sleep and makes up 50% of all sleep, and stage 3 (which was previously split into two separate 

stages – 3 and 4 (Bathory & Tomopoulos, 2017)) is the deepest level of sleep where it is difficult to 

be woken from (Hill, 2011).  The length of time spent in NREM stage 3 and REM fluctuates overnight, 

with the earlier cycles focusing on longer periods of NREM and shorter periods of REM and the later 
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cycles alternating to shorter periods of NREM and longer periods of REM (MacDonald & Cote, 2021).   

Sleep architecture changes from infancy to adulthood, with sleep architecture in young children 

featuring more frequent transitions between stages of sleep, shorter cycles and increased waking 

(Tarullo et al., 2011), this changes over time with typical adult sleep architecture being characteristic 

of 90 minutes cycles of NREM stage 1-3, followed by a period of REM and includes brief wakings 

(MacDonald & Cote, 2021).  Figure 1, shows a hypnogram of an average sleep cycle, this is a visual 

tool which demonstrates how children and adults move through the different cycles of NREM, REM 

and brief wakings and can be useful to share with parents who are concerned that their child does 

not sleep through the night or frequently wakes.   

1.1.3 Psychosocial theories of sleep 

1.1.3.1 Cultural aspects of sleep  

Cultural norms are recognised to be influential on the development of sleep in childhood and these 

also impact on parental and professional expectations and understanding of sleep (Mindell, Sadeh, 

Wiegand, et al., 2010; Super et al., 2021).  Culture has been found to impact on all aspects of sleep, 

from bedtime, settling routine, parental presence at bedtime, co-sleeping, parental perceptions of a 

sleep problem and sleep measures, such as total sleep durations (Mindell, Sadeh, Kohyama, et al., 

2010; Mindell, Sadeh, Wiegand, et al., 2010).  For example, 29,287 parents of infants and toddlers 

aged between 0-36 months completed the extended Brief Infant Sleep Questionnaire (BISQ) from a 

range of countries.  The results indicated that children in predominantly Caucasian countries were 

more likely to fall asleep independently (just over 50%) compared to 5% of children in predominantly 

Asian countries (Mindell, Sadeh, Kohyama, et al., 2010).  Further analysis of the data in a separate 

paper also indicated that children in predominantly Asian countries were more likely to go to bed 

later, with up to three hours difference between countries with the least and most sleep – infants 

and toddlers sleep on average 11.62 hours in Japan compared to 13.31 hours in New Zealand 

(Mindell, Sadeh, Wiegand, et al., 2010).  Children in predominantly Asian countries were also found 

to have shorter total sleep duration and were more likely to have a parentally reported sleep 

problem (51.9% v 26.3%) (Mindell, Sadeh, Wiegand, et al., 2010).  It was noted that even countries 

grouped within similar geographical locations, for example predominantly Asian countries, there was 

disparity regarding parental perceptions of a sleep problem, ranging from 10.1% in Vietnam 

compared to 75.9% in China (Mindell, Sadeh, Wiegand, et al., 2010).    

Super et al. (2021) followed up an earlier study to further explore sleep differences between two 

westernised cultures with deeply rooted differences in parental beliefs and cultural approaches 

using sleep diaries and actigraphy.  This follow-up study compared Holland and the USA.  Holland 
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widely practice the importance of the “three R’s” in childhood (rest, regularity and cleanliness), 

which focus on the importance of rest and routine, with a belief that young child can be trained to 

sleep, which is promoted by professionals working with families.  This was compared to the USA 

where parents and professionals believe that stimulation is key to toddler development and parents 

often believe they cannot fully train their child to sleep.  The study compared twenty-four Dutch 

families with the same number of American families, each with eight-month old babies and found 

that cultural practices influence the amount of total sleep, with Dutch babies having longer daytime 

sleep (1.67 hours vs. 1.51 hours) although both sets of babies had the same nocturnal sleep 

duration.  A further finding demonstrated that Dutch babies spend longer in quiet sleep and start 

this earlier in the evening, which is indicative of transitioning to a more mature sleep architecture 

(Super et al., 2021).  These findings indicated that babies adapt to their cultural environment and 

this impacts on sleep measures and type of sleep experienced (Super et al., 2021).   

1.1.3.2 Behavioural aspects of sleep  

There is a large body of evidence that supports the concept that humans across the life span learn to 

associate specific conditions, both positive and negative, with sleep (Hall & Nethery, 2019).  The 

operant conditioning theory can be applied to how these behaviours are learnt; if the 

behaviour/association is reinforced it will increase in frequency, whereas if it is ignored it will 

decrease in frequency (Meltzer, 2010).  For example, if a four-month-old baby is rocked and sung to 

whilst falling asleep, they will associate being rocked and sung to as cues that are associated with 

falling to sleep and will not be expecting to fall asleep alone as this association is not being 

strengthened or encouraged.  Whereas, if a six-week-old baby is put into his crib whilst drowsy but 

not fully asleep, they will associate being put into their crib whilst sleepy, but still awake, as cues 

that are associated with falling asleep and they will not be expecting to be fed to sleep or held as this 

has not been offered or encouraged.   

Developing positive sleep hygiene, such as bedtime routines for young children, uses the principles 

of the classical conditioning theory to support the child to learn that a predictable order of events 

acts as cues that are associated with bedtime and settling to sleep (Bathory & Tomopoulos, 2017; 

Hill, 2011), which are then reinforced using the operant conditioning theory (Meltzer, 2010).  Having 

a positive bedtime routine has been associated with young children learning to self-soothe and self-

settle, which are recognised to be key developmental milestones in supporting sleep development in 

young children (Bathory & Tomopoulos, 2017).   
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1.2 Sleep disorders in infancy and early childhood 

The third edition of the International Classification of Sleep Disorders (ICSD-3) maintains that there 

are seven major categories of sleep disorders; insomnia, sleep-related breathing disorders, central 

disorders of hypersomnolence, circadian rhythm sleep-wake disorders, parasomnias, sleep related 

movement disorders and other sleep disorders (Sateia, 2014), see Table 1 for full diagnostic criteria.   

The ICSD-3 does not differentiate between paediatric and adult diagnosis, with the exception of the 

sleep-related breathing disorder obstructive sleep apnoea (OSA) which has a separate paediatric 

criteria (Sateia, 2014).    

Table 1 ICSD-3 sleep disorders and diagnostic criteria 

Disorder Diagnosis 

Insomnia Insomnia, including paediatric insomnia, includes both acute and 

chronic insomnias.  

Chronic insomnia is defined by difficulties in falling asleep or staying 

asleep despite adequate opportunities to sleep that has an impact 

on daytime functioning.  This must have been an issue for 3 months 

or more (DelRosso et al., 2021; Sateia, 2014). 

Sleep related breathing 

disorders 

There are four subsections of sleep related breathing disorders; 

OSA, central sleep apnoea, sleep relayed hypoventilation disorders 

and sleep-related hypoxemia disorders. 

Paediatric OSA is defined by one of the following findings; snoring, 

laboured or obstructed breathing or an impact on daytime 

functioning (Sateia, 2014). 

Central disorders of 

hypersomnolence 

These disorders are defined by daily excessive daytime sleepiness 

which is not as a result of other sleep disorders and causes either a 

need to sleep that the person is unable to ignore or falling asleep 

without meaning to (DelRosso et al., 2021; Sateia, 2014). 

Circadian rhythm sleep-

wake disorders 

These are disorders that encompass the entire 24 hour period and 

are identified by repeated sleep wake rhythm disruption lasting 3 

months or more, with insomnia or excessive sleepiness which 

causes distress or impacts on daytime functioning (Sateia, 2014). 

Parasomnias There are three subsections of parasomnias: non-rapid eye 

movement related (NREM), rapid eye movement related (REM) and 

other.   
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NREM related is defined by frequent episodes of partial wakings 

where the individual is unaware or only partially aware of what is 

happening, they do not report dreaming and they do not remember 

or only partially remember the episode. 

REM related is identified by frequent episodes of behaviours which 

are related to dream enactment and evidence of REM sleep without 

muscle atonia (Sateia, 2014). 

Sleep related movement 

disorder 

These disorders are identified by repetitive movements that follow 

a pattern and occur whilst asleep (Sateia, 2014). 

Other Sleep disorders This section of the ICSD-3 is for sleep disorders that cannot be 

categorised in any other section.  This may be due to a lack of 

specific diagnosis and/or due to a sleep disorder overlapping several 

categories (American Academy of Sleep Medicine, 2014). 

 

Sleep difficulties are common in infancy and early childhood affecting up to 70% of children, with 20-

30% of children experiencing a clinical sleep disorder (Howlett et al., 2020).   Paediatric insomnias, 

most commonly behavioural insomnia which is classified as  a type of chronic insomnia, being the 

most frequently reported sleep problem in this age group (DelRosso et al., 2021; Sateia, 2014).  

Behavioural insomnias encompass three types of disorder; sleep onset disorders, limit setting 

disorder and a combination of both (DelRosso et al., 2021).  Sleep onset disorders are more common 

in infancy and early childhood (6 months to 3 years of age) and are defined as an infant who 

struggles to fall asleep independently and requires specific conditions, such as being rocked, fed or 

parental presence, to fall asleep (Hill, 2011).  In comparison, limit setting disorder is more common 

in early to mid-childhood and present as either a child who refuses to go to bed or a child who has 

no consistent routine and falls asleep when and where they like (Hill, 2011).  A combination of sleep 

onset disorder and limit setting disorder occurs when desperate parents combine specific 

conditions, such as their presence, to encourage their resistant child to go to bed and fall asleep 

(Hill, 2011).   

Although there is guidance on the amount of sleep and quality of sleep required for optimal health 

in childhood (American Academy of Sleep Medicine, 2016; Hirshkowitz et al., 2015; Ohayon et al., 

2017),  a plethora of public health guidance on supporting positive sleep in young children (Baby 

Sleep Info Source, 2022; Great Ormond Street Hospital for Children, 2020; NHS, n.d.; Pediatric Sleep 

Council, n.d.) and the ICSD-3 to provide diagnostic criteria (Sateia, 2014), there continues to be a lack 
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of clarity regarding what constitutes a threshold for a clinical sleep problem and clear guidance on 

how this would be treated.      

1.3 Current conflicts in the literature 

The recommended treatment for behavioural insomnias are behavioural interventions and these are 

predominantly underpinned by the operant conditioning theory and use extinction or modified 

extinction strategies where parents are encouraged to withdraw and ignore unwanted behaviour 

(Meltzer, 2010).  The aim of these strategies is that the child will ultimately learn to self-settle at 

bedtime and when waking between sleep cycles overnight, hence improving overall sleep and 

parental wellbeing (Sadeh et al., 2011).  However, advances in neuroscience have expanded 

professional understanding of brain development highlighting the importance of responsive 

caregiving and a secure attachment whilst being mindful of the impact of stress in the antenatal 

period and early childhood (Gerhardt, 2004; National Scientific Council on the Developing Child, 

2004; Shore, 2003; UNICEF, 2014).  This has called into question strategies which promote ignoring a 

young child’s innate stress response to being left (crying), which potentially exposes the developing 

brain to a toxic levels of cortisol and challenges the pathologizing of normal young child behaviour as 

adult centric (Blunden et al., 2011).   

The ongoing contention regarding whether behavioural interventions cause harm is polarised and 

often emotionally charged within the literature (Sadeh et al., 2011).  Advocates of behavioural 

interventions contend that best practice is to implement a graduated extinction programme, such as 

controlled crying or gradual retreat, which do promote degrees of parental responsiveness, with 

pure extinction techniques rarely recommended (Sadeh et al., 2011).  Opposers of behavioural 

interventions often cite a small study of twenty-five mother-infant dyads who stayed in a residential 

hospital and undertook an extinction based sleep programme (Middlemiss et al., 2012) as this found 

that although babies stopped showing physical signs of distress by day three of the programme, they 

continued to have a high physiological response and this resulted in a lack of synchrony between the 

mother and child, indicating potential harm to their attachment and that babies were learning no-

one would respond to them rather than learning to self sooth (Australian Association for Infant 

Mental Health Inc., 2013; Baby Sleep Info Source, 2022).  Subsequent research has been undertaken 

to challenge Middlemiss et al.’s (2012) findings including a five year follow up to a randomised 

control trial (RCT), and a further RCT, that both clarified that community based graduated extinction 

do not have negative lasting effects on the child or their attachment (Gradisar et al., 2016; Price et 

al., 2012).  However, how to manage sleep continues to be one of the most contentious issues to 

discuss on parenting blogs and online peer support groups, with parents often expressing strong 
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view and judgements (Strange et al., 2018).  This debate is recognised to impact on both parental 

and professional confidence in managing sleep in early childhood. 

1.4 Impact of sleep difficulties in infancy and early childhood 

 Sleep difficulties in infancy and early childhood are associated with poorer outcomes for the child 

across a multitude of emotional, physical and developmental domains (Mancz & Wigley, 2019).  For 

example, a randomised control trial of 126 low income Mexican/ Mexican-American mother-infant 

dyads, using the Brief Infant Sleep Questionnaire – Revised (BISQ-R) and infant weight 

measurements, found that disrupted sleep patterns in early infancy are associated with an increased 

risk of rapid weight gain and obesity in toddlerhood (Petrov et al., 2021).  A longitudinal sleep study 

tracked 713 infants from birth to five years, using the Brief Infant Sleep Questionnaire (BISQ) and 

Infant Sleep Questionnaire, and identified that shorter sleep duration were associated with 

inattentiveness at five years and more than one night wakening per night were associated with both 

inattentiveness and hyperactivity-impulsivity at five years (Huhdanpää et al., 2019).  A further large 

longitudinal study had completed data on 4,517 children from birth to age 10-11 years and used a 

range of parentally reported questionnaires and questions devised for the study, including questions 

on parental perceptions of their child’s sleep, the Strengths and Difficulties Questionnaire, Social 

Skills Improvement Rating System, the Pediatric Quality of Life Inventory and the Wechsler 

Intelligence Scale for Children (Williamson et al., 2020).  Persistent parentally reported sleep 

problems across early childhood were associated with lower self-control, poorer language, literacy 

and mathematic competence and greater reported internalising and externalising psychopathy 

symptoms when aged between 10-11 years (Williamson et al., 2020).   

Furthermore, childhood sleep difficulties are recognised to have negative outcomes for the wider 

family.  For example, a retrospective longitudinal study of 622 women attending a 12 month mental 

health intervention at a day centre, using the Edinburgh Postnatal Depression Scale and the Patient 

Health Questionnaire-9 alongside questions about parental perceptions of their child’s sleep at six 

weeks and 12 months, and found that infant sleep problems at six weeks and 12 months were 

associated with poorer maternal mental health (Dagla et al., 2021).  A study of 167 mothers 

attending a residential early parenting service used a range of questionnaires and study specific 

questions to understand mother’s mental health, alcohol use and sleep, including the Depression, 

Anxiety and Stress Scales, The Irritability, Depression and Anxiety Scale, Visual Analogue Fatigue 

Scale, Epworth Sleepiness Scale and Pittsburgh Sleep Quality Scale (Wynter et al., 2019).  Frequent 

infant night waking were associated with poor maternal sleep quality and fatigue (Wynter et al., 

2019).  Finally, a longitudinal study of 1460 women, with a focus on examining maternal health, 

were asked a range of study specific questions and validated questionnaires, including questions 
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regarding parental perceptions of their child’s sleep, the Edinburgh Postnatal Scale, the Composite 

Abuse Scale and the Short Form Survey, and found with mother of infants with persistent sleep 

issues found to be twice as likely to report intimate partner violence (Cook et al., 2020).    

Early identification of sleep disorders in infancy and toddlerhood, alongside access to targeted 

support and intervention is key due to the wide ranging difficulties associated with poor sleep in this 

age group and the negative impact this has on the child and their families (Richardson et al., 2021; 

Tikotzky, 2017).   

1.5 The role of the health professional in supporting sleep 

Parents have been found to lack confidence and knowledge in managing their child’s sleep in early 

childhood and it is one of the most frequently cited reasons for seeking health support (Henderson 

et al., 2013; Hsu et al., 2017).  A study undertaken in New Zealand found that 79% of parents seeking 

support for their young child’s sleep (under two years) contacted their child health nurse, which 

would be the equivalent of a health visitor in the UK (Hsu et al. 2017).   Health visitors are specialist 

community public health nurses who work universally with families with children aged 0-5 years and 

are responsible for leading on the Healthy Child Programme and the six Early Years High Impact 

Areas in England (Department of Health, 2009; Public Health England, 2021e, 2021b).  Supporting 

parents with all aspects of their child’s sleep, including safe sleep and potential wider impacts, such 

as the relationship with infant sleep and maternal mood, is linked to three of the six high impact 

areas, meaning health visitors are ideally placed for identifying sleep difficulties and offering 

targeted support (Cook et al., 2020; Public Health England, 2021b, 2021d, 2021c).   

The role of the health visitor is to bring a strengths-based approach to health promotion, which 

builds self-efficacy and aims to support behaviour change in partnership with the parent (Public 

Health England, 2021b).  When assessing sleeping patterns in early childhood, it is important to 

explore whether the parent considers their child’s sleep a problem and if they have the desire and 

capacity to make changes (Mancz, 2018).  Assessing readiness to change, using a framework such as 

the transtheoretical model, see Figure 2, can be helpful to identify where the parent is on the stages 

of change cycle and if they are in a stage, such as the contemplation or preparation stage, which is 

receptive to implementing behaviour change (Prochaska et al., 2015).  One behaviour change 

approach often used within health visiting is motivational interviewing.  Motivational interviewing is 

a guiding and collaborative communication style with an aim of eliciting change talk and exploring 

the person’s own reasons for change (Miller & Rollnick, 2013).  For example, when applying 

motivational interviewing to supporting a parent with their infant sleep pattern, the health visitor 

may explore what the parent already knows about sleep in infancy (checking parental expectations), 
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what they have already tried and what solutions the parent feels would work for them, whilst 

listening for change talk and checking in if they would be happy for them to share the current 

evidence base and strategies that others may have tried or found useful.  

 

Figure 2 Change Cycle 

A recognised challenge for health professionals working in this area is the limited evidence base 

regarding parents’ perceptions of their child’s sleep, how these are affected by cultural norms and if 

these are realistic (Henderson et al., 2013).  Sleep problems, such as paediatric insomnias, are 

generally diagnosed through parental report. Relying on parental report for a diagnosis of a sleep 

problem is complicated  when it is unclear whether parents are able to understand the scientific 

criteria for these problems and how these criteria align with parents’ individual perceptions of sleep 

problems (Henderson et al., 2013; McDowall et al., 2017).     

Furthermore, it is recognised that health professionals working in child health, including public 

health, such as health visitors, often have limited training in child sleep which causes a lack of 
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confidence in their own understanding of what constitutes normal sleep in early childhood and this 

directly impacts on the behaviour change support offered and access to evidence based care (Cook 

et al., 2020; Richardson et al., 2021).  Locally, health visitors and other professionals working with 

families around sleep can access accredited sleep training which provides a comprehensive overview 

of sleep, sleep disorders and other specialist modules, through the Southampton Sleep Disorder 

Service (2021).  However, this is often only available to a small number of professionals with an 

expectation that this knowledge will be used to support the wider team.  A study examining 

parentally reported barriers to seeking support from health professionals in the UK around sleep 

issues in early childhood found that the most common reason for parents not asking for help or 

following guidance was the perception that health professionals, including health visitors, lacked 

knowledge and training about this topic (Cook et al., 2020).  Further issues included a dismissive 

attitude by health professionals, a lack of recognition that sleep was an important issue for parents 

and conflicting information provided by different professionals – all of which suggest professional 

understanding of sleep can be limited and this impacts on parents’ access to support for their child’s 

sleep difficulties (Cook et al., 2020).   

Future research must clarify normal sleep patterns in infants so that professionals can identify when 

sleep is abnormal and understand how biological characteristics, psychological factors and 

environmental issues influence the sleep wake cycle and sleep behaviours in early childhood.  

1.6 The Portsmouth Birth Cohort registry 

In order to tackle and target the levels of deprivation, health inequalities and poorer health 

outcomes for residents in Portsmouth, the City Council, health and social care providers and the 

academic community recognised that they needed reliable and robust data that is in-depth and 

locally relevant.  The Portsmouth Birth Cohort registry was set up in response to this identified need 

and provides the opportunity to track a cohort of babies from the prenatal period to potentially 

death, with an aim to provide comprehensive real-world data on the local population and allow 

services to be targeted to meet the identified needs.   

As a clinician (Specialist Community Public Health Nurse – Health Visitor) and a post graduate 

research student, the Birth Cohort registry provides an opportunity to examine the sleep patterns of 

a community sample of infants who are enrolled in the registry and examine sleep over time as they 

move into toddlerhood.   

1.7 Research question for literature review 

What does normal sleep look like in UK infants and young children and how do biological 

characteristics, specifically child’s age, gender, parity, maternal age and health measures (snoring 
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and colic), psychological factors (including maternal mental health) and parenting measures 

(bedtime routines, parental presence and dummy use) and environmental influences (such as 

parental education status, sleep location, sleep furniture activity levels, main milk and age at 

introduction of solids) influence sleep patterns in early childhood? 
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2   Literature Review  

2.1 Selecting the sleep related factors to examine in the literature 

Sleep research in early childhood is a growing area and considers a broad range of factors.  To allow 

for a concise and relevant analysis of the literature a review of the Birth Cohort registry existing data 

collection tools was undertaken.  As the Wave 0, Wave 1, Wave 2 and Wave 3 questionnaires had 

been devised prior to undertaking the literature review, please see section 3.6 for further 

information, this shaped the majority of the physiological, psychological and environmental factors 

that were considered within the review.  The Wave 4 questionnaire did allow for some additional 

factors to be considered: parenting measures (re-settling routines) and environmental measures 

(sleep furniture and activity levels) and these were included in the literature review.   

When considering health measures to include in the literature review, areas explored in the brief 

health questionnaire featured in the Wave 2, Wave 3 and Wave 4 questionnaires were considered.  

This asked specific yes, no, don’t know questions on topics such as has your child experienced 

diarrhoea in the last 6 months or has your child suffered from constipation.  Further consideration 

needed to be given to whether the question would be valid to explore within the research analysis, 

before including the review.  For example, anecdotally in clinical practice parents are often 

concerned that reflux is associated with poor sleep in early childhood and this would have been 

interesting to explore further, however, the only question loosely related to reflux in the Wave 2 and 

3 questionnaire was regarding has your child suffered from vomiting (> 1 tablespoon: 15ml) in the 

last 6 months?  Vomiting could be attributed to a wide range of causes, such as physical illness or 

food allergies, rather than reflux and this felt too tenuous a link for analysis, so was not explored 

further in the literature review.  Similarly, wheeze is often related to sleep related breathing 

disorders and would have been a key area to further examine.  However, the only questions related 

to this in the Wave 2 and 3 questionnaires asked if you child a had wheezing or whistling in the chest 

and/or a dry cough at night in the last 6 months.  As the question is not broken down further and 

does not ask if the cause of the wheezing or whistling and/or dry cough was determined, it could 

have included children with a short illness and was determined to be too weak to be included in the 

analysis and hence was not considered in the literature review.  Another area of interest from the 

literature was regarding caffeine intake and impact on young children’s sleep, through foods such as 

chocolate or tea.  However, the food frequency questionnaire included in the Wave 2, Wave 3 and 

Wave 4 questionnaires only asked whether the child ate these foods, rather than quantities or 

amounts, which was not rigorous enough to explore further. 
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Factors that were not measured in the Birth Cohort data collection tools were excluded from the 

literature review.    

2.2 Methods    

In order to explore the literature relating to sleep in early childhood and factors that may influence 

sleeping patterns a systematic approach was applied to the literature review (Aveyard, 2014) using 

the strategy detailed below.   

2.2.1 Inclusion criteria 

Studies were included in the literature review if they met the inclusion criteria; 1) published in 

English, 2) published between January 2010 and March 2021 to ensure currency, 3) primary research 

published in academic peer reviewed journals, 4) studies using a quantitative, qualitative or mixed 

methods approach, 5) studies undertaken in westernised countries due to sleep being influenced by 

cultural factors, 6) studies exploring sleep in early childhood and considering the impact of child 

characteristics (gender, birth order), parental characteristics (education, mental health), child health 

(snoring, colic), parenting measures (sleep routines, dummy use), environmental factors (sleep 

location, sleep furniture) and/or dietary measures (main milk, introduction of solids), 7) focus on 0-3 

years age range as this matches the planned waves of data collection, 8) studies undertaken on 

normally developing children as children with additional needs can have complex factors that impact 

on their sleeping patterns.   

2.2.2 Search methods 

The extensive search strategy involved searching three electronic databases, Cumulative Index to 

Nursing and Allied Health Literature, MEDLINE and PsychINFO, and two websites, Google and Google 

Scholar.  A total of 11,579 articles were retrieved via the databases, with one further article 

identified via Google Scholar, see Figure 3.  Due to the scope of the review and the volume of 

literature retrieved, further search strategies, such as handsearching relevant journals, reference list 

searching or searching for grey literature was not undertaken.   

2.2.3 Search strategy 

The search of the databases and websites was undertaken in March 2021.  Key terms were identified 

and separated into eight categories; child characteristics (part one), child characteristics (part two), 

parental characteristics, sleep measures, health measures, parenting measures, environmental 

measures and dietary measures, see Table 2.  Key terms were searched in their eight separate 

categories using the Boolean operator OR.  To ensure that all the retrieved data related to early 

childhood and sleep, child characteristics (part one) and sleep measures were combined in separate 
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searches with each of the other six categories using the Boolean operator AND.   This allowed the 

retrieval of studies related to sleep in early childhood exploring the different areas of interest. 
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Table 2 Key Terms Used in the Search Strategy 

Child 

Characteristics 

(Part 1) 

Child 

Characteristics  

(Part 2) 

Parental 

Characteristics 

Sleep 

Measures 

Health 

Measures 

Parenting 

Measures 

Environmental 

Measures 

Dietary Measures 

1. Babies 

2. Infant* 

3. Toddler* 

4. Pre-school* 

5. Young child* 

6. Early 

childhood 

7. Combine 1 - 

6 using OR 

8. Gender 

9. Birth order 

10. Parity 

11. Sibling* 

12. Combine 8 

- 11 using OR 

 

13. Maternal age 

14. Parental age 

15. Maternal 

level of education 

16. Paternal level 

of education 

17. Parental 

education* 

18. Maternal 

history of anxiety  

19. Maternal 

history of 

depression 

20. Maternal 

mental health 

21. Postnatal 

mental health 

24. Sleep* 

25. Insomnia* 

26. Sleep 

disturbance* 

27. Sleep 

problem* 

28. Waking* 

29. Sleep 

latency 

30. Night 

waking* 

31. Nocturnal 

wake* 

32. Nocturnal 

sleep* 

33. Sleep 

duration* 

35. Snore* 

36. Allergy* 

37. Allergi* 

38. Colic 

39. Infant colic 

40. Baby colic 

41. Stomach 

Pain* 

42. Stomach 

ache* 

43. Abdominal 

pain* 

44. Tummy 

ache* 

45. Tummy-

ache* 

50. Parenting* 

51. Intervention* 

52. Sleep hygiene 

53. Sleep routine* 

54. Sleep 

Initiation* 

55. Settling* 

56. Dummy* 

57. Dummies 

58. Pacifier* 

59. Soothe* 

60. Combine 50 – 

59 using OR  

61. Sleep 

location* 

62. Sleep 

furniture 

63. Cot 

64. Crib 

65. Basinet 

66. Bed* 

67. Toddler Bed 

68. Co-sleeping 

69. Co sleeping 

70. Bed sharing 

71. Bed-sharing 

72. Sleeping 

with parent 

73. Sleeping in 

parental bed 

77. Formula 

feeding 

78. Bottle feeding 

79. Formula fed 

80. Breastfeeding 

81. Breast-

feeding 

82. Infant feeding 

83. Breast milk* 

84. Specialist 

milk* 

85. Cow’s milk 

86. Milk* 

87. Wean* 

88. Solid food 

89. Baby led 

wean* 
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22. Perinatal 

mental health 

23. Combine 13 - 

22 using OR 

34. Combine 

24 – 33 using 

OR 

 

46. “tummy 

ache” 

47. Tummy 

Pain* 

48. Tummy-

pain* 

49. Combine 

35 – 48 using 

OR 

 

74. Activity* 

75. Exercise* 

76. Combine 61 

– 75 using OR 

 

90. Solid food 

introduction 

91. Combine 77 – 

90 using OR 

 

92. Combine 7, 12 & 34 (child characteristics part one & two and sleep measures) 

93. Combine 7, 23 & 34 (child characteristics part one, parental characteristics and sleep measures) 

94. Combine 7, 34 & 49 (child characteristics part one, sleep measures and health measures) 

95. Combine 7, 34 & 60 (child characteristics part one, sleep measures and parenting measures) 

96. Combine 7, 34 & 76 (child characteristics part one, sleep measures and environmental measures) 

97. Combine 7, 34 & 91 (child characteristics part one, sleep measures and dietary measures) 
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2.2.4 Screening and study selection 

The first stage of the screening strategy was to exclude duplicate papers.  Due to the volume of 

papers retrieved a computer algorithm was used that searched for exact matches of DOI and 

excluded duplicates.  The second stage of the screening strategy was to review the titles of the 

articles against the inclusion criteria – key information about the retrieved papers was exported to 

an Excel spreadsheet to allow for a brief screen.  Due to the number of articles being screened and 

the timespan in which this was undertaken, the titles were reviewed twice to ensure the inclusion 

criteria was applied consistently.  The third stage of the screening strategy was to review the 

abstracts against the inclusion criteria.  This resulted in 175 full text articles being screened for 

eligibility and 64 quantitative papers being included in the final critique.  See Figure 3 for detailed 

flowchart of the search strategy (Moher et al., 2009). 
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Full-text articles excluded, 

with reasons 

(n = 111) 

Studies focused on children 

aged over 3 years or 

longitudinal focus over 

childhood (n = 19) 

Studies concerned with infant 

behaviours/regulation/ 

physiology or other measures 

rather than sleep (n = 32) 

Studies focused on parent’s 

sleep, behaviours or health or 

opinions (n = 29) 

Studies were undertaken in 

different cultural or 

geographic locations (n = 8) 

Studies focused on validating 

sleep questionnaire/sleep 

score (n = 4) 

Systematic reviews/ 

protocols/clinical reviews or 

commentaries (n = 19) 

 

Studies included in 

quantitative synthesis 

(meta-analysis) 

(n = 64) 

 

Records excluded 

(n = 426) 

 

Records after duplicates removed 

(n = 7,607) 

 

Records identified through 

database searching 

(n = 11,579) 

 

Additional records identified 

through other sources 

(n = 1) 
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Figure 3 Flowchart of Study Selection 
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2.3 Findings 

The papers were categorised against the seven areas being explored: child characteristics (part two), 

parental characteristics, sleep measures, health measures, parenting measures, environmental 

measures and dietary measures.  Child characteristics (part one) was excluded from this analysis as it 

defined the age period being considered within the seven other areas.  Some studies only 

considered either one area or only one area relevant to this literature review, for example, the 

papers examining colic and sleep did not look at other areas relevant to this study.  Whereas, other 

papers considered several areas relevant to this literature review and the findings were explored 

within several sections, for example, one large longitudinal study examined sleep in early childhood 

and explored gender, birth order, maternal mental health and main milk (Weinraub et al., 2012) and 

hence the findings were critiqued and included in each corresponding section.  See Table 3 for a 

summary of the study characteristics.  

2.3.1 Strengths and limitations of the papers 

Each of the 64 studies were quantitative in approach; four were randomised control trials, 40 were 

longitudinal cohort studies and 20 cross sectional studies.  Randomised control trials (RCT) are the 

gold standard of quantitative research design (Cluett, 2006) and four of the studies used this design 

methodology, however, each of these were focused on a factor related to sleep that could be 

controlled, such as responsive parenting versus control group (Paul et al., 2017), introduction of 

solids (Perkin et al., 2018) or activity levels (Armstrong, Covington, Unick, et al., 2019; Zhang et al., 

2019).  When exploring sleeping patterns in a population, the RCT is not a suitable study design as 

the aim is to understand sleep patterns rather than compare groups against the outcome of an 

intervention, meaning an observational study design, such as a longitudinal study or cross-sectional 

study are more appropriate.  Longitudinal studies are key to understanding change over time for a 

defined population and cross sectional studies provide an opportunity to examine change at a 

specific timepoint, with both being considered valid sources of data (Gayle and Lambert, 2018).  

Observational studies are not considered as robust as RCTs on the hierarchies of evidence (Moule, 

2018) as a risk of this type of research design is that a statistically significant association may be 

assigned to measures when unseen confounding measures may influence the findings (Nevarez et 

al., 2010). 

All of the papers gave a comprehensive overview of the data collection tools chosen to measure 

sleep and included subjective and/or objective measures, ranging from questions designed for the 

study, validated sleep questionnaires, actigraphy and video recordings; see Table 3 for full details of 

tools used.  There are pros and cons to both subjective and objective measures; questionnaires that 
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seek parentally reported perceptions of their child’s sleep allow researchers to survey a larger 

population quickly and cheaply (Parahoo, 2006), however, a challenge for sleep researchers is that 

parents are generally only aware of their child’s sleeping patterns overnight when signalling, waking 

and/or in a period of wakefulness, which wakes them and so may not be a full representation of 

their child’s sleeping patterns and can result in overreporting of sleep durations (Prokasky et al., 

2019).  Using objective measures, such as actigraphy or video recordings provides a more accurate 

measure of waking, wakefulness and sleep durations, although it is acknowledged that without 

subjective measures to differentiate between restlessness, signalling, waking and wakefulness, 

actigraphy is recognised to overestimate wakefulness overnight in younger children (Hoyniak et al., 

2020).  Furthermore, the use of actigraphy and video recordings often results in smaller studies due 

to the more intensive data collection methods which can limit the generalisability of the results 

(Adams et al., 2020).   

The combination of subjective and objective measures provides the most accurate account of sleep 

measures and five studies used actigraphy and a validated tool (Adams et al., 2020; Gibson et al., 

2012; Ordway et al., 2020; St James-Roberts et al., 2016; Zhang et al., 2019), with a further five 

studies using tools created for the study and an objective measure such as actigraphy or video 

recording (Felzer-Kim & Hauck, 2020; Jacqueline M.T. Henderson et al., 2010; Hoyniak et al., 2020; 

Prokasky et al., 2019; St James-Roberts et al., 2015; Teti & Crosby, 2012).  The remaining 54 studies 

used either an objective measure or a subjective measure; five studies used an objective measure 

purely to report on sleep data including actigraphy or physiological measurements (Armstrong, 

Covington, Hager, et al., 2019; Armstrong, Covington, Unick, et al., 2019; Figueiredo et al., 2017; 

Odoi et al., 2014; Rudzik et al., 2018) and 49 studies used either a validated tool, an adapted 

validated tool or questions devised for the study, see Table 3 for tools used and references.   

A further challenge when comparing the findings was that there were not a consistent set of sleep 

measures focused on in each study, instead individual or clusters of sleep measures were chosen, 

depending on the researcher’s area of interest, which made it difficult to compare outcomes.  For 

example, some studies focused on one sleep measure, such as Brown and Harries (2015) who 

explored night wakings and  Safeyer et al. (2017) who examined sleep problems.  Whereas other 

studies focused on several measures, such as Prokasky et al. (2019), who looked at bedtime, wake 

up time, naps, night wakings and bedtime routine or Petzoldt et al. (2016) who explored difficulties 

in initiating sleep and difficulties in maintaining sleep.  Although studies using a validated tool, such 

as the BISQ or extended BISQ, collated sleep measures in the same way, each study decided which 

measures to incorporate and focus on, causing differences in outcomes. For example, Gunst et al. 

(2021) examined nocturnal sleep duration, night wakings, nocturnal wakefulness duration and 
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parentally reported sleep problems whereas Williamson et al. (2019) looked at bedtime, sleep 

latency, night wakings, nocturnal wakefulness duration, longest period of nocturnal sleep duration, 

nocturnal sleep duration, sleep furniture and parentally reported sleep problem.   
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Table 3 Study Characteristics 
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Type of Study Country Sample Age group 

Outcome 
measures 
(related to 
study) 

Sleep measure Sleep outcomes Findings 

(A
d

am
s 

e
t 

al
., 

2
0

2
0

) 

Longitudinal  USA 
n = 24 

 
Male – 58.3% 

6, 15 & 24 
weeks 

Sleep 
measures  
 
Bedtime 
routines 

BISQ and actigraphy 

Bedtime, longest 
nocturnal sleep 
duration, night 
wakings, total 
nocturnal sleep 
duration, wake up 
time, bedtime 
routines 

Infants who met clinical 
recommendations of a 
bedtime between 7-8pm 
had longer night-time sleep 
duration, although many 
went to be bed between 
8.20-9.35pm.   
 
Bedtime was found to be 
related to time of waking up 
in the morning, however, for 
every hour later that an 
infant went to sleep, they 
only gained 8 minutes of 
extra sleep in the morning.  
 
Infants with consistent 
bedtime routines and who 
weren’t fed to sleep were 
more likely to have longer 
night-time sleep durations 
at 6 and 15 weeks. 
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Cross 
sectional 

USA 
n = 277 

 
Male – 55.4% 

12-32 
months 

Sleep 
measures  
 
Activity levels 

Actigraphy 
Sleep duration 
between 8-8pm. 

Analysis showed a 
bidirectional relationship 
between night-time sleep 
and sedentary behaviours.  
This relationship showed 
that a day of sedentary 
activity increased the 
likelihood of shorter 
nocturnal sleep duration.   
 
If a toddler had shorter 
nocturnal sleep duration, 
they were more likely to 
engage in sedentary activity 
the following day.   
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Randomised 
control trial 

USA 
n = 101 

 
Male – 61% 

12-32 
months 

Sleep 
measures  
 
Activity levels 

Actigraphy 

Sleep onset time, 
sleep offset time, 
nocturnal sleep 
period, sleep 
efficiency, total 
sleep time, 
daytime nap 
duration,  

32% of toddlers had total 
sleep of 11-14 hours, 
meeting National Sleep 
Foundation guidelines, and 
38% met pre-school physical 
activity guidelines of 60 
minutes + of 
moderate/vigorous physical 
activity.   
 
Toddlers who met the 
physical activity guidelines 
of moderate/vigorous 
physical activity were 
significantly more likely to 
meet the sleep guidelines.  
 
Those children living in 
poverty were less likely to 
meet the activity guidelines 
for moderate/vigorous 
physical activity. 
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Longitudinal  Australia 

Comparison 
study of 2 
cohorts of 

infants:  
n = 124 (Baby 
Biotics study - 

colic cohort) 
and n = 503 

(Baby 
Business 

Study- non 
colic cohort) 

 
Male - 51% 

2 years  

Sleep 
measures  
 
Colic 

BISQ - adapted 
parentally reported 
sleep problem 
question 

Parentally 
reported sleep 
problem during 
the day and 
during the night - 
yes or no 
response 

Infant colic is not associated 
with poorer sleep measures 
when a toddler is aged 
between 2-3 years 

(B
ro

w
n

 &
 H

ar
ri

es
, 2

01
5)

 

Cross 
sectional 

UK  

n = 715 
 

Gender 
breakdown 

not reported 

6-12 
months 

Sleep 
measures  
 
Main milk  
 
Age at 
introduction 
of solids  

Questions devised 
for the study 

Night wakings  

Night wakings and night 
feeding is common in 6-12 
month old infants.  
 
Both breast and formula fed 
had night wakings, although 
breastfed babies fed more 
overnight.   
 
Age at introduction of solids 
is not significantly 
associated with night 
wakings. 
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Cross 
sectional 

USA 
n = 104 

 
Male – 51.9%  

0-11 
months 

Sleep 
measures  
Dummy use 

BISQ 

Bedtime, night 
wakings, 
nocturnal 
wakefulness 
duration, longest 
sleep duration, 
nocturnal sleep 
duration, number 
and duration of 
naps, wake up 
time, parentally 
reported sleep 
problem, quality 
of sleep, sleep 
difficulty, bedtime 
routine 

There were no significant 
differences in sleep 
outcomes between infants 
who used a dummy and non 
suckers, although infants 
who suck their fingers were 
found to have longer sleep 
durations and less night 
awakenings.   
 
Infants who use a dummy 
were reported to have 
increased likelihood of sleep 
difficulties and poorer 
morning mood compared to 
non suckers and finger 
suckers. 
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Longitudinal USA 
n = 359 

 
Male – 45%   

6, 12, 24 & 
36 months 

Sleep 
measures 

Two adapted 
questionnaires were 
devised for this 
study - one used at 
6 and 12 months 
and one used at 24 
and 36 months. 

Sleep latency, 
sleep 
maintenance, 
sleep duration, 
naps, sleep 
location, 
restlessness, 
parasomnias, 
snoring, parentally 
reported sleep 
problem 

Parental reporting of an 
infant sleep problem 
remained consistent across 
the time points with 10% 
reporting their infant had an 
issue.  
 
Night wakings and shorter 
sleep duration were 
considered a sleep problem 
by 6 months of age and this 
continued through to 2 
years.  
 
Parental reporting of a sleep 
problem was significantly 
associated with longer sleep 
latency, poorer sleep 
maintenance and shorter 
sleep duration between 6-24 
months.   
 
23%-35% of infants and 
toddlers with a reported 
sleep problem had higher 
rates of continued problems 
at later time points. 
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Cross 
sectional 

Spain 
n = 1, 404 

 
Male – 52% 

3 to 36 
months 

Sleep 
measures  
 
Gender  
 
Bedtime 
routines  
 
Dummy use  

Spanish BISQ-E 

Nocturnal sleep 
duration, daytime 
sleep duration, 
total sleep, night 
wakings, sleep 
location, sleep 
position 

No differences in sleep 
measures dependent on 
gender.  
Increased parental presence 
at bedtime was significantly 
associated with poorer sleep 
measures, as was feeding 
and /or being rocked to 
sleep.  
Non nutritive sucking was 
related to better sleep 
outcomes. 

(D
ia

s 
&

 F
ig

u
ei

re
d

o
, 2

02
0)

 

Longitudinal  Portugal 
n = 164 

 
Male – 53.7% 

   2 weeks, 
3 & 6 

months 

Sleep 
measures  
 
Maternal 
mental health 

Portuguese adapted 
version of the 
Children's Sleep 
Habits 
Questionnaire 

Bedtime 
resistance, sleep 
anxiety, positive 
sleep habits, day 
time sleepiness 

Mothers with higher levels 
of depressive symptoms 
antenatally (3rd trimester) 
predicted infant’s sleep 
anxiety and daytime 
sleepiness at 6 months.   
If these mother's had sons 
they were also more likely to 
have sleep anxiety at 6 
months.  
Mothers with increased 
depressive symptoms two 
weeks postnatally  were 
more likely to have infants 
who experienced bedtime 
resistance and total sleep 
problems at 6 months.  
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Longitudinal  Australia 
n = 1,460 

 
Male – 52% 

3,6,9 & 12 
months 

Sleep 
measures 
 
Maternal 
mental health 

Questions devised 
for the study 

Night wakings, 
parentally 
reported sleep 
problem 

5 sleep profiles were 
identified as reported by 
mothers; settled, persistent 
moderate problems, 
problems at 6 months, 
problems at 9 months, 
persistent severe problems.  
 
Mothers of infants in the 
persistent sleep problem 
group reported more 
depressive symptoms during 
early pregnancy and when 
their infant was 3, 6 & 12 
months of age.   
 
They were also more likely 
to report experiencing 
anxiety or panic attacks 
when their infant was 3, 6 & 
9 months of age. 
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Cross 
sectional 

USA 
n = 118 

 
Male – 49.2% 

12-47 
months 

Sleep 
measures  
 
Maternal 
mental health  
 
Bedtime 
routine 

Extended BISQ 

Bedtime routine, 
sleep location, 
bedtime, 
nocturnal sleep 
duration, total 
sleep duration, 
night wakings 

Maternal depressive 
symptoms were significantly 
associated with 
implementing bedtime 
routines, with 62% of 
mothers experiencing low 
mood not undertaking a 
bedtime routine with their 
toddlers.   
Implementing a bedtime 
routine was significantly 
associated with better sleep 
outcomes and the more 
consistently the routine was 
implemented the more likely 
the toddler would have 
better sleep outcomes. 

(F
el

ze
r-

K
im

 &
 H

au
ck

, 
2

0
2

0
) 

Cross 
sectional 

USA 
n = 50 

 
Male – 58% 

Mean age 
27.512 

months  
10.363 

months 

Sleep 
measures  
 
Activity levels 

Question devised 
for the study and 
actigraphy (during 
waking hours) 

Total sleep 
duration 

Analysis found a positive 
relationship between 
moderate to vigorous 
activity and sleep.   
For every minute spent in 
moderate to vigorous 
activity there was a 2.28 in 
increase in sleep duration. 
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Longitudinal  USA 

n = 486 
 

Gender 
breakdown 

not reported 

3, 12, 18 
months & 

2 years 

Sleep 
measures  
 
Bedtime 
routines 

Questions taken 
from National Sleep 
Foundation in 
America Poll 
screening 
questionnaire 

Bedtime, sleep 
latency, night 
waking, wake up 
time, parentally 
reported sleep 
problem at 
weekdays and 
weekends 

Consistent bedtime routines 
were associated with better 
sleep outcomes across early 
infancy 

(F
ig

u
ei

re
d

o
 e

t 
al

., 
2

0
1

7
) 

Longitudinal  Portugal 
n = 163 

 
Male – 54.6% 

2 weeks, 3 
& 6 

months 

Sleep 
measures  
 
Maternal 
mental health  
 
Main milk 

Infant Sleep 
Chronogram 

Sleep hours, 
awake hours, 
latency to sleep 
and lonest sleep 
period 

Exclusively breastfed babies 
at 3 months had poorer 
sleep outcomes at 6 months 
compared to partially 
breastfed and exclusively 
formula fed infants 

(G
al

b
al

ly
 e

t 
al

., 
2

01
3)

 

Longitudinal  Australia 
n = 4,507 

 
Male – 49.5% 

6 months 

Sleep 
measures  
 
Main milk 

Questionnaire 
devised for study 

Difficulties getting 
to sleep, 
difficulties with 
sleeping alone, 
night wakings, 
restless sleep and 
snoring/difficulties 
breathing 

Breastfeeding at 6 months is 
associated with poorer sleep 
measures - specifically night 
wakings and co-sleeping 
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Cross 
sectional 

New Zealand 
n = 52 

 
Male – 63% 

11-13 
months 

Sleep 
measures  
 
Gender  
 
Birth Order  
 
Main Milk 

Daily diaries 
incorporating the 
BISQ, Actigraphy 

Time of sleep 
onset, sleep 
latency, nocturnal 
sleep duration, 
nocturnal 
wakings, sleep 
efficiency, wake 
up time, naps, 
total sleep, 
parentally 
reported sleep 
problem 

Gender or parity were not 
associated with parents 
reporting their child's sleep 
was a problem, whereas 
breastfeeding was.  
 
Children whose parents 
perceived they had a sleep 
problem were more like to 
have more night wakings 
and longer nocturnal 
periods of nocturnal 
wakefulness. 
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Longitudinal  USA 
n = 179 

 
Male – 54.7% 

6 months 
& 1 year 

Sleep 
measures 
 
Maternal 
mental health 

Sleep Practices 
Questionnaire 

Bedtime distress, 
night wakings, 
nocturnal 
wakefulness, 
nocturnal distress 

The study supported both 
the maternal mental health 
to infant sleep effect and 
the infant sleep to maternal 
mental health effect. 
 
Mothers with lower mental 
wellbeing had an increased 
risk of infants with sleep 
issues.  
 
Night wakings and infant 
fussing were associated with 
mother's being bothered by 
these behaviours, with 
mothers with poor mental 
health more likely to be 
bothered.  
 
Higher levels of anxiety were 
associated with poor sleep 
outcomes at 6 months and 
increased bedtime distress 
at 6 months was associated 
with poorer mental health 
outcomes at 12 months. 
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Cross 
sectional 

Finland 
n = 1,598 

 
Male – 53%  

6 months 

Sleep 
measures  
 
Maternal 
mental health 

BISQ 

Nocturnal sleep 
duration, night 
wakings, 
nocturnal 
wakefulness 
duration, 
parentally 
reported sleep 
problem 

Increased infant night 
awakenings was associated 
with higher levels of 
maternal depressive 
symptoms.  
 
Breastfeeding was found to 
mediate maternal 
depressive symptoms.   
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Longitudinal  Ireland 

n = 11,112 
 

Gender 
breakdown 

not reported  

9 months, 
3 & 5 years 

Sleep 
measures 

Not clear if sleep 
questions were 
devised for the 
study or used a 
validated tool 

Bedtime, daytime 
sleep, nocturnal 
sleep duration, 
wake up time, 
night wakings, 
parentally 
reported sleep 
problem 

The mean time for 9 month 
old infants to go to sleep 
was 8.13pm (SD 0.9846), 
with a range of 5-10pm.   
 
Nocturnal sleep duration at 
9 months = 10.5hr (SD = 
1.4364hr).  The range was 4 
to 12 hours.   
 
Almost three quarters slept 
between 10-12 hours.  Less 
than 1 in 10 slept for less 
than 9 hours at night and 
less than 1 in 10 slept less 
than 8 hours.  
 
80% of infants were 
reported to wake at night at 
least occasionally and 17% 
were reported to wake more 
than once per night.   
 
Only 16% were reported 
never to wake at night. 30% 
of mothers reported their 
infants sleep was a problem 
at 9 months. 
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Longitudinal  New Zealand 
n = 75 

 
Male – 57% 

0-12 
months 

Sleep 
measures 

Sleep diaries and 
video recordings 

Sleep diaries 
measured 
duration of day 
and nocturnal 
sleep, bedtime, 
sleep latency, 
night wakings, 
nocturnal 
wakefulness 
duration, wake up 
time. This was 
validated with two 
days of video 
recording. 

Self-regulated sleep 
consolidates rapidly in the 
first 4 months of life and 
there is evidence that infant 
sleep schedules start to 
match typical family 
schedules, with sleep onset 
time as 21.46 and longest 
self-regulated sleep period 
being 8.2 hours.   
 
Two months was when 
infants were most likely to 
sleep through the night 
using 5 hours or 8 hours as 
criteria. 
 
Criteria 3 (8 hours of sleep 
between 10pm & 6am) was 
the hardest to achieve and 
28% of the sample failed to 
meet this, compared to 15% 
meeting the criteria for 5 or 
8 hours. 
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Longitudinal  New Zealand 
n = 52 

 
Male – 58% 

1,3,6,9 & 
12 months 

Sleep 
measures  
 
Bedtime 
routines  

Sleep diary devised 
for this study 

Bedtime, night 
wakings, 
nocturnal 
wakefulness 
duration, number 
of sleep-wake 
transitions over 24 
hours, nocturnal 
sleep duration, 
settling routine, 
sleep location, 
resettling routine 

Two infant sleep patterns 
were identified - those who 
had developed self-
regulated sleeping patterns 
and those who had not.  
 
Parental presence and night 
wakings at one month were 
associated with poorer sleep 
outcomes at 6 and 12 
months.   
 
The study found a dose 
dependant relationship 
between parental 
behaviours in early infancy 
and sleep measures at 12 
months. 

(H
o

yn
ia

k 
e

t 
al

.,
 2

02
0

) 

Cross 
sectional  

USA 
n = 546 

 
Male – 51% 

30 months 

Sleep 
measures  
 
Bedtime 
routine 

Sleep diaries and 
actigraphy 

Sleep diary 
measured 
bedtime routines. 
Actigraphy 
measured sleep 
duration, sleep 
timing, sleep 
latency, variability 
and activity 

Parents who were not 
consistent with undertaking 
a bedtime routine were 
more likely to have toddlers 
with later bedtime and more 
fluctuation in their sleep 
schedules, although this did 
not impact on sleep latency, 
sleep duration or sleep 
activity. 
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Cross 
sectional 

Ireland 

n = 11134 
 

Gender 
breakdown 

not reported 

9 months 

Sleep 
measures  
 
Maternal 
mental health  
 
Main milk 

Maternal report on 
infant sleep habits - 
tool adapted from 
other longitudinal 
studies 

Bedtime, 
nocturnal sleep 
durations, wake 
up time, sleep 
location, 
parentally 
reported sleep 
problem 

Four sleep profiles were 
identified. Those in the two 
clusters with poorer sleep 
measures had mothers with 
significantly higher stress 
and depression scores.  
A significant association was 
found between 
breastfeeding and the 
poorer sleep clusters. 

(H
ys

in
g 

e
t 

al
.,

 2
0

1
4

) 

Longitudinal  Norway 
n = 55,381 

 
Male – 51% 

6 & 18 
months 

Sleep 
measures  
 
Sleep location 

Questions devised 
for the study 

Nocturnal sleep 
duration, night 
wakings, sleep 
difficulties, sleep 
location 

The majority of children had 
night wakings at 6 months 
and approximately a third 
continued to wake at night 
at 18 months.  
Bedsharing was associated 
with poorer sleep measures 
between 6-18 months. 

(K
al

ey
 e

t 
al

.,
 2

01
2

) 

Cross 
sectional 

England 

n = 74 
 

Gender 
breakdown 

not reported 

4-10 weeks 

Sleep 
measures  
 
Gender  
 
Birth Order  
 
Main Milk 

Daily sleep log 
devised for the 
study 

Day time naps, 
night waking and 
crying, sleep 
duration 

Gender and birth order was 
associated with sleep 
outcomes; boys were more 
likely to wake overnight 
compared to girls and 
firstborn infants were more 
likely to have durations of 
sleep.  
Breastfeeding was 
associated with poorer sleep 
outcomes. 
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Longitudinal  Finland 

n = 1, 388 at 3 
months  

Male – 52.4% 
  

n = 1,216 at 8 
months 

Male – 52% 

3 & 8 
months 

Sleep 
measures  
 
Snoring  

Questions taken 
from the Basic 
Nordic Sleep 
Questionnaire, 
BISQ,  the Infant 
Sleep Questionnaire 
and the Sleep 
Disturbance Scale 
for Children 

Frequency of 
snoring, total 
sleep time, 
restless sleep, 
parentally 
reported sleep 
problem 

Habitual snorers at 3 
months of age had less 
nocturnal sleep duration and 
more restless sleep, 
although these had both 
resolved by 8 months.  
 
Parents of habitual snorers 
were more likely to perceive 
their infants sleep as a 
problem at 3 and 8 months 

(K
im

 e
t 

al
.,

 2
0

2
0

) 

Longitudinal  New Zealand 

6,795 at 9 
months & 
6,745 at 2 

years 
 

Gender 
breakdown 

not reported 

9 months 
& 2 years 

Sleep 
measures  
 
Maternal 
mental health 

2 years participants 
were asked sleep 
questions devised 
for this study 

 
Night wakings, 
nocturnal sleep 
duration and day 
time sleep 
duration 

Antenatal depressive 
symptoms were 
independently associated 
with frequency of night 
wakings at 2 years but not 
sleep duration.   
 
Whereas postnatal 
depression was not 
associated with either sleep 
measure. 
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Longitudinal Canada 
n = 619 

 
Male – 52.8% 

birth & 3 
months 

Sleep 
measures  
 
Maternal 
education  
 
Maternal 
mental health 

BISQ 

Daytime sleep 
duration, 
nocturnal sleep 
duration 

Lower levels of maternal 
education was associated 
with shorter infant sleep 
duration at 3 months of age 
and this was maintained 
when considering infant 
factors, but not when 
adjusted for maternal 
characteristics – particularly 
prenatal depression.  
 
Prenatal depression was also 
found to be associated with 
shorter sleep durations at 3 
months of age, which 
supports a foetal 
programming pathway. 
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Longitudinal France 
n = 11,783 

 
Male – 51% 

12 months 

Sleep 
measures  
 
Bedtime 
routines  
 
Dummy use  
 
Sleep location 

Questions devised 
for the study 

Sleep difficulties, 
night wakings, day 
time sleep, total 
sleep duration, 
bedtime routines, 
sleep location 

Parental presence, feeding 
to fall asleep, sleeping in 
something other than a 
crib/infant’s bed, moving 
sleep location in the night, 
room sharing with a parent 
and use of a dummy were 
significantly associated with 
frequent night wakings, 
although sharing a room 
with a parent was not 
associated with sleep 
duration.   
 
Infants using a dummy and 
sucking their fingers were 
more likely to have sleep 
onset difficulties compared 
to non suckers, whereas 
those who just suck their 
fingers had fewer sleep 
onset difficulties.    
 
However, the use of a 
dummy or finger sucking 
was associated with a longer 
sleep duration. 
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Longitudinal  France 
n = 8,696 

 
Male – 51% 

Monthly 
between 2 

- 10mths 
and then 
annually 

between 1-
2 years 

 
 
Sleep 
measures  
 
Main milk  
 
Age at 
introduction 
of solids  

Questions devised 
for the study 

Bedtime, sleep 
onset difficulties, 
wake time, night 
wakings, 
nocturnal sleep 
duration, daytime 
naps, settling 
routine, sleep 
location  

Breastfeeding over 6 months 
of age, early use of 
thickened formulas, cereals 
and introduction of solids 
were associated with poorer 
sleep outcomes 
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Cross 
sectional 

Global 
n = 29, 287 

 
Male – 48.1% 

 0-36 
months 

Sleep 
measures  
 
Bedtime 
routines 

Expanded version of 
the BISQ 

Daytime sleep 
duration, number 
of naps, settling 
routines, bedtime, 
night wakings, 
duration of 
nocturnal 
wakefulness, 
longest period of 
nocturnal sleep, 
resettling routine, 
nocturnal sleep 
duration, wake up 
time, total sleep 
time, sleep 
location  

Parents are more likely to be 
involved in settling their 
children, including feeding 
to sleep, settling with a 
parent present, or in 
parent’s bed.  Only 23% of 
parents reported their child 
fell asleep independently.  
 
Sleep duration measures are 
associated with bedtime, 
age, whether the child can 
fall asleep independently 
and regularity of bedtime 
routine.  
 
Children who co-sleep in 
Caucasian countries were 
more likely to have a later 
bedtime, wake more 
frequently and have less 
nocturnal sleep.  However, 
this was not seen in Asian 
countries, so could be linked 
to parental presence at 
bedtime. 
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Longitudinal  USA 

n = 92  
 
 

Male – 38.9% 

3,6,9 & 12 
to 18 

months 

Sleep 
measures  
 
Main milk 

Extended BISQ 

Sleep latency, 
night wakings, 
longest period of 
nocturnal sleep, 
nocturnal sleep 
duration, daytime 
naps, how often 
child wakes in 
own bed, 
parentally 
reported sleep 
problem 

Breastfeeding is associated 
with increased night wakings 
and fragmented sleep, but 
this is found to resolve over 
time.  
 
Parental presence at sleep 
onset is predictive of sleep 
problems and associated 
with disrupted sleep in the 
long term.  

(M
in

d
el

l e
t 

al
., 

2
01

5)
 

Cross 
sectional 

Global 
n = 10,085 

 
Male – 49.6% 

0-5 years 

Sleep 
measures  
 
Bedtime 
routines 

BISQ 

Bedtime, sleep 
latency, night 
wakings, duration 
of nocturnal 
wakefulness, 
duration of 
nocturnal sleep, 
total sleep, 
bedtime routine, 
parentally 
reported sleep 
problem 

Consistent bedtime routines 
were associated with better 
sleep outcomes across early 
infancy and those with 
consistent routines were 
less likely to be perceived by 
their parents to have a sleep 
problem.  
 
This had a dose dependant 
relationship across 
childhood - with the earlier a 
routine was implemented 
associated with better sleep 
outcomes later in childhood 
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7
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Cross 
sectional 

USA and 
International 
comparison 
sample 
(Australia, 
Brazil, 
Canada, UK 
& New 
Zealand) 

n = 6,236 
(USA)  

 Male - 52.9% 
  

n = 3,798 
(International 

sample) 
Male – 53.1% 

6-12 
months 

Sleep 
measures  
 
Sleep location 

BISQ 

Day time sleep, 
bedtime, sleep 
latency, night 
wakings, 
nocturnal 
wakefulness 
duration, longest 
nocturnal sleep 
duration, total 
sleep time, 
bedtime routines, 
resettling routine, 
sleep location 

Infants who slept in their 
own room had better sleep 
outcomes, more consistent 
bedtime routines and were 
less likely to be perceived to 
have a sleep problem by 
their parents.  
 
Although there was no 
difference in duration of 
night wakings dependant on 
sleep location, infants who 
slept in their own room 
were less likely to be fed 
back to sleep compared to 
those who room or bed 
share.   
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Longitudinal  Finland 

n = 1,437 
 

Gender 
breakdown 

not reported 

Antenatally 
and 3 

months 

Sleep 
measures  
 
Maternal 
mental health 

BISQ 

Sleep latency, 
duration of 
nocturnal sleep, 
duration of day 
time sleep, total 
sleep duration, 
settling routine 

Anxiety during pregnancy 
was associated with longer 
sleep latency and increased 
likelihood of co-sleeping.  
Prenatal depression, 
attention deficit and 
hyperactivity disorder were 
both associated with longer 
sleep latency and irregular 
sleeping patterns.  
ADHD and symptoms of 
seasonality were associated 
with increased prevalence of 
co-sleeping and insomnia 
was related to shorter sleep 
and longer sleep latency.   

(N
ev

ar
ez

 e
t 

al
.,

 2
0

10
) 

Longitudinal USA 

n = 1,676  
(6 months),  

n = 1,228  
(1 year),  

n = 1,365  
(2 years) 

 
Male – 50.8% 

6months, 1 
year & 2 

years 

Sleep 
measures  
 
Maternal 
mental health  
 
Main milk  
 
Age at 
introduction 
of Solids  
 
Activity levels 

Sleep questions 
devised for study 

Total sleep, 
nocturnal sleep 
duration, nap 
times 

Maternal antenatal 
depression, early 
introduction of solids and 
television viewing was 
associated with poorer sleep 
measures.  
 
There was not an 
association between main 
milk and sleep.  
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Longitudinal  Australia 
n = 30  

 
Male – 33% 

2-4 weeks, 
2-3 

months,  
5-6 months 

Sleep 
measures  
 
Dummy use 

Encephalogram, 
oxygen saturation, 
heart rate, thoracic 
and abdominal 
breathing 
movements 

Total sleep time, 
total awake time, 
sleep duration, 
total arousals, sub 
cortical arousals 
and cortical 
arousals 

There was no significant 
difference in total sleep time 
or awakenings between 
infants who use a dummy 
and those that don’t.  

(O
rd

w
ay

 e
t 

al
.,

 2
0

2
0

) 

Cross 
sectional   

USA 
n = 40 

 
Male – 45% 

6-36 
months 

Sleep 
measures  
 
Bedtime 
routines 

BISQ and actigraphy 

Bedtime, sleep 
latency, nocturnal 
sleep duration, 
nap duration, 
total sleep 
duration, settling 
routine, resettling 
routine 

Parents had limited 
understanding of sleep in 
early childhood and 
associated public health 
guidelines.   
 
Parents used a range of 
adaptive (bathing, reading) 
and maladaptive (watching 
television, playing) bedtime 
routines.  
 
Parental presence at 
bedtime was associated with 
greater sleep variability and 
poorer sleep continuity. 
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Longitudinal 
study - using 2 
studies 

Finland 

Child-Sleep 
cohort: 

n = 1, 427 at 3 
months,  

n = 1,301 at 8 
months,  

n = 1, 163 at 
18 months &  
n = 950 at 24 

months.  
 

Finnbrain 
cohort: 

 n = 2,002 at 6 
months &  

n = 1,693 at 
24 months 

 
Male – 

between 
51.9%-53% 

depending on 
age range 

3, 6, 
8,12,18 & 

24 months  

Sleep 
measures 

BISQ for both 
cohorts and 
Infant Sleep 
Questionnaire for 
Child-Sleep Cohort + 
questions regarding 
naps 

Day time sleep 
duration, number 
of naps, nocturnal 
sleep duration, 
total sleep 
duration, sleep 
latency, sleep 
onset difficulties, 
night wakings, 
parentally 
reported sleep 
problem, how 
often the child 
falls asleep 
independently 

Night time sleep at 6 months 

= 9.9 1.1, at 12 months = 

10.2  1.0, at 24 months = 

10.01  0.8.  
Total sleep (hours) at 6 

months = 13.7  1.4, at 12 

months = 12.8  1.1, at 24 

months = 11.9  0.9. 
Number of night wakings at 

6months = 2.5 1.8, at 

12months = 1.8 1.5, at 2 

months = 0.90.9. 
Nocturnal wakefulness 
(mins) at 6months = 

27.329.2, at 12months = 

16.8 25.0, at 24months = 

6.1  11.0.  
Sleep latency (mins) at 6 

months = 25.4 20.4, at 

12months = 21.7  20.0, at 

24months = 25.4  19.5. 
Night wakings are a normal 
part of sleep in the first year 
of life.  
Parents were found to 
commonly consider their 
child’s sleep a problem, with 
the highest prevalence at 8 
months.  
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2
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1

7
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Randomised 
control trial 

USA 

n = 279 
 

Gender 
breakdown 

not reported 

4, 9, 12 & 
30 months 

Sleep 
measures,  
 
 
Parental 
education  
 
Sleep location 

BISQ 

Night wakings, 
longest period of 
nocturnal sleep, 
night feedings, 
bedtime routine, 
resettling 
routines, sleep 
safety, sleep 
location 

At 9 months of age early 
independent sleepers had 
the longest sleep period and 
nocturnal sleep durations 
compared to late 
independent sleepers and 
those still room sharing.   
 
Room sharing infants at 4 & 
9 months were 4 times the 
odds of co-sleeping 
compared to those sleeping 
independently 

(M
ar

ie
 H

el
en

e 
P

en
n

es
tr

i e
t 

al
.,

 2
0

1
8

) 

Longitudinal Canada 

n = 388 at 6 
months  

Male – 53% 
  

n = 369 at 12 
months 

Male – 52% 

6 & 12 
months 

Sleep 
measures  
 
Maternal 
mental health  
 
Main milk 

Adapted self-
administered 
questionnaire for 
the mother 

Longest nocturnal 
sleep period, total 
sleep duration, 
sleep location 

Using either 6- or 8-hours 
consecutive sleep as a 
definition of sleeping 
through the night, a high 
proportion of infants did not 
sleep through the night at 
either 6 or 12 months.   
 
There was no significant 
association between infants 
who slept through and 
maternal mood, although 
breastfeeding was 
associated with not sleeping 
through the night. 
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Cross 
sectional 

Canada 
n = 44 

 
Male – 50% 

6 months 

Sleep 
measures  
 
Maternal 
education  
 
Main milk 

Adapted sleep diary 

Nocturnal 
wakings, longest 
period of 
nocturnal sleep 

The sleeping patterns of 6 
month old infants have 
considerable variability.  
 
Using a criteria of 6 hours 
consecutive sleep as 
sleeping through 40% of 
infants met this, whereas 
only 22% slept through 
when using a criteria of 8 
hours consecutive sleep as 
sleeping thought.  
 
Maternal education was not 
associated with longest 
period of nocturnal sleep 
duration, whereas 
breastfeeding was 
associated with variability in 
sleep patterns.  

(P
er

ki
n

 e
t 

al
.,

 2
01

8
) 

Randomised 
control trial 

England and 
Wales 

n = 1303 
 

Gender 
breakdown 

not reported 

3 months 
to 3 years 

Sleep 
measures  
 
Age at 
Introduction 
of Solids 

Brief Infant Sleep 
Questionnaire 
(BISQ) 

Night wakings, 
nocturnal sleep, 
parentally 
reported sleep 
problem 

Age at introduction of solids 
was associated with sleep 
measures.  
 
Parents in the early 
introduction group were 
significantly less likely to 
report their child's sleep was 
a serious problem. 
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Longitudinal  Germany 
n = 286 

 
Male - 51.4% 

During 
pregnancy 

- 10-12 
wks, 22-24 
wks, 35-37 

wks 
Following 
birth - 10 
days, 2, 4 

& 16 mths 
n = 286 

Sleep 
measures  
 
Maternal 
mental health 

Baby-DIPS 
structured 
diagnostic interview 

Difficulties in 
initiating sleep or 
difficulties in 
maintaining sleep 

Infant sleeping problems 
were significantly associated 
with both maternal 
depressive disorders and 
anxiety disorders.   
 
Maternal anxiety prior to 
pregnancy in first time 
mothers was associated 
with infant sleep problems 
but not multiparous 
mothers. 

(P
it

eo
, L

u
sh

in
gt

o
n

, 

R
o

b
er

ts
, M

ar
ti

n
, e

t 
al

.,
 

2
01

1
) 

Longitudinal Australia 

n = 104  
(n = 88 non 

snoring 
infants  

Male – 40% 
  

n = 16 snoring 
infants) 

Male – 77% 

6 & 12 
months 

Sleep 
measures  
 
Snoring  

Questions devised 
for the study 

Day time sleep 
duration, sleep 
latency, nocturnal 
sleep duration, 
night wakings, 
restless sleep 

Infants who have snored 
regularly from 1 month of 
age and continued to snore 
at 12 months of age had 
shorter nocturnal and total 
sleep duration and were 
reported to have more 
restless sleep overall 
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Longitudinal  Australia 

n = 104  
(n = 88 non 

snoring 
infants 

Male – 40% 
  

n = 16 snoring 
infants) 

Male – 77% 

0-3 months 
& 6 

months 

Sleep 
measures  
 
Snoring 

BISQ and sleep 
disordered 
breathing 
questionnaires 

Sleep latency, 
night wakings, 
duration of 
nocturnal sleep, 
duration of day 
time sleep, total 
sleep duration 

There was a significant 
association between snoring 
in early infancy (from 1 
month) and shorter 
nocturnal and total sleep 
durations and parental 
reports of disturbed sleep. 

(P
it

eo
, L

u
sh

in
gt

o
n

, R
o

b
er

ts
, 

va
n
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en

 H
eu

ve
l, 

e
t 

al
.,

 2
0

1
1

) 

Longitudinal  Australia 
n = 457 

 
Male – 44% 

1 to 13 
weeks and 

followed 
over 8 
month 
period 

Sleep 
measures  
 
Snoring 

Questions taken 
from adapted 
questionnaires  

Sleep duration 
and timing, sleep 
disordered 
breathing  

There were no differences in 
nocturnal sleep duration, 
total sleep duration or 
frequency of night waking 
between the non-snores, 
infrequent snores or 
habitual snorers.   
 
The habitual snorers were 
more likely to be reported to 
have restless sleep. 



54 
 

St
u

d
y 

au
th

o
r 

an
d

 y
e

ar
 

Type of Study Country Sample Age group 

Outcome 
measures 
(related to 
study) 

Sleep measure Sleep outcomes Findings 
(P

ro
ka

sk
y 

et
 a

l.,
 2

0
1

9
) 

Cross 
sectional 

USA 
n = 185 

 
Male – 54% 

30 months 

Sleep 
measures  
 
Gender  
 
Bedtime 
routines   

Sleep diary and 
actigraphy  

Bedtime, wake up 
time, naps, night 
wakings, bedtime 
routine 

Girls had variable bedtime 
routine lengths compared to 
boys and they had 
significantly longer routines.   
 
Parents consistently 
overestimated their toddlers 
nocturnal sleep durations 
compared to actigraphy, 
which has an impact for 
parental perceptions of their 
child’s sleep quality. 

(R
u

d
zi

k 
e

t 
al

., 
2

0
18

) 

Longitudinal  England   

n = 61 
 

Gender 
breakdown 

not reported 

Two 
weekly 

data 
collection 

between 4-
18 weeks 

Sleep 
measures  
 
Main milk  
 
Sleep location 

Sleep log devised 
for the study 
Actigraphy 

Sleep log covered 
from 6pm to 8am 
in 15 minute 
blocks. Actigraphy 
captured total 
sleep time, 
longest sleep 
period, number of 
long wake 
episodes and 
wake after sleep 
onset. This was 
compared with 
the sleep log. 

There was no significant 
difference between 
exclusively breastfed or 
formula fed infants 
regarding their sleep 
measures, although mothers 
were more likely to 
overestimate the sleep 
patterns of formula fed 
infants. Infants who slept in 
their own room by 14 weeks 
were reported to have 
better sleep measures 
compared to those in a cot 
in their parent's room 
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Longitudinal  USA 
n = 241 

 
Male - 45.5% 

Mean age 
of first 

born: 
31.17 

months  
10.13 

months 
Data 

collected 
at 1,4,8 & 

12 months 
following 

birth of 
sibling 

Sleep 
measures  
 
Birth Order 

Child behaviour 
checklist 

Sleep problems  

Overall the model found no 
change in children’s sleep 
problems following the birth 
of a sibling.  
56% of the sample 
experienced low levels of 
sleep problems before and 
after the birth of the sibling 
and the study indicated that 
child characteristics and 
family dynamics, such as 
parental behaviours and 
relationships are responsible 
for sleep patterns rather 
than the arrival of a sibling. 
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Longitudinal Italy 
n = 704  

 
Male – 50.7% 

3, 6 & 12 
months 

Sleep 
measures 

Questions devised 
for study 

Daytime sleep 
duration, night 
wakings, 
nocturnal sleep 
duration, 
parentally 
reported sleep 
problem, sleep 
difficulties, 
restlessness 

Night wakings at 3 months = 
56.4% wake 1-2 times, 8.8% 
wake 3 or more times, at 6 
months = 46.2% wake 1-2 
times, 20.5% wake 3 or 
more times, at 12 months = 
49% wake 1-2 times and 
17.5% wake 3 or more 
times.  Approximately 33 % 
of children don’t wake at all.  
 
Nocturnal awakenings are a 
normal part of sleep in the 
first year of life.  
 
Approximately 10% of 
parents perceived their 
infant had a sleep problem 
and parental perceptions of 
a sleep problem correlated 
with the number of night 
wakings and difficulties in 
falling asleep 
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Longitudinal  Canada 

n = 106 
 

Gender 
breakdown 

not reported 

3, 6 & 12 
weeks 

Sleep 
measures  
 
Maternal 
mental health  
 
Main milk  
 
Sleep location  

Sleep questions 
devised for study 

Nocturnal sleep 
duration, night 
wakings, total 
sleep, resettling 
routine 

A small number of infants 
slept for six consecutive 
hours at 3 weeks, with 70% 
of infants hitting this 
milestone by 12 weeks.   
 
Those sleeping less than 6 
hours at 12 weeks were 
more likely to be breastfed, 
have mothers with 
depressive symptoms and 
room share with their 
mother 

(S
t 

Ja
m

es
-R

o
b

er
ts

 e
t 

al
.,

 
2

01
5

) 

Longitudinal  England 
n = 101 

 
Male – 57% 

 2 & 5 
weeks & 3 

months 

Sleep 
measures  
 
Main milk 

Questionnaires of 
infant behaviour - 
not identified in 
article Video 
recordings 

Sleep periods, 
drowsy periods, 
awake periods, 
awake/fuss/crying 
periods, 
awake/feeding 
periods, 
indeterminate, 
out of view, video 
switched off 

Length of sleep periods 
increased between the age 
of 5 weeks to 3 months and 
a quarter of infants 
developed the ability to 
wake and resettle back to 
sleep without parental 
intervention.  
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Longitudinal  
England and 
Denmark 

Comparison 
study of 2 

cohorts:  
n = 610 (UK 
community 

sample) and n 
= 237 (cross 

cultural study 
England or 
Denmark) 

 
Gender 

breakdown 
not reported  

5-6 weeks 
& 12 

weeks 

Sleep 
measures  
 
 Colic 

Validated behaviour 
diaries measuring 
sleeping and infant 
sleep-waking 
behaviours at 12 
weeks was 
measured by 
parental 
questionnaire 

Sleeping was 
measured on the 
validated diary in 
5 minute blocks, 
the 12 weeks 
questionnaire 
included 
questions on how 
many times in the 
last week the 
infant slept for 5 
hours without 
waking or 
signalling 

Infants with colic at 5-6 
weeks were not more likely 
to wake and signal overnight 
at 12 weeks 
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(S

t 
Ja

m
es

-R
o

b
er

ts
 e

t 
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0
1

6
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Longitudinal  UK  

Comparison 
study 

between 2 
groups: 

   
n = 101 

(General 
community) 

Male – 56.4% 
 

 n = 19 (Bed 
sharing) 

Male – 42.1% 

< 48 hours, 
2 & 5 

weeks, 3 & 
6 months   

Sleep 
measures  
 
Sleep location 

Infant Sleep and 
Feeding 
Arrangements 
Questionnaire 
(ISFAQ) Baby Day 
Diary Infrared video 
recordings 

ISFAQ measured 
sleep location, 
sleep routine, 
evening routine, 
duration of 
leaving baby to cry 
overnight. The 
Baby Day Diary 
recorded infant 
sleep, fuss/crying 
and awake/settled 
behaviour. Video's 
coded when the 
baby was awake, 
sleep 
indeterminate, 
out of view and 
video turned off. 
It was able to 
determine sleep 
and wake 
behaviours and 
parental 
intervention. 

The general community 
group took longer to 
respond to their infants 
compared to the bedsharing 
group, which allowed them 
to develop their ability to 
resettle and night-time 
distress reduced over time.  
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Cross 
sectional 

Australia 
and New 
Zealand 

n = 2,154 
 

Male – 51.2% 

0-36 
months 

Sleep 
measures 

BISQ 

Bedtime, 
nocturnal 
wakings, duration 
of nocturnal 
wakefulness, 
longest sleep 
period, rise time, 
nocturnal sleep 
duration, daytime 
naps, sleep 
location, sleep 
routine, parentally 
reported sleep 
problem 

Night wakings: at 6-8 

months = 1.281.31 at 9-11 

months = 1.191.38, at 12-

17 months = 0.961.10 at 

24-36 months = 0.700.88. 
Nocturnal wakefulness: at 6-

8 months = 0.390.49, at 9-

11 months = 0.300.39, at 

12-17 months = 0.240.35, 

at 24-36 months = 0.200.48 
Nocturnal sleep: at 6-8 

months = 10.511.23, at 9-

11 months = 10.561.44, at 

12-17 months = 10.751.22, 

at 24-36 months = 0.551.23 
Total sleep time: at 6-8 

months = 13.7 1.72, at 9-11 

months = 13.3 1.61, at 12-

17 months = 13.11.45, at 

24-36 months = 12.01.45 
 
One third of parents 
reported their child had a 
sleep problem – 34% of 
parents with a 6-8 month 
olds, 39% of 9-11 month 
olds, 33% of 12-17 month 
olds, 26% of 18-23 month 
olds & 24% of 24-36 month 
olds. 
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Type of Study Country Sample Age group 

Outcome 
measures 
(related to 
study) 

Sleep measure Sleep outcomes Findings 
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i &

 C
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1
2

) 

Cross 
sectional  

USA 
n = 45 

 
Male – 48.9%  

1-24 
months 

Sleep 
measures      
 
Maternal 
education  
 
Maternal 
mental health 

Maternal Cognitions 
about Infant Sleep 
Questionnaire, 
adapted daily infant 
sleep diary and 
video recordings 

Night wakings, 
nocturnal 
wakefulness 
duration, sleep 
location 

Maternal education and 
gender were not associated 
with night wakings. There 
was a significant association 
between maternal 
depression, maternal 
dysfunctional cognitions and 
maternal presence overnight 
and infant night wakings.   

(T
et

i e
t 

al
., 

2
0

16
) 

Longitudinal 
study 

USA 
n =149 

 
Male – 46% 

1,3,6,9 & 
12 months 

Sleep 
measures  
 
Sleep location 

Sleep Practices 
Questionnaire and 
an adapted Infant 
Sleep diary 

Sleep location, 
bedtime, sleep 
latency, night 
waking, morning 
wake time and the 
actigraphy 
measures were 
cross referenced 
against this 

Actigraphy data showed that 
maternal sleep rather than 
infant sleep showed poorer 
outcomes when bedsharing 
after 6 months, this was 
consistent in the co-sleeping 
mothers, those who had 
inconsistent sleeping 
arrangements and late 
switching mothers in the 
first year.   
Co-sleeping was related to 
poorer maternal outcomes 
including, maternal sleep 
quality, marital and co-
parenting quality and 
maternal emotional 
availability, although this 
resolved if parents stopped 
co-sleeping by 6 months. 
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Type of Study Country Sample Age group 

Outcome 
measures 
(related to 
study) 

Sleep measure Sleep outcomes Findings 
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e
in

ra
u

b
 e

t 
al

., 
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0
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2
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Longitudinal  USA 

n = 1,276 at 6 
months,  

n = 1,243 at 
15 months,  
n = 1,206 at 
24 months 

and n = 1,215 
at 36 months  

 
Male – 

approximately 
50% at each 

time point 

6, 15, 24 & 
36 months 

Sleep 
measures  
 
Gender  
 
Birth order  
 
Maternal 
mental health  
 
Main milk 

Questions devised 
for the study and 
Child Behaviour 
Checklist used at 24 
& 36 months old 

Questions asked 
about night 
wakings, duration 
of nocturnal 
wakefulness, 
parentally 
reported sleep 
problem. Child 
Behaviour 
checklist also 
asked about sleep 
difficulties, 
anxiety and 
parasomnias 

Two distinct sleeping 
patterns were identified in 
the first 3 years of life; 
sleepers, who tend to 
consistently have less than 2 
night wakings per week 
from 6-36 months and 
transitional sleepers, who 
have between 6 to 7 night 
wakings at 6 months and 
just under 3 at 15 months.  
 
Transitional sleepers were 
more likely to be male, 
breastfed up to 15 months 
and have mothers who were 
depressed. There was no 
difference between gender 
or birth order on sleeping 
patterns.  
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Type of Study Country Sample Age group 

Outcome 
measures 
(related to 
study) 

Sleep measure Sleep outcomes Findings 
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0
1

9
) 

Cross 
sectional 

Australia, 
Canada, 
New 
Zealand, UK 
& USA 

n = 1,983 
 

Male – 51.7% 

18 to 35.9 
months 

Sleep 
measures  
 
Sleep 
furniture 

BISQ 

Bedtime, sleep 
latency, night 
wakings, 
nocturnal 
wakefulness 
duration, longest 
period of 
nocturnal sleep, 
nocturnal sleep 
duration, sleep 
furniture, 
parentally 
reported sleep 
problem 

Sleeping in a crib was 
associated with better sleep 
outcomes in all 5 countries 
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Type of Study Country Sample Age group 

Outcome 
measures 
(related to 
study) 

Sleep measure Sleep outcomes Findings 
(X

u
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0
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6
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Longitudinal 
study 

Australia 

n = 497 at 2 
years 

Male – 50% 
  

n = 415 at 3 
years 

Male – 51% 
  

n = 369 at 5 
years 

Male – 50% 

2,3 & 5 
years 

Sleep 
measures 
 
Activity levels 
 
Screen time 

Questionnaire taken 
from Prevention of 
Overweight in 
Infancy study 

Sleep latency, 
night wakings, 
nocturnal 
wakefulness 
duration, longest 
nocturnal sleep 
period, nocturnal 
sleep duration, 
number and 
duration of 
daytime naps 

At the age of two, increase 
in screen time was 
associated with poorer sleep 
measures, whereas duration 
of outdoor play was not 
associated with sleep 
measures 
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Type of Study Country Sample Age group 

Outcome 
measures 
(related to 
study) 

Sleep measure Sleep outcomes Findings 
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) 

Longitudinal 
study 

Norway 

n = 956 
 

Gender 
breakdown 

not reported 

1.5, 2.5 & 4 
years 

Sleep 
measures  
 
Maternal 
mental health 

Behavioural 
checklist 

Total sleep time, 
difficulties to 
settle, night 
wakings, co-
sleeping 

By applying statistical 
modelling the association 
between maternal 
depression and child sleep 
problems in early childhood 
could be attributed to 3 
mechanisms – mother 
driven factors, child driven 
factors or common factors.  
Child driven factors were 
significantly stronger than 
maternal driven factors. 
Child sleep problems at 1.5 
years were found to have an 
effect on sleep problems at 
2.5 & 4 years. 

(E
. Y

st
ro

m
 e

t 
al

., 
2

01
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Longitudinal 
study 

Norway 
n = 14,926 

 
Male – 51.5%  

6 & 18 
months 

Sleep 
measures  
 
Maternal 
mental health 

Question devised 
for study 

Night wakings 

The findings supported a 
mother-driven hypothesis – 
maternal symptoms of 
anxiety and depression were 
associated with child night 
wakings at 18 months.  
There was not a significant 
association between either 
maternal of child driven 
behaviours at 6 months or 
sleep or child driven 
behaviours at 18 months. 
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Type of Study Country Sample Age group 

Outcome 
measures 
(related to 
study) 

Sleep measure Sleep outcomes Findings 
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9
) 

Randomised 
control trial 

Australia 
n = 173 

 
Male – 48.6% 

12 to 28 
months 

Sleep 
measures  
 
Activity levels 
 
Screen time 

Tayside Children's 
Sleep Questionnaire 
Actigraphy 

The Tayside 
Children's Sleep 
questionnaire 
measured sleep 
latency, night 
wakings, sleep 
location, re-
settling routine 
and parental 
perceptions of 
sleep problem. 
Actigraphy 
measured 
bedtimes, wake 
up times and 
naps. 

Less physical activity, 
shorter nap duration and 
later wake up times were 
associated with an increased 
odds of longer nocturnal 
sleep duration 
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2.3.2 Sleeping patterns and parental perceptions of sleep difficulties in infancy and early 

childhood 

Although all 64 papers retrieved for the literature review considered infant sleep in some form and 

many considered parental perceptions of their child’s sleep, this was often in relation to the 

relationship between sleep and another factor, such as gender, settling routine or main milk.  Only 

six of the papers were solely focused on normally developing sleeping patterns in the first two years 

of life.  Five out of the six papers that reported on sleeping patterns, also considered parental 

perceptions of sleep difficulties in infancy and early childhood.  To provide clarity in these two areas, 

the papers have each been considered under the separate headings. 

2.3.2.1 Sleeping patterns 

A large cross sectional study of 2,154 infants aged 0-36 months in Australia and New Zealand found 

nocturnal wakefulness and awakenings reduced over the first two years of life, with nocturnal sleep 

duration increasing (Teng et al., 2012).  These findings were also supported by a large longitudinal 

Finnish study which found that sleep latency, night wakings and nocturnal wakefulness reduced 

between 6-24 months and nocturnal sleep duration increased, with night wakings being recognised 

as a normal part of infant sleeping patterns (Paavonen et al., 2020).  Two further longitudinal studies 

supporting the findings that nocturnal wakings were a normal part of infant sleep in the first year of 

life; Hanafin (2018) followed the Growing Up In Ireland cohort and found 80% of infants were found 

to wake at night occasionally, with 17% of nine month olds waking at least once per night and only 

16% never waking at night and Sette et al. (2017) studied an Italian cohort over the first year of life 

and also found nocturnal awakenings were a normal part of infant sleep, with only 33% of infants 

not waking from three months onwards (Sette et al., 2017).    

Henderson et al. (2010) explored the consolidation of infant sleep across the first year of life in an 

American sample, using three definitions for sleeping through the night; sleeping 5 hours, sleeping 8 

hours and sleeping 8 hours between 10pm-6am.  Self-regulated sleep rapidly consolidates in the first 

four months of life and starts to align with typical sleeping patterns of sleeping between 10pm-6am, 

before plateauing between 4-10 months.  Meeting the sleeping through criteria of sleeping 8 hours 

between 10pm-6am was the hardest to achieve, however, Henderson et al. (2010) argue that the 

majority of children achieve this from four months onwards and this should be used when setting 

criteria for sleeping through.   
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Six studies focused on sleep measures in infancy with similar findings regarding sleep consolidation; 

nocturnal duration increases over the first year of life (Henderson et al., 2010; Paavonen et al., 2020; 

Teng et al., 2012).  Nocturnal wakings were also recognised to be a normal part of infant sleep 

patterns (Hanafin, 2018; Paavonen et al., 2020; Sette et al., 2017; Teng et al., 2012).   

2.3.2.2 Parental reporting of a sleep problem 

Teng et al. (2012) found a third of parents consistently reported their child had a sleep problem 

irrespective of age and despite having better sleep outcomes than other studies of similar cohorts of 

children, rates of parental reporting of sleep problems were higher.  Whereas Paavonen et al. (2020) 

found that parents were most likely to perceive their infant’s sleep a problem at eight months, with 

parental reporting being highly variable and possibly reflective of personal preferences and cultural 

beliefs rather than a confirmed sleep problem.  These findings were supported by a further 

longitudinal study which examined infant sleep at nine months and found that approximately 30% of 

mothers reported their infant had a sleep problem (Hanafin, 2018).  Parental reporting of a sleep 

problem was tentatively linked to the prevalence of night wakings, although this was not explicitly 

confirmed (Hanafin, 2018).   

In contrast to Teng et al. (2012) and Paavonen et al. (2020), Sette et al. (2017) found only 10% of 

parents reported their infant’s sleep was a problem and this was associated with an increase in night 

awakenings and longer duration of sleep latency (Sette et al., 2017).  A further longitudinal study 

also found that 10% of parents reported a sleep problem and this was consistent across four time 

points between 6-36 months, with this being associated with longer sleep latency, poorer sleep 

maintenance and shorter sleep duration (Byars et al., 2012).  Parental reporting of a sleep problem 

was also associated with later sleep problems for 23-35% of infants.   

Parental reporting of sleep problems was common, although there was some conflict in reported 

incidence, with two papers reporting 10% incidence (Byars et al., 2012; Sette et al., 2017), two 

papers finding a 30% incidence rate (Hanafin, 2018; Teng et al., 2012) and one identifying incidence 

as common (Paavonen et al., 2020).  All five studies asked parents whether they perceived their 

young child had a sleep problem from a closed question with options ranging from yes/no (Byars et 

al., 2012) to questions giving options such as no problem, mild/small problem, moderate problem or 

severe/large problem (Hanafin, 2018; Paavonen et al., 2020; Teng et al., 2012) or through the use of 

a Likert scale ranging from no difficulties (0) to many difficulties (10) (Sette et al., 2017).  Within the 

findings there was a lack of consistency regarding whether the parentally reported sleep problem 

matched clinical criteria for a sleep disorder, with three studies making a link between parentally 

reported sleep problems and sleep measures; frequency of night waking (Hanafin, 2018), longer 
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sleep latency, poorer sleep maintenance, shorter sleep duration, nightmares and increased 

restlessness (Sette et al., 2017) and frequency of night wakings and shorter sleep duration (Byars et 

al., 2012).  Two studies found no link between sleep measures and parental reporting (Paavonen et 

al., 2020; Teng et al., 2012).  The lack of consistency between sleep outcomes and parental reporting 

of a sleep problem was highlighted by Teng et al. (2012) as needing further exploration as their study 

identified better sleep outcomes and more positive parenting practices when compared to the 

literature, which was noted to have been found in Australian and New Zealand populations in the 

existing evidence base, but not fully understood.   

2.3.3 Child characteristics 

2.3.3.1 Gender 

A study of 79 mother-child dyads aimed to examine a range of factors on early infancy behaviours 

including sleep routines (Kaley et al., 2012).  Gender was associated with night wakings; boys were 

more likely to wake overnight compared to girls.  A large study, see Table 3 for sample size at each 

time point, also found an association with gender, with boys more likely to have a transitional sleep 

pattern, which was defined by increased sleep awakenings and night signalling (Weinraub et al., 

2012).  These findings are in contrast to two other studies; gender was not associated with 

differences in sleep measures in a large cross sectional study of 1,404 infants (Cassanello et al., 

2021) or associated with frequency of night wakings in a cross sectional study of 45 mother-infant 

dyads (Teti & Crosby, 2012).   

A further association between gender and sleep was identified in a study of 185 toddlers, which 

examined bedtime routines and sleep measures, with girls more likely to have a longer and less 

consistent bedtime routine (Prokasky et al., 2019).  However, a study of 52 toddlers, explored factors 

that influence parental perceptions of sleep, identified that gender was not associated with an 

increased likelihood of parents perceiving their child had a sleep issue (Gibson et al., 2012). 

The split between male versus female infants enrolled on the studies ranged from below 50% male 

infants for one study (48.9%) (Teti & Crosby, 2012), to 50% male infants (Weinraub et al., 2012) and 

above 50% male infants for three studies; 52% male infants (Cassanello et al., 2021), 54% male 

infants (Prokasky et al., 2019) and 63% male infants (Gibson et al., 2012).  Kaley et al. (2012) did not 

give a breakdown of the gender of the sample, so it is not clear whether the participants were 

skewed to either male or female, which could influence findings, particularly in a small study. 

The research currently examining gender and sleep measures in early childhood does not 

consistently examine the same sleep measures and there are differences in the results, with two 

studies finding an association (Kaley et al., 2012; Weinraub et al., 2012) and two not (Cassanello et 
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al., 2021; Teti & Crosby, 2012).  As only one study explores the relationship between gender and 

bedtime routines (Prokasky et al., 2019) and one study looks at parental perceptions of sleep and 

gender (Gibson et al., 2012) further research is needed to ascertain if these results are replicable.    

2.3.3.2 Birth order 

A study examining whether young children’s sleep problems are related to the arrival of a sibling 

devised a linear model to track sleeping patterns in first born children before and after the arrival of 

their sibling and found there was no change in children’s sleep problems (Safyer et al., 2017).  Four 

sleep trajectories were identified when examining individual sleeping patterns; 55.6% of the sample 

experienced low levels of sleep problems before and after the arrival of their sibling, 38% of the 

sample had moderate levels of sleep problems that improved over time, 6% of the sample had 

several sleep problems before the arrival of their sibling that were maintained following their arrival 

with no change and 1% had significantly high levels of sleep problems before that arrival of their 

sibling that did not alter following their arrival (Safyer et al., 2017).  Changes in these sleep 

trajectories were deemed to be due to child characteristics and parental behaviours, as the majority 

of sleep problems preceded the arrival of the sibling and remained stable or improved after the their 

arrival (Safyer et al., 2017). 

A study looking at birth order, rather than the arrival of a sibling, found that whether a child was first 

or subsequent born was associated with nap and total sleep durations, with first born infants more 

likely to have lower durations of sleep (Kaley et al., 2012).  These findings were in contrast to two 

further studies; a study of 52 infants aged 11-13 months found birth order was not associated with 

an increase in parents perceiving their child had a sleep problem (Gibson et al., 2012) and no 

difference was found between sleeping patterns dependent on birth order in a large longitudinal 

study (Weinraub et al., 2012). 

There is limited research examining the impact of birth order or arrival of siblings on sleep patterns 

and the available research suggests conflicting findings regarding whether birth order has an impact 

on sleep measures (Gibson et al., 2012; Kaley et al., 2012; Safyer et al., 2017; Weinraub et al., 2012). 

2.3.4 Parental characteristics 

2.3.4.1 Parental level of education 

 A longitudinal study of 619 mother-infants found that lower maternal education status was 

associated with shorter infant sleep duration at three months of age and this was maintained when 

adjusting for infant characteristics, but not when adjusting for maternal characteristics, specifically 

prenatal depression (Matenchuk et al., 2019).  The relationship between education status and 

prenatal depression is complex; mothers with lower education status were more likely to experience 
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prenatal depression, however, prenatal depression and birth mode were also found to mediate the 

association between lower education status and infant sleep duration (Matenchuk et al., 2019).   

Paul et al. (2017) also identified the relationship between lower maternal education status and 

poverty in a longitudinal obesity prevention trial with a safety control.  Room sharing at four months 

and nine months was associated with shorter nocturnal sleep duration, with room sharing families 

having lower levels of education, income and increased likelihood of living in multi occupancy 

housing, indicating that these families may have fewer choices regarding their child’s sleep location 

(Paul et al., 2017).  In contrast, two studies found that there was not an association between 

maternal education and infant sleep; Teti and Crosby (2012) examined the relationship between 

maternal education and frequency of night wakings and found that they were not associated and 

Pennestri et al. (2020) found no association between maternal education and longest nocturnal 

sleep period at six months. 

There is limited research available regarding the relationship between parental educational status 

and infant sleep, with three studies examining infant sleep duration (Matenchuk et al., 2019; Paul et 

al., 2017; Pennestri et al., 2020), and one study exploring frequency of night wakings (Teti & Crosby, 

2012) with conflicting findings.  This is further complicated by the complex relationship between 

maternal education and other factors, for example, maternal mental health and poverty.  Further 

research is needed examining parental education status and infant sleep measures.   

2.3.4.2 Maternal mental health 

A large cross-sectional study explored whether postnatal depression was a result of mother-

offspring conflict over maternal investment, this is a theory where the infant is primed to prioritise 

investment from the mother to increase their chances of surviving, even when this is costly to the 

mother’s own health and wellbeing.  The study found increased night wakings at six months were 

moderately associated with higher levels of maternal depressive symptoms (Gunst et al., 2021).  

These findings were supported by a large longitudinal study of 1,364 mother-infant dyads; two 

distinct sleeping patterns were identified in the first three years of life, with transitional sleepers 

having increased night wakings compared to sleepers and more likely to have a mother with 

depressive symptoms (Weinraub et al., 2012).  A smaller study of 106 mother-infant dyads also 

found that infants who had not met the milestone of sleeping through for 6 hours at 12 weeks were 

more likely to have mothers with depressive symptoms (Simard et al., 2011).  These findings were in 

contrast to a study examining when infants consolidate their sleep into six or eight hour blocks, with 

no significant association found between duration of sleep and maternal mood (Pennestri et al., 

2018).  Furthermore, a longitudinal study of 163 mother-infant dyads found no association between 
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maternal anxiety or depression and infant sleep wake behaviour at three months (Figueiredo et al., 

2017) 

A cross sectional study of 11,134 mother-infant dyads identified four sleeping profiles at nine 

months as determined by infant and maternal sleep duration, infant wakening and parental 

reporting of a sleep problem, with mothers of infants in the two poorer sleeping profiles having 

significantly higher stress and depression symptoms (Hughes et al., 2015).  A study of low income 

mother-toddler dyads found that maternal depressive symptoms were also significantly associated 

with implementing bedtime routines, with 62% of mothers experiencing low mood not 

implementing a bedtime routine with their toddlers (Covington, Rogers, & Black, 2019).     

Several studies examined the effect of mother and/or infant driven models; these models argue that 

either maternal mental health problems result in child sleep problems (maternal driven) or child 

sleep problems cause maternal health problems (child driven) (E. Ystrom et al., 2017).  A cross 

sectional study of 45 mother-infant dyads found a significant association between maternal 

depression and night wakings and between maternal dysfunctional cognitions and night wakings, 

with statistical support for a mother-driven model (Teti & Crosby, 2012).  A mother-driven model 

was further supported by findings from a large cohort study of 14,926 sibling dyads or triads, with 

maternal symptoms of anxiety and depression being associated with nocturnal wakings at 18 

months (E. Ystrom et al., 2017).  Whereas a longitudinal study of 956 mother-infant dyads found the 

association between maternal depression and infant sleep problems could be attributed to three 

models; mother-driven, child-driven and common factors, with the effect of child-driven 

mechanisms being statistically stronger than the mother-driven or common factors models (H. 

Ystrom et al., 2017).  A longitudinal study of 179 mother-infant dyads also found statistical support 

for both mother-driven and child-driven models, with mothers with lower levels of mental health 

having an increased likelihood of their infants having sleep issues and being bothered by this 

(Goldberg et al., 2013). 

Five studies examined antenatal mental health and infant sleep; maternal antenatal depression was 

associated with shorter sleep duration in a large cohort study, with a recognition this may be as a 

result of more than maternal behaviours, as often suggested in the mother-driven model, and could 

be as a result of the impact of physical changes in-utero in response to maternal hormones (Nevarez 

et al., 2010).  This was supported by a three other longitudinal studies; a significant association was 

found between antenatal depression and shorter sleep durations at three months (Matenchuk et al., 

2019), between antenatal depression and night wakings, but not sleep duration at two years (Kim et 
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al., 2020), and mothers whose infants were in the poorest of five infant sleep profiles were twice as 

likely to meet the threshold of a diagnosis for depression antenatally (Cook et al., 2020).   

 A study examining infant sleep at three months widened the maternal mental health illnesses being 

examined and included a number of disorders including anxiety, depression, insomnia, attention 

deficit and hyperactivity disorder and seasonality and found that all but two disorders (alcoholism 

and sleepiness) were related to infant sleep difficulties, including longer sleep latency and irregular 

sleeping patterns (Morales-Muñoz et al., 2018).  A further study examined the relationship between 

antenatal and postnatal depression on infant sleep, with both impacting on different elements of 

infant sleep at six months, supporting the argument that antenatal depression has a biological 

impact in-utero, whereas postnatal depression impacts on parenting responses (Dias & Figueiredo, 

2020).  A study of 533 mother-infant dyads also found infant sleep problems were significantly 

associated with maternal depressive symptoms and anxiety, although this was recognised to have 

likely been affected by both biological impact, maternal sleep issues and parenting behaviours 

(Petzoldt et al., 2016).  

Overall, the available evidence base suggests a relationship between maternal mental health and 

infant sleep, with only two papers out of the 18 retrieved not finding an association (Figueiredo et 

al., 2017; Pennestri et al., 2018).  However, there is not consensus on whether the relationship 

between maternal mental health and infant sleep is determined by a mother-driven or child-driven 

model, and what exactly constitutes a maternal-driven model.  Further research is needed to inform 

this area.     

2.3.5 Health and the relationship with infant sleep 

2.3.5.1 Infant frequency of snoring 

A longitudinal study was undertaken to understand the prevalence of snoring frequency in early 

infancy, at six months and 12 months of age (Piteo, Kennedy, et al., 2011; Piteo, Lushington, Roberts, 

Martin, et al., 2011; Piteo, Lushington, Roberts, van den Heuvel, et al., 2011).  In early infancy 12% of 

infants were found to snore habitually (defined as greater than 3 nights per week), however there 

were no differences in nocturnal sleep duration, total sleep duration or frequency of night wakings 

between non-snorers (defined as never in the absence of a cold), infrequent snorers (defined as 

fewer than 1-2 nights per week) and habitual snorers, although habitual snorers were more likely to 

have reported to have restless sleep (Piteo, Lushington, Roberts, van den Heuvel, et al., 2011).  At 

follow up, infants identified as habitual snorers at one month were significantly more likely to have 

shorter nocturnal and total sleep durations and increased parental reports of disturbed sleep at both 

six and 12 months (Piteo, Kennedy, et al., 2011; Piteo, Lushington, Roberts, Martin, et al., 2011).  
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Katila et al. (2019) undertook a longitudinal study of infants enrolled in a child sleep birth cohort and 

found that habitual snorers (greater than 3 nights per week) had shorter nocturnal sleep duration 

and increased restless sleep at three months, although these had resolved by eight months.  Parents 

of habitual snorers were more likely to perceive their infants sleep as a problem at both time points.   

There is limited research available regarding the relationship between snoring and infant sleep, 

although three studies identify a relationship between snoring and reduced sleep duration and 

increased sleep restlessness in infancy, there is a lack of agreement on the lasting association of 

these measures (Katila et al., 2019; Piteo, Kennedy, et al., 2011; Piteo, Lushington, Roberts, Martin, 

et al., 2011).  

2.3.5.2 Colic 

St James-Roberts and Peachey (2011) aimed to examine the relationship between prolonged crying 

in early infancy (5-6 weeks of age) with sleep measures at 12-14 weeks by analysing data from two 

separate studies; one consisted of 610 UK infants and one included 237 infants from either England 

or Denmark.  Researchers were able to identify infants with colic using a validated definition and 

there were similar rates in both studies.  Infants with colic at 5-6 weeks of age were not more likely 

to wake and signal overnight at 12 weeks (St. James-Roberts & Peachey, 2011).  Bell et al. (2018) 

undertook a longitudinal follow up of children from two separate studies; one study with 123 

children with a diagnosis of colic and one with 503 children without a diagnosis of colic.  The study 

demonstrated that infant colic is not associated with sleep problems when the child is aged between 

two and three years (Bell et al., 2018).  

There is limited research available regarding the relationship between colic and sleep measures; 

both St James-Roberts and Peachey (2011) and Bell et al. (2018) have demonstrated that colic does 

not have short- or longer-term association with poorer sleep measures.  Further research is needed 

to ascertain whether these findings are replicable. 

2.3.6 Parenting influences on infant sleep 

2.3.6.1 Sleep routine 

A study of 52 mother-infant dyads analysed whether infant behaviours at one month can predict 

whether the infants develop self-regulated sleep at six and 12 months and found that 28% of one-

year olds had not developed the ability to self-regulate their sleep at 12 months. This was 

predictable with over 84% accuracy from the infants behaviours at one month (Henderson et al., 

2020). At one month of age, increased night wakings and the presence of parents at sleep onset 

were both associated with poorer sleep at 6 and 12 months.  Parental presence at sleep onset was 

also associated with shorter sleep duration and frequent night wakings in a larger longitudinal study 
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of 11,783 infants, with frequent night wakings also more likely if an infant fed to sleep, fell asleep in 

something other than their own bed or cot, room shares with a parent or changes sleep location in 

the night (Messayke et al., 2020).  Ordway et al. (2020) undertook a small mixed methods study with 

40 low income families of 6-36 month old children and found that parents used a range of adaptive 

(reading, bathing) and maladaptive (watching television, playing) bedtime routines, with parental 

presence at bedtime associated with greater sleep variability and poorer sleep continuity.  The 

relationship between parental presence and sleep measures was further supported by a cross 

sectional study of 1,404 infants and toddlers where parental presence at bedtime was significantly 

associated with shorter total sleep duration, increased sleep latency and night wakings (Cassanello 

et al., 2021).  Furthermore, being rocked to sleep increased the likelihood of shorter sleep durations 

whereas feeding to sleep increased the likelihood of experiencing increased night wakings and 

longer nocturnal wakefulness durations (Cassanello et al., 2021).  Parental presence and type of 

routine, such as feeding, rocking or holding to sleep was also hypothesised to be the cause of the 

difference in sleep outcomes between children who co-sleep in predominantly Caucasian countries 

compared to those who co-sleep in predominantly Asian countries (Mindell, Sadeh, Kohyama, et al., 

2010). 

A global study of 10,085 mothers of young children aged 0-5 years found that sleep measures were 

also associated with frequency of bedtime routine, with those having a consistent routine more 

likely to have shorter sleep latency, shorter nocturnal wakefulness, reduced night wakings, increased 

total sleep and fewer daytime behavioural issues (Mindell et al., 2015).  In addition, parental 

perceptions of infant and toddlers sleep problems were reduced in those that had a regular sleep 

routine, compared to those who never had a routine – 23.3% v 47.2%.  Furthermore, pre-schoolers 

who had a bedtime routine as an infant had the best sleep outcomes, showing that bedtime routines 

have a dose dependent relationship across childhood as well as with current sleep (Mindell et al., 

2015).  These findings were supported by a longitudinal study of 486 mother-infant dyads, which 

found that consistent bedtime routines were associated with reduced night awakenings at three 

months, longer sleep durations at 12, 18 & 24 months and earlier bedtime at 12 and 24 months 

(Fiese et al., 2021).  A significant association between consistency of a bedtime routine and sleep 

outcomes were also reported in other studies; Covington et al. (2019) found that toddlers of 

mothers in low income families who consistently implemented a bedtime routine  were more likely 

to have fewer night awakenings and longer sleep durations, Adams et al. (2020) found infants with 

consistent bedtime routines and who were not fed to sleep were more likely to have longer night 

time sleep durations at six and 15 weeks and Hoyniak et al. (2020) identified that parents who were 

not consistent with undertaking a bedtime routine were more likely to have toddlers with later 
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bedtime and more fluctuation in their sleep schedules, although this did not impact on sleep latency, 

sleep duration or   sleep activity.  However, Prokasky et al. (2019) used actigraphy and sleep 

questionnaires to determine the impact of variability in bedtime routines in 185 toddlers, finding 

that parents were more likely to report poorer sleep durations when bedtime routines were 

inconsistent or longer, which was not supported by actigraphy and although parents frequently 

reported inconsistency in bedtime routines at weekends and increased toddler sleep, this was also 

overestimated and not supported by actigraphy.   

Parental presence and more intensive parenting bedtime routines, such as feeding or rocking to 

sleep, were consistently associated with poorer sleep measures throughout early childhood.  When 

considering the impact of consistency in bedtime routines and sleep, three of the studies used 

actigraphy and sleep questionnaires (Adams et al., 2020; Hoyniak et al., 2020; Prokasky et al., 2019), 

whereas the remaining three used validated sleep questionnaires (Covington, Rogers, Armstrong, et 

al., 2019; Fiese et al., 2021; Mindell et al., 2015).  Prokasky et al. (2019) study highlights the 

challenges of solely using a questionnaire due to parental over/under estimation regarding sleep and 

routines, although this was not universally found when combining actigraphy and a questionnaire 

(Adams et al., 2020; Hoyniak et al., 2020). 

2.3.6.2 Dummy use 

A small study of 30 infants analysing the impact of a dummy use on arousability in relation to sudden 

infant death syndrome examined sleep at three time points in the first six months of life (Odoi et al., 

2014).  Day time sleep was measured in a sleep laboratory and no differences were found in total 

sleep time or spontaneous arousals between dummy users and non-dummy users.  These findings 

were supported by a larger internet survey study, which recruited 104 infants aged between 0-11 

months and examined sleep differences between infants who used a dummy, sucked their fingers or 

were classified as non-suckers (Butler et al., 2016).   There were no significant differences in sleep 

outcomes between infants who used a dummy and non-suckers, although infants who suck their 

fingers were found to have longer sleep durations and fewer night awakenings.  Infants who used a 

dummy were reported to have increased likelihood of sleep difficulties and poorer morning mood 

compared to non-suckers and finger suckers (Butler et al., 2016).   

A longitudinal study of 11,783 French infants found that infants who use a dummy or engage in 

finger sucking were more likely to have a longer sleep duration, although dummy use with or 

without finger sucking was significantly associated with more frequent infant night wakings at one 

year and increased sleep onset difficulties, whereas finger sucking was associated with fewer sleep 

onset difficulties (Messayke et al., 2020).  A study of 1,404 Spanish infants and toddlers found that 
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43% of children over 24 months of age continue to use a dummy whilst sleeping and non-nutritive 

sucking (finger sucking and using a dummy) is associated with fewer and shorter nocturnal 

awakenings and longer sleep duration compared to infants who are non-suckers (Cassanello et al., 

2021). 

There is limited research regarding the relationship between dummy use and sleep measures, and 

the available evidence suggests there is a conflict in the findings regarding whether infants who use 

a dummy have no differences in sleep outcomes compared to non-suckers and finger-suckers or 

have increased sleep duration, frequent night wakings and sleep onset difficulties.   

2.3.7 Environmental influences on sleep 

2.3.7.1 Sleep location 

A large internet based study found that there was an association between sleep location and sleep 

duration, with infants who sleep in their own room having longer nocturnal and total sleep 

durations, whilst also being more likely to fall asleep independently, have shorter sleep latency, a 

more consistent bedtime routine, less likely to be fed back to sleep and less likely to have a 

parentally perceived sleep problem, although there was no difference in nocturnal wakefulness 

duration depending on sleep location (Mindell et al., 2017).  A descriptive study of parenting styles 

and infant distress at night time in the first three months of life, compared 19 mother-infant dyads 

adopting infant cued parenting, who were planning to bedshare, with 101 mothers-infant dyads 

from the general community, of which a small number were found to reactively bedshare (St James-

Roberts et al., 2016).  Mothers in the general community group took on average 3.5 minutes to 

respond to their infant upon night waking which was hypothesised to give the infants time to 

develop their ability to re-settle and their night-time distress was seen to reduce over time, 

compared to the bedsharing infant cued mothers, who often responded before the child showed any 

signs of fussing or crying (St James-Roberts et al., 2016).  Hysing et al. (2014) also reported that 

bedsharing was associated with shorter nocturnal sleep duration and frequent night wakings, with 

the longer bedsharing was practised the more likely the infant would be waking a year later.   

The association between room sharing and sleep measures was found in several studies; Simard et 

al. (2011) found that there was no relationship between sleep location and total sleep measures, 

although infants who room shared were two times more likely to sleep fewer than 6 hours 

consecutively and Messayke et al. (2020) found that shorter total sleep duration and frequency of 

night wakings were associated with changing sleep location during the night and frequency of night 

wakings was further associated with room sharing with a parent.  Paul et al. (2017) randomly 

assigned 279 mother-infant dyads to either a responsive parenting group or a safety control group 
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and found that infants who had been moved into their own room under four months of age had the 

longest sleep period and nocturnal sleep durations compared to infants who had moved into their 

own room between 4-9 months or were still room sharers at nine months, whereas room sharing 

was associated with a later bedtime and increased likelihood of being put down when asleep.  In 

addition, room sharing infants at four months and nine months were four times more likely to co-

sleep.  

In contrast, Teti et al. (2016) found that maternal sleep rather than infant sleep showed poorer 

outcomes in the first year when bedsharing after six months of age, as measured objectively by 

actigraphy, and this was consistently seen in the mothers consistently or inconsistently bedsharing.  

Furthermore, these mothers also reported more frequent night wakings, although this was also not 

supported by actigraphy (Teti et al., 2016).  Rudzik et al. (2018) also found a divergence in actigraphy 

and sleep questionnaires, with maternal reports of total sleep and longest stretch of nocturnal sleep 

being greater in 14 week old infants sleeping in a separate room, compared to those room sharing 

although this was not supported by the actigraphy measurements.   

Six out of eight of the studies found a significant relationship between sleep location and sleep 

measures, although five of these used parentally reported questionnaires (Hysing et al., 2014; 

Messayke et al., 2020; Mindell et al., 2017; Paul et al., 2017; Simard et al., 2011), whereas one used 

video recordings (St James-Roberts et al., 2016).  The two studies which did not find a significant 

relationship used actigraphy and parents were found to incorrectly estimate the sleep measures in 

comparison to the objective measure (Rudzik et al., 2018; Teti et al., 2016). 

2.3.7.2 Sleep furniture 

Williamson et al. (2019) recruited 1,983 parents of toddlers aged 18 to 35.9 months via a baby sleep 

mobile phone app to explore the relationship between sleep furniture and sleep measures.  The 

transition from crib to bed is seen across this age range, with 63% of 18-24 month olds in a crib, 

compared to 13% of 30-36 month olds.  Sleeping in a crib was associated with better sleep measures 

across all ages (18-36 months) including less perceived bedtime resistance, fewer sleep problems, 

earlier bedtime, shorter sleep onset latency, fewer night wakings, longer sleep periods and longer 

nocturnal sleep duration, although there was no difference in nocturnal wakefulness between 

toddlers who slept in a crib and those who slept in a bed (Williamson et al., 2019). 

This was the only study to analyse whether there is a relationship between sleep furniture and sleep 

outcomes, further research is needed to ascertain if these findings are replicable. 
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2.3.7.3 Activity levels - sedentary and physical behaviours  

In a longitudinal study examining risk factors for poorer infant sleep measures at six months, one 

and two years, parents were asked about their child’s sleep and television viewing habits; television 

viewing was associated with shorter sleep durations at both one and two years, although it did not 

make a specific link to either sedentary behaviours or concerns regarding blue light disrupting sleep 

(Nevarez et al., 2010).  These findings were further supported by a smaller longitudinal study which  

examined the relationship between sleep measures, outdoor play and screen time; one hour per day 

increase in screen time at two years was associated with 7.8 minutes shorter nocturnal sleep 

duration, four minutes later bedtime, three minute longer sleep latency, increased likelihood of 

night wakings and those with longer screen time were more likely to sleep fewer than 10 hours per 

night, although there was no significant association between outdoor play and sleep measures (Xu et 

al., 2016).   

A relationship between sedentary behaviour and sleep was also established in a study using 

objective 24-hour ankle accelerometery with low income toddlers, whilst also confirming an 

association between sleep and physical activity levels (Armstrong, Covington, Hager, et al., 2019; 

Armstrong, Covington, Unick, et al., 2019).  The study showed a bidirectional relationship between 

nocturnal sleep duration and sedentary activity; if a toddler had a day of increased sedentary activity 

they were more likely to have a shorter sleep duration and if a toddler had shorter nocturnal sleep 

duration they were more likely to engage in sedentary behaviour the following day (Armstrong, 

Covington, Unick, et al., 2019).  The direction was strongest between shorter nocturnal sleep 

duration and sedentary behaviour the following day and was experienced by 89% of the toddlers.  

Furthermore, only 32% of the toddlers met the National Sleep Foundation guidance (Hirshkowitz et 

al., 2015) for 11-14 hours sleep per night and only 38% of toddlers in the study met the physical 

activity guidance for 60 minutes or more of moderate/vigorous activity per day; those that met the 

physical activity guidance were more likely to meet the sleep guidance (Armstrong, Covington, 

Unick, et al., 2019).    

Furthermore, a relationship between moderate to vigorous physical activity and sleep was found in a 

study using actigraphy during waking hours, with every minute spent in moderate to vigorous 

physical activity associated with an increase of 2.28 minutes of sleep duration (Felzer-Kim & Hauck, 

2020).  However, a study also using 24-hour accelerometery and looking at physical activity and 

sleep had opposing findings; a longer sleep duration was associated with less time spent in 

moderate vigorous physical activity, shorter nap duration and later morning wake up times (Zhang et 

al., 2019).  Zhang et al. (2019) hypothesised that these findings may be due to time spent in physical 

activity displaces time spent in sleep and also highlighted that other studies using accelerometer 
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measurements have had similar findings in pre-schoolers, which may be related to differences in 

sleep regulation mechanisms in young children compared to adolescents and adults.   

The association between sleep and sedentary behaviours was found by both parental report 

(Nevarez et al., 2010; Xu et al., 2016) and supported by objective measurement (Armstrong, 

Covington, Unick, et al., 2019).  Whereas, the relationship between sleep and activity levels had 

conflicting findings, with one parentally reported study finding no relationship (Xu et al., 2016), one 

with objective measures finding an inverse relationship (Zhang et al., 2019) and two studies finding a 

positive relationship between sleep and physical activity (Armstrong, Covington, Hager, et al., 2019; 

Felzer-Kim & Hauck, 2020).  Further research is needed to confirm the relationship between sleep 

and physical activity in toddlers.                                                                                                         

2.3.8 Dietary influences on sleep 

2.3.8.1 Main milk 

In a longitudinal study of 1,364 infants across the first three years of life, two distinct sleeping 

patterns were identified, transitional and sleepers, with those identified to have transitional sleeping 

patterns more likely to be breastfed and have frequent night wakings (Weinraub et al., 2012).  

Galbally et al.’s (2013) longitudinal study also found a significant association between being breast 

fed and increased night wakings when the infants reached six months, although there was not a 

significant relationship between main milk and sleep latency or unsettled sleep.  A significant 

relationship between breastfeeding and frequent night wakings was reported in further studies; 

Mindell et al. (2012) found an association between breastfeeding, increased night wakings and 

fragmented sleep, although this resolved over time.  Kaley et al. (2012) also found breastfeeding to 

be associated with more frequent night wakings and infants who did not sleep for 6 or 8 hours 

consecutively at six months or one year were significantly more likely to be breastfed (Pennestri et 

al., 2018; Pennestri et al., 2020; Simard et al., 2011).  

Additional negative associations were found in a longitudinal study of 8,696 infants, with infants 

who were breastfed over six months more likely to experience frequent night wakings, sleep onset 

difficulties and reduced nocturnal sleep duration (fewer than 12 hours) (Messayke et al., 2021).   

Hughes et al. (2015) took a random sample of 11,134 infants at nine months and identified four 

sleep profiles; infants in the two poorer sleep measure clusters were significantly more likely to be 

breastfed, or have been breastfed in their infancy compared to those in the two favourable sleep 

measure clusters.  Exclusively breastfed infants at three months had shorter nocturnal sleep 

duration compared to exclusively formula fed infants at three months and this effect was 

maintained with those infants also having shorter nocturnal sleep duration and more night wakings 
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compared to exclusively formula fed and partially breastfed infants at six months (Figueiredo et al., 

2017).  Furthermore, breastfeeding was significantly associated with an increased likelihood of 

parents perceiving their infant as having a sleep problem, with infants defined in this way having an 

increased number of night wakings and longer periods in wakefulness overnight (Gibson et al., 

2012).   

In contrast, Nevarez et al. (2010) found no significant association between breastfeeding and sleep 

duration across the first two years of life and Brown and Harries (2015) found breastfed and formula 

fed infants had similar night wakings between 6-12 months, although breastfed babies had more 

night feeds.  A longitudinal study of 55,831 infants found that although breastfeeding was associated 

with night wakings at six months, breastfeeding did not negatively predict sleep quality over time 

and actually had a protective effect against sleep problems (Hysing et al., 2014).  Significantly, a 

study comparing actigraphy and maternal report of infant sleep by main milk found no difference 

between exclusively breastfed or exclusively formula fed infants regarding their longest sleep time, 

total sleep time, nocturnal wakefulness or night wakings (Rudzik et al., 2018).  Although there was a 

significant difference in parental reporting and actigraphy with exclusively formula fed mothers 

more likely to overestimate their infant’s total sleep time and longest sleep period from eight weeks 

of age, which the authors argue calls into question studies using parental reporting of sleep 

measures and feeding type (Rudzik et al., 2018).  This is further supported by a study using video 

recordings of infants and found no significant difference in night wakings between breastfed or 

formula fed infants (St James-Roberts et al., 2015). 

Although ten out of the 15 studies found significant associations between breastfeeding and 

measures indicating disrupted sleep these were using parental reported sleep measures, five studies 

did not, with two of these studies using objective measures, including actigraphy and video 

recordings, to accurately measure sleep.   

2.3.8.2 Introduction of solids 

Nevarez et al. (2010) found that introducing solids before four months of age was significantly 

associated with shorter total sleep durations when the infant reached one and two years of age.  

This was further supported by Messayke et al. (2021); infants who started on solids before four 

months of age were found to be more likely to have shorter sleep duration and sleep onset 

difficulties at the age of one year, although this was not associated with frequency of night wakings.  

Whereas introducing solids after six months of age was associated with reduced likelihood of sleep 

onset difficulties.  Introduction of baby cereals was considered separately from introduction of 

solids, with commencing cereals before four months or at five months also being associated with 
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sleep onset difficulties (Messayke et al., 2021).  In contrast, Brown and Harris (2015) analysed the 

association of age at introduction of solids and night wakings, rather than sleep duration.  No 

significant association was found between age at introduction of solids and frequency of night 

wakings, although the older an infant was when they started on solids, the more likely they were to 

feed overnight.  In comparison, Perkin et al. (2018) explored associations between age of 

introduction of solids with both nocturnal sleep duration and night wakings but not sleep onset 

difficulties.  Infants were randomised into either early introduction (from three months of age) or 

standard introduction group (from six months of age), with those commencing on solids earlier 

found to have longer nocturnal sleep duration, fewer night wakings and less likely for their parents 

to perceive their sleep as a ‘serious problem’.  Not all infants in the early introduction group could 

meet the planned study regime, although those that did, had significantly greater improved sleep 

measures. 

Due to the studies examining different sleep measures in association with the introduction of solids 

it is not possible to compare the findings and reach a conclusion regarding the overall relationship 

between age at introduction of solids and infant sleep.  

2.4 Discussion 

2.4.1 Gaps in the literature 

2.4.1.1 Parity of information regarding sleeping patterns of normally developing infants 

Although all 64 papers retrieved for the literature review considered infant sleep in some form, only 

six of the papers were solely focused on normally developing sleeping patterns in the first two years 

of life.  Furthermore, these did not all consistently examine the same time period; the longitudinal 

studies looked at differing time periods between 9 months of age (Hanafin, 2018), up to the first 

year of life (Henderson et al., 2010; Sette et al., 2017), up to two years of life (Paavonen et al., 2020) 

and up to three years (Byars et al., 2012) whereas the cross sectional study looked at young children 

aged between birth and 36 months at completion of the questionnaire (Teng et al., 2012).  There 

were also differences in data collection tools used; five of the studies used solely parentally reported 

interviews and/or questionnaires (Byars et al., 2012; Hanafin, 2018; Paavonen et al., 2020; Sette et 

al., 2017; Teng et al., 2012) with two of these using a previously validated tool; Byars et al. (2012) 

used the Extended BISQ and Paavonen et al. (2020) used the BISQ and Infant Sleep Questionnaire.  

Only one study used an objective measure alongside a sleep diary; Henderson et al. (2010) used time 

lapse recording of each night waking.  This makes comparing findings challenging, particularly as 

some papers specifically focus on certain sleep measures.  In addition, although all of these were 

undertaken in westernised countries, including Australia and New Zealand, Finland, Ireland, Italy and 



83 
 

the United States of America, none of the papers were undertaken in the UK and there are 

recognised cultural differences even between similar countries (Mindell, Sadeh, Wiegand, et al., 

2010).   

Due to a number of challenges, including limited number of studies specifically focused on sleeping 

patterns in early childhood, the different age ranges of early childhood being considered, lack of 

consistency between data collection tools and absence of UK based studies, there is a gap in the 

available literature regarding the sleeping patterns of normally developing infants in the UK. 

2.4.1.2 Lack of consensus in sleep score for clinical practice 

The 64 studies considered within this literature review use a range of objective and subjective data 

collection methods to analyse sleep and other factors, including actigraphy, video recordings, 

validated sleep questionnaires and questionnaires designed for the individual study.  This causes 

conflict within the findings as tools focus on different sleep measures or ask questions in a way 

which may not be easily comparable.  In addition, subjective tools can be skewed by biased 

reporting and objective measurements on their own may not provide a clear picture of which 

arousals and/or behaviours require parental intervention.  Furthermore, the studies included in this 

literature review did not develop a score for either analysing the data and/or for exploring a clinical 

threshold for sleep difficulties. 

Within research the questionnaires/structured interviews are used to collect parentally reported 

sleep measures, which are then analysed using statistical tests.  With the exception of the Revised 

BISQ (BISQ-R) there is not an agreed scoring system for the majority of validated tools for use in 

sleep research.  Mindell et al. (2019) published a paper on the norm-referencing scoring system for 

the BISQ-R for use within sleep research and researchers are able to access this scoring system 

through the Pediatric Sleep Council website (Pediatric Sleep Council, n.d.). This was not considered 

within this literature review, as it did not meet the inclusion criteria and specifically focused on the 

scoring of the BISQ-R rather than examining sleeping patterns in early childhood and its relationship 

with other factors.  Furthermore, the BISQ-R scoring system was published after the data collection 

had begun using the BISQ (Wave 2 and 3) and Extended BISQ (Wave 4).   

Health professionals, such as health visitors, who offer support for sleep issues generally use 

validated tools, such as the BISQ or Extended BISQ, or questionnaires adapted for their service when 

working with families in clinical practice.  Currently there are no scoring systems to use with the 

commonly used validated tools to assist with identifying a sleep problem.  This lack of scoring system 

means that professionals, particularly those with limited expertise in sleep, are not able to quickly 
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calculate whether a young child has a sleep problem, and this further reduces their confidence in 

identifying sleep difficulties.   

The current evidence base does not address the lack of scoring system for validated tools that are 

used in research, to allow for consistency in analysis, or in clinical practice, to provide easier 

identification of sleep difficulties.  Further research is needed to develop a scoring system to allow 

for consistent analysis of specific validated tools and to provide a benchmark for clinical practice. 

2.4.1.3 Limited consensus regarding whether parents can accurately identify a sleep problem 

in their young child 

Five studies considered parental perceptions of their young child’s sleep, alongside their sleeping 

patterns.  Parental reporting of sleep problems was common in early childhood with the measurable 

incidence ranging from 10% (Byars et al., 2012; Sette et al., 2017) to 30% (Hanafin, 2018; Teng et al., 

2012).  However, the findings were contradictory regarding whether parents can accurately perceive 

a sleep problem in their young child; one paper suggested a potential link, two papers were able to 

clearly identify which sleep measures were associated to parental reporting of a sleep problem and 

two papers found no relationship.  This is further complicated by the range of tools used for data 

collection and potential lack of consistency in the way in which parents were asked about their 

child’s sleep problem across the different studies which is also likely to influence the findings.   

Currently the available literature is not able to inform if parental perceptions of a sleep problem are 

related to a clinical need or whether these parents need further support around their expectations, 

and this is a gap in the evidence base.  

2.4.1.4 Lack of clarity regarding which factors are associated with poorer infant sleep and 

how these relationships change over early childhood 

Fifty-eight of the 64 papers were focused on child characteristics (part two), parental characteristics, 

health measures, parenting measures, environmental measures and dietary measures that may 

affect sleep.  However, these studies were not split evenly within the seven areas being explored; 

some areas, such as maternal mental health and main milk had a wealth of studies looking at their 

relationship with infant sleep patterns, whereas others, such as colic and sleep furniture had a very 

limited number of studies making it difficult to draw conclusions.  Furthermore, even where there 

were several studies on one area, the studies focused on different sleep measures, such as night 

awakenings or nocturnal sleep duration and there were a range of different data collection tools 

used, from subjective measures such as parental reported questionnaires to objective measures, 

such as actigraphy or video recording, which contributed to a conflict in the findings and made it 

difficult to compare outcomes. 
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Overall, each of the six areas identified ongoing lack of consensus in findings and the need for 

further research to clarify the relationship between a specific factor and sleep in early childhood. 

2.4.2 Implications for clinical practice in the UK 

Health visitors are specialist community public health nurses and lead professionals for delivering 

the Healthy Child Programme to the under-5 age group and their families, including offering support 

on sleep (Public Health England, 2021e).  Access to targeted health services supporting families with 

their child’s sleep has been identified to be a public health priority (Mancz, 2018), however, as 

identified, health care professionals often report gaps in their training and knowledge regarding 

paediatric sleep (Cook et al., 2020; Richardson et al., 2021).  It is further recognised that 

professionals supporting sleep in childhood need to have an understanding of the interplay between 

biology and culture and how culture, value and beliefs impact on sleep and perceptions of sleep 

(Jenni, 2005).  Although only papers examining sleep within westernised cultures were included in 

the literature review, there were a limited number of studies undertaken with the UK population; 

seven out of the 64 articles (11%) were based in the UK and three further articles provided 

comparison data to larger global studies (5%).  Of the studies based in the UK, five were longitudinal, 

however four were undertaken in the first three to four months and only one focused on sleep and 

introduction of solids, continued throughout early childhood until the age of three, meaning there is 

a lack of longitudinal data regarding UK children’s sleep in the first two years of life.  There are 

recognised similarities in children’s sleep measures and perceptions of children’s sleep within 

westernised cultures (Mindell, Sadeh, Kohyama, et al., 2010), however this does not capture the 

spectrum of cultural and parenting practices that can exist within an individual country and lack of 

generalisable research may further impact on health professionals, particularly health visitors, 

supporting parents in UK settings.   

2.4.3 The local context 

The importance of understanding the health and cultural needs of a population is particularly 

relevant to the Portsmouth area.  Portsmouth is the most densely populated city outside of London 

and out of 326 local authorities, it ranks 59th most deprived (Portsmouth City Council, 2022; Public 

Health England, 2020).  A higher number of adults claim out of work benefits compared to nationally 

and the average for the South East area and adults in the City have lower skill sets and qualifications, 

with 6.9% of the population having no qualifications (Portsmouth City Council, 2022).  The city has a 

young demographic – 11.4% of the population are aged 20-24 years compared to 6.2% in England 

and the mean age of the population is 36 years (Portsmouth City Council, 2021; UK Census Data, 

2011a).  However, over one in five children live in poverty, with 20.2% living in relative low-income 

families, compared to 19.1% for England and 13.3% for the South East and children’s outcomes are 
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worse than the national average for a range of health measures including teenage pregnancy rates, 

numbers of children looked after by the local authority, school readiness and GCSE attainment 

(Portsmouth City Council, 2015, 2021; Public Health England, 2021a).  In the 2011 UK Census, 84% of 

Portsmouth’s residents were white British, with the black and minority ethnic community, including 

white non-British, estimated to make up 16% of the population (Portsmouth Clinical Commissioning 

Group & Portsmouth City Council, 2016).  A higher percentage of children are of black and minority 

ethnic ethnicity (20%) and mothers from these communities make up 10.4% of all births in the city 

(Portsmouth Clinical Commissioning Group & Portsmouth City Council, 2016; Public Health England, 

2022).    

To date, there has been no published research available on the sleeping patterns of a community 

sample of infants in Portsmouth. 

2.5 Aims of the study 

To address the identified gaps in the literature and inform clinical practice within the UK, this thesis 

has the following aims: 

1) To identify the sleeping patterns of typically developing UK infants in the first two years of 

life 

2) To develop a Composite Sleep Difficulties Score to determine clinical parameters of a sleep 

problem in early childhood 

3) To determine which aspects of sleep in young children are most problematic for parents and 

most likely to be related to whether parents perceive a sleep problem in their child 

4) To identify which factors are associated with poorer infant sleep, and how these 

relationships change as the child grows older  
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3 Methodology 

3.1 Research design and strategy 

To allow for exploration of sleep across infancy and early childhood a longitudinal study design was 

chosen.  Participants for the study were mothers and infants enrolled in the Portsmouth Birth Cohort 

Registry.  Data was collected over five timepoints, identified as ‘waves’.  Wave 0 was completed by 

the pregnant women on enrolment, Wave 1 collected data at birth and parents were invited to 

complete the Wave 2, 3 and 4 questionnaires at specific timepoints in their baby’s early childhood to 

self-report on a wide range of health, environmental and developmental measures. 

3.2 Recruitment and eligibility 

Pregnant women were screened to check their eligibility for the registry whilst attending an 

antenatal ultrasound clinic appointment at the city’s main hospital between 21st May 2015 and the 

24th July 2017 (see Appendix IV for screening tool).  Individuals were eligible for the study if they 

met the following criteria: 

Pregnant women aged 16 or over, with a home address within the city’s eight postcodes, 

sufficient mental capacity to consent; Booked to deliver their baby at the main hospital 

birthing centre, the midwifery led maternity centre or at home; Planning to live in in the city 

for a year after the birth. 

To reduce selection bias, eligible women were approached and screened, rather than using a 

volunteer approach and interpreter services were offered to non-English speakers. 

3.3 Ethics 

3.3.1 Ethical Approval 

Full ethical approval for the Birth Cohort registry, covering the Wave 0 and Wave 1 data collection 

periods, was given by South Central Berkshire B Research Ethics Committee (REC ref: 15/SC/0008; 

see Appendix I & Appendix II) and all mothers gave informed consent.  Mothers could withdraw from 

the registry at any time without giving a reason.  See Appendix III, Appendix V, Appendix VI & 

Appendix VII for the Research Protocol, patient information sheet, consent form and withdrawal 

postcard, respectively.  The Wave 2, Wave 3 and Wave 4 questionnaires were covered by further 

ethical amendments; see Appendix X, Appendix XII, Appendix XIV & Appendix XV.  

3.3.2 Ethical considerations 

The Birth Cohort registry and this study have been deemed to pose a minimal risk to the participants 

and their children.  Participants in the Birth Cohort registry may directly benefit from the study if a 
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health or social condition was identified during data collection that required a referral to other 

services and a pathway was devised to be able to manage these referrals if required.  A recognised 

potential disadvantage of participating in the cohort was that the repeated waves of data collection 

may be onerous.  The participant information sheet, see Appendix V, clearly states that participation 

in the registry was voluntary and the consent form identifies that participants can withdraw at any 

time, Appendix VI.   

All participants enrolled in the study were advised of the reasons for collecting and using personal 

data as part of the Birth Cohort registry and that the data collected would only be used for the 

purpose for which they consented, as identified on the patient information sheet, see Appendix V. 

Identifiable data continues to be securely held in line with current data protection principles and 

only accessed when needed to directly contact the participants, such as sending the Wave 2, 3 and 4 

questionnaires or when a participant asked to be withdrawn.  All other data collected has been 

anonymised, is also held in accordance with data protection principles and will not be used in ways 

to have unjustifiable adverse effects on the study participants. 

Researchers can apply to have access to the non-identifiable data and these requests will be 

reviewed by an ethics committee made up of members of the project team and external members, 

including a lay member.   

3.4 Participants 

A total of 390 participants consented to take part in the registry, with one participant joining twice 

with two different pregnancies, see Figure 4 for data collection and participation flowchart.  Only live 

births were included in the registry for subsequent follow ups.  There were 392 live births within the 

cohort; 372 singletons, 7 sets of twins and 2 sets of triplets.  The babies born into the cohort were all 

eligible for the Wave 2, Wave 3 and Wave 4 follow up questionnaires.   

3.5 Administration of questionnaires 

Pregnant women who consented to enrol in the Birth Cohort Registry completed the Wave 0 

questionnaire with a research midwife (see Appendix VIII) with questions covering health, 

environmental and social factors for the mother, partner and any earlier children.  Research 

midwives collated the Wave 1 questionnaire (see Appendix IX) from NHS birth records.   

The Wave 2, 3 and 4 questionnaires were self-administered and printed copies of the questionnaires 

were sent to families when the child was approximately 6 months old (Wave 2, see Appendix XI), 12 

months old (Wave 3, see Appendix XIII) and two years old (Wave 4, see Appendix XVI).  The 
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questionnaires were sent with self-addressed stamped envelopes and reminder questionnaires were 

sent after one month to parents who had not responded.   

Funding allowed an administrator to cross reference mother’s addresses during the Wave 0, Wave 1 

and Wave 2 data collection period with the NHS database and update addresses for families who 

had moved.  This funding finished before the Wave 3 and Wave 4 data collections were undertaken, 

resulting in a small number of families not receiving their questionnaires due to the author not 

having a forwarding address; these families were not considered formally withdrawn and the child 

continues to be included in the registry.  

3.6 The author’s role within the Birth Cohort Registry 

At the time of the commencement of the author’s PhD studies and joining the Birth Cohort Registry 

research team the recruitment stage had been completed and almost all of the babies had been 

born.  The Wave 2 and 3 questionnaires had been designed and were being sent out as the babies 

reached six and 12 months of age.  However, as the research funding had finished, there were no 

monies to support an administrator continuing to send out the Wave 2 and 3 questionnaires.  As a 

result of this, there was an approximate five month gap in questionnaires being sent out prior to the 

author commencing their work.  The author then took over sending out the Wave 2 and 3 

questionnaires and birthday cards, managed the administrative side of the cohort, including 

maintaining the cohort records regarding parental address changes when notified, calculating stock 

ordering and also managed withdrawals from the study. 

The author designed the Wave 4 questionnaire which involved liaising with other professionals 

regarding data collection tools used outside of the scope of this study and updating the focus of 

some of the sections within the questionnaire to reflect the changing developmental and physical 

needs of the children as they became toddlers.  Time was also spent time exploring opportunities 

available with the two health visiting services who cover the postcodes of families enrolled in the 

registry and sought out an ethical amendment to the study to allow for the Wave 4 questionnaire to 

be sent to the participants.  Once the ethical amendment was approved, the author sent out the 

Wave 4 questionnaires to families enrolled in the study.   

The data from each wave of the study were entered onto separate SPSS databases.  When the 

author joined the study the Wave 0 data had been entered and the Wave 1 database had been 

partially completed.  Databases for Wave 2 and 3 had been set up, but there was limited data 

entered.  The author set up a database for the Wave 4 questionnaire and continued data entry for 

the other three databases.  As the completion of this PhD was part time, four research based 

learning (RBL) students (three in 2017/18 and one in 2018/19) were recruited to help with sending 
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out the Wave 3 and 4 questionnaires and data entry.  As these were second year undergraduate 

psychology students, the author delivered training on NHS confidentiality and ethics, research 

management and data entry, whilst mentoring them during the project.  Each student was allocated 

a database to work on, so that this would minimise inconsistency in the data entry process.  Due to 

the number of people entering data, including those prior to me joining the study, all of the 

databases were double checked in their entirety prior to analysis.  

3.7 Measures 

3.7.1 Socio-demographic and environmental characteristics 

Parental socio-demographic data was collected from the mother antenatally, through the Wave 0 

questionnaire, including maternal age, marital status, maternal & paternal education level, maternal 

& paternal employment status, ethnicity and parity of pregnancy.  Wave 1 collected data at birth 

including the infant’s gender, date of birth and whether they were a singleton, twin or triplet. 
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Figure 4 Portsmouth Birth Cohort Registry - Waves of Data Collection and Participation 
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3.7.2 Sleep measures 

Sleep was assessed using the Brief Infant Sleep Questionnaire (BISQ), a validated and widely used 

tool with a high test-retest reliability (r > .82) (Sadeh, 2004).  The Wave 2 and 3 Questionnaires used 

the BISQ, whereas the Wave 4 questionnaire used the extended BISQ (Sadeh et al., 2009).  The BISQ 

and extended BISQ require the primary caregiver to report on different aspects of infant sleep 

including sleep latency, nocturnal settling time, length of daytime and night-time sleep periods, 

frequency of night wakings and duration of nocturnal wakefulness.  Parents are asked whether they 

consider their baby’s sleep not a problem at all, a ‘small problem’ or a very ‘serious problem’. 

The BISQ also considers bedtime routines and sleep location, with the author adding a question 

regarding frequency of snoring.  The extended BISQ further includes questions on sleep furniture, 

frequency of routines and resuming sleep methods in response to night wakings. 

3.7.3 Composite sleep difficulties score (CSDS) 

A Composite Sleep Difficulties Score (CSDS) was calculated (DeSantis et al., 2019; Stores & Stores, 

2004) using a meaningful sleep score method. A score was assigned to each variable based on the 

evidence base (Song et al., 2013) and three papers using the BISQ or Extended BISQ were used to 

determine sleep ranges for the CSDS at Wave 2 (Mindell, Sadeh, Wiegand, et al., 2010; Sadeh, 2004; 

Sadeh et al., 2009).     

3.7.3.1 Calculating sleep latency scores 

Although sleep latency was shown to contribute to parental perceptions of their child’s sleep 

problems, no age related averages for 6-8 month old babies were included in the Sadeh’s (2004) or 

Sadeh et al.’s (2009) papers.  Mindell, Sadeh, Wiegand et al.’s (2010) included sleep latency as a 

sleep measure and used the criteria of 30 minutes as normal sleep settling time, however, no 

averages for the data set were provided within the paper.  The mean sleep latency for this data set 

was 0.43 hours (26 minutes) which fitted within the parameter of 30 minutes or under being an 

average sleep settling time and this was used to determine the scoring for 1 (indicating lower sleep 

difficulty). The remaining parameters increased in 30-minute blocks, so being awake for 1.5 hours 

scored 4 (indicating higher sleep difficulties).   

The average sleep findings were reviewed against the evidence base for average sleep ranges at 12-

17 months (comparable to Wave 3) and 24-36 months (comparable to Wave 4).  No average sleep 

latency scores were available for either 12-17 months or 24-36 months in the literature (Mindell, 

Sadeh, Wiegand, et al., 2010; Sadeh, 2004; Sadeh et al., 2009), with only the parameter of 30 

minutes or under as the average sleep settling time.  As there was no change in the evidence base, 

the parameters chosen for the 6-8 month data were used for the CSDS at the Wave 3 and Wave 4.   
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3.7.3.2 Calculating number of night wakings scores 

The evidence base for the average number of night wakings for 6-8 months old was broad; Sadeh 

(2004) found that on average 6-8 month babies had over 3 wakings per night, whereas Mindell, 

Sadeh, Wiegand et al. (2010) found that 6-8 month babies in predominant Caucasian countries have 

been 1-1.5 wakings a night.  The mean for this data set at Wave 2 was 1.78 which was slightly higher 

than Mindell, Sadeh, Wiegand et al. (2010), but lower than Sadeh (2004).  As Mindell, Sadeh, 

Wiegand et al. (2010) included UK data this parameter was chosen for the lowest sleep difficulty 

score (1), although the parameter was commenced at under 2 to reflect the mean of the data set.  

The remaining categories were split by each additional waking, meaning if a baby wakes three or 

more times they scored a 3, for 4 or more times they scored the highest sleep difficulty score of 4.  

The average and poor sleep findings were reviewed against the evidence base for average sleep 

ranges at 12-17 months (comparable to Wave 3) and 24-36 months (comparable to Wave 4).   

The average sleep findings were reviewed against the evidence base for average sleep ranges at 12-

17 months (comparable to Wave 3) and 24-36 months (comparable to Wave 4).  There continued to 

be a variance in night wakings in the evidence base at 12-17 months with the average night wakings 

being split between just below 1 (Mindell, Sadeh, Wiegand, et al., 2010; Sadeh et al., 2009) and just 

over 3 (Sadeh, 2004).  This was repeated at 24-30 months with the average night wakings being split 

between below 1 (0.75-0.82) (Mindell, Sadeh, Wiegand, et al., 2010; Sadeh et al., 2009) and just over 

2 (Sadeh, 2004).  This variance continued to fall within the scoring chosen at Wave 2 so the scoring 

was maintained across all three timepoints.  

3.7.3.3 Calculating nocturnal wakefulness duration scores 

There was variance in the duration of nocturnal wakefulness for 6-8 month old babies in the 

literature; Sadeh (2004) found this age group spent 1-1.5 hours awake, whereas Sadeh et al. (2009) 

found babies spent 0.36 of an hour (21.6 minutes) awake.  The mean for the Wave 2 data set was 

between the two measurements at 0.68 of an hour (40.8 minutes).  To reflect this the lowest sleep 

difficulty score was set at below 0.75 (45 minutes), which was  higher than the data mean, but just 

below Sadeh’s (2004) finding. The remaining sleep difficulty scores increased in increments of 45 

minutes.   

The average sleep findings were reviewed against the evidence base for average sleep ranges at 12-

17 months (comparable to Wave 3) and 24-36 months (comparable to Wave 4).  There continued to 

be differences in the duration of nocturnal wakefulness at 12-17 months in the evidence base; Sadeh 

(2004) found 12-17 month old toddlers spent between 1.14 hours awake overnight in his initial 

paper, but in his subsequent paper (Sadeh et al., 2009) he found this age group spent 0.22 (13 
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minutes) of an hour awake.  The mean for this data set was higher than Sadeh et al.’s (2009) later 

paper but higher than Sadeh’s (2004) at 0.32 (19 minutes).  This conflict in the literature continued 

at 24-26 months with Sadeh’s (2004) finding 24-36 month old toddlers spent between 0.71 hours (43 

minutes) awake overnight whereas Sadeh et al.’s (2009) subsequent paper concluded that this age 

group spent 0.19 hours (12 minutes) awake.  The mean for this data set matched Sadeh et al.’s 

(2009) paper.  To acknowledge the broad range of variance in nocturnal wakefulness in the evidence 

base and to provide consistency in CSDS across the three waves, the same scoring system was 

adopted across all the data analysed.   

3.7.3.4 Calculating nocturnal sleep duration scores 

There was some variance in nocturnal sleep duration; Sadeh (2004) and Sadeh et al. (2009) found 

that just over 9 hours nocturnal sleep was the average for 6-8  month old babies, however Mindell, 

Sadeh, Wiegand et al. (2010) concludes that 6-8 month old babies in predominantly Caucasian 

countries, including the UK, slept on average just over 10 hours per night.  The paper demonstrated 

that total sleep times across age groups were higher in the UK than the USA and Canada, the 

population for Sadeh’s earlier studies (Mindell, Sadeh, Wiegand, et al., 2010).  The mean for this 

data set was also 10 hours, resulting in sleeping 10 hours or more scoring 1 (indicating lower sleep 

difficulty), with the remaining parameters set at reducing 90-minute blocks, for example, babies 

scored a 2 if they slept between less than 10 hours and equal to or more than 8.5 hours.   

The average sleep findings were reviewed against the evidence base for average sleep ranges at 12-

17 months (comparable to Wave 3) and 24-36 months (comparable to Wave 4).  There was minimal 

variance in nocturnal sleep duration at 12-17 months with the average duration for this age group 

being between 10.3 hours (Sadeh et al., 2009) and 10.5 hours in predominantly Caucasian countries 

(Mindell, Sadeh, Wiegand, et al., 2010) with the mean for this data set slightly higher at 10.63 hours.  

Similarly toddlers aged between 24-36 month were found to sleep between 10 hours (Sadeh et al., 

2009) and just over 10 hours in predominantly Caucasian countries (Mindell, Sadeh, Wiegand, et al., 

2010) with the mean for this data set slightly higher at 10.82 hours.  As there was minimal change 

from the original scoring chosen at Wave 2, the same parameters were used when analysing the 

Wave 3 and Wave 4 data. 

3.7.3.5 Calculating total sleep scores 

When considering the scoring for total sleep time, the evidence base showed that on average 6-8 

month old babies slept for 13 hours (Mindell, Sadeh, Wiegand, et al., 2010; Sadeh, 2004), with this 

finding also correlating to the Wave 2 data set.  Furthermore, only a fifth of babies were found to 

sleep 9 hours at this age (Sadeh, 2004).  These findings were used to set the lower sleep difficulty 
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and highest sleep difficulty scoring categories; sleeping 13 hours or more scored a 1 and sleeping 

less than 10 hours scored a 4.  The other two remaining categories were split into 1.5 hour blocks 

between the highest and lowest score.   

The average and poor sleep findings were reviewed against the evidence base for average sleep 

ranges at 12-17 months (comparable to Wave 3) and 24-36 months (comparable to Wave 4) and 

there were no changes in the CSDS ranges chosen, so this scoring was maintained across all three 

timepoints (Mindell, Sadeh, Wiegand, et al., 2010; Sadeh et al., 2009).     

These normal and poor sleep ranges were reviewed against the evidence base for average sleep 

ranges at 12-17 months (comparable to Wave 3) and 24-36 months (comparable to Wave 4) and 

there were no or minimal changes in the CSDS ranges chosen for nocturnal sleep, total sleep and 

sleep latency, so the CSDS scoring was maintained (Mindell, Sadeh, Kohyama, et al., 2010; Sadeh, 

2004; Sadeh et al., 2009).  There was some variance in the poor ranges for the CSDS for nocturnal 

wakefulness and night wakings in the evidence base, however, these were not widely different from 

the scoring ranges used at Wave 2 and the same score was adopted across all three time points.   

3.7.3.6 Calculating the overall CSDS 

All five sleep measures were considered equal in determining sleep quality and scores of 1 to 4 were 

assigned for the ranges of the sleep measure, see Table 4 for scoring parameters, with the higher the 

score, the greater the sleep difficulties.  The only exception to this was the measure of sleep latency 

at the Wave 4 collection point.  The extended BISQ measured sleep latency as an ordinal rather than 

as a continuous variable.  The ordinal categories, less than 5 minutes, 5 to 15 minutes, 16 to 30 

minutes, 31 to 60 minutes and over 60 minutes, matched with category 1-3 for the CSDS, but it was 

not possible to determine category 4 (over 1.5 hrs) – so this was removed. 

To ensure the measures were all tapping into a different aspect of sleep quality and the CSDS had a 

high degree of homogeneity, associations between the sleep measures were considered and total 

correlation, where the individual measure is correlated against the total scale score whilst omitting 

that individual measure, was also undertaken (Streiner et al., 2015) 
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Table 4 Sleep Score 

Sleep 

Latency 
CSDS 

Night 

Wakings 
CSDS 

Nocturnal 

Wakefulness 
CSDS 

Nocturnal 

Sleep 
CSDS 

Total 

Sleep 
CSDS 

 < 0.5 

hours 
1 < 2 1 <0.75 hours 1 

10 hours 

>= 
1 

>= 13 

hours 
1 

>= 0.5 < 

1.0 hours 
2 >=2 < 3 2 

>= 0.75 < 1.5 

hours 
2 

>= 8.5 < 10 

hours 
2 

>= 11.5 < 

13 hours 
2 

>= 1.0 < 

1.5 hours 
3 >= 3 < 4 3 

>= 1.5 < 2.15 

hours 
3 

>= 7 < 8.5 

hours 
3 

>= 10 < 

11.5 hours 
3 

>= 1.5 

hours 
4 >= 4 4 

>= 2.15 

hours 
4 < 7 hours 4 < 10 hours 4 

 

The total CSDS is the sum of the five subcategories in Table 4, with the overall CSDS ranging from a 

score of 5 to 20 for Wave 2 and 3 or between 5 to 19 for Wave 4. 

3.7.4 Health and developmental measures 

Primary caregivers were asked about their infant’s experience of colic, main milk, the age at which 

solids were introduced and dummy use. 

3.7.5 Activity Measures 

Activity levels were explored in the Wave 4 questionnaire using an adapted version of the Brief 

Survey of Children’s Activity Preferences Questionnaire (Wen et al., 2010), which is based on the 

Netherland’s Physical Activity Questionnaire (NPAQ) (Janz et al., 2005).  These questionnaires have 

been found to be useful at identifying physical activity preferences (Janz et al., 2005) and to be 

accurate in ranking pre-school children’s activity levels (Wen et al., 2010), whilst fitting with the 

format of the Wave 4 questionnaire.  Parents were asked about their child’s activity preferences in 

relation to a series of sedentary and physical activities; whether they like to play with other children, 

their personality type (introverted versus extroverted), the number of friends they have, the activity 

level of their games, whether they like swimming, reading, watching TV, playing outside and their 

parent’s perceptions of their activity levels compared to their peers.  The author added a further 

question regarding tablet/computer/console use to reflect the increasing use of handheld 

technologies. 

3.8 Statistical analysis 

Descriptive statistical analysis of the socio-demographic data was undertaken using frequency 

calculations and mean and standard deviation where appropriate.  Analysis at the Wave 2, 3 and 4 



98 
 

timepoints was undertaken with non-parametric tests Mann-Whitney U and Kruskal-Wallis H, with 

post hoc Dunn’s procedure with Bonferroni correction when results showed significant differences.  

Spearman’s correlation was undertaken to determine whether there was an association between 

measures.  Finally, a cumulative odds ordinal logistic regression with proportional odds was 

undertaken to predict the parental sleep rating from the independent sleep variables.   

A longitudinal analysis of the sleep variables and CSDS at all three time points was undertaken using 

a one-way repeated measures ANOVA.  To explore the associations between the CSDS, time and 

measures which were identified as significant at Wave 2, Wave 3 and/or Wave 4 a two-way mixed 

ANOVA was undertaken.   

Data analysis was performed using IBM SPSS Statistics version 26.  
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4 Results 

4.1 Wave 2 results 

4.1.1 Demographic characteristics of parents and infants at Wave 2 

A total of 216 parents completed the Wave 2 questionnaire when their infant was between 5-10 

months.  This resulted in responses for 213 singletons, two sets of twins and one set of triplets (n = 

220 infants).  The overall response rate was 58%.  The parental and infant demographic 

characteristics of the sample are shown in Table 5 and Table 6 respectively. 

Table 5 Parental Demographic Characteristics of Wave 2 Sample 

Parental demographic characteristics 

 Total Population  Sample Population  Non-Responders 

n 390 216  160 

    

Maternal Age (Years)    

Mean 31 years 

(SD=4.85) 

33 years (SD=4.34) 30 years 

(SD=5.12) 

Range 18 - 43 years 20 – 43 years 18-43 years 

18 3 (1%) - 2 (1%) 

19-23 25 (6%) 8 (4%) 16 (10%) 

24-28 93 (24%) 39 (18%) 53 (33%) 

29-33  149 (38%) 92 (43%) 52 (33%) 

34-38 99 (25%)  65 (30%) 28 (18%) 

39-43  21 (5%) 12 (6%)  9 (6%) 

    

Marital status    

Domestic Partnership 119 (31%) 59 (27%) 54 (34%) 

Married 244 (63%) 154 (71%) 84 (53%) 

Separated 2 (1%) - 2 (1%) 

Divorced 1 (1%) - 1 (1%) 

Single 23 (6%) 3 (1%) 18 (11%) 

Not recorded 1 (1%) - 1 (1%) 

    

Highest Level of Maternal Education    

School 19 (4%) 4 (2%) 15 (9%) 

Further  145 (37%) 60 (28%) 77 (48%) 

Higher 223 (57%) 151 (70%) 66 (41%) 

Don’t know 1 (1%) - 1 (1%) 

Not recorded 2 (1%) 1 (1%) 1 (1%) 
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Highest Level of Paternal Education    

School 56 (14%) 21 (10%) 32 (20%) 

Further 157 (40%) 79 (37%) 71 (44%) 

Higher 164 (42%) 113 (52%) 48 (30% 

Don’t know 1 (1%) - 1 (1%) 

Not applicable (as single parents) 11 (3%) 2 (1%) 8 (5%) 

Not recorded 1 (1%) 1 (1%) - 

    

Maternal Ethnicity    

White British 318 (82%) 174 (81%) 135 (84%) 

White other 44 (11%) 31 (14%) 9 (6%) 

Mixed/multiple ethnic groups 6 (2%) 2 (1%) 4 (2%) 

Asian/Asian British 13 (3%) 6 (3%) 6 (4%) 

Black/African/Caribbean/Black 

British 

6 (1.5%) 2 (1%) 4 (3%) 

Other ethnic group 2 (1%) - 2 (1%) 

Not specified 1 (1%) 1 (1%) - 

    

Siblings    

0 (first born) 165 (42%) 108 (50%) 58 (36%) 

1 151 (39%) 83 (38%) 58 (36%) 

2 51 (13%) 21 (10%) 26 (16%) 

3 18 (5%) 4 (2%) 13 (8%) 

4 5 (1%) - 5 (3%) 

*Please note, parents who have withdrawn are not included in the non-responders category – this data is fully 

explored in Figure 4. 

Table 6 Infant Demographic Characteristics of Wave 2 Sample 

Infant Demographic Characteristics 

n 220 

  

Gender   

Male 113 (51%) 

Female 107 (49%) 

  

Age (Months)  

Mean 6 months (SD = 0.91) 

Range 5-10 months  

5 months 49 (22%) 

6 months 118 (54%) 

7 months 39 (18%) 

8 months 9 (4%) 

9 months 3 (1%) 
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10 months 2 (1%) 

 

4.1.2 Sleeping patterns of the sample at Wave 2 

The BISQ sleep measures for the sample are shown in Table 7.   

Table 7 Sleeping Patterns of Infants in Wave 2 Sample 

Measure n= Mean  SD Minimum Maximum 

Sleep-onset time, h 218 19:34  1:02 17:30 24:00 

^Sleep latency, h 216 0.43  0.37 0 3 

Night wakings, no (average) 218 1.77  1.50 0 10 

^Nocturnal wakefulness, h 213 0.58  0.68 0 4 

^Nocturnal sleep duration, h 217 10.32  1.46 4 13 

^Daytime sleep duration, h 218 2.80  1.01 1 6 

^Total sleep duration, h 218 13.10  1.58 8 16.25 

Note: where n does not equal 220, there is missing data for the individual sleep measure 

^Duration in hours is expressed as a decimal (base-10). 

One hundred and forty-eight parents (69%) reported their child’s sleep was ‘no problem’, sixty (28%) 

a ‘small problem’ and five (2%) a ‘serious problem’. 

4.1.3 Development of a Composite Sleep Difficulties Score at Wave 2 

4.1.3.1 Associations between sleep variables at Wave 2 

Associations were explored between parental reports of sleep latency, average number of night 

wakings, nocturnal wakefulness, nocturnal sleep duration and total sleep time as shown in Table 8.  

All the variables were found to significantly correlate with each other, with the strength of 

correlation ranging from just below moderate to strong (Brace et al., 2016). 
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Table 8 Correlation Matrix for Wave 2 Sleep Score Measures 

 1 Sleep Latency 2 Night 

Wakings, no 

(average) 

3 Nocturnal 

Wakefulness 

4 Nocturnal 

Sleep Duration 

1 Sleep Latency     

2 Night Wakings, no 

(average) 

0.201*    

3 Nocturnal 

Wakefulness 

0.324*** 0.599***   

4 Nocturnal Sleep 

Duration 

-0.280*** -0.276*** -0.472***  

5 Total Sleep 

Duration 

-0.262*** -0.203* -0.371*** 0.709*** 

*** p<0.001(2 – tailed) 

*     p<0.05 (2 – tailed) 

4.1.3.2 CSDS at Wave 2 

As missing data can skew results, only questionnaires with complete data for all the five sleep 

variables were included (n = 213) (Streiner et al., 2015). The CSDS (n = 213) ranged between 5 and 

20, with a mean of 7.67 (SD = 2.76). 

All the sleep measures included in the CSDS demonstrated homogeneity; they were significantly 

correlated with each other and had total correlation. 

4.1.3.3 Associations between child’s age at completion of Wave 2 questionnaire and the 

CSDS 

There was no statistically significant correlation between the child’s age at the completion of the 

wave 2 questionnaire and the CSDS (rs (211) = -0.095, p = 0.166). 

4.1.4 Are parents able to identify a sleep problem in their infant at Wave 2? 

4.1.4.1 Parental perceptions of sleep quality and sleep measures at Wave 2 

Sleep measures and CSDS grouped by parental perceptions of their infant’s sleep are shown in Table 

9. 
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Table 9 Parental Ratings and BISQ Sleep Measures at Wave 2 

Sleep Measures No Problem 

n = 148 (69%) 

(1) 

Small Problem 

n = 60  

(28%) 

(2) 

Serious Problem 

n = 5  

(2%) 

(3) 

^Sleep latency, h 0.35  .30 0 .53  .32 1.15  1.08 

Night wakings, no (average) 1.30  1.27 2.56  1.05 5.40  2.88 

^Nocturnal wakefulness, h 0.35  0.43 0.91  0.59 3.17  0.77 

^Nocturnal sleep duration, h 10.65  1.29 9.90  1.12 7.05  1.15 

^Total sleep duration, h 13.44  1.43 12.65  1.34 9.63  1.28 

CSDS 6.76 1.94 9.20  2.57 16.40  2.51 

*** p<0.001(2 – tailed) 

Note: Duration in hours is expressed as a decimal (base-10). 

4.1.4.1.1 Parental perceptions and sleep latency 

A significant association was found between parental perceptions of their infant’s sleep and sleep 

latency time measures (χ2 (2) = 23.284, p = <0.001).  Subsequent pairwise comparisons revealed 

statistically significant sleep latency time measures between groups, with infants in the ‘no problem’ 

parental perception group having the lowest sleep latency time measures, indicating fewer reported 

sleep difficulties, compared to infants in the ‘small problem’ group (mean ranks sleep latency 

measures 94.07 v 133.84) (p = <0.001) and between the ‘serious problem’ group (mean ranks sleep 

latency measures 94.07 v 167.70) (p = 0.024).  There was not a statistical difference between the 

‘small problem’ and ‘serious problem’ group or any other group combination.   

4.1.4.1.2 Parental perceptions and night wakings 

A significant association was found between parental perceptions of their infant’s sleep and number 

of night wakings (χ2 (2) = 56.986, p = <0.001).  Subsequent pairwise comparisons revealed 

statistically significant night waking scores between groups, with infants in the ‘no problem’ parental 

perception group having the lowest night wakings scores, indicating fewer sleep difficulties, 

compared to infants in the ‘small problem’ group (mean ranks night wakings scores 86.71 v 149.61) 

(p =<0.001) and between the infants in the ‘serious problem’ group (mean rank night wakings scores 

86.71 v 196.20) (p = <0.001).  There was not a statistical difference between the ‘small problem’ and 

‘serious problem’ groups or any other group combinations.   
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4.1.4.1.3 Parental perceptions and nocturnal wakefulness 

A significant association was found between parental perceptions of their infant’s sleep and 

nocturnal wakefulness duration (χ2 (2) = 60.172, p = <0.001).  Subsequent pairwise comparisons 

revealed statistically significant nocturnal wakefulness durations between groups, with infants in the 

‘no problem’ parental perception group having the lowest nocturnal wakefulness measures, 

indicating fewer sleep difficulties, compared to infants in the ‘small problem’ group (mean rank 

nocturnal wakefulness measures 86.45 v 149.14) (p = <0.001) and between the ‘serious problem’ 

group (mean rank nocturnal wakefulness measures 86.45 v 209.70) (p = <0.001).  There was not a 

statistical difference between the ‘small problem’ and ‘serious problem’ groups or any other group 

combinations.   

4.1.4.1.4 Parental perceptions and nocturnal sleep duration 

A significant association was found between parental perceptions of their infant’s sleep and 

nocturnal sleep duration (χ2 (2) = 32.833, p = <0.001).  Subsequent pairwise comparisons revealed 

statistically significant nocturnal sleep durations between groups, with infants in the ‘no problem’ 

parental perception group having the highest nocturnal sleep measures, indicating fewer sleep 

difficulties, compared to children in the ‘serious problem’ group (mean rank nocturnal sleep 

measures 121.26 v 9.50) (p = 0.039) and between the infants in the ‘small problem’ group (mean 

rank nocturnal sleep measures 121.26 v 79.94) (p = <0.001).  There was also a statistically significant 

difference between the ‘small problem’ and ‘serious problem’ group (mean rank nocturnal sleep 

measures 79.94 v 9.50) (p = 0.039).   

4.1.4.1.5 Parental perceptions and total sleep duration 

A significant association was found between parental perceptions of their infant’s sleep and total 

sleep duration (χ2 (2) = 27.383, p = <0.001).  Subsequent pairwise comparisons revealed statistically 

significant total sleep durations between groups, with infants in the ‘no problem’ parental 

perception group having the highest total sleep measures, indicating fewer sleep difficulties, 

compared to those in the ‘small problem’ group (mean ranks total sleep measures 119.49 v 84.44) (p 

= <0.001) and between the infants in the ‘serious problem’ group (mean rank total sleep measures 

119.49 v 8.10) (p = <0.001).   There was also a statistically significant difference between the small 

and ‘serious problems’ groups (mean rank total sleep measures 84.44 v 8.10) (p = 0.022).    

4.1.4.1.6 Parental perceptions and CSDS 

A significant association was found between parental perceptions of their infant’s sleep and CSDS (χ2 

(2) = 57.678, p = <0.001).  Subsequent pairwise comparisons revealed statistically significant total 

sleep durations between groups, with infants in the ‘no problem’ parental perception group having 
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the lowest CSDS scores, indicating fewer sleep difficulties, compared to those in the ‘small problem’ 

group (mean ranks CSDS 86.93 v 148.01) (p = <0.001) and between the ‘serious problem’ group 

(mean ranks CSDS 86.93 v 209.10) (p = <0.001).  There was not a statistical difference between the 

‘small problem’ and ‘serious problem’ groups or any other group combinations.   

4.1.4.2   Parental perceptions as a predictor of poor sleep at Wave 2 

4.1.4.2.1 Parental perceptions and sleep variables 

To determine the effect of sleep latency, average number of night wakings, nocturnal wakefulness, 

nocturnal sleep duration and total sleep duration on whether parents felt their child’s sleep was ‘no 

problem’, a ‘small problem’ or a ‘serious problem’, a cumulative odds ordinal logistic regression with 

proportional odds was run.  An increase in two variables, night wakings and nocturnal wakefulness, 

were significantly associated with an increase in the odds of parents considering their child’s sleep a 

problem; night wakings had an odds ratio of 1.821 (95% CI, 1.361 to 2.436), Wald χ2 (1) = 16.295, p < 

0.001 and nocturnal wakefulness had an odds ratio of 5.030 (95% CI, 2.393 to 10.576), Wald χ2 (1) = 

18.151, p < 0.001. 

The model, using the five sleep variables, was able to correctly predict 92% of cases where parents 

reported their infant’s sleep was ‘not a problem’ – in this category 8% were incorrectly predicted to 

be in the ‘small problem’ response category.  A further 80% of cases where parents reported their 

infant’s sleep was a ‘serious problem’ were correctly predicted, although 20% were incorrectly 

predicted to be in the ‘small problem’ response category.  For the ‘small problem’ response category 

52% cases were correctly predicted, whereas 28% were incorrectly allocated to the ‘not a problem’ 

category.  In most cases, and particularly accurately in the ‘not a problem’ and ‘a serious problem’ 

categories, the five sleep variables were able to predict how parents perceived their infant’s sleep. 

4.1.4.2.2 Parental perceptions and CSDS 

It was not possible to run a cumulative odds ordinal logistic regression with proportional odds to 

determine the effect of the CSDS on parental perceptions of their infant’s sleep as the assumption of 

proportional odds was not met, as assessed by a full likelihood ratio test comparing the fit of the 

proportional odds model to a model with varying location parameters (χ2 (1) = 5.643, p = 0.018).   

4.1.5 To identify which factors are associated with poorer infant sleep measures. 

Associations were explored between the CSDS and infant’s gender, the infant’s family order, 

maternal age, maternal education, paternal education, the incidence of snoring, the prevalence of 

colic/tummy ache, bedtime settling routine, dummy use, sleep location, baby’s main milk and the 

age at which solids were introduced.  
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4.1.5.1 CSDS and bedtime settling routine 

A significant association was found between the CSDS and bedtime settling routine (χ2 (4) = 48.346, 

p = <0.001).  Subsequent pairwise comparisons revealed statistically significant different CSDS 

between groups, with babies who fall asleep in bed alone having the lowest CSDS score, indicating 

fewer reported sleep difficulties, compared to babies who fall asleep being fed (mean rank CSDS 

47.28 v 95.37) (p = <0.001) and babies who fell asleep being held (mean rank CSDS 47.28 v 96.94) (p 

= <0.001).  There was not a statistical difference between babies who fall asleep being rocked (mean 

rank CSDS 92.10), babies who fall asleep in a bed near their parent (mean rank CSDS 78.50) or any 

other group combination. 

4.1.5.2 CSDS and dummy use 

A statistically significant association was found between the CSDS and the use of a dummy, infants 

who used a dummy had a lower CSDS, indicating fewer sleep difficulties (median CSDS 6.0 v 7.0) (U = 

6.511, z = 2.309, p = 0.021). 

4.1.5.3 CSDS and sleep location 

A significant association was found between the CSDS and sleep location (χ2 (4) = 29.768, p = 

<0.001).  Subsequent pairwise comparisons revealed statistically significant different CSDS between 

groups, with babies who sleep in a crib in a separate room having the lowest mean rank CSDS score, 

indicating better sleep outcomes compared to babies who sleep in a crib in their parent’s room 

(mean rank CSDS 86.08 v 121.64) (p = 0.001), babies who sleep in their parent’s bed (mean rank 

CSDS 86.08 v 133.59) (p = 0.028) and babies who combination sleep in a crib and their parent’s bed 

(mean rank CSDS 86.08 v 174.06) (p = 0.001).  There were no statistically significant differences 

between babies who sleep in a room with a sibling (mean rank CSDS 111.81) or any other group 

combination. 

4.1.5.4 CSDS and baby’s main milk 

A statistically significant association was found between the median CSDS and baby’s main milk (χ2 

(2) = 24.929, p= <0.001) with babies who were exclusively formula fed having a statistically 

significantly lower CSDS indicating fewer sleep difficulties, compared to the exclusively breastfed 

group (median CSDS 6.00 v 8.00) (p = <0.001).  There was not a statistically significant difference 

between the combination of breastfeeding and formula feeding group (median CSDS 7.00) or any of 

the other group combinations. 
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4.1.5.5 Other factors 

No statistically significant differences were found between CSDS scores between infants’ gender, the 

infant’s family order, maternal age, maternal education, paternal education, the incidence of 

snoring, the prevalence of colic/tummy ache or the age at which solids were introduced. 

4.2 Wave 3 results  

4.2.1 Demographic characteristics of parents and children at Wave 3 

There was a 52% response rate to the Wave 3 questionnaire with 193 parents responding when their 

baby was between 11-17 months.  This led to responses for 189 singletons, two sets of twins and 

two sets of triplets (n = 199).  The parental and child demographic characteristics of the sample are 

shown in Table 10 and Table 11 respectively. 

Table 10 Parental Demographic Characteristics for Wave 3 Sample 

Parental demographic characteristics 

 Total Population Sample Population  Non-Responders 

n 390 193 181 

    

Maternal Age (Years)    

Mean 31 years 

(SD=4.85) 

32 years (SD=4.35) 30 years 

(SD=5.06) 

Range 18 – 43 years 20-43 years 18-42 years 

18 3 (1%) - 2 (1%) 

19-23 25 (6%) 7 (4%) 17 (10%) 

24-28 93 (24%) 35 (18%) 57 (32%) 

29-33  149 (38%) 80 (41%) 62 (34%) 

34-38 99 (25%) 61 (32 %) 32 (18%) 

39-43 21 (5%) 10 (5%) 11 (6%) 

    

Marital status    

Domestic Partnership 119 (31%) 55 (29%) 58 (32%) 

Married 244 (63%) 134 (69%) 102 (56%) 

Separated 2 (1%) - 2 (1%) 

Divorced 1 (1%) 4 (2%) 1 (1%) 

Single 23 (6%) - 17 (9%) 

Not recorded 1 (1%) - 1 (1%) 

    

  



108 
 

Highest Level of Maternal Education    

School 19 (4%) 3 (2%) 16 (9%) 

Further  145 (37%) 52 (27%) 85 (47%) 

Higher 223 (57%) 138 (72%) 77 (43%) 

Don’t know 1 (1%) - 1 (1%) 

Not recorded 2 (1%) - 2 (1%) 

    

Highest Level of Paternal Education    

School 56 (14%) 18 (9%) 35 (19%) 

Further 157 (40%) 73 (38%) 76 (42%) 

Higher 164 (42%) 99 (51%) 61 (34%) 

Don’t know 1 (1%) - 2 (1%) 

Not applicable (single parent) 11 (3%)  3 (2%) 6 (3%) 

Not recorded 1 (1%) - 1 (1%) 

    

Maternal Ethnicity    

White British  318 (82%) 161 (83%) 147 (81%) 

White other 44 (11%) 26 (13%) 13 (7%) 

Mixed/multiple ethnic groups 6 (2%) 1 (1%) 5 (3%) 

Asian/Asian British 13 (3%) 4 (2%) 8 (5%) 

Black/African/Caribbean/Black 

British 

6 (1.5%) 1 (1%) 5 (3%) 

Other ethnic group 2 (1%) - 2 (1%) 

Not specified 1 (1%)  - 1 (1%) 

    

Siblings    

0 (first born) 165 (42%) 98 (51%) 62 (34%) 

1 151 (39%) 66 (34%) 77 (43%) 

2 51 (13%) 21 (11%) 26 (14%) 

3 18 (5%) 8 (4%) 11 (6%) 

4 5 (1%) - 5 (3%) 

*Please note, parents who have withdrawn are not included in the non-responders category – this 

data is fully explored in Figure 4. 
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Table 11 Child Demographic Characteristics for Wave 3 Sample 

Child Demographic Characteristics 

n 199 (including 2 sets of 

twins and 2 sets of triplets) 

  

Age (Months)  

Mean 13 months (SD = 1.08) 

Range  11 – 17 months 

11 15 (8%) 

12 105 (53%) 

13 39 (20%) 

14 27 (14%) 

15 11 (6%) 

16 1 (1%) 

17 1 (1%) 

  

Gender   

Male 97 (49%) 

Female 102 (51%) 

 

4.2.2 Sleeping patterns of the sample at Wave 3 

The BISQ sleep measures for the Wave 3 sample are shown in Table 12.  

Table 12 Sleep Measures for the Wave 3 Sample 

Measure  n = Mean  SD Minimum Maximum 

Sleep-onset time, h 197 19:20  0.46 17:15 22:45 

^Sleep latency, h 194 0.36  0.28 0 1.50 

Night wakings, no (average) 196 1.21 1.41  0 8 

^ Nocturnal wakefulness, h 194 0.32  0.49 0 3.00 

^ Nocturnal sleep duration, h 198 10.63  1.22  5.00 12.50 

^ Daytime sleep duration, h 197 2.10  0.77  0 4.50 

^ Total sleep duration, h 198 12.71  1.48 6.50 16.50 

Note: where n does not equal 199, there is missing data for the individual sleep measure. 

^ Duration in hours is expressed as a decimal (base-10). 

One hundred and forty parents (75%) reported their child’s sleep was ‘no problem’, forty-four (23%) 

a ‘small problem’ and four (2%) a ‘serious problem’. 
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4.2.3 Development of a Composite Sleep Difficulties Score at Wave 3 

4.2.3.1 Associations between sleep variables at Wave 3 

Associations were explored between parental reports of sleep latency, average number of night 

wakings, nocturnal wakefulness, nocturnal sleep duration and total sleep time as shown in Table 13.  

All the variables were found to significantly correlate with each other, with the strength of 

correlation ranging from just below moderate to strong (Brace et al., 2016). 

Table 13 Correlation Matrix for Wave 3 Sleep Score Measures 

 1 Sleep 

Latency 

2 Night 

Wakings, no 

(average) 

3 Nocturnal 

Wakefulness 

4 Nocturnal 

Sleep 

Duration 

1 Sleep Latency     

2 Night Wakings, 

no (average) 

0.367***    

3 Nocturnal 

Wakefulness 

0.367*** 0.741***   

4 Nocturnal Sleep 

Duration 

-0.366*** -0.378*** -0.327***  

5 Total Sleep 

Duration 

-0.339*** -0.328*** -0.281*** 0.798*** 

*** p<0.001(2 – tailed) 

4.2.3.2 CSDS at Wave 3 

As missing data can skew results, only questionnaires with complete data for all the five sleep 

variables were included (n = 189) (Streiner et al., 2015). The CSDS (n = 189) ranged between 5 and 

20, with a mean of 6.85 (SD = 2.28). 

All the sleep measures included in the CSDS demonstrated homogeneity; they were significantly 

correlated with each other and had total correlation. 

4.2.3.3 Associations between child’s age at completion of Wave 3 questionnaire and the 

CSDS 

There was no statistically significant correlation between the child’s age at the completion of the 

Wave 3 questionnaire and the CSDS (rs (186) = -0.061, p = 0.40). 

4.2.4 Are parents able to identify a sleep problem in their young child at Wave 3? 

4.2.4.1 Parental perceptions of sleep quality and sleep measures at Wave 3 

Sleep measures and CSDS grouped by parental perceptions of their child’s sleep are shown in Table 

14. 
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Table 14 Parental Ratings and BISQ Sleep Measures at Wave 3 

Sleep Measures No Problem 

N = 140 

(75%) 

(1) 

Small Problem 

N = 44  

(23%) 

(2) 

Serious Problem 

N = 4  

(2%) 

(3) 

^ Settling time (sleep latency), h 0.31  0.24 0.49  0.29 0.65  0.24 

Night wakings, no 0.72  0.93 2.28 1.34 5.00  3.16 

^ Nocturnal wakefulness, h 0.19  0.31 0.60  0.52 1.33  1.41 

^ Nocturnal sleep duration, h 10.96  0.91 10.24  1.02 8.46  1.99 

^ Total sleep duration, h 13.07  1.27 12.19  1.12 11.08  2.27 

CSDS 6.11  1.53 8.57  2.27 12.50  4.43 

Note: ^ Duration in hours is expressed as a decimal (base-10). 

4.2.4.1.1 Parental perceptions and sleep latency 

A significant association was found between parental perceptions of their child’s sleep and sleep 

latency time measures (χ2 (2) = 21.012, p = <0.001).  Subsequent pairwise comparisons revealed 

statistically significant sleep latency time measures between groups, with children in the ‘no 

problem’ parental perception group having the lowest sleep latency time measures, indicating fewer 

reported sleep difficulties, compared to children in the ‘small problem’ group (mean ranks sleep 

latency measures 84.43 v 120.72) (p = 0.001) and between the ‘serious problem’ group (mean ranks 

sleep latency measures 84.43 v 158.75) (p = 0.020).  There was not a statistical difference between 

the ‘small problem’ and ‘serious problem’ group or any other group combination.   

4.2.4.1.2 Parental perceptions and night wakings 

A significant association was found between parental perceptions of their child’s sleep and number 

of night wakings (χ2 (2) = 57.749, p = <0.001).  Subsequent pairwise comparisons revealed 

statistically significant night waking scores between groups, with children in the ‘no problem’ 

parental perception group having the lowest night wakings scores, indicating fewer sleep difficulties, 

compared to children in the ‘small problem’ group (mean ranks night wakings scores 77.59 v 141.99) 

(p = <0.001) and between the children in the ‘serious problem’ group (mean rank night wakings 

scores 77.59 v 164.00) (p = 0.003).  There was not a statistical difference between the ‘small 

problem’ and ‘serious problem’ groups or any other group combinations.   

4.2.4.1.3 Parental perceptions and nocturnal wakefulness 

A significant association was found between parental perceptions of their child’s sleep and nocturnal 

wakefulness duration (χ2 (2) = 41.975, p = <0.001).  Subsequent pairwise comparisons revealed 

statistically significant nocturnal wakefulness durations between groups, with children in the ‘no 
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problem’ parental perception group having the lowest nocturnal wakefulness measures, indicating 

fewer sleep difficulties, compares to children in the ‘small problem’ group (mean rank nocturnal 

wakefulness measures 79.96 v 136.28) (p = <0.001) and between the ‘serious problem’ group (mean 

rank nocturnal wakefulness measures 79.96 v 143.75) (p = 0.050).  There was not a statistical 

difference between the ‘small problem’ and ‘serious problem’ groups or any other group 

combinations.   

4.2.4.1.4 Parental perceptions and nocturnal sleep duration 

A significant association was found between parental perceptions of their child’s sleep and nocturnal 

sleep duration (χ2 (2) = 25.090, p = <0.001).  Subsequent pairwise comparisons revealed statistically 

significant nocturnal sleep durations between groups, with children in the ‘no problem’ parental 

perception group having the highest nocturnal sleep measures, indicating fewer sleep difficulties, 

compared to children in the ‘serious problem’ group (mean rank nocturnal sleep measures 105.44 v 

25.88) (p = 0.010) and between the children in the ‘small problem’ group (mean rank nocturnal sleep 

measures 105.44 v 65.94) (p = <0.001).  There was not a statistical difference between the ‘small 

problem’ and ‘serious problem’ groups or any other group combinations.   

4.2.4.1.5 Parental perceptions and total sleep duration 

A significant association was found between parental perceptions of their child’s sleep and total 

sleep duration (χ2 (2) = 21.377, p = <0.001).  Subsequent pairwise comparisons revealed statistically 

significant total sleep durations between groups, with children in the ‘no problem’ parental 

perception group having the highest total sleep measures, indicating fewer sleep difficulties, 

compared to those in the ‘small problem’ group (mean ranks total sleep measures 105.07 v 65.17) (p 

= <0.001).   There was not a statistical difference between the ‘serious problem’ group (mean rank 

total sleep measures 47.13) or any other group combinations.   

4.2.4.1.6 Parental perceptions and CSDS 

A significant association was found between parental perceptions of their child’s sleep and CSDS (χ2 

(2) = 56.046, p = <0.001).  Subsequent pairwise comparisons revealed statistically significant total 

sleep durations between groups, with children in the ‘no problem’ parental perception group having 

the lowest CSDS scores, indicating fewer sleep difficulties, compared to those in the ‘small problem’ 

group (mean ranks CSDS 77.83 v140.81) (p = <0.001) and between the ‘serious problem’ group 

(mean ranks CSDS 77.83 v 168.50) (p = 0.002).  There was not a statistical difference between the 

‘small problem’ and ‘serious problem’ groups or any other group combinations.   
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4.2.4.2 Parental perceptions as a predictor of poor sleep 

4.2.4.2.1 Parental perceptions and sleep variables 

To determine the effect of sleep latency, average number of night wakings, nocturnal wakefulness, 

nocturnal sleep duration and total sleep duration on whether parents felt their child’s sleep was ‘no 

problem’, a ‘small problem’ or a ‘serious problem’, a cumulative odds ordinal logistic regression with 

proportional odds was run.  An increase in two variables, night wakings and nocturnal wakefulness, 

were significantly associated with an increase in the odds of parents considering their child’s sleep a 

problem; night wakings had an odds ratio of 2.396 (95% CI, 1.693 to 3.392), χ 2 (1) = 24.287, p <0.001 

and nocturnal wakefulness had an odds ratio of 2.928 (95% CI, 1.196 to 7.171), χ 2 (1) = 5.527, p 

<0.019. 

The model, using the five sleep variables, was able to correctly predict 91% of cases where parents 

reported their child’s sleep was ‘not a problem’ – in this category 9% were incorrectly predicted to 

be in the ‘small problem’ response category.  A further 75% of cases where parents reported their 

child’s sleep was a ‘serious problem’ were correctly predicted, although 25% were incorrectly 

predicted to be in the ‘not a problem’ response category.  For the ‘small problem’ response category 

41% cases were correctly predicted, whereas 59% were incorrectly allocated to the ‘not a problem’ 

category.  In most cases, and particularly accurately in the ‘not a problem’ and ‘a serious problem’ 

categories, the five sleep variables were able to predict how parents perceived their child’s sleep.     

4.2.4.2.2 Parental perceptions and CSDS 

To determine the effect the CSDS score on whether parents felt their child’s sleep was ‘no problem’, 

a ‘small problem’ or a ‘serious problem’, a cumulative odds ordinal logistic regression with 

proportional odds was run.  An increase in the CSDS score was associated with an increase in the 

odds of parents considering their child’s sleep a problem, with an odds ratio of 1.891 (95% CI, 1.573 

to 2.273), χ 2 (1) = 45.962, p <0.001. 

The model, using the CSDS, was able to correctly predict 91% of cases where parents reported their 

child’s sleep was ‘not a problem’ – in this category 9% were incorrectly predicted to be in the ‘small 

problem’ category.  Twenty-five percent of cases where parents reported their child’s sleep was ‘a 

serious problem’ were correctly predicted, with 50% incorrectly predicted to be in the ‘small 

problem’ category and 25% incorrectly predicted to be in the ‘not a problem’ category.  Within the 

‘small problem’ response category 43% were correctly predicted, whereas 57% were incorrectly 

allocated to the not a problem category.  The overall sensitivity of the model using the CSDS was 

79% and the specificity was 89%.   
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4.2.5 To identify which factors are associated with poor infant sleep measures at Wave 3 

Associations were explored between the CSDS and infant’s gender, the infant’s family order, 

maternal age, maternal education, paternal education, the incidence of snoring, bedtime settling 

routine, dummy use, sleep location and baby’s main milk.  

4.2.5.1 CSDS and bedtime settling routine 

A significant association was found between the CSDS and bedtime settling routine (χ2 (3) = 19.389, 

p = <0.001).  Subsequent pairwise comparisons revealed statistically significant different CSDS 

between groups, with babies who fall asleep in bed alone having the lowest CSDS score, indicating 

fewer reported sleep difficulties, compared to babies who fall asleep being fed (mean rank CSDS 

62.21 v 92.79) (p = 0.005) and babies who fell asleep being held (mean rank CSDS 62.21 v 98.96) (p = 

0.017).  There was not a statistical difference between babies who fall asleep in a bed near their 

parent (mean rank CSDS 86.56) or any other group combination. 

4.2.5.2 CSDS and dummy use 

A statistically significant association was found between the CSDS and the use of a dummy, infants 

who used a dummy had a lower CSDS, indicating fewer sleep difficulties (median CSDS 5.0 v 6.0) (U = 

4141.50, z = 2.68, p = 0.007). 

4.2.5.3 CSDS and sleep location 

A significant association was found between the CSDS and sleep location (χ2 (4) = 21.218, p = 

<0.001).  Subsequent pairwise comparisons revealed statistically significant different CSDS between 

groups, with babies who sleep in a crib in a separate room having the lowest mean rank CSDS score, 

indicating better sleep outcomes compared to babies who combination sleep in a crib and in their 

parent’s bed (mean rank CSDS 86.67 v 138.04) (p = 0.005) and babies who sleep in their parent’s bed 

(mean rank CSDS 86.67 v 157.33) (p = 0.014).  There was not a statistical difference between babies 

who sleep in a crib in their sibling’s room (mean rank CSDS 97.09), babies who sleep in their parent’s 

room (mean rank CSDS 101.62) or any other group combination. 

4.2.5.4 CSDS and baby’s main milk 

A statistically significant association was found between the median CSDS and baby’s main milk (χ2 

(4) = 30.031, p= <0.001).  Subsequent pairwise comparisons revealed statistically significant different 

CSDS between groups, with babies who drank other types of milk having the lowest CSDS score, 

indicating fewer reported sleep difficulties, compared to babies who were breastfed (mean rank 

CSDS 55.93 v 128.65) (p = 0.007).  Other milks, when specified, included specialist prescribed 

formulas and oat milk.  The pairwise comparisons also demonstrated that there was a statistically 
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significant different CSDS between babies who were combination fed (breastfeeding and other 

milks) and breastfed (mean ranks CSDS 76.38 v 128.65) (p = 0.021), between babies who were fed 

cow’s milk and those who were breastfed (mean ranks CSDS 82.96 v 128.65) (p = <0.001), and 

between babies fed formula milk and those who were breastfed (mean ranks CSDS 88.72 v 128.65) 

(p = 0.002), but not between any other group combinations.  

4.2.5.5 Other factors 

No statistically significant differences were found between CSDS scores between infant gender, the 

infant’s family order, maternal age, maternal education, paternal education or incidence of snoring. 

4.3 Wave 4 results 

4.3.1 Demographic characteristics of parents and children at Wave 4 

There was a 38% response rate to the Wave 4 questionnaire with 139 parents responding when their 

child was between 23-30 months.  This led to responses for 135 singletons, two sets of twins and 

two sets of triplets (n = 145).  The parental and infant demographic characteristics of the sample are 

shown in Table 15 and Table 16 respectively. 

 

Table 15 Parental Demographic Characteristics of Wave 4 Sample 

Parental demographic characteristics 

 Total Population Sample Population  Non-Responders 

n 390 139 233 

    

Maternal Age (Years)    

Mean 31 years 

(SD=4.85) 

33 years (SD=3.93) 30 years 

(SD=5.00) 

Range 18 – 43 years 21 - 43 years 18-43 years 

18 3 (1%) - 2 (1%) 

19-23 25 (6%) 3 (2%) 21 (9%) 

24-28 93 (24%) 19 (14%) 74 (32%) 

29-33  149 (38%) 60 (43%) 81 (35%) 

34-38 99 (25%) 51 (37%) 41 (18%) 

39-43 21 (5%) 6 (4%) 14 (6%) 

    

Marital status    

Domestic Partnership 119 (31%) 33 (24%) 79 (34%) 

Married 244 (63%) 104 (75%) 131 (56%) 

Separated 2 (1%) - 2 (1%) 

Divorced 1 (1%) - 1 (1%) 

Single 23 (6%) 2 (1%) 19 (8%) 

Not recorded 1 (1%) - 1 (1%) 
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Highest Level of Maternal Education    

School 19 (4%) 3 (2%) 15 (6%) 

Further  145 (37%) 34 (25%) 103 (44%) 

Higher 223 (57%) 102 (73%) 112 (48%) 

Don’t know 1 (1%) - 1 (1%) 

Not recorded 2 (1%) - 2 (1%) 

    

Highest Level of Paternal Education    

School 56 (14%) 15 (11%) 38 (16%) 

Further 157 (40%) 40 (29%) 108 (46%) 

Higher 164 (42%) 83 (60%) 76 (33%) 

Don’t know 1 (1%) - 2 (1%) 

Not applicable (single parent) 11 (3%) 1 (1%) 8 (3%) 

Not recorded 1 (1%) - 1 (1%) 

    

Maternal Ethnicity    

White British  318 (82%) 114 (82%) 192 (82%) 

White other 44 (11%) 19 (14%) 20 (9%) 

Mixed/multiple ethnic groups 6 (2%) 1 (1%) 5 (2%) 

Asian/Asian British 13 (3%) 3 (2%) 9 (4%) 

Black/African/Caribbean/Black 

British 

6 (1.5%) 1 (1%) 5 (2%) 

Other ethnic group 2 (1%) - 2 (1%) 

Not specified 1 (1%)  1 (1%)  

    

Siblings    

0 (first born) 165 (42%) 67 (48%) 94 (40%) 

1 151 (39%) 52 (37%) 89 (38%) 

2 51 (13%) 14 (10%) 33 (14%) 

3 18 (5%) 6 (4%) 13 (6%) 

4 5 (1%) - 4 (2%) 

*Please note, parents who have withdrawn are not included in the non-responders category – this 

data is fully explored in Figure 4. 
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Table 16 Child Demographic Characteristics for Wave 4 Sample 

Child Demographic Characteristics 

n 145 (including 2 sets of 

twins and 2 sets of triplets) 

  

Age (Months)  

Mean 25 months (SD = 0.994) 

Range  23 - 30 months 

23 3 (2%) 

24 94 (65%) 

25 30 (21%) 

26 13 (9%) 

27 2 (1%) 

28 1 (1%) 

29 1 (1%) 

30 1 (1%) 

  

Gender   

Male 72 (50%) 

Female 73 (50%) 

 

4.3.2 Sleeping patterns of the sample at Wave 4 

The BISQ sleep measures for the Wave 4 sample are shown in Table 17.  The extended BISQ does not 

ask specifically for sleep onset time, so this measure is not included in this table. 

Table 17 Sleep Measures for the Wave 4 Sample 

Measure n= Mean  SD Minimum Maximum 

Night wakings, no (average) 137 0.781.57  0 6 

^ Nocturnal wakefulness, h 143 0.190.32  0 1.50 

^ Longest sleep episode, h 136 9.542.72 3.00 14.00 

^ Nocturnal sleep duration, h 140 10.821.13   6.50 13.50 

^ Daytime sleep duration, h 144 1.450.65  0 3 

^ Total sleep duration, h 140 12.291.26  8.00 16:00 

Note: where n does not equal 145, there is missing data for the individual sleep measure. 

^ Duration in hours is expressed as a decimal (base-10). 

Ninety-eight parents (78%) reported their child’s sleep was ‘no problem’, twenty-five (20%) a ‘small 

problem’ and three (2%) a ‘serious problem’. 
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4.3.3 Development of a Composite Sleep Difficulties Score at Wave 4 

4.3.3.1 Associations between sleep variables at Wave 4 

Associations were explored between parental reports of sleep latency, average number of night 

wakings, nocturnal wakefulness, nocturnal sleep duration and total sleep time as shown in Table 18. 

All the variables were found to significantly correlate with each other, with the strength of 

correlation ranging from just below moderate to strong (Brace et al., 2016). 

Table 18 Correlation Matrix for Wave 4 Sleep Score Measures 

 1 Sleep 

Latency 

2 Night 

Wakings, no 

(average) 

3 Nocturnal 

Wakefulness 

4 Nocturnal 

Sleep 

Duration 

1 Sleep Latency     

2 Night Wakings, 

no (average) 

0.281***    

3 Nocturnal 

Wakefulness 

0.272**      0.847***   

4 Nocturnal Sleep 

Duration 

-0.364*** -0.327*** -0.286***  

5 Total Sleep 

Duration 

-0.269** -0.356*** -0.271**  0.836*** 

*** p <0.001(2 – tailed) 

** P <0.01 (2 – tailed) 

4.3.3.2 CSDS at Wave 4 

As missing data can skew results, only questionnaires with complete data for all the five sleep 

variables were included (n = 127) (Streiner et al., 2015). The CSDS (n = 127) ranged between 5 and 

19, rather than 5 and 20 for Wave 2 and 3, with a mean of 6.46 (SD = 1.68).  At Wave 4 the CSDS was 

scored between 5 and 19 due to the extended BISQ measuring sleep latency as ordinal rather than a 

continuous variable.  This meant that the ordinal categories did not match with category 4 for sleep 

latency, and this was removed.  Please refer to 3.7.3 Composite sleep difficulties score (CSDS) for 

further details.   

All the sleep measures included in the CSDS demonstrated homogeneity; they were significantly 

correlated with each other and had total correlation. 

4.3.3.3 Associations between child’s age at completion of Wave 4 questionnaire and the 

CSDS 

There was no statistically significant correlation between the child’s age at the completion of the 

wave 4 questionnaire and the CSDS (rs (125) = -0.39, p = 0.662). 
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4.3.4 Are parents able to identify a sleep problem in their young child at Wave 4? 

4.3.4.1 Parental perceptions of sleep quality and sleep variables at Wave 4 

Sleep measures and CSDS grouped by parental perceptions of their infant’s sleep are shown in Table 

19.   

Table 19 Parental Ratings and BISQ Sleep Measures at Wave 4 

Sleep Measures No Problem 

n = 98  

(78%) 

(1) 

Small Problem 

n = 25  

(20%) 

(2) 

Serious Problem 

n = 3  

(2%) 

(3) 

Settling time (sleep latency), h 5 to 15m* 16 to 30m* 16 to 30m* 

Night wakings, no 0.290.55  1.860.87 3.171.61  

^Nocturnal wakefulness, h 0.060.13  0.560.44  1.040.44  

^Nocturnal sleep duration, h 11.061.03  10.340.76  7.671.61  

^Total sleep duration, h 12.561.18  11.750.94  9.171.61  

CSDS 5.981.05 7.681.68 12.670.58 

Note: ^ Duration in hours is expressed as a decimal (base-10). 

* measured as a median   

n  = 126, one parent did not respond to Q 

4.3.4.1.1 Parental perceptions and sleep latency 

A significant association was found between parental perceptions of their child’s sleep and sleep 

latency time measures (χ2 (2) = 11.644, p = 0.003).  Subsequent pairwise comparisons revealed 

statistically significant sleep latency time measures between groups, with children in the ‘no 

problem’ parental perception group having the lowest sleep latency time measures, indicating fewer 

reported sleep difficulties, compared to children in the ‘small problem’ group (mean ranks sleep 

latency measures 58.13 v 81.94) (p = 0.004).  There was not a statistical difference between children 

in the ‘serious problem’ group (85.33) or any other group combination.   

4.3.4.1.2 Parental perceptions and night wakings 

A significant association was found between parental perceptions of their child’s sleep and number 

of night wakings (χ2 (2) = 64.851, p = <0.001).  Subsequent pairwise comparisons revealed 

statistically significant night waking scores between groups, with children in the ‘no problem’ 

parental perception group having the lowest night wakings scores, indicating fewer sleep difficulties, 

compared to children in the ‘small problem’ group (mean ranks night wakings scores 50.84 v 106.44) 

(p =<0.001) and between the children in the ‘serious problem’ group (mean rank night wakings 

scores 50.84 v 119.33) (p = 0.001).  There was not a statistical difference between the ‘small 

problem’ and ‘serious problem’ groups or any other group combinations.   
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4.3.4.1.3 Parental perceptions and nocturnal wakefulness 

A significant association was found between parental perceptions of their child’s sleep and nocturnal 

wakefulness duration (χ2 (2) = 59.131, p = <0.001).  Subsequent pairwise comparisons revealed 

statistically significant nocturnal wakefulness durations between groups, with children in the ‘no 

problem’ parental perception group having the lowest nocturnal wakefulness measures, indicating 

fewer sleep difficulties, compares to children in the ‘small problem’ group (mean rank nocturnal 

wakefulness measures 51.11 v 105.26) (p = <0.001) and between the ‘serious problem’ group (mean 

rank nocturnal wakefulness measures 51.11 v 120.33) (p = 0.002).  There was not a statistical 

difference between the ‘small problem’ and ‘serious problem’ groups or any other group 

combinations.   

4.3.4.1.4 Parental perceptions and nocturnal sleep duration 

A significant association was found between parental perceptions of their child’s sleep and nocturnal 

sleep duration (χ2 (2) = 19.735, p = <0.001).  Subsequent pairwise comparisons revealed statistically 

significant nocturnal sleep durations between groups, with children in the ‘no problem’ parental 

perception group having the highest nocturnal sleep measures, indicating fewer sleep difficulties, 

compared to children in the ‘serious problem’ group (mean rank nocturnal sleep measures 70.47 v 

4.83) (p = 0.005) and between the children in the ‘small problem’ group (mean rank nocturnal sleep 

measures 70.47 v 43.20) (p = 0.002).  There was not a statistical difference between the ‘small 

problem’ and ‘serious problem’ groups or any other group combinations.   

4.3.4.1.5 Parental perceptions and total sleep duration 

A significant association was found between parental perceptions of their child’s sleep and total 

sleep duration (χ2 (2) = 18.722, p = <0.001).  Subsequent pairwise comparisons revealed statistically 

significant total sleep durations between groups, with children in the ‘no problem’ parental 

perception group having the highest total sleep measures, indicating fewer sleep difficulties, 

compared to those in the ‘serious problem’ group (median total sleep measures 12.50 v 8.50) (p = 

0.008) and between the ‘small problem’ group (median total sleep measures 12.50 v 11.50) (p = 

<0.001).  There was not a statistical difference between the ‘small problem’ and ‘serious problem’ 

groups or any other group combinations.   

4.3.4.1.6 Parental perceptions and CSDS 

A significant association was found between parental perceptions of their child’s sleep and CSDS (χ2 

(2) = 35.680, p = <0.001).  Subsequent pairwise comparisons revealed statistically significant total 

sleep durations between groups, with children in the ‘no problem’ parental perception group having 

the lowest CSDS scores, indicating fewer sleep difficulties, compared to those in the ‘small problem’ 
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group (mean ranks CSDS 53.85 v 93.98) (p = <0.001) and between the ‘serious problem’ group (mean 

ranks CSDS 53.85 v 124.83) (p = 0.002).  There was not a statistical difference between the ‘small 

problem’ and ‘serious problem’ groups or any other group combinations.   

4.3.4.2 Parental perceptions as a predictor of poor sleep 

4.3.4.2.1 Parental perceptions and sleep variables 

To determine the effect of sleep latency, average number of night wakings, nocturnal wakefulness, 

nocturnal sleep duration and total sleep duration on whether parents felt their child’s sleep was ‘no 

problem’, a ‘small problem’ or a ‘serious problem’, a cumulative odds ordinal logistic regression with 

proportional odds was run.  An increase in two variables, night wakings and nocturnal wakefulness, 

were significantly associated with an increase in the odds of parents considering their child’s sleep a 

problem; night wakings had an odds ratio of 9.694 (95% CI, 3.237 to 29.032), χ 2 (1) = 16.473, p = 

<0.001 and nocturnal wakefulness had an odds ratio of 84.396 (95% CI, 4.247 to 1677.251), χ 2 (1) = 

8.457, p = <0.004.The model, using the five sleep variables, was able to correctly predict 96% of 

cases where parents reported their child’s sleep was ‘not a problem’ – in this category 4% were 

incorrectly predicted to be in the ‘small problem’ response category.  A hundred percent of cases 

where parents reported their child’s sleep was a ‘serious problem’ were correctly predicted.  For the 

‘small problem’ response category, 76% cases were correctly predicted whereas 24% were 

incorrectly allocated to the ‘not a problem’ category.  In most cases, and particularly accurately in 

the ‘not a problem’ and ‘a serious problem’ categories, the five sleep variables were able to predict 

how parents perceived their child’s sleep.    

4.3.4.2.2 Parental perceptions and CSDS 

To determine the effect the CSDS score on whether parents felt their child’s sleep was ‘no problem’, 

a ‘small problem’ or a ‘serious problem’, a cumulative odds ordinal logistic regression with 

proportional odds was run.  An increase in the CSDS score was associated with an increase in the 

odds of parents considering their child’s sleep a problem, with an odds ratio of 2.869 (95% CI, 1.967 

to 4.185), χ 2 (1) = 29.950, p = <0.001. 

The model, using the CSDS, was able to correctly predict 93% of cases where parents reported their 

child’s sleep was ‘not a problem’ – in this category 7% were incorrectly predicted to be in the ‘small 

problem’ category.  Sixty-seven percent of cases where parents reported their child’s sleep was a 

serious problem’ were correctly predicted, with 33% were incorrectly predicted to be in the ‘small 

problem’ category.  Within the ‘small problem’ response category 52% were correctly, whereas 48% 

were incorrectly allocated to the not a problem category.  The model using the CSDS was particularly 
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accurate in predicting parents who perceived their child’s sleep as ‘not a problem’.  The overall 

sensitivity of the model using the CSDS was 84% and the specificity was 92%.   

4.3.5 To identify which factors are associated with poorer infant sleep measures. 

Associations were explored between the CSDS and child’s gender, the child’s family order, maternal 

age, maternal education, paternal education, the incidence of snoring, bedtime settling routine, 

frequency of bedtime settling routine, resuming sleep methods, dummy use, sleep location, sleep 

furniture, child’s main milk and activity levels.  

4.3.5.1 CSDS and bedtime settling routine 

A significant association was found between the CSDS and bedtime settling routine (χ2 (5) = 21.664, 

p = 0.001).  Subsequent pairwise comparisons revealed statistically significant different CSDS 

between groups,  with children who fall asleep in bed alone having the lowest CSDS score, indicating 

fewer reported sleep difficulties, compared to children who fall asleep being breastfed (mean rank 

CSDS 42.27 v 90.83) (p = 0.030).  There was not a statistical difference between children who fall 

asleep in a crib/bed with their parent in their room (mean rank CSDS 64.91), or between children 

who sleep in their own crib/bed in a room with their siblings (mean rank CSDS 63.86) or between 

children who fell asleep being held (mean rank CSDS 78.00), or between children who fall asleep in 

their parent’s bed with their parent in the room (mean rank CSDS 78.00) or between any other 

group combination.  

4.3.5.2 CSDS and frequency of bedtime routine 

A significant association was found between the CSDS and frequency of exact bedtime routine (χ2 (3) 

= 10.134, p = 0.17).  Subsequent pairwise comparisons did not reveal statistically significant different 

CSDS between children with the same routine every night (mean rank CSDS 57.85), five to six nights 

per week (mean rank CSDS 65.94), three to four nights per week (mean rank CSDS 82.67) and once 

to twice per week (mean rank CSDS 117.25) or any other group combinations. 

4.3.5.3 CSDS and resuming sleep methods 

Percentages of children at the Wave 4 questionnaire using specific resuming sleep methods are 

shown in Table 20. 
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Table 20 Percentages of Children at the Wave 4 Questionnaire Using Specific Resuming Sleep Methods 

 n - Yes No p 

  n -  n -   

Resuming sleep     

Holding or rocking to sleep 118 14 (12%) 104 (88%) 0.063 

Picking up – returning awake  118 50 (42%) 68 (58%) 0.003* 

Rub or pat in crib 118 47 (40%) 71 (60%) 0.855 

Giving a bottle 118 13 (11%) 105 (89%) 0.040* 

Nurse back to sleep 118 9 (8%) 109 (92%) 0.154 

Provide dummy 118 20 (17%) 98 (83%) 0.967 

Change nappy 118 16 (14%) 102 (86%) 0.397 

Verbal comfort in crib 118 35 (30%) 83 (70%) 0.666 

Bring child to parent’s bed 118 33 (28%) 85 (72%) 0.011* 

Let cry to fall asleep 118 20 (17%) 98 (83%) 0.794 

Wait a few minutes 118 69 (59%) 49 (42%) 0.260 

Play until ready for sleep 118 0 118 (100%) - 

Watch TV or DVD 118 1 (1%) 117 (99%) - 

Sing to child 118 15 (13%) 103 (87%) 0.301 

 

To determine whether the individual resuming sleep methods were associated with poorer sleep 

outcomes, the Mann Whitney U test was undertaken between the individual variables and sleep 

scores.  Three of the sleep measures were found to have significant differences; picking up and 

putting the child back down, bottle feeding back to sleep and bringing the child into parent’s bed.  

No statistically significant differences were found between the other resuming sleep methods. 

4.3.5.3.1 Resuming sleep method – picking child up and putting down whilst awake 

A statistically significant association was found between the CSDS and children who are picked up by 

their parent and returned to bed awake, children whose parent’s pick them up and return them to 

bed awake had a lower CSDS, indicating fewer sleep difficulties (mean ranks CSDS 49.10 v 67.15) (U = 

2220.00, z = 2.947, p = 0.003).   

4.3.5.3.2 Resuming sleep method – bottle feeding  

A statistically significant association was found between the CSDS and bottle feeding overnight, 

children whose parents did not bottle feed them overnight had a lower CSDS, indicating fewer sleep 

difficulties (mean ranks CSDS 57.13 v 77.15) (U = 453.00, z = 2.053, p = 0.040). 
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4.3.5.3.3 Resuming sleep method – co-sleeping 

A statistically significant association was found between the CSDS and bringing the child into their 

parent’s bed overnight, children whose parents didn’t bring them into their bed had a lower CSDS, 

indicating fewer sleep difficulties (mean ranks CSDS 54.74 V 71.77) (U = 997.50, z = 2.527, p = 0.011). 

4.3.5.4 CSDS and sleep location 

A significant association was found between the CSDS and sleep location (χ2 (2) = 9.615, p = 0.008).  

Subsequent pairwise comparisons revealed statistically significant different CSDS between groups, 

with children who sleep in a crib/bed in a separate room having the lowest mean rank CSDS score, 

indicating better sleep outcomes compared to babies who sleep in their parent’s room (mean rank 

CSDS 60.00 v 95.69) (p = 0.017).  There was not a statistical difference between babies who sleep in 

a crib/bed in their sibling’s room (mean rank CSDS 77.08) or any other group combination. 

4.3.5.5 CSDS and sleep furniture 

A significant association was found between the CSDS and sleep furniture (χ2 (2) = 14.057, p = 0.001).  

Subsequent pairwise comparisons revealed statistically significant different CSDS between groups, 

with children who sleep in a cot having the lowest mean rank CSDS score, indicating better sleep 

outcomes compared to children who sleep in their own bed (mean rank CSDS 56.07 v 75.28) (p = 

0.015) and between children who sleep in their parent’s bed (mean rank CSDS 56.07 v 99.00) (p = 

0.012) but not between any other group combinations.   

4.3.5.6 Other factors 

No statistically significant differences were found between CSDS scores between child’s gender, the 

child’s family order, maternal age, maternal education, paternal education, incidence of snoring, 

dummy use. child’s main milk or activity levels. 

4.4 Longitudinal Results 

4.4.1 Demographic characteristics of parents and children taking part in the Wave 2, Wave 

3 and Wave 4 questionnaires 

Thirty one percent of parents responded to the Wave 2, Wave 3 and Wave 4 questionnaire, 

providing longitudinal data for sample of Birth Cohort children.  This led to responses for 118 

singletons, one set of twins and one sets of triplets (n = 123).  The parental and infant demographic 

characteristics of the sample are shown in Table 21 and Table 22 respectively.  
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Table 21 Parental Demographic Characteristics of Sample who Replied to Wave 2, Wave 3 and Wave 4 Questionnaires 

Parental demographic characteristics 

 Total Population  Sample Population Non-Responders 

n 390 120 252 

    

Maternal Age (Years)      

Mean 31 years 

(SD=4.85) 

33 years (SD=3.96) 30 years 

(SD=4.95) 

Range 18 – 43 years 21-43 years 18-43 years 

18 3 (1%) - 2 (1%) 

19-23 25 (6%) 2 (2%) 22 (9%) 

24-28 93 (24%) 17 (14%) 75 (30%) 

29-33 149 (38%) 50 (42%) 91 (36%) 

34-38  99 (25%) 45 (37%) 48 (19%) 

39-43 21 (5%) 6 (5%) 14 (6%) 

    

Marital status    

Domestic Partnership 119 (31%) 32 (27%) 81 (32%) 

Married 244 (63%) 87 (73%) 147 (58%) 

Separated 2 (1%) - 2 (1%) 

Divorced 1 (1%) - 1 (1%) 

Single 23 (6%) 1 (1%) 20 (8%) 

Not recorded 1 (1%) - 1 (1%) 

    

Highest Level of Maternal Education    

School 19 (4%) 3 (3%) 15 (6%) 

Further  145 (37%) 28 (23%) 109 (43%) 

Higher 223 (57%) 89 (74%) 125 (50%) 

Don’t know 1 (1%) - 1 (1%) 

Not recorded 2 (1%) - 2 (1%) 

    

Highest Level of Paternal Education    

School 56 (14%) 12 (10%) 41 (16%) 

Further 157 (40%) 35 (29%) 115 (45%) 

Higher 164 (42%) 72 (60%) 87 (35%) 

Don’t know 1 (1%) - 2 (1%) 

Not applicable (single parent) 11 (3%) 1 (1%) 8 (3%) 

Not recorded 1 (1%) - 1 (1%) 
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Maternal Ethnicity    

White British  318 (82%) 98 (82%) 208 (83%) 

White other 44 (11%) 17 (14%) 22 (9%) 

Mixed/multiple ethnic groups 6 (2%) 1 (1%) 5 (2%) 

Asian/Asian British 13 (3%) 3 (3%) 9 (4%) 

Black/African/Caribbean/Black 

British 

6 (2%) 1 (1%) 5 (2 %) 

Other ethnic group 2 (1%) - 2 (1%) 

Not specified 1 (1%) - 1 (1%) 

    

Siblings    

0 (first born) 165 (42%) 61 (51%) 99 (39%) 

1 151 (39%) 43 (36%) 99 (39%) 

2 51 (13%) 13 (11%) 35 (14%) 

3 18 (5%) 3 (3%) 15 (6%) 

4 5 (1%) - 4 (2%) 

*Please note, parents who have withdrawn are not included in the non-responders category – this 

data is fully explored in Figure 4. 

Table 22 Child Demographic Characteristics of Sample who Replied to Wave 2, Wave 3 and Wave 4 Questionnaires 

Child Demographic Characteristics 

n    123 (including 118 singletons, 1 
set of twins and 1 set of triplets) 

  At Wave 2  At Wave 3  At Wave 4 

Age       

Mean 6 (SD=0.82) 13 (SD=0.95) 24 (0.94) 

Range  5-10 months 11-15 months 23-30 months 

Age in Months 5 30 (24%) 11 8 (7%) 23 3 (2%) 

6 73 (59%) 12 71 (58%) 24  80 (65%) 

7 15 (12%) 13 24 (20%) 25 27 (22%) 

8 3 (2%) 14 14 (11%) 26 9 (7%) 

9 1 (1%) 15 15 (5%) 27 2 (2%) 

10 1(1%)   28 1 (1%) 

    29 - 

    30 1 (1%) 

 

4.4.2 Sleeping patterns of the sample across Wave 2, Wave 3 and Wave 4 

The BISQ sleep measures for the sample across the three time points are shown in Table 23.  The 

extended BISQ does not ask specifically for sleep onset time, so this measure is not included in this 

table.  
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Table 23 Sleep Measures of the Sample Across Wave 2, Wave 3 and Wave 4 

Measure Age Groups 

n =  Wave 2: 5-10 

months 

n = Wave 3: 11-17 

months 

n =  Wave 4: 23-30 

months 

^ Sleep latency, h 120 0.440.35 123 0.360.29 119 5 to 15m* (51%) 

Night wakings, no (average) 121 1.831.46 122 1.211.43 117 0.791.19 

^ Nocturnal wakefulness, h 120 0.741.88 120 0.340.53 122 0.200.34 

^ Nocturnal sleep duration, h 122 10.361.49     123 10.681.22 120 10.801.17 

^ Daytime sleep duration, h 123 2.801.03 122 2.160.76 122 1.500.64 

^ Total sleep duration, h 122 13.171.60 123 12.831.48 120 12.311.29 

CSDS 118 7.632.61 119 6.842.39 109 6.511.73 

Note: ^ Duration in hours is expressed as a decimal (base-10). 

*Reported as a median. 

Where n does not equal 123, there is missing data for the individual sleep measure. 

4.4.2.1 Sleep latency across Wave 2, Wave 3 and Wave 4 

It was not possible to analyse sleep latency across the three time points, due to Wave 2 and Wave 3   

being a continuous dependent variable and Wave 4 being an ordinal variable. 
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4.4.2.2 Night wakings across Wave 2, Wave 3 and Wave 4 

The number of night wakings were statistically significantly different between the waves of data 

collection F(1.867, 212.861) = 31.519, p = <0.001, partial Ƞ 2 = 0. 17, with number of night wakings 

decreasing from 1.81  1.48 at Wave 2 to 1.21  1.43 at Wave 3 and to 0.80  1.20 at Wave 4.  Post 

hoc analysis with a Bonferroni adjustment revealed that number of night wakings were statistically 

significant decreased from Wave 2 to Wave 3 (0.63  (95% CI, 0.33 to 0.94), p = <0.001), and from 

Wave 2 to Wave 4 (1.05 (95% CI, 0.69 to 1.41), p = <0.001) and from Wave 3 to Wave 4 (0.42  (95% 

CI, 0.12 to 0.71), p = 0.003).  See Figure 5, for a simple line chart illustrating the means of the 

average night wakings at each wave. 

 
Figure 5 Simple Line Chart of Mean Average Number of Night Wakings at Each Wave 
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4.4.2.3 Nocturnal wakefulness across Wave 2, Wave 3 and Wave 4 

Nocturnal wakefulness durations were statistically significantly different between the waves of data 

collection, F(1.868, 214.785) = 21.818, p = <0.001, partial Ƞ 2 = 0.159, with nocturnal wakefulness 

durations decreasing from 0.58  0.63 at Wave 2 to 0.33  0.51 at Wave 3 and to 0.19  0.32 at 

Wave 4.  Post hoc analysis with a Bonferroni adjustment revealed that nocturnal wakefulness 

durations were statistically significant decreased from Wave 2 to Wave 3 (0.25 (95% CI, 0.09 to 0.40), 

p = 0.001) and from Wave 2 to Wave 4 (0.39 (95% CI, 0.24 to 0.54), p = <0.001) and from Wave 3 to 

Wave 4 (0.14 (95% CI, 0.02 to 0.27), p = 0.018).  Figure 6 shows a simple line chart illustrating the 

means of nocturnal wakefulness at each wave. 

 
Figure 6 Simple Line Chart Showing the Mean Nocturnal Wakefulness Durations at Each Wave 
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4.4.2.4 Nocturnal sleep duration across Wave 2, Wave 3 and Wave 4 

Nocturnal sleep durations were statistically significantly different between the waves of data 

collection F(2, 236) = 7.519, p = 0.001, partial Ƞ 2 = 0.060, with nocturnal sleep duration increasing 

from 10.37  1.48 at Wave 2 to 10.72  1.18 at Wave 3 and to 10.83  1.12 at Wave 4.  Post hoc 

analysis with a Bonferroni adjustment revealed that nocturnal sleep durations was statistically 

significant increased at Wave 3 from Wave 2 (0.35  (95% CI, 0.62 to 0.65), p = 0.012), and from Wave 

4 from Wave 2 (0.47 (95% CI, 0.14 to 0.79), p = <0.002) but not Wave 4 from Wave 3 (0.11 (95% CI, -

0.18 to 0.41), p = 1.00).  See Figure 7, for a simple line chart illustrating the means of nocturnal sleep 

duration at each wave. 

 

Figure 7 Simple Line Chart Showing the Mean Nocturnal Sleep Durations at Each Wave 
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4.4.2.5 Total sleep duration across Wave 2, Wave 3 and Wave 4 

Total sleep durations were statistically significantly different between the waves of data collection 

F(2, 236) = 16.359, p = <0.001, partial Ƞ 2 = 0.122, with total sleep duration decreasing from 13.16  

1.60 at Wave 2 to 12.85  1.49 at Wave 3 and to 12.34  1.23 at Wave 4.  Post hoc analysis with a 

Bonferroni adjustment revealed that total sleep durations were statistically significant decreased 

from Wave 2 to Wave 4 (0.82 (95% CI, 0.44 to 1.19), p =<0.001), and from Wave 3 to Wave 4 (0.51 

(95% CI, 0.18 to 0.83), p = 0.001) but not between Wave 2 and Wave 3 (0.31 (95% CI, -0.04 to 0.65), 

p = 0.097).  Figure 8, shows a line chart illustrating the means of the total sleep durations at each 

wave. 

 

Figure 8 Simple Line Chart Showing the Mean Total Sleep Durations at Each Wave 

4.4.3 Development of the Composite Sleep Difficulties Score and analysis across Wave 2, 

Wave 3 and Wave 4 

As missing data can skew results, only questionnaires with complete data for all the five sleep 

variables and all three waves of data collection were included (n = 103) (Streiner et al., 2015). The 

CSDS (n = 103) ranged between 5 and 20 for Wave 2 and 3 with a mean of 7.65 (SD = 2.66) and a 

mean of 6.78 (SD = 2.23) respectively.  The CSDS at Wave 4 ranged between 5 and 19, with a mean 

of 6.42 (SD = 1.58).  Please refer to 3.7.3 Composite sleep difficulties score (CSDS) for further 

explanation of the difference in CSDS range.  Appendix XVII shows a box plot of the CSDS at each 

Wave of data collection. 
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4.4.3.1 CSDS across Wave 2, Wave 3 and Wave 4 

CSDS scores were statistically different at the three time points, F (2, 204) = 13.574, p = <0.001, 

partial Ƞ 2 = 0.117, with CSDS scores decreasing from 7.65  2.66 at Wave 2 to 6.78  2.23 at Wave 3 

and to 6.42  1.58 at Wave 4.  Post hoc analysis with a Bonferroni adjustment revealed that CSDS 

score was statistically significant decreased from Wave 2 to Wave 3 (0.87 (95% CI, 0.30 to 1.44), p = 

0.001), and from Wave 2 to Wave 4 (1.23 (95% CI, 0.59 to 1.88), p = <0.001) but not between Wave 3 

to Wave 4 (0.36 (95% CI, -0.20 to 0.92), p = 0.358).   Figure 9, shows a simple line chart of the CSDS at 

each wave of data collection. 

 

Figure 9 Simple Line Chart Showing the Mean CSDS at Each Wave 

4.4.4 Are parents able to identify a sleep problem in their young child across Wave 2, Wave 

3 and Wave 4? 

4.4.4.1 Parental perceptions of sleep quality and sleep variables across Wave 2, Wave 3 and 

Wave 4 

A reduced number of questionnaires were included in the longitudinal analysis due to parents not 

consistently replying to each wave of data collection and this further affected by questionnaires with 

missing data excluded to allow for the calculation of the CSDS.  This led to only one parent reporting 

their child had a serious sleep problem at Wave 3 and two parents at Wave 4.  Due to the very small 

numbers in this category the data was re-coded to reflect whether parents perceived their child had 

a sleep problem (small or serious) or not a problem; there was no difference in analysis across the 
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time points when the parental perceptions were two groups rather than three.  Sleep measures and 

CSDS grouped by parental perceptions of their infant’s sleep are shown in  

Table 24.    

Table 24 Parental Ratings and BISQ Sleep Measures across Wave 2, Wave 3 and Wave 4 

Measure Age Groups 

Wave 2: 5-10 Months 

n =103   

Wave 3:  11-15 Months 

n = 102 

Wave 4: 23-30 Months 

n = 102  

 No Problem 

n = 68 

(66%) 

Sleep 

Problem 

n = 35 

(34%) 

 

No Problem 

n =77 

(76%)  

Sleep 

Problem 

n = 25 

(25%)  

  

No Problem 

n = 77 

(76%)  

Sleep 

Problem 

n =25  

(25%) 

  

Sleep latency, h 0.370.33 0.600.31 0.300.25 0.470.29 5 to 15m 

(60%)* 

16 to 30m 

(48%)* 

Night wakings, 

no (average) 

1.411.44 2.571.32 0.620.86 2.561.67 0.300.79 1.941.06   

Nocturnal 

wakefulness, h 

0.360.40 1.040.80 0.180.31 0.710.57 0.060.11 0.530.44 

Nocturnal 

sleep duration, 

h 

10.801.15 9.831.32 10.980.94 10.211.46 11.061.08 10.261.07 

Total sleep 

duration, h 

13.531.43 12.51  13.141.28 12.271.64 12.631.20 11.611.11 

CSDS 6.691.93 9.512.90 6.061.51 8.722.61 5.961.03 7.882.07 

*Reported as medians  

4.4.4.1.1 Parental perceptions across Wave 2, Wave 3 and Wave 4 

There was not a significant association between parental perceptions of their child’s sleep across the 

three time points, χ2 (2) = 4.439, p = 0.109.   

4.4.4.2  Trajectory of parentally reported sleep problems across Wave 2, Wave 3 and Wave 4 

In order to explore whether parentally reported sleep problems remain consistent over early 

childhood the sleep data was recoded into four categories; persistent, if a small or serious problem 

were reported at all three questionnaires, intermittent, if a small or serious problem were reported 

at one or more wave of data collection, resolving, if the child had had a small or serious sleep 

problem at Wave 2 and/or Wave 3 but this was resolving by Wave 4, or parent’s consistently 

reported that there was no sleep problem.   
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Twelve children (10%) had a persistent small and/or serious sleep problem, 25 (21%) had an 

intermittent small and/or serious problem, 22 (18%) had a small and/or serious sleep problem at 

Wave 2 and/or Wave 3 that had resolved by Wave 4 and 62 (51%) were consistently reported to 

have no sleep problem over Wave 2, Wave 3 and Wave 4.  

Further analysis was undertaken to see the trajectory of parentally reported sleep problems and 

number of children engaging with measures that had been found to be significantly associated with 

sleep; dummy use, main milk, settling method and sleep location, see Table 25.  It was not possible 

to analyse this data in the same manner as the longitudinal analysis undertaken in sections 4.4.5.1, 

4.4.5.2, 4.4.5.3 and 4.4.5.4 as when splitting the analysis by trajectory of parentally reported sleep 

problem some of the variables had very small numbers, so the data was recoded in line with the 

significantly statistical findings.  

 Table 25 Trajectory of Parentally Reported Sleep Problems and Percentages of Children Engaging with Specific Measures 
Related to Sleep  

 n = 

 

Persistent Intermittent  Resolving  Consistently No 

Sleep Problem 

Dummy Use 108     

Never used a dummy  75 7 (70%) 16 (73%) 18 (82%) 34 (63%) 

Still using a dummy at 

23-30 months 

33 3 (30%) 6 (27%) 4 (18%) 20 (37%) 

Main Milk    77     

Breastfeeding at 5-10 

months 

26 2 (33%) 4 (29%) 8 (62%) 12 (27%) 

Always formula 

feeding 

51 4 (67%) 10 (71%) 5 (39%) 32 (72%) 

Settling Method  120     

In bed alone at 5-10 

months 

38 1 (8%) 4 (16%) 5 (23%) 28 (46%) 

In bed with parent 

nearby  

35 5 (42%) 12 (48%) 5 (23%) 13 (21%) 

Intensive parenting 

interactions (feeding, 

rocking +/- being held)  

47 6 (50%) 9 (36%) 12 (55%) 20 (33%) 

Child’s Sleep Location 120     

Cot in their own room 

between 5-10 months 

(+/- siblings) 

64 2 (17%) 11 (44%) 10 (46%) 41 (67%) 

Cot in own room with 

parents and/or co-

sleeping over 10 

months 

56 10 (83%) 14 (56%) 12 (55%) 20 (33%) 
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 Where n does not equal 123, there is missing data for the specific measure related to sleep. 

4.4.5 To identify which factors are associated with poorer infant sleep measures. 

Associations were explored between the CSDS, time and measures which were identified as 

significant at Wave 2, Wave 3 and/or Wave 4; including whether a child uses a dummy, child’s main 

milk, bedtime settling routine, sleep location.  A further analysis was undertaken to explore the 

association between the CSDS, time and maternal history of depression and anxiety.  Table 26 shows 

the percentages of children using a dummy, their main milk, settling method and sleep location.  

Table 26 Percentages of Children Engaging with Specific Measures Related to Sleep at Wave 2, Wave 3 and Wave 4 

Age Groups 

 n =  Wave 2 n =  Wave 3 n =  Wave 4 

Dummy Use 123  121  123  

Yes  44 (36%)  39 (32%)  33 (27%) 

No  79 (64%)  82 (68%)  90 (73%) 

       

Main Milk  123  123  121  

Breastmilk  59 (48%)  32 (26%)  8 (7%) 

Formula  51 (42%)  35 (29%)  9 (7%) 

Cow’s milk  N/A  45 (37%)  92 (76%) 

Combination of breast and other milks  13 (11%)  7 (6%)  4 (3%) 

Other milks  -  4 (3%)  8 (7%) 

       

Settling Method 80  95  88  

While feeding  22 (28%)  14 (15%)  2 (2%) 

While being rocked  2 (3%)  -  - 

While being held  8 (10%)  8 (8%)  2 (2%) 

In bed alone  41 (51%)  59 (62%)  68 (77%) 

In bed near parent  7 (9%)  14 (15%)  16 (18%) 

       

Child’s Sleep Location 123  123  122  

Cot in their own room  64 (52%)  95 (77%)  100 (82%) 

Cot in their parent’s room  42 (34%)  7 (6%)  4 (3%) 

In their parent’s bed  7 (6%)  5 (4%)  8 (7%) 

Cot in sibling’s room  3 (2%)  9 (7%)  9 (7%) 

Combination of cot/bed and parent’s 

room 

 7 (6%)  7 (6%)  1 (1%) 
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4.4.5.1 CSDS and settling routine 

There was a statistically significant interaction between sleep initiation method and time on CSDS, F 

(8, 186) = 3.737, p =<0.001, partial Ƞ 2 = 0.138.  Figure 10 shows the mean CSDS at each Wave 

grouped by sleep initiation method. 

 

Figure 10 Cluster Bar Chart Showing Mean CSDS at each Wave Grouped by Sleep Initiation Method 

4.4.5.1.1 Simple main effect for group 

There was a statistically significant difference in CSDS between infants depending on their sleep 

initiation method at Wave 2, F (4,93) = 7.939, p = <0.001, partial Ƞ 2 = 0.255.  Data is mean  

standard error, unless otherwise stated.  The Wave 2 CSDS score was statistically significantly lower 

in the children who fell asleep in a cot alone at Wave 2 compared to those who fell asleep in cot 

alone at Wave 3 (-2.56  0.72, p = 0.005) and compared to those who fell asleep in bed near their 

parent (-2.82  0.70, p = 0.001) and compared to those who fell asleep with intensive parenting 

intervention (-3.64  0.79, p = <0.001), but not between any other groups.   

There was a statistically significant difference in CSDS between infants depending on their sleep 

initiation method at Wave 3, F (4,93) = 8.773, p= <0.001, partial Ƞ 2 = 0.274.  Data is mean  

standard error, unless otherwise stated.  The Wave 3 CSDS score was statistically significantly lower 

in the children who fell asleep in a cot alone at Wave 2 compared to those who fell asleep in bed 

near their parent (-2.68  0.58, p = <0.001) and compared to those who fell asleep with intensive 
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parenting intervention (-2.66  0.65, p = 0.001).   The Wave 3 CSDS score was also statistically 

significantly lower in the children who fell asleep in a cot alone at Wave 3 compared to those who 

fell asleep in bed near their parent (-2.73  0.68, p = 0.001) and compared to those who fell asleep 

with intensive parenting intervention (-2.71  0.74, p = 0.004), but not between any other groups. 

There was not a statistically significant difference in CSDS between children depending on their sleep 

initiation method at Wave 4, F (4,93) = 2.301, p = 0.064, partial Ƞ2 = 0.090.  Data is mean  standard 

error, unless otherwise stated.  The Wave 4 CSDS score was statistically significantly lower in the 

children who fell asleep in a cot alone at Wave 2 compared to those who fell asleep with intensive 

parenting intervention (-1.56  0.52, p = 0.027), but not between any other groups.  

4.4.5.1.2 Simple main effect for time 

There was a statistically significant effect of time on CSDS for children who fell asleep in a cot alone 

at Wave 3, F (2, 30) = 10.979, p = <0.001.  Data is mean  standard error, unless otherwise stated.  

For children who fell asleep in a cot alone at Wave 3 there was a statistically significant difference in 

CSDS between the Wave 2 and Wave 3 time point (2.88  0.632, p = 0.001) and between Wave 2 and 

4 timepoint (2.19  0.640, p = <0.011).   

There was a statistically significant effect of time on CSDS for children who fell asleep in a cot near 

their parent, F (2,32) = 3.980, p = 0.029.   There were not statistically significant differences in CSDS 

between the individual timepoints for this group.  

There was a statistically significant effect of time on CSDS for children who fell asleep with intensive 

parenting interventions, F (2,22) = 4.130, p = 0.030.   Data is mean  standard error, unless otherwise 

stated.  For children who fell asleep with intensive parenting interventions there was a statistically 

significant difference in CSDS between the Wave 2 and Wave 4 time point (2.08  0.67, p = 0.029). 
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4.4.5.2 CSDS and sleep location 

There was a statistically significant interaction between sleep location and time on CSDS, F (6, 198) = 

2.819, p =0.012, partial Ƞ2 = 0.079.  Figure 11 shows the mean CSDS at each Wave grouped by sleep 

location.  

  

Figure 11 Cluster Bar Chart Showing Mean CSDS at each Wave Grouped by Sleep Location 

4.4.5.2.1 Simple main effect for group 

There was a statistically significant difference in CSDS between infants depending on their sleep 

location at Wave 2, F (3,99) = 7.975, p = <0.001, partial Ƞ2 = 0.195.  Data is mean  standard error, 

unless otherwise stated.  The Wave 2 CSDS score was statistically significantly lower in the children 

who slept in a cot in their own room (with or without siblings) at Wave 2 compared to those who 

were in a cot in their own room (with or without siblings) at Wave 3 (-1.56  0.52, p = 0.018) and 

compared to those who slept in a cot in their own room (with or without siblings) at Wave 4 (-3.34  

1.04, p = 0.010).  There was also a statistically significant difference in the children who slept in a cot 

in their own room (with or without siblings) compared to those that either slept in a cot in a room 

with their parents and/or co-slept over the 3 Waves (-3.48  0.97, p = 0.003), but not between any 

other groups.   

There was a statistically significant difference in CSDS between infants depending on their sleep 

location at Wave 3, F (3,99) = 6.253, p = 0.001, partial Ƞ2 = 0.159.  Data is mean  standard error, 

unless otherwise stated.  The Wave 3 CSDS score was statistically significantly lower in the children 



139 
 

who slept in a cot in their own room (with or without siblings) at Wave 2 compared to those that 

either slept in a cot in a room with their parents and/or co-slept over the 3 waves (-3.07  0.84, p = 

0.002), but not between any other groups. 

There was a statistically significant difference in CSDS between children depending on their sleep 

location at Wave 4, F (3,99) = 4.239, p = 0.007, partial Ƞ2 = 0.114.  Data is mean  standard error, 

unless otherwise stated.  The Wave 4 CSDS score was statistically significantly lower in the children 

who slept in a cot in their own room (with or without siblings) at Wave 3 compared to those that 

slept in a cot in their own room (with or without sibling at Wave 4 (-1.92    0.66, p = 0.024), but not 

between any other groups. 

4.4.5.2.2 Simple main effect for time 

There was a statistically significant effect of time on CSDS for children who slept in a cot in their own 

room (with or without siblings) at Wave 3, F (2, 72) = 13.15, p = <0.001.  Data is mean  standard 

error, unless otherwise stated.  For children who slept in a cot in their own room at Wave 3 there 

was a statistically significant difference in CSDS between the Wave 2 and Wave 3 time point (1.11  

.41, p = 0.033) and between Wave 2 and 4 timepoint (2.14  0.45, p = <0.001) and between Wave 3 

and 4 timepoint (1.03  0.38, p = 0.033).   

There was a statistically significant effect of time on CSDS for children who sleep in a cot in their 

parent’s room and/or co-sleep, F (2,12) = 74.96, p = <0.001.   There were not statistically significant 

differences in CSDS between the individual timepoints for this group.  
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4.4.5.3 CSDS and Main Milk 

There was a statistically significant interaction between main milk and time on CSDS, F (6, 198) = 

6.323, p =<0.001, partial Ƞ2 = 0.161.  Figure 12 shows the mean CSDS at each wave grouped by type 

of milk.   

 

Figure 12 Cluster Bar Chart Showing Mean CSDS at each Wave Grouped by Type of Milk  

There was a statistically significant difference in CSDS between infants depending on their main milk 

at Wave 2, F (3,99) = 6.935, p = <0.001, partial Ƞ 2 = 0.174.  Data is mean  standard error, unless 

otherwise stated.  The Wave 2 CSDS score was statistically significantly lower in the children who 

were formula fed (or other milks) compared to those breastfeeding at Wave 2 (-1.73  0.62, p = 

0.031) and compared to those who were breastfeeding at Wave 3 (-2.42  0.65, p = 0.002) and 

compared to those who were breastfeeding at Wave 4 (-2.62  0.93, p = 0.029), but not between 

any other groups.   

There was a statistically significant difference in CSDS between infants depending on their main milk 

at wave 3, F (3,99) = 10.796, p = <0.001, partial Ƞ 2 = 0.247.   Data is mean  standard error, unless 

otherwise stated.  The Wave 3 CSDS score was statistically significantly lower in the children who 

were breastfeeding at Wave 2 compared to those being breastfed at Wave 3 (-2.84  0.62, p = 

<0.001).  There was also a statistically significant difference between those being breastfeed at 

Wave 3 and those being fed formula (and/or other milks) (-2.66  0.52, p = <0.001), but not between 

any other groups.   
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There was not a statistically significant difference in CSDS between children depending on their main 

milk at Wave 4, F (3,99) = 0.406, p = 0.749, partial Ƞ 2 = 0.12. 

4.4.5.3.1 Simple main effect for time 

There was a statistically significant effect of time on CSDS for children who were breastfed at Wave 

2, F (2, 42) = 8.844, p =0.001.  Data is mean  standard error, unless otherwise stated.  For children 

who were breastfed at Wave 2 there was a statistically significant difference in CSDS between the 

Wave 2 and Wave 3 time point (2.36  0.67, p = 0.006) and between Wave 2 and 4 timepoint (1.77  

0.62, p = <0.027), but not between any other group combinations. 

There was a statistically significant effect of time on CSDS for children who were breastfed at Wave 

3, F (2, 36) = 12.809, p =<0.001.  Data is mean  standard error, unless otherwise stated.  For 

children who were breastfed at Wave 3 there was a statistically significant difference in CSDS 

between the Wave 2 and Wave 4 time point (2.74  0.69, p = 0.003) and between Wave 3 and 4 

timepoint (2.53  0.64, p = 0.003), but not between any other group combinations. 

There was a statistically significant effect of time on CSDS for children who were breastfed at wave 

4, F (2, 14) = 4.302, p =0.035.  Data is mean  standard error, unless otherwise stated.  For children 

who were breastfed at Wave 4 there was a not a statistically significant difference in CSDS between 

the different group combinations. 
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4.4.5.4 CSDS and Maternal Mental Health 

There was not a statistically significant interaction between maternal history of anxiety and 

depression and time on CSDS, F (2, 202) = 0.287, p =0.751, partial Ƞ2 = 0.003.   Figure 13 shows the 

mean CSDS at each wave grouped by maternal history of depression and anxiety. 

  

Figure 13 Mean CSDS at each Wave Grouped by Maternal History of Depression and Anxiety 

4.4.5.4.1 Simple main effect for group 

There was not a statistically significant difference in CSDS between infants dependent on a history of 

maternal anxiety and depression, F (1,101) = 1.567, p = 0.213, partial Ƞ2 = 0.015.   

4.4.5.4.2 Simple main effect for time 

There was a statistically significant effect of time on CSDS at the different Waves, F(2,202) = 11.946, 

p = <0.001, partial Ƞ2 = 0.106.  Data is mean  standard error, unless otherwise stated.  There was a 

statistically significant difference in CSDS between the Wave 2 and Wave 3 time point (0.83  0.24, p 

= 0.003) and between Wave 2 and 4 timepoint (1.20  0.28, p = <0.001), but not between any other 

groups.   

4.4.5.5 Dummy use 

There was no statistically significant interaction found between CSDS, time and whether a child uses 

a dummy, F(4,198) = 1.693, p =0.153, partial Ƞ2 = 0.033.  There was also no interaction between 

group (dummy use) or time on CSDS. 
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5 Discussion, Implications and Future Work 

5.1 Study aims 

This study was undertaken because of the limited research available considering sleep in infancy and 

early childhood in the UK.  The aims of this study were as follows:  

1) To identify the sleeping patterns of typically developing UK infants in the first two years of 

life 

2) To develop a Composite Sleep Difficulties Score to determine clinical parameters of a sleep 

problem in early childhood 

3) To determine which aspects of sleep in young children are most problematic for parents and 

most likely to be related to whether parents perceive a sleep problem in their child 

4) To identify which factors are associated with poorer infant sleep, and how these 

relationships change as the child grows older  

5.2 The sleeping patterns of typically developing infants in the first two years of life 

The results of the present study found that in a UK community sample of infants, frequency of night 

waking and nocturnal wakefulness reduced over the first two years of life and nocturnal sleep 

duration increased.  Total sleep duration was also found to decrease, however this reflected a 

shorter daytime sleep duration rather than a reduction in nocturnal sleep.  These findings 

demonstrate that the sleep wake cycle does consolidate over the first two years of life and sleeping 

patterns improve, which was further reinforced by the Composite Sleep Difficulties Score reducing 

over this time period, indicating fewer sleep difficulties as infants aged in this community sample.   

Compared to a large Finnish longitudinal study examining sleep in the first two years of life, infants 

and young children in the present study had longer nocturnal sleep duration and fewer night 

wakings at 5-10 months, 11-17 months and 23-30 months (Wave 2, 3 and 4), although their periods 

of nocturnal wakefulness were longer and total sleep.  In contrast, when comparing against a large 

cross-sectional internet study examining Australian and New Zealand sleeping patterns in children 

aged 0-36 months, infants and younger children in the present study had shorter nocturnal and total 

sleep duration, whereas they also had increased night wakings and nocturnal wakefulness at 5-10 

months and 11-17 months (Wave 2 and Wave 3), although this had reversed at 23-30 months (Wave 

4), where they had shorter nocturnal wakefulness and longer nocturnal and total sleep durations, 

though nocturnal waking remained higher (Teng et al., 2012).  Night wakings were recognised to be 

a normal part of sleeping patterns in early childhood (Hanafin, 2018; Paavonen et al., 2020; Sette et 
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al., 2017; Teng et al., 2012) with eighty percent of nine month olds found to wake occasionally and 

only 16% not waking at all.   

The difference in the sleep measures between the findings of Teng et al. (2012),  Paavonen et al. 

(2020) and the present study were slight.  Both studies used the BISQ, although Paavonen et al. 

(2020) explored sleep in two cohorts of children and also used some questions from the Infant Sleep 

Questionnaire with one group, however, questions regarding sleep measures were the same.  Both 

cohorts examined in Paavonen et al.’s (2020) study were recruited antenatally, so similar to the 

present study, there is unlikely to be a bias in recruiting parents experiencing a sleep problem, 

although Teng et al. (2012) acknowledged that their data set could be influenced by the parenting 

site that hosted their questionnaire.  It is possible that the differences in the data captured cultural 

differences in sleeping patterns, which is acknowledged to occur even between otherwise similar 

westernised countries (Mindell, Sadeh, Wiegand, et al., 2010; Super et al., 2021).   

A key construct in the development of sleep in young children is the longest period of uninterrupted 

nocturnal sleep.  Previous literature has defined sleeping through the night in three stages; sleeping 

for 5 hours, sleeping for 8 hours and sleeping for 8 hours between 10pm-6am, the latter of which is 

recognised as the hardest milestone to meet (Henderson et al., 2010).  The BISQ does not ask about 

the longest period of uninterrupted nocturnal sleep, whereas the Extended BISQ does explore this in 

more detail, with the longest period of sleep at 23-30 months (Wave 4) having a mean of 9.54 

(hours).  This suggests the majority of young children meet the criteria for sleeping 8 hours at 23-30 

months, although it is not clear if this meets the defined 10pm-6am time period.  Furthermore, the 

mean for nocturnal sleep duration is 10.32 hours at 5-10 months (Wave 2), 10.62 hours at 11-17 

months (Wave 3) and 10.82 hours at 23-30 months (Wave 4), although it is not clear if the cohort are 

sleeping in a significant block of consolidated sleep.  As Henderson et al. (2010) suggests that most 

children hit this target by four months, it is likely that the majority of young children in the cohort 

are sleeping for 8 hours from 5-10 months (Wave 2) with many estimated to fall in the target range 

of 10pm-6am.   

Longitudinally sleep measures were found to improve over time with statistical differences between 

each sleep measure at each time point. Night wakings and nocturnal wakefulness significantly 

decreased between Wave 2, Wave 3 and Wave 4, whereas nocturnal sleep duration and total sleep 

duration significantly increased.  This supports the findings of both Paavonen et al. (2020) and Teng 

et al. (2012), who also concluded that night wakings and nocturnal wakefulness reduce over time 

between 6-24 months and nocturnal sleep duration increased.  
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5.3 The development of a Composite Sleep Difficulties Score to determine clinical 

parameters of a sleep problem in early childhood 

The second aim of the present study was to determine the relationship between the five sleep 

variables identified to be associated with sleep quality (sleep latency, average number of night 

wakings, nocturnal wakefulness, nocturnal sleep duration and total sleep time) in order to create a 

composite sleep difficulties score (CSDS).  The purpose of the CSDS was to enable analysis of the 

sleep data and to develop a score that would allow for easy identification of a sleep problem in 

clinical practice.   

The CSDS was developed using an established evidence base to determine the parameters of sleep 

latency, night wakings, nocturnal wakefulness, nocturnal sleep duration and total sleep duration, 

with the averages for 6-8 months old being the lowest score (score of one) and where available, data 

on the 5% of infants with the most problematic sleep informing the highest score (score of four), 

with the other two scores chosen as incremental measures between the two (Mindell, Sadeh, 

Kohyama, et al., 2010; Sadeh, 2004; Sadeh et al., 2009).  The score was then rechecked against the 

evidence base for young children aged 12-17 months and 24-36 months and there were minimal 

changes in the evidence base parameters, so the score was maintained across all three waves of 

data collection.   

Conducting a longitudinal analysis over infancy and early childhood provided an opportunity to 

validate the score at three timepoints.  The scoring of the CSDS correlated with parental perceptions 

of their child’s sleep across infancy and early childhood, with those rated as ‘no problem’ having a 

lower CSDS, suggesting fewer sleep problems, and those perceived as having a ‘serious problem’ 

having a higher CSDS indicating increased sleep difficulties.  The development of the CSDS as a 

simple to use scoring tool by clinicians is important, as there is a recognised deficit in health 

professionals knowledge of identifying and managing sleep difficulties in early childhood (Cook et al., 

2020; Richardson et al., 2021) and although the BISQ and extended BISQ are used in practice, they 

rely on professional understanding of normal sleep parameters rather than providing a clear clinical 

identification of a sleep problem.   

Table 27 CSDS scoring system for infancy and early childhood 

 No problem  Small Problem Serious Problem 

Six months to one year CSDS of 4-8 CSDS of 9-12 CSDS of 14+   

One to two years CSDS of 4-8 CSDS of 9-11 CSDS of 12+ 

Two to three years CSDS of 4-7 CSDS of 8-11 CSDS of 12+ 
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Table 27 shows the ranges of the CSDS depending on if a parent reported their infant’s sleep to be 

‘no problem’, a ‘small problem’ or a ‘serious problem’ at different age ranges across infancy and 

early childhood.  Applying this in clinical practice with either the BISQ or extended BISQ would allow 

clinicians to be able to target early intervention to those young children identified as having a sleep 

problem, with an aim of reducing the risk of the child and the family experiencing poorer health 

outcomes and ensure those who fall into the ‘serious problem’ category are offered specialist 

support as a priority.   

5.4 Are parents able to accurately identify sleep problems in their young child? 

The present study compared parental report of a sleep problem against parental report of sleep 

measures, rather than against an objective measures, such as actigraphy, however, the data 

demonstrates that parents in this study were accurate at diagnosing a sleep problem in their child at 

each wave of data collection.  This was particularly the case when identifying a ‘serious problem’, 

with infants and young children in the ‘no problem’ group having sleep measures indicative of better 

sleep and a lower CSDS compared to those in the ‘small problem’ and ‘serious problem’ group.  This 

is especially important for clinical practice as there is ongoing conflict in the limited literature 

available regarding whether parents understand sleep in early childhood and have realistic 

expectations, which then questions if they can or cannot recognise a sleep issue (Henderson et al., 

2013; McDowall et al., 2017).  Understanding that parents do have a good understanding of their 

child’s sleep and thus can identify a sleep issue could increase health professional’s confidence in 

recognising a sleep difficulty and allow them to acknowledge that the parent is the expert of their 

child.  Working in partnership and accepting the individual is the expert of themselves (and in this 

instance their young child) is one of the four underpinning aspects of the spirit of motivational 

interviewing, which is a behavioural change approach often used by health visitors, and it is key 

professionals understand this to be able to support parents with undertaking behaviour change 

(Miller & Rollnick, 2013).   

Parental reporting of a small sleep problem reduced over time from above a quarter at 5-10 months 

(Wave 2) (28%), to just below a quarter at 11-17 months (Wave 3) (23%) and to a fifth at 23-30 

months (Wave 4) (20%).  This would suggest that as sleep measures improve over the first two years 

of life, fewer parents perceive their child as having a sleep problem.  These findings are in line with 

the evidence base which found that parental reporting of a sleep problem is recognised to be 

common in early childhood (Paavonen et al., 2020), with incidence ranging from 10% (Byars et al., 

2012; Sette et al., 2017) to 30% (Hanafin, 2018; Teng et al., 2012).  When exploring if some children 

experienced consistent sleep problems longitudinally it was not possible to identify those that were 

reported to have a serious problem, as th  ere was too small a sample, instead the data was re-
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coded and small and/or serious problem were considered together.  This demonstrated that 10% of 

children in the sample had a persistent and 21% had an intermittent small or serious problem, 

whereas 18% had a small and/or serious problem that resolved by 23-30 months.   It is recognised 

from the literature that a small proportion of infants go on to develop longstanding issues and are 

more likely to experience ongoing sleep problems in their childhood (Byars et al., 2012) which is 

linked to a range of poorer outcomes for the child and their family (F. Cook et al., 2020; Williamson 

et al., 2020).  This could mean those infants whose parents have continued to perceive an ongoing 

sleep problem consistently over the three waves, continue to experience ongoing sleep difficulties.  

Furthermore, it is unclear if those experiencing intermittent problems continue to do so, or if this 

will resolve.  Further research is needed to track the cohort as they move into middle childhood and 

adolescence to determine if this is the case and to explore the long-term potential impact this may 

have had.  

Two sleep measures were consistently associated with an increase in the odds of a parent perceiving 

their infant’s sleep to be a problem across each wave of data collection: an increase in number of 

night wakings and duration of nocturnal wakefulness.  This partially supports the available evidence, 

as nocturnal wakings have been identified to be associated with parents perceiving their child’s 

sleep a problem (Sette et al., 2017), whereas duration of nocturnal wakefulness has not been 

identified as an associated influence, although it makes sense this is the case.  This is significant for 

clinical practice as both night wakings and nocturnal wakefulness duration are the only two 

measures within the BISQ and extended BISQ assessing fragmented sleep, which has been found to 

be associated with a range of poor outcomes for the child, including increased risk of rapid weight 

gain, obesity and conduct disorders for the child (Huhdanpää et al., 2019; Petrov et al., 2021) and 

higher levels of depressive symptoms, poor sleep quality and fatigue for the mothers (Gunst et al., 

2021; Hughes et al., 2015; Weinraub et al., 2012; Wynter et al., 2019).  Health professionals 

providing universal care to families of young children, such as health visitors, should routinely screen 

for fragmented sleep and treat parental reports of increased night wakings and nocturnal 

wakefulness duration as red flags for a sleep difficulty and associated poorer health outcomes.  This 

would improve parental access to sleep support, such as behaviour interventions, which are the 

recommended treatment for behavioural insomnia in the under-5’s and commonly delivered using a 

motivational interviewing style of communication (Mancz & Wigley, 2019; Moturi & Avis, 2010).  

Health services could also consider self-referral to sleep support as this would reduce the need for 

an initial assessment and would allow parents to access appropriate help more quickly. 
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5.5 Factors and their relationship with sleep in early childhood  

Due to the ongoing uncertainty regarding what influences sleep in early childhood and the conflict in 

the available literature, the findings of both factors that were found to have a relationship with sleep 

difficulties and those that were not will be explored within this section.  This will increase 

understanding of the relationships between a range of factors and sleep and how these are or are 

not likely to influence sleep in early childhood.  

5.5.1 Which factors are associated with poorer infant sleep and how do these relationships 

change over time? 

Associations were explored between a range of social, health and environmental factors and the 

CSDS to determine which were related to poorer sleep outcomes.  Five factors were found to be 

associated with greater sleep difficulties: bedtime settling routine, non-dummy use, sleep location, 

sleeping in a bed or co-sleeping and breastfeeding.    

5.5.1.1 Parenting influences on sleep 

5.5.1.1.1 Sleep routine 

A significant association was found between the CSDS and sleep routine at each wave of data 

collection and longitudinally between sleep initiation method and time on the CSDS.  Infants who fell 

asleep in bed alone had a consistently lower CSDS, indicating fewer sleep problems, compared to 

infants who fell asleep being fed or held at 5-10 months and 11-17 months and compared to young 

children being breastfed at 23-30 months.  There was not a statistically significant difference in CSDS 

between infants who fell asleep in bed alone and those who were being rocked to sleep at 5-10 

months, or those who fell asleep in a bed near their parent at any time point and there were still 

some young children being held to sleep at 23-30 months, whereas the association between this and 

poor sleep measures had waned.  This suggests being fed to sleep is associated with poorer sleep 

measures across early childhood, whereas the relationship between other more intensive parenting 

methods, such as being held to sleep may lessen or potentially decrease in frequency naturally as 

the child grows.   

However, when considering the findings longitudinally, at Wave 2 and Wave 3 infants who fell asleep 

in bed alone at 5-10 months (Wave 2) had significantly lower CSDS compared to those who fell 

asleep in bed near to a parent and those who fell asleep with intensive parenting interventions.  At 

Wave 2 those who fell asleep in bed alone at 5-10 months (Wave 2) had significantly lower CSDS 

compared to those who fell asleep at 11-17 months (Wave 3), whereas at Wave 3 those that fell 

asleep in bed alone at 11-17 months (Wave 3) had significantly lower CSDS than infants who fell 

asleep near their parent or those who fell asleep with intensive parenting interventions.  At Wave 4 
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there continued to be a lower CSDS in infants who fell asleep in bed alone at 5-10 months compared 

to those who fell asleep with intensive parenting interventions.  These findings demonstrate that 

learning to fall asleep alone at 5-10 months increases the likelihood of fewer sleep difficulties across 

early childhood and supporting the development of this skill by 11-17 months still has positive 

outcomes for the child compared to maintaining intensive parenting methods or the parent staying 

close by to promote sleep.  Although intensive parenting and falling asleep near a parent was 

identified to have higher CSDS across the time points, there was a statistically significant effect of 

time on the CSDS across the time points for both measures, with the mean CSDS reducing over time 

suggesting that the impact of parental presence and more intensive parenting measures may lessen 

over time.  When considering the trajectory of sleep problems over time, young children who fell 

asleep alone at 5-10 months had lower levels of persistent and intermittent parentally reported 

sleep problems and higher levels of consistently not being reported to have a sleep problem 

compared to those children who fell asleep with a parent nearby or with intensive parenting 

interactions, such as being fed, rocked and/or being held to sleep, which supports the findings at 

each wave and longitudinally over time.  

It is important to note that it was outside the scope of this study to explore whether other factors, 

such as temperament or parenting style, influenced those children who settled alone at 5-10 months 

compared to those who had more intensive parenting methods to support sleep at 11-17 months 

and/or 23-30 months and this is acknowledged to be a limitation of the findings, as these factors 

could also influence why a child settles independently at a younger age.   

Completing the Extended BISQ rather than the BISQ at Wave 4 allowed for consideration of 

resuming sleep methods when waking overnight.  This explored methods which promote self-

regulation, such as waiting a few minutes and picking up the child but returning to bed awake, or 

more intensive parenting methods such as feeding to sleep or bringing the child to the parent’s bed.  

There was a significant association between three settling methods and CSDS; picking child up and 

putting down whilst awake, bottle feeding overnight and co-sleeping, with significantly lower CSDS 

scores seen in children whose parents put them down whilst awake, did not bottle feed them 

overnight and those whose parents did not bring them into their bed compared to those who put 

them down asleep, bottle fed them or co-slept with them, suggesting less intensive parenting 

methods are associated with fewer sleep difficulties. 

The evidence base regarding parental presence and intensive parenting measures, such as feeding 

and rocking to sleep, have been overwhelmingly consistently associated with poorer sleep measures 

and outcomes for young children (Cassanello et al., 2021; Henderson et al., 2010; Messayke et al., 
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2020; Mindell, Sadeh, Kohyama, et al., 2010; Ordway et al., 2020).  When considering the 

longitudinal findings, this research supports the existing literature with those who fall asleep alone 

at 5-10 months (Wave 2) having a significantly lower CSDS compared to children who fell asleep with 

intensive parenting interventions at each time point, suggesting that supporting infants to develop 

self-settling strategies in the first six months of life promotes better sleep outcomes across early 

childhood.  These findings are further supported by Wave 4 data regarding sleep measures and 

parental methods to resettle young children when waking overnight, which shows that sleep 

difficulties are less likely when parents use measures that promote self-settling, such as picking the 

child up and putting them down whilst still awake.   

The evidence base also identified that consistency in bedtime routine is related to fewer sleep 

difficulties, including shorter sleep latency, reducing night wakening, longer sleep duration and 

reduced parental perceptions of a sleep issue (Adams et al., 2020; Covington, Rogers, & Black, 2019; 

Fiese et al., 2021; Hoyniak et al., 2020; Mindell et al., 2015).  The Extended BISQ also examined 

consistency of bedtime routine and a significant association was found between the CSDS and 

frequency of exact bedtime routine, although no statistical differences were found between the 

different frequency groups.  This suggests that consistency of bedtime routine is an important factor 

in sleep in early childhood, in line with the existing literature.   

As this data was collected solely using a validated questionnaire rather than a questionnaire and 

actigraphy, it is not possible to conclude if parental perceptions of their child’s sleep duration were 

biased by the consistency and regularity of their bedtime routine, which has previously been found 

to be a limitation of using subjective tools when analysing this area of sleep research (Prokasky et al., 

2019).   

5.5.1.1.2 Dummy use 

Dummy use in 5-10 month old and 11–17 month old infants was associated with a lower CSDS 

indicting fewer sleep difficulties compared to infants who did not use a dummy although this 

association was not found between 23–30 month olds and there was no significant interaction 

between the CSDS and dummy use over time.   Interestingly, when analysing the trajectories of 

parentally reported sleep problems between those who had never used a dummy and those still 

using a dummy at 23-30 months, the results were conflicting; those who had never used a dummy 

had higher levels of persistent, intermittent and resolving sleep problems compared to those who 

were still using a dummy at 23-30 months, but also higher levels of consistently not having a sleep 

problem.   
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The evidence base regarding dummy use and sleep is conflicted with three of the four available 

studies considering a wider remit of non-nutritive sucking, including finger sucking, along with 

dummy use, which was outside of the scope of this study (Butler et al., 2016; Cassanello et al., 2021; 

Messayke et al., 2020).  The findings from the present study partially support the results of a large 

longitudinal study of 11,83 children, which used questions specifically designed for the study, amd 

found dummy use at one year was associated with longer sleep duration (Messayke et al., 2020), 

however, they were in conflict to the remainder of the literature.  Odoi et al. (2014) conducted a 

small study on 30 infants, calculating sleep via physiological measurements, and Butler et al. (2016) 

undertook a larger study of 104 infants using the BISQ, both studies found that there were no 

significant differences in sleep measures between infants who used a dummy and those who did not 

at six and 12 months respectively, although infants who used a dummy were reported to have 

increased likelihood of sleep difficulties at 12 months compared to non-suckers and finger suckers.  

Messayke et al. (2020) also found an association between dummy use and measures relating to 

poorer sleep including increased night awakenings and sleep onset difficulties.  In the present study, 

infants using a dummy had a lower CSDS, this indicated fewer sleep difficulties in the five sleep 

measures, including night awakenings and sleep latency, in contrast to the findings of Butler et al. 

(2016) and Messayke et al. (2020). Furthermore, the findings from the present study did not find an 

association between dummy use and CSDS at 24 months, whereas Cassanello et al. (2021) 

conducted a large study of 1,404 young children using the Spanish BISQ and found toddlers using 

non-nutritive sucking at this age were more likely to have fewer and shorter nocturnal awakenings 

and longer sleep duration compared to infants who were non-suckers. 

One important finding was the statistically significant relationship between dummy use and main 

milk type at both six and 12 months.  At six months, main milk was considered in three categories; 

exclusively breastfed, exclusively formula fed and combination fed – breastmilk and formula fed, 

with 69% of formula fed infants also using a dummy compared to 17% of breastfed infants and 14% 

of combination fed infants.  The association between dummy use and main milk at this time point 

was moderately strong (Cohen, 1988); (χ2 (2) = 40.26, p <0.001) (Cramer’s V = 0.436).  At 12 months 

young children had a broader intake of main milks; cow’s milk, formula, breastmilk, combination of 

cow’s and formula milk, combination of breast and other milks and other milks.  In order to meet the 

assumptions of the test and to allow meaningful analysis, the main milks were combined into four 

groups; cow’s milk, formula, breast milk, other milks including combination feeding, with 47% of  

children whose main milk was cow’s milk using a dummy, and 37% of formula fed children, 

compared to 5% of breastfed children and 11% of children fed other milks and/or combination fed.  

The association between dummy use and main milk at this time point was also moderately strong 
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(Cohen, 1988); (χ2 (3) = 23.388, p <0.001) (Cramer’s V = 0.367).  A young child’s main milk and 

dummy use has not been considered in the available literature and further research is needed to 

understand the relationship between dummy use, main milk and sleeping patterns.  Further 

research could undertake additional statistical tests if the data meets the assumptions, of either 

mediation or moderation; mediation explores why or how x affects y, whereas moderation examines 

the relationship between two variables and if it is moderated by a third variable (Field, 2018).   

5.5.1.2 Environmental Influences on sleep 

5.5.1.2.1 Sleep location 

A significant association was found between sleep location and CSDS at each time point and 

longitudinally between sleep location and time on the CSDS.  Sleeping in a cot in a separate room 

was associated with a lower CSDS indicating fewer sleep difficulties compared to infants who slept in 

a cot in their parent’s room, co-slept in their parent’s bed or combination slept in a cot and their 

parent’s bed at 5-10 months and these results were replicated at 11-17 months, except for there not 

being a statistical difference between those who slept in a cot in a separate room and those who 

slept in a cot in their parent’s room.  At Wave 4 the extended BISQ asked the question slightly 

differently, and sleeping in parent’s bed was not included, although sleeping in their parent’s room 

was and when analysing sleep furniture, six children aged between 23-30 months continued to sleep 

in their parent’s bed most of the time.  Despite the difference in question asked, young children who 

slept in a cot or bed in a separate room at 23-30 months had a lower CSDS compared to those who 

slept in their parent’s room, which was also likely to include those co-sleeping with their parents.  

There was not a statistically significant difference between infants/young children who slept in a 

separate room and those who slept in their sibling’s room at any time point.  When considering the 

trajectory of parentally reported sleep problem, young children who slept in a cot in their own room 

by 5-10 months has lower persistent, intermittent and resolving sleep problems compared to those 

who co-slept and/or slept in a cot in their parent’s room and higher levels of consistently not having 

a sleep problem which supports the findings at each wave and longitudinally over time.   

These findings support the majority of Mindell et al.’s (2017) conclusions regarding the positive 

association between 6-12 month old infants who sleep in their own room and better sleep 

measures.  However, although Mindell et al. (2017) found a number of positive sleep outcomes 

associated with infant sleeping in a room independently, there was no difference in nocturnal 

wakefulness duration between sleep location, whereas the infants in this study had a lower CSDS 

which indicated fewer sleep difficulties in five sleep measures, including nocturnal wakefulness 

duration.  When considering the findings longitudinally there was a statistically significant 
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interaction between sleep location and time (waves of data collection) on the CSDS, with the mean 

CSDS scores reducing in three categories across the time points (cot in own room at 11-17 months 

(Wave 3), cot in own room at 23-30 months (Wave 4) & cot in room with parents and/or co-sleeping 

across all three waves) and remaining fairly consistent in one category: cot in own room at 5-10 

months (Wave 2).  Infants and young children who slept independently in their own room were 

more likely to have a lower CSDS indicating better sleep outcomes; infants who slept in their own 

room at 5-10 months (Wave 2) had significantly lower CSDS at Wave 2 compared to those who slept 

in their own room at 11-17 months (Wave 3) and a significantly lower CSDS at Wave 2 and Wave 3 

compared to those who slept in their parent’s room and/or co-slept across the three waves.   

There was a statistically significant effect of time on children who slept in their own cot at 11-17 

months at Wave 3, with significant differences between this group at each timepoint (Wave 2, Wave 

3 and Wave 4) with the mean CSDS score for this group reducing across all three timepoints.  At 

Wave 4 there was a statistically significant difference between children who slept in their own room 

at 11-17 months (Wave 3) and those who slept in their own room at 23-20 months (Wave 4) which 

suggests that although independently sleeping from 5-10 months was consistently associated with a 

lower CSDS, moving a child into their own room at 11-17 months is still associated with lower CSDS 

scores longitudinally.  Incidentally at Wave 4 the mean scores of the CSDS for children sleeping in 

their own room at 11-17 months (Wave 3) was slightly lower than those sleeping in their own room 

at 5-10 months (Wave 2), although this was not a significant difference.   

Infants who slept in a cot in their parent’s room or were specifically identified as co-sleeping at 5-10 

months and 11-17 months had higher CSDS across all three time points, indicating more sleep 

difficulties.  This supported the findings of Messayke et al. (2020) who found that one year olds who 

co-slept or changed sleep location during the night were more likely to have shorter sleep duration 

and more frequent night wakings.  Furthermore, although Simard et al. (2011) found no difference in 

sleep measures depending on sleep location of 12 week old infants, they were twice as likely to 

sleep fewer than 6 hours if they shared a room with their parent, which matches this study’s findings 

of increased CSDS, including reduction in nocturnal sleep duration, in those who share a room.  

Hysing et al. (2014) found that sleep measures improved over the first 6-18 months of life and that 

co-sleeping was associated with poorer sleep outcomes, including shorter nocturnal sleep duration 

and increased night wakings, whereas Paul et al. (2017) identified that room sharing increased the 

likelihood of being put to bed already asleep and having a later bedtime.  Although this data did not 

differentiate between room sharing and co-sleeping, the five sleep measures underpinning the 

higher CSDS in this group included shorter nocturnal sleep duration and frequent night wakings, 

similar to Hysing et al. (2014) and Paul et al.’s (2017) findings.  A positive to note, was that there was 
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a significant effect of time on the CSDS for children who slept in a cot in a room with their parents 

and/or co-slept, with the mean CSDS scores reducing over the three waves, although this was a not a 

statistically significant difference between the individual timepoints for this group, it does indicate 

that the sleep difficulties for these children may decrease over time.  

As using actigraphy, video recordings or exploring maternal sleep were outside the scope of this 

study, it was not possible to compare the findings with the published studies that used these 

measures to examine sleep in early childhood (Rudzik et al., 2018; St James-Roberts et al., 2016; Teti 

et al., 2016).  It is acknowledged that that parental report can differ from actigraphy measurements 

and that parents only report things such a night wakings and nocturnal wakefulness that they are 

aware of, hence incorrectly reporting sleep measures in children who sleep in a separate room as 

parents are not necessarily aware of their sleep patterns in the same way as parents who share a 

room and/or co-sleep.  This is a limitation of the research. 

5.5.1.2.2 Sleep furniture 

Sleeping in a cot when aged between 23-30 months was associated with a lower CSDS indicting 

fewer sleep difficulties compared to young children who slept in their own bed or their parent’s bed.  

Data regarding sleep furniture was only collected at this time point as this question is included in the 

Extended BISQ, which was used at Wave 4, whereas Wave 2 and 3 used the BISQ.  There is limited 

research available on this topic, with only one study examining the relationship between sleep 

furniture and sleeping patterns in early childhood (Williamson et al., 2019).  This study partially 

supports Williamson et al.’s (2019) findings, as they also found sleeping in a cot was associated with 

better sleep measures.  However, Williamson et al. (2019) found no difference between sleep 

furniture and one sleep measure, nocturnal wakefulness, whereas, in this study young children 

sleeping in a cot had a lower CSDS, which indicated fewer sleep difficulties in five sleep measures, 

including nocturnal wakefulness, suggesting better sleep overall across all sleep measures.  

5.5.1.3 Dietary influences on sleep 

5.5.1.3.1 Main milk 

A significant association was found between main milk and CSDS at Wave 2 and Wave 3 and 

longitudinally between main milk and time on the CSDS.  Exclusively formula feeding at 5-10 months 

(Wave 2) was significantly associated with a lower CSDS indicating fewer sleep problems compared 

to those who were exclusively breastfed, although there was not a significant difference between 

those combination feeding and exclusively breast or formula feeding.  At 11-17 months (Wave 3) the 

range of main milks being consumed had broadened to include cow’s milk, other milks, including 

specialist formulas and oat milk, formula, breastfeeding and combination feeding, with those who 
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were breastfed having a significantly higher CSDS, indicating greater sleep difficulties compared to 

all the other main milk groups.  By Wave 4, 79% of 23–30 month olds were drinking cow’s milk as 

their main milk compared to 6% who were being breast or formula fed and 3% who were being 

combination fed or fed other milks or who did not consume any type of milk, meaning no statistically 

significant association was found at this time point between main milk and CSDS.  

The longitudinal findings support the individual timepoint findings, with a significant association 

between main milk and CSDS at Wave 2 and Wave 3 but not at Wave 4.  Those being formula fed at 

5-10 months (Wave 2) had significantly lower CSDS compared to those being breastfed at 5-10 

months, breastfed at 11-15 months and breastfed at 23-30 months.  The Wave 3 findings also found 

that those who were being breastfed at 5-10 months (Wave 2) but not Wave 3 and those being 

formula fed both had a significantly lower CSDS compared to those being breastfed at 11-17 months 

(Wave 3).  The CSDS score for those being breastfed at Wave 4 significantly reduced over time, 

indicating that the relationship between breastfeeding and poorer sleep measures may lessen over 

time.   When exploring the trajectory of parentally reported sleep problems, those who were 

breastfed at 5-10 months were less likely to have a persistent or intermittent sleep problem 

compared to those who were always formula fed and more likely to have a resolving sleep problem, 

although they were less likely to be identified to have consistently no sleep problem.   

Infants who were breastfed had higher CSDS at Wave 2 and 3, indicating that they had increased 

likelihood of experiencing poorer sleep.  This supports the findings of several studies where 

breastfeeding was associated with frequent night wakings (Galbally et al., 2013; Mindell et al., 2012; 

Pennestri et al., 2018; Pennestri et al., 2020; Weinraub et al., 2012) and/or shorter nocturnal sleep 

duration (Figueiredo et al., 2017; Hughes et al., 2015; Messayke et al., 2021).  The means of the four 

groups, breastfeeding at Wave 2, breastfeeding at Wave 3, breastfeeding at Wave 4 or formula 

feeding or other milks, were similar at the Wave 4 timepoint with no statistically significant 

difference, suggesting that breastfeeding does not have a negative long term impact on sleep, 

supporting Hysing et al.,’s (2014) findings.  Furthermore, although young children who were 

breastfed at 5-10 months had a higher CSDS, suggestive of increased sleep difficulties, they were less 

likely to have a persistent or intermittent parentally reported sleep problem compared to formula 

feeding, which also supports Hysing et al.’s (2014) finding that breastfeeding does not negatively 

predict sleep quality over time.   Nevarez et al.’s (2010) study also did not find an association 

between breastfeeding at six months and sleep duration longitudinally until the age of two years, 

which could be due to the relationship between breastfeeding and poorer sleep outcomes not being 

sustained across early childhood.   
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This study looked at the CSDS as a whole rather than individual sleep measures and did not look at 

duration of feeds, meaning it is not possible to compare against some of the available evidence base, 

such as Brown and Harries’s (2015) study which looked at night wakings and feed lengths in formula 

and breastfed infants or parental perceptions of sleep problems being guided by main milk (Gibson 

et al., 2012).  As this data was collected solely using a validated questionnaire rather than a 

questionnaire and actigraphy or a questionnaire and video, it is not possible to comment if parental 

perceptions of their child’s sleep depending on their type of milk shaped their responses regarding 

duration of sleep, frequency of night wakings or duration of nocturnal wakefulness, although this is 

acknowledged to be a limitation of the study.  

5.5.2 Which factors were not associated with poorer infant sleep? 

Associations were explored between a range of social, health and environmental factors and the 

CSDS to determine which were related to poorer sleep outcomes.  Eight factors were found to not 

be associated with greater sleep difficulties: gender, birth order, parental level of education, 

maternal mental health, infant frequency of snoring, colic, activity levels and introduction of solids. 

5.5.2.1 Child characteristics 

5.5.2.1.1 Gender 

There was not a significant association between CSDS and gender at any of the three timepoints, 

indicating that a child’s gender did not influence positively or negatively on their sleep patterns. This 

supports the findings of two studies; a large cross sectional Spanish study using a Spanish validated 

Brief Infant Sleep Questionnaire, based on the BISQ, which also found gender was not associated 

with the same sleep measures and a smaller USA study which found no association with frequency 

of night wakings dependent on gender (Cassanello et al., 2021; Teti & Crosby, 2012).  This was in 

contrast an English study (Kaley et al., 2012) and a further study based in the USA (Weinraub et al., 

2012) which both found that boys were more likely to have increased night wakings.  It is important 

to note that none of these studies explored cultural perceptions of gender and how this may 

influence parental perceptions of their child’s sleep, although all of the studies have been 

undertaken in similar westernised cultures, so this may be less likely to influence the findings.  

It was outside the boundaries of this study to either examine consistency and length of bedtime 

routine as the BISQ used at Wave 2 and 3 does not explore this in detail or compare gender against 

parental perceptions, so it is not possible to compare the findings with all of the available evidence 

base (Gibson et al., 2012; Prokasky et al., 2019). 
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5.5.2.1.2 Birth Order 

There was not a significant association between CSDS and birth order at any of the time points, 

signifying that a child’s parity does not increase or decrease the likelihood of a child having poorer 

sleep measures.  Although this is in contrast to Kaley et al.’s (2012) findings where first born children 

are more likely to experience shorter total sleep duration, it supports the conclusions of a large 

longitudinal study, which also found birth order was not associated with poorer sleep measures 

(Weinraub et al., 2012).   

It was outside of the boundaries of this study to examine the arrival of a sibling on the sleeping 

patterns of children enrolled in the birth registry or to compare birth order against parental 

perceptions, meaning it is not possible to consider the findings against all of the research in this area 

such as Gibson et al. (2012) and Safyer et al. (2017).   

5.5.3 Parental characteristics 

5.5.3.1.1 Parental level of education 

There was not a significant association between either maternal or paternal levels of education and 

CSDS at Wave 2, 3 or 4, demonstrating that parental levels of education are not associated with 

sleep measures in their infancy and early childhood.  The evidence base examining the relationship 

between parental educational levels and infant sleep measures is complex and recognised to be 

impacted on by wider factors including poverty (Paul et al., 2017) and maternal mental health 

(Matenchuk et al., 2019).  It was outside of the remit of this study to consider the relationship 

between other measures and sleep, however, when just considering maternal education and sleep 

measures, the findings from this study support two other studies, one of which examined maternal 

educational levels and night wakings and the other maternal educational levels and nocturnal sleep 

duration (Pennestri et al., 2020; Teti & Crosby, 2012), with neither finding a significant association 

between the two.   

5.5.3.1.2 Maternal mental health 

There was not a significant association between maternal history of anxiety and depression, 

including pre-pregnancy experiences of anxiety and/or depression, antenatal anxiety and/or 

depression or postnatal depression, and time on the CSDS.  However, there was a statistically 

significant effect of time on the CSDS, with a significant difference in the CSDS scores between the 

Wave 2 and Wave 3 timepoint and between the Wave 2 and Wave 4 timepoint.  Furthermore, the 

CSDS reduced at each timepoint for both children whose mothers had a history of anxiety and 

depression and those that did not, with the CSDS being similar for both groups at each wave.   
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There is a wealth of literature examining the relationship between maternal mental health and 

infant sleep, with night wakings (Gunst et al., 2021; Hughes et al., 2015; Weinraub et al., 2012), 

shorter nocturnal sleep durations (Simard et al., 2011) and lack of bedtime routines (Covington, 

Rogers, & Black, 2019) being linked to maternal depressive symptoms.  These findings contrast with 

these studies as the CSDS scores of children whose mothers had a history of anxiety and depression 

were similar to those children whose mothers did not, reducing the likelihood of maternal mental 

health being associated with sleep measures.  Two of the eighteen studies retrieved as part of the 

literature review had similar findings to this research with no significant association between 

maternal mental health and infant sleep wake behaviour (Figueiredo et al., 2017) or between 

nocturnal sleep duration (Pennestri et al., 2018).   

Although this research gathered information from mothers regarding their history of pre-pregnancy, 

antenatal and postnatal experiences of mental health, it is acknowledged that this was a binary ‘yes’ 

or ‘no’ question as to if they have experienced anxiety/depression or postnatal depression, rather 

than a validated tool or an in-person interview to provide context about what depression or anxiety 

is.  This relies on both accurate parental reporting of their mental health and having an 

understanding of what these conditions are, which could have influenced the results and meant that 

people experiencing/having a history of anxiety and/or depression incorrectly categorised 

themselves.  It is recognised that this is a limitation of the study and future research could include 

validated tools as part of the antenatal and postnatal data collection. 

5.5.3.2 Health and the relationship with sleep 

5.5.3.2.1 Infant frequency of snoring 

There was not a significant association between the CSDS and frequency of snoring at any of the 

time points, suggesting that snoring is not associated with sleep measures in early childhood.  This is 

in contrast to the majority of the available research findings which found that although snoring was 

not associated with poor sleep measures, it was associated with shorter nocturnal and total sleep 

durations at six and 12 months (Piteo, Kennedy, et al., 2011; Piteo, Lushington, Roberts, van den 

Heuvel, et al., 2011).  One study identified that although snoring in early infancy was associated with 

reduced nocturnal sleep duration and increased restlessness, this had reduced by eight months 

(Katila et al., 2019).  This may explain why snoring was not associated with poor sleep measures at 

Wave 3 and 4, but it is likely there would have been significant findings at Wave 2.  It is unclear why 

the findings of this study would be different from existing research, especially as both were 

longitudinal and used a similar data collection tool.   
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5.5.3.2.2 Colic 

When asking about an infant’s experience of colic and/or tummy ache there was not a significant 

association between the CSDS and parentally reported experience of colic symptoms at Wave 2, 

which indicates that colic symptoms are not associated with poor sleep measures in infancy.  It is 

acknowledged that the question about colic used in this research does not use a validated definition 

which is seen in the available evidence base, however, the two studies specifically looking at colic 

and sleep measures found that there was not an increased frequency of night wakings at 12 weeks 

(St. James-Roberts & Peachey, 2011) or longer term sleep problems at two or three years of age (Bell 

et al., 2018) which supports the findings of this study.   

5.5.3.3 Environmental Influences on sleep 

5.5.3.3.1 Activity levels – sedentary and physical behaviours 

There was not a significant association between each of the individual elements of the Adapted 

Netherlands Physical Activity questionnaire and the CSDS at Wave 4 which suggests that activity 

levels and sedentary behaviours, such as time spend watching television or playing on technology 

(tablets, computer consoles etc) are not associated with sleep measures between the ages of 23-30 

months.  A lack of relationship between sleep and sedentary behaviours is in contrast to the existing 

evidence base where sedentary behaviours were associated with shorter sleep durations and this 

was confirmed by both parentally reported questionnaires and actigraphy (Armstrong, Covington, 

Hager, et al., 2019; Nevarez et al., 2010; Xu et al., 2016).  However, when further examining the 

methodology of the papers, one study requested parents to carry out a daily calculation of time 

physically spent in outdoor play and sedentary behaviours (Xu et al., 2016), one paper did not clearly 

specify (Nevarez et al., 2010) and the final paper used actigraphy to distinguish between sleep, 

activity and sedentary behaviours (Armstrong, Covington, Unick, et al., 2019).  In contrast, the 

Adapted Netherlands Physical Activity questionnaire asks parents to rate their child’s characteristics 

against a series of statements, which is acknowledged to be a limitation as it is more open to 

interpretation than estimates of hours spent in a specific type of activity and may have impacted on 

the conclusions drawn. 

When considering the findings regarding activity levels, the evidence base is more conflicted with 

this study supporting the findings of Xu et al. (2016) which found no significant association between 

outdoor activity levels and sleep.  However, the findings are in contrast to two studies using 

actigraphy; one study found a decrease in sleep when undertaking moderate vigorous activity 

(Felzer-Kim & Hauck, 2020) and one found an increase (Zhang et al., 2019), whereas the CSDS was 

not significantly different between the group which preferred physical activity always or almost 
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always compared to the group that prefers to play quiet games always or almost always or the group 

with equal play preferences, suggesting the activity level did not have a negative or positive effect 

on sleep.    

5.5.3.4 Dietary influences on sleep 

5.5.3.4.1 Introduction of solids 

There was not a significant association between the CSDS and introduction of solids at 5-10 months, 

which suggests that food intake is not associated with poor sleep measures in infancy.  The available 

evidence base looking at early infancy examines a range of specific sleep measures and these 

findings supports the conclusions of Brown and Harris (2015) which found no association between 

age at introduction of solids and frequency of night wakings.  It is in contrast to Perkin et al. (2018) 

which found early introduction of solids from three months was associated with longer nocturnal 

sleep duration, fewer night wakings and lower parental perceptions of sleep problems, however, 

only 2% of parents introduced solids at this timepoint which will mean the results are not 

comparable for this time period and the early introduction of solids specifically.   

5.6 What this thesis adds to previous research 

This research has made several significant findings which contribute to existing evidence base.  This 

is the first study to explore the sleep norms of a UK sample longitudinally over the first two years of 

life. The findings confirm that UK infants and young children have similar sleeping patterns to other 

westernised populations, with nocturnal wakings and duration of nocturnal wakefulness decreasing 

over the first two years of life and nocturnal sleep duration increasing.  The findings also show that 

parents are accurate at identifying a sleep issue, when compared to parental reporting of sleep 

measures and an increase in nocturnal wakings and duration of nocturnal wakefulness were 

consistently associated with parents perceiving their child’s sleep a problem at each wave of data 

collection.   

Associations were explored between thirteen factors encompassing social, health and 

environmental aspects alongside the CSDS to understand what influences poorer sleep outcomes in 

early childhood.   Bedtime settling routine, non-dummy use, sleep location, sleeping in a bed or co-

sleeping and breastfeeding were found to be associated with greater sleep difficulties, whereas 

gender, birth order, parental level of education, maternal mental health, infant frequency of snoring, 

colic, activity levels and introduction of solids were not associated with poorer sleep measures.  This 

provides health professionals and parents with greater understanding of what influences sleep in 

early childhood and can assist with targeting of public health messages appropriately. 
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Finally, the development and validation of the CSDS provides health professionals with a tool to 

identify difficulties in the first two years of life and signpost to appropriate support.  Using this tool 

routinely at every contact, could allow sleep difficulties to be more easily identified and have a direct 

impact on the health and wellbeing of the child and their family. 

5.7   Strengths and limitations of study 

A significant strength of this study is that the cohort of participants were not recruited to specifically 

focus on sleep, with the sleep questions making up a small proportion of the overall questionnaire.  

This reduced the likelihood of only receiving responses from parents who were concerned about 

their infant’s sleep, which is often recognised as a limitation of other similar sleep research, and 

hence reduced the risk of biasing the sleep findings.  This is particularly important as this is the first 

study examining sleep norms in early childhood within a UK population.   

The use of a questionnaire as a data collection method allowed for the entire cohort to be easily 

surveyed, with the use of a questionnaire being a recognised valid approach to studying sleep 

characteristics in larger studies (Messayke et al., 2020).  Furthermore, using the questionnaire at 

three time points allowed for longitudinal associations to be examined, providing a clear picture of 

sleep patterns in a specific population over early childhood in the UK.   

Using a self-reported sleep questionnaire does have limitations as it relies on subjective rather than 

objective data, this has been acknowledged to be a particular problem within sleep research as 

reporting on a child’s sleep requires the parent to be aware of their sleeping pattern and they may 

incorrectly report positive findings for self-settling methods and sleep locations when they are not 

present.  Parents have also been found to have inherent bias and perceptions based on certain 

aspects of their child’s life, such as milk intake and its influence on sleep, which can also influence 

their reporting of their child’s sleeping patterns.  Additionally, a recognised risk of observational 

studies is that statistically significant associations may be incorrectly assigned to measures and 

unknown or unseen confounding measures may influence the results (Nevarez et al., 2010).   

The original concept of the Birth Cohort Registry was to focus on child health from birth throughout 

childhood and into adulthood, with some focus antenatally on maternal and wider family health and 

determinants.  As the questionnaires were based on self-reported measures, the questions around a 

history of mental health and anxiety antenatally (Wave 0) and history of postnatal depression when 

their child reached two years (Wave 4) were yes/no/don’t know questions, rather than validated 

tools which limited understanding around whether the participants met a recognised threshold for 

anxiety and depression, had answered the questions honestly or recognised they were experiencing 

these conditions and reduced the validity of the results.  It was not possible as a PhD researcher to 
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be involved with the entire study from Wave 0 to Wave 4, joining the study as the first participants 

were turning 18 months meant there was only an opportunity to shape the Wave 4 questionnaire.  

As a qualified Specialist Community Public Health Nurse (Health Visitor) with clinical experience of 

working with children aged 0-5 years, rather than a researcher, this brought a different perspective 

to the questionnaires and a recognition that it would have been helpful to include a wider remit of 

topics from a public health perspective, such as exploring activity levels from Wave 2, broadening 

the dummy questions to include finger sucking and using a recognised criteria for colic symptoms, 

whilst also being realistic about the expectations for parents to complete longer questionnaires and 

the potential risk of an increased participant drop out.   

5.7.1 Representativeness of the sample 

Within the UK the most common family type remains married couples (62.4% of families), followed 

by cohabiting couples (15.6%) and lone parent families accounting for 21.9% (Office of National 

Statistics [ONS], n.d.).  Similarly married mothers made up the largest group enrolling onto the Birth 

Cohort (63%), compared to cohabiting mothers (31%) and lone mothers (either single, divorced or 

separated) (8%).  Married mothers were also more likely to respond to the questionnaires at each 

wave of data collection (71% at Wave 2, 69% at Wave 3, 75% at Wave 4 and 73% across all three 

waves), compared to cohabiting mothers (27% at Wave 2, 29% at Wave 3, 24% at Wave 4 and 27% 

across all three waves) and compared to lone mothers (1% at Wave 2, 2% at Wave 3, 1% at Wave 4 

and 1% across all three waves).   

ONS (n.d.-b) prospective data for 2020 shows that married families are more likely to have two 

children, whereas cohabiting and lone parent families are more likely to have one child, with the 

largest overall family size in the UK being one child, closely followed by two children.  Women 

pregnant with their first or second born child were more likely to enrol in the cohort (42% and 39% 

respectively) and respond to the questionnaires at each wave of data collection, with 48% of first 

born (50% at Wave 2, 51% at Wave 3, 48% at Wave 4 and 51% across all three waves) and 34% of 

second born (38% at Wave 2, 34% at Wave 3, 37% at Wave 4 and 36% across all three waves) 

completing the questionnaires compared to those with two (10% at Wave 2, 11% at Wave 3, 10% at 

Wave 4 and 11% across all three waves) or three (2% at Wave 2, 4% at Wave 3, 4% at Wave 4 and 

3% across all three waves) children already.  Although 1% of parents enrolling on the cohort had 4 

children, none responded to the questionnaires at any wave of data collection. 

When looking at the cohort who participated, it is recognised that a disproportionate percentage of 

highly educated parents responded to the questionnaires; this was observed individually at each 

timepoint and especially in the sample who responded to all three waves of data collection and were 
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included in the longitudinal analysis.  For example, in this sample 70% of mothers (70% at Wave 2, 

72% at Wave 3, 73% and Wave 4) and 51% or more of fathers (52% at Wave 2, 51% at Wave 3 and 

60% at Wave 4) had been educated at a higher education level, with this increasing in the sample 

who responded to each wave of data collection to 74% of mothers and 72% of fathers, compared to 

57% of mothers and 42% of fathers registered with the Birth Cohort and 33% of the English 

population (Joseph Rowntree Foundation, 2021).  This is challenging when considering the 

generalisability of the findings to Portsmouth, particularly as 6.9% of the population have no 

qualifications (Portsmouth City Council, 2022).  However, ONS research outputs indicate that 

nationally the majority of married couples (non-step families and those including step families) are 

educated to Level 3 or beyond (68% and 49% respectively), as are cohabiting families (non-step 

families and step families) (51% and 43% respectively) and lone mothers (48%).  This indicates that 

the majority of parents have higher qualifications nationally than in Portsmouth and so makes the 

findings more generalisable across the UK family population (Office of National Statistics, n.d.-a).   

Portsmouth sits within the highest 5% rate of under 18’s conceptions and teenage pregnancy rate in 

England (Office for Health Improvement and Disparities, n.d.) and to capture this group, pregnant 

women aged 16 and over were able to enrol on the Birth Cohort, with 1% doing so.  However, no 

teenagers responded to the Wave 2, 3 or 4 questionnaires and the mean age of mother’s responding 

at each Wave was higher (33 years at Wave 2, 32 years at Wave 3, 33 years at Wave 4 and 33 years 

across all three waves) than the mean age of mothers enrolled on the cohort (31 years).  

Furthermore, the mean age of mothers that did not respond was lower (30 years at Wave 2, 3 & 4 

and across all three waves).   

Nationally 80.5% of the population is white British, with 86% of the population being of white 

ethnicity (HM Government, 2020) although in Portsmouth this is higher, with white British ethnicity 

making up 84% of the population and 88% being of white ethnicity (UK Census Data, 2011b).  

Between 81-83% of mothers responding to the questionnaires were white British, which is slightly 

higher than the UK data but comparable with the Portsmouth population.  However, 93% of mothers 

who enrolled on the cohort and 95% of mothers who responded to the questionnaires were of white 

ethnicity, including non-British white ethnicity (95% at Wave 2 and 96% at Wave 3 & 4 and across all 

three waves) which is higher than nationally and the local population.  This means that although the 

ethnicity of the sample is similar to the UK profile, it does not capture in full the ethnic diversity 

present within the UK and this may limit some of the findings overall when applying to a wider 

population.   
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The family profile of those enrolled on the Birth Cohort is similar to families generally within the UK, 

with the majority of the women enrolling being married and the majority of children being first born.  

Although the parents who responded were more likely to have a degree, nationally most married, 

cohabiting and lone parents are more likely to have two or more A-levels and the proportion of 

white British parents is similar to the national average.  This means that the findings are 

generalisable to the wider UK population and the sleeping patterns of the infants enrolled in this 

study are likely to be representative of young children in the UK.  Furthermore, the scoring ranges 

for the CSDS would be appropriate to use within clinical practice with a UK population of children.  

5.8 Recommendations  

5.8.1 Future practice 

With a lack of definite UK guidelines or criteria to identify a sleep disturbance in under-5s, an 

understanding that an increase in reported night wakings and nocturnal wakefulness between 5-30 

months is a significant predictor of parental identification of a sleep problem has implications for 

clinical practice in the UK.  Screening for sleep disturbances by asking parents about night wakings 

and duration of nocturnal wakefulness at all universal health contacts would allow professionals 

working with families to identify potential sleep issues and offer targeted support.  Furthermore, 

parents appeared to be accurate at identifying sleep problems in their infants which suggests that 

self-referral to sleep interventions might be successful and raises the profile and validity of concerns 

presented to health professionals supporting families. 

Further development of the CSDS to allow it to be incorporated as a scoring system within clinical 

practice would increase professional confidence in identifying a sleep difficultly in infants and young 

children.  A tool designed for clinical practice should aim to have a high level of sensitivity and 

specificity; sensitivity describes the tools ability to identify true positives and specificity defines the 

tools capability to classify true negatives (Carneiro and Howard, 2011; Marston, 2010).  The CSDS 

had relatively high level of specificity, 89% at 11-17 months and 85% at 23-30 months, and slightly 

lower levels of sensitivity, 79% at 11-17 months and 84% at 23-30 months, which shows that it is 

good at identifying children who do not have a sleep problem and moderately good at classifying 

children with a sleep problem.  Although the creation of the CSDS considered homogeneity of the 

measures within the tool and has good sensitivity and specificity, due to the importance of using a 

robust and sound measure in clinical practice, it is important that it considers the 11 major 

operational steps laid out by Spruyt and Gozal (2011).  The initial steps, such as consider the purpose 

of the tool, research question, response format and generation of items have been addressed as the 

purpose of the CSDS was to allow for analysis of the data and to create a score for practice and the 
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research question was devised as part of the present study.  Considering the use of questions etc 

(stage 3 and 4) has not been necessary as the BISQ and extended BISQ are validated tools, instead 

thought had to be given to the measures chosen for the tool and these were identified from the 

papers published that validated the tools (Sadeh, 2004; Sadeh et al., 2009).  Furthermore, the use of 

the CSDS within the present study could be considered the pilot phase (stage 5) (Spruyt & Gozal, 

2011).  Moving forward the tool would benefit from further scrutiny to support its development 

prior to use in clinical practice, this includes moving through the final stages of the 11 major 

operational steps, such as exploring the tools reliability and validity, undertaking confirmatory 

analysis and standardising (Spruyt & Gozal, 2011).   

Having a robust scoring tool in clinical practice would be especially helpful for those professionals 

who have not undertaken specific sleep training and have limited knowledge of sleep disorders and 

how these may present in early childhood.  This would widen the number of professionals who could 

undertake routine screening for sleep difficulties and ensure children and their families are 

signposted on to appropriate support, whilst reducing the impact of poor sleep on the child and 

their family. 

Dummy use and formula feeding between 5-17 months, settling in a cot independently and sleeping 

in a separate bedroom from parents at 5-30 months were associated with fewer sleep difficulties.  It 

is important to note that breastfeeding, dummy use and a baby sleeping in their parents room until 

they are six months old are both part of the current safe sleep guidance (Lullaby Trust, n.d.).  Infants 

and young children under the age of six months are at increased risk of sudden infant death 

syndrome (SIDS), with approximately 196 unexplained deaths in young children in the UK every year 

and many related to preventable factors (Lullaby Trust, n.d.).  In light of this the Lullaby Trust (n.d.) 

and NHS (2021) universally promote the safety message that a baby should sleep in a clear, safe 

space in the same room as their parent until six months of age and that both breastfeeding and 

using a dummy reduces the risk of SIDS in this age group.  Safe sleep guidance needs to be taken into 

account when planning clinical interventions and applying the findings of this study.   

The findings from this study support sleep routines that can help babies start to develop positive 

associations with going to sleep and developing self-soothing strategies under six months, whilst the 

baby is sleeping in the parents’ bedroom, such as the NHS (2021) guidance advising parents put their 

baby down awake, rather than feeding to sleep at the earliest opportunity.  Once the child reaches 

six months, clinical interventions to improve sleep could focus on assisting parents when weaning off 

dummy use and to promote the use of self-settling strategies to support infants and toddlers to 

learn to sleep independently in their own room, where possible.   Additionally, as breastfeeding is a 



166 
 

protective factor against SIDS, it is crucial mothers who wish to breastfeed are supported to do this, 

whilst health professionals are also mindful that they may be experiencing higher levels of 

fragmented infant sleep.  Ensuring that health information contains realistic expectations regarding 

sleep may help prepare mothers and that services recognise these women may need extra support 

and potentially early access to targeted interventions to maintain their feeding choice and improve 

their infant’s sleeping patterns. 

5.8.2 Future research 

This study has identified several areas which would benefit from further research including the 

opportunity to continue the longitudinal study of the cohort’s sleep across mid-childhood and 

adolescence.  There are limited research studies available considering the whole childhood period 

and this would provide further insight into how children’s sleeping patterns develop and whether 

sleep difficulties identified in early infancy continue a trajectory into mid-childhood and 

adolescence.  Furthermore, the Birth Cohort Registry was set up with the intention of following 

across the life course, so the participants sleep could also be tracked across early, mid and late 

adulthood which would provide an opportunity to understand how sleep changes across the life 

span and whether sleep difficulties in childhood influence sleeping patterns in adulthood.   

Although this study had a good response rate, it had a smaller number of participants than originally 

planned for, see Appendix III, and there would be benefit from replicating this study with a larger 

cohort of participants with a more nationally representative sample.  If this was the case, it would be 

helpful to consider the use of validated tools to explore maternal and paternal mental health, both 

antenatally and postnatally, as this would provide more accurate understanding of parental 

experience of poor mental health and how this may affect and be affected by their child’s sleeping 

patterns.   This would also provide an opportunity to use objective measures, such as actigraphy, 

alongside the extended BISQ.  The use of objective measures would clarify some of the conflict in the 

literature regarding whether parents have bias towards certain factors, such as main milk, or are 

always aware of their infant’s sleep measures, especially if they are not in the same room.  

Actigraphy is a relatively low cost intervention that concords well with polysomnography, is 

generally well tolerated by young children, and can also support some of the other factors explored 

in this study, such as activity levels (Armstrong, Covington, Unick, et al., 2019).  Finally, conducting 

the same study with a larger sample, particularly with the use of actigraphy, could also allow further 

validation of the Composite Sleep Difficulties Score, developed by the current study, with a potential 

aim for this to be used as a diagnostic indicator for sleep problems in young children. 



167 
 

Finally, although the literature examining dummy use and sleep patterns is limited, there is no 

supporting research available that has considered the relationship between dummy use and formula 

milk.  In order to fully support parents with sleep difficulties and the problems that may present, it 

would be useful to have further research which explores the relationship between non-nutritive 

sucking and milk intake. 

5.9 Conclusions 

In conclusion, this research study has found that 5-30 month old young children in this community 

sample in the UK had similar sleeping patterns and parental perceptions of sleep difficulties to other 

similar studies.  Sleeping patterns were found to improve over early childhood with frequency of 

night wakings and nocturnal wakefulness decreasing and nocturnal sleep duration increasing.  As 

night wakings and nocturnal wakefulness were significantly associated with parental reporting of a 

serious sleep problem, health services aimed at supporting families with young children should ask 

parents about fragmented sleep to identify families who may benefit from early intervention for 

sleep difficulties.  Parental perceptions of infant sleep were accurate and corresponded with both 

individual sleep measures and the CSDS, with both the sleep measures and CSDS being particularly 

helpful at identifying normal sleep and a ‘serious problem’.    

Self-settling in a cot in own room, dummy use, sleeping in a cot in own room and formula feeding 

were associated with fewer sleep problems.  This supports the importance of health professionals 

universally promoting strategies that help parents to develop their infant’s self-settling abilities and 

if appropriate to encourage parents to move their child into their own room from six months of age.  

Further interventions may be needed to support parents to maintain sleep when weaning off 

dummy use and breast-feeding mothers may benefit from targeted and additional help with their 

infant’s sleep. 
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Appendix II. HRA Outcome 

 

 From: amendments hra (HEALTH RESEARCH 
AUTHORITY) <hra.amendments@nhs.net> 
Date: 9 August 2016 at 12:15 
Subject: RE: 15/SC/0008 
To: Suzannah Helps <suzannah.helps@port.ac.uk> 
 
 
Dear Suzannah, 
  
Your study is a research database study, the amendments committee does not categorise these type 
of studies.  As you’ve already received a favourable opinion from your REC, you are welcome to 
proceed. 
  
Kind regards 
  
Ali 
  
  
     

Ali Hussain| Amendments Co-ordinator 

Health Research Authority 

Ground Floor, Skipton House, 80 London Road, London, SE1 6LH 

E: ali.hussain2@nhs.net  
www.hra.nhs.uk/research-community/applying-for-approvals/confidentiality-advisory-group-cag 
  
IMPORTANT – Click here for the latest details of the roll-out of HRA Approval in England 
 
The HRA is keen to know your views on the service you received – our short feedback form is available here 

  

  

mailto:hra.amendments@nhs.net
mailto:suzannah.helps@port.ac.uk
mailto:ali.hussain2@nhs.net
http://www.hra.nhs.uk/research-community/applying-for-approvals/confidentiality-advisory-group-cag
http://www.hra.nhs.uk/about-the-hra/our-plans-and-projects/assessment-approval/
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance/
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Appendix III. Appendix C – Protocol Version 13 – Date 15/03/2018 
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Appendix IV. Patient Screening Checklist  

 

Participant Screening Checklist  
 

Study Number: 162850  Study Title: Portsmouth Birth Cohort Registry 

    

EudraCT/REC Reference: 15/SDC/0008 

 

Version & Date:  
Version 3 08/01/15 

 
UIN………………………….. 

 

Eligibility Check  

Do you live in postcode area PO1-PO8?  

Do you plan to deliver in Queen Alexandra Hospital Portsmouth, the Portsmouth Maternity 
Centre or to have a home birth in PO1-PO8? 

 

Do you plan to live in Portsmouth for at least a year after delivery?  

Are you age 16 years or older?  

If 16 years or older, does the woman have the capacity to consent?  

 
If any of the above questions are ‘No’ then the woman is not eligible for the study. 
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Appendix V.  Portsmouth Birth Cohort Participant Information Sheet 
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Appendix VI. Portsmouth Birth Cohort Registry Consent Form 
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Appendix VII. Participant Withdrawal Postcard  
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Appendix VIII. Wave 0 Questionnaire 
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Appendix IX. Wave 1 Questionnaire 
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Appendix X. NHS Ethical Amendment for Wave 2 Questionnaire  
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Appendix XI. Wave 2 Questionnaire 
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Appendix XII. NHS Ethical Amendment for Wave 3 Questionnaire  
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Appendix XIII. Wave 3 Questionnaire 
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Appendix XIV. NHS Ethical Amendment for Wave 4 Questionnaire 
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Appendix XV. Follow Up NHS Ethical Approval for Wave 4 

Questionnaire 

 



277 
 

 

  



278 
 

Appendix XVI. Wave 4 Questionnaire 
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Appendix XVII. Simple Boxplot of CSDS by Waves of Data Collection 
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Appendix XVIII. Research Ethics Review Checklist UPR16  

 


