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Results show sleep at 12 weeks is highly variable and is associated with numerous socio-

ecological factors. Sleep appears to be one pathway by which PND confers risk for poor child 

health outcomes. Findings support the need for more and better perinatal psychological services. 
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Non-signalled wakings Brief periods of wakefulness at transition points between sleep 

stages, to which parents/caregivers are not alerted. Usually 

captured with objective measures such as polysomnography.  

NREMS    Non-rapid eye movement sleep 

NSF    U.S. National Sleep Foundation 

Preschooler   Child aged 3 or 4 years 

REMS    Rapid eye movement sleep 

SEP    Socio-economic position 

Signalled wakings Wakings to which the parents/caregivers are alerted, usually by 

the infant crying or calling out. 

SOL     Sleep onset latency 

SWS    Slow wave sleep 

Tamariki   Children 

Te Tiriti o Waitangi  The Treaty of Waitangi 

Toddler   Child aged 1 or 2 years  

Wahine   Women 

WASO    Wake after sleep onset 
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NZ context, and critical research gaps are highlighted. Chapter 3 focuses on PND as one specific 

socio-ecological factor relevant to paediatric sleep health. An overview of PND is provided, 

including its aetiology and its consequences for general child development. This is followed by an 

examination of emerging research exploring relationships between maternal prenatal depression 

and subsequent offspring sleep across infancy and early childhood. Chapter 3 concludes with a 

discussion of inconsistences and gaps in the nascent literature and reiterates the combined aims 

of this thesis. Chapter 4 provides a more detailed overview of the methodology than is afforded 

by the manuscripts. Chapters 5 and 6 present the research results in the form of the original 

manuscripts, with references included. The tables are re-labelled from their original numbering 

to align with the thesis format but are otherwise unchanged. Both manuscripts have been 

accepted for publication; the first (Chapter 5) is in press with Sleep Health, the second (Chapter 6) 

is in press with Sleep. Chapter 7 concludes this thesis with an integration and discussion of the 

results, situating the thesis within the existing literature and outlining the implications of the 

findings for research and clinical practice.
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2.4.1.1 Sleep Timing  

Sleep timing is the placement of sleep within the 24-hour day. It is strongly influenced by the 

physiological process of sleep consolidation, as described above. In newborns, the circadian 

system is not fully established, and homeostatic sleep pressure builds quickly. This produces 

polyphasic sleep that occurs as easily during the day as at night (Davis et al., 2004a). Until 

approximately 3 months of age, infants will typically sleep for 14 to 18 hours a day in 2-4 hour 

episodes, interspersed with short periods of wakefulness (Davis et al., 2004b; Galland et al., 2012; 

Sadeh et al., 2009). This sleep/wake pattern serves several key functions. High total sleep duration 

supports rapid brain development that occurs in the first months of life, and high fragmentation 

encourages the frequent feeding newborns require for adequate nutrition, given their small 

stomach capacities and high metabolic rates (Huffman & Martin, 1994). Additionally, newborns 

have immature thermoregulatory systems, making them more susceptible to changes in 

environmental temperatures (Fleming et al., 1992). Polyphasic sleep gives caregivers more 

opportunities to respond to changes in temperature that could otherwise put infants at risk of 

hypothermia or overheating (Bach & Libert, 2021). In addition to survival, these numerous 

opportunities for caregiver-child interactions may also foster early attachment (D'Souza & 

Cassels, 2023). Finally, frequent wakings are also thought to support the responsiveness of infant 

arousal mechanisms, potentially helping to protect against sleep-related infant death (Baddock et 

al., 2019). At around 10-12 weeks the circadian rhythm that drives sleep and wakefulness begins 

to emerge, and homeostatic sleep pressure starts to rise more slowly. Gradually, infants can obtain 

longer periods of wakefulness, and as sleep/wake cues of hunger and satiety are replaced with 

circadian cues for light and dark, sleep becomes increasingly nocturnal (Galland et al., 2012).  

As children develop, other sleep-timing factors emerge as important for their  health and 

wellbeing. Early bedtimes, for example, are associated with longer sleep duration and long-term 

health benefits. One study indicates preschool aged children with early weekday bedtimes (8pm 

or earlier) are half as likely as children with late bedtimes to be obese as adolescents (Anderson 
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et al., 2016). Conversely, children regularly attaining shorter-than-recommended sleep are at risk 

of numerous health difficulties, including problems with attention, learning, and behaviour, as 

well as increased risk for accidents, injuries, hypertension, diabetes, and depression (Paruthi et 

al., 2016). Longer-than-recommended sleep is also considered suboptimal; regular sleep 

durations above recommended range is associated with many of the same physical and mental 

health problems as short sleep (Paruthi et al., 2016). Several studies illustrate the curvilinear 

relationship between sleep duration and paediatric health outcomes, particularly with regards to 

poorer cognitive and behavioural functioning among children who regularly attain sleep 

durations above or below the optimal range (El-Sheikh et al., 2019; James & Hale, 2017).  

Though the NSF and AASM recommendations are instructive, they are also limited. Evidence 

informing the recommendations was not published in a review, therefore the studies on which 

the guidelines are based cannot be evaluated. Many contributing studies may measure obtained 

sleep, which can reflect sleep opportunity, rather than sleep need. Studies measuring obtained 

sleep will inherently be influenced by characteristics of the participant group that are not 

necessarily generalisable to the needs of all children. For example, research has found differences 

of up to 1.5 hours in the sleep duration of young children in countries such as Korea and Japan 

compared to the United Kingdom and NZ (Mindell et al., 2010). It is currently unclear whether 

such differences are a consequence of differences in cultural practice or biological need, or some 

complex interplay between these and other factors. Indeed, no controlled studies have 

investigated sleep need in young children (Meltzer et al., 2021); addressing this research gap 

would allow for more precise recommendations for sleep duration in early childhood. 

Sleep duration in NZ 

NZ MOH sleep duration guidelines are consistent with  the NSF recommendations (Ministry of 

Health, 2017). In the GUiNZ cohort study (Muller, Signal, et al., 2020), toddlers (age 24 months; n 

= 6,308) slept for an average of 10.6 hours overnight and 1.8 hours during the day. Average total 
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Ablow, 2012).  They also suggest that the observed differences in reward-related brain regions 

might contribute to difficulties organising a response repertoire during infant interactions 

(Laurent & Ablow, 2012).  

Psychosocial Factors 

PND and depressive disorders outside the perinatal period share many common psychosocial risk 

factors, including chronic life stress, socioeconomic deprivation, and adverse childhood 

experiences such as abuse or neglect (Guintivano et al., 2018; Hammen et al., 2009; Heim & Binder, 

2012; Yim et al., 2015). Indeed, a personal history of another depressive disorder is often cited as 

one of the strongest predictors of PND (Schmied et al., 2013; Yang et al., 2022). However, a meta-

analysis by Stevens et al. (2019) shows the range of reported rates of PND among women with a 

history of MDD varies widely across studies (1%-75%), with the mean risk of depression 

recurrence at 8%; perhaps lower than might be expected given the stable aetiological factors 

common to MDD and PND discussed above. Rates of recurrence were significantly lower among 

women who continued antidepressant treatment throughout pregnancy (Stevens et al., 2019).  

Social support is a well-established protective factor against depression generally, and low social 

support is consistently and strongly associated with depressive symptoms (Batt et al., 2020). This 

may be especially true for PND, where social support can attenuate the harmful effects of unique 

perinatal stressors, such as pregnancy, birth, and childcare (Sufredini et al., 2022). Partner 

support and relationship satisfaction appear to be particularly relevant to PND (Biaggi et al., 2016; 

Henshaw et al., 2023; Lancaster et al., 2010). Other psychosocial risk factors for PND highlighted 

in systematic reviews include current domestic violence, and unplanned or unwanted pregnancy 

(Biaggi et al., 2016; Gastaldon et al., 2022; Ladyman et al., 2021; Lancaster et al., 2010). 
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3.4 Consequences of Perinatal Depression 

Globally, depressive disorders have remained among the top three causes of non-fatal health loss 

for more than a quarter century (GBD & Injury Incidence Prevalence Collaborators, 2018). It is 

well established that PND is associated with short- and long-term negative outcomes for maternal 

and child health and well-being (Dunkel Schetter & Tanner, 2012; Korhonen et al., 2012; Ladyman 

et al., 2021; Leigh & Milgrom, 2008). Most severely for women, PND can result in suicide. Suicide 

is the leading cause of maternal death in NZ, and our rate of maternal suicide is seven times the 

rate in the United Kingdom (Perinatal Maternal Mortality Review Committee, 2018).  

Perinatal Depression and General Child Development 

In addition to the suffering and debilitation experienced by mothers, PND is a known risk factor 

for child developmental, cognitive, and socio-emotional difficulties that can persist into 

adolescence and adulthood at magnitudes of clinical and public health significance (Betts et al., 

2014; Korhonen et al., 2012; Leigh & Milgrom, 2008; O'Donnell et al., 2014). Even high subclinical 

levels of depressive symptomology have been shown to have significant impact on child health 

outcomes, which is important given a substantially greater proportion of the population 

experience high subclinical PND than clinical PND (an estimated 29.3% versus 9.5%, respectively; 

Meaney, 2018). In a systematic review of studies that analysed maternal depressive symptoms as 

continuous variables, a range of depression severity was shown to impact child development 

(Meaney, 2018).  

Much of the association between maternal prenatal mood and child outcomes is likely due to 

associated factors. Regularly attending antenatal care appointments can be more difficult for a 

woman experiencing depression (Field, 2011), and depression is associated with higher rates of 

alcohol use during pregnancy (Chapman et al., 2024). Genetic predisposition to mental distress, 

including PND, can be inherited (Couto et al., 2015; Viktorin et al., 2016), and women experiencing 

prenatal depression are more likely to experience postnatal depression, which can affect key 
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and 6 months of age (n = 312 mother-infant dyads). They found that higher scores on the EPDS 

during pregnancy predicted higher total scores on the Child Sleep Health Questionnaire Infant 

Version (CSHQ-I) at 3 and 6 months, indicating more sleep problems (r values = 0.217 and 0.194 

respectively, p values < .01). These unidirectional relationships were driven by the subscales 

Unsettled Sleep (i.e., infant anxiety related to sleep and sleep disordered breathing and 

parasomnias) and Daytime Sleepiness (i.e., daytime consequences of sleep problems). There were 

no significant relationships with the remaining subscales; Positive Sleep Habits (i.e., infant 

bedtime and morning routines) and Bedtime Sleep Problems (i.e., infant resistance to go to bed 

and frequent night awakenings). Morales-Munoz et al. (2018) looked at multiple prenatal risk 

factors, including CEDS-measured depression, on infant sleep outcomes at 3 months. Like Dias 

and Figueiredo (2021), they found antenatal depression predicted infant sleep outcomes, but the 

specific outcomes implicated were different. Prenatal depression was associated with longer sleep 

onset latency and irregular sleep routines, but not with sleep duration, circadian rhythm 

development, self-soothing behaviour, night-waking, or bedsharing.     

Prenatal Depression and Preschooler Sleep 

Across early childhood, sleep undergoes rapid development. As discussed throughout Chapter 2, 

sleep/wake patterns change markedly in this period, and exhibit great variability  (Borbély et al., 

2016). A small number of studies have looked at the relationship between maternal prenatal 

depressive symptoms and sleep in preschoolers, including two prospective cohort studies 

(O'Connor et al., 2007; Toffol et al., 2019). Toffol et al. (2019) found children of women with 

clinically significant depression symptomology during pregnancy had shorter nocturnal sleep 

duration, longer sleep onset latency and higher odds of more frequent night waking, and higher 

odds of having a sleep disorder at age 3.5 years, compared to children of women with low 

symptomology during pregnancy. The study controlled for several obstetric and psychosocial 

covariates, and concurrent maternal depression at 3.5 years, but not for depressive symptoms 

during the postnatal period. O'Connor et al. (2007) looked at the impact of maternal prenatal 
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Factors associated with increased odds of night waking were older maternal age, more maternal 

depression symptoms, exclusive breastfeeding, having returned to work, and bedsharing. Factors 

associated with shorter nighttime LSRSP were maternal depression symptoms, and bedsharing. 

The relationship between sleep location and breastfeeding status appeared to change with 

changes to nighttime mother-infant proximity, with a positive association between bedsharing 

and breastfeeding (OR 1.82, p = 0.012), no association between room-sharing and breastfeeding, 

and a negative association between independent infant sleep and breastfeeding (OR 0.66, p = 

.003). 
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Statement of Significance. Maternal depression can have a deleterious effect on child wellbeing; 

child sleep is one potential mechanism by which risk is conferred. To our knowledge, this is the 

first study to explore longitudinal relationships between clinically significant prenatal depressive 

symptoms and child sleep in a large, socio-economically diverse sample with strong Indigenous 

representation. Findings indicate maternal depressive symptomology is associated with several 

child sleep outcomes in infancy and early childhood, including associations between prenatal 

depression and child sleep at 3-4 years. These findings highlight the need for population-based 

policies and interventions that support maternal mental health across and beyond the perinatal 

period.  

Introduction  

Perinatal depression can have enduring deleterious effects that reverberate through family 

members and across time (O'Donnell et al., 2014). Studies suggest exposure to perinatal maternal 

depression can predispose children to later emotional, cognitive, and behavioural difficulties 

(Baird et al., 2023; Deave et al., 2008; Glover, 2014; Junge et al., 2017). Identifying and 

understanding potential mechanisms of transmission can inform the type and timing of 

intervention required.  

Sleep is one potential mechanism for which there is emerging evidence. Paediatric sleep health is 

integral to child development and sleep health is associated with a wide range of broader 

paediatric health outcomes (Meltzer et al., 2021). The transactional model of infant sleep 

development (Sadeh & Anders, 1993) posits that infant sleep problems develop through a 

complex interplay of physiological and psycho-social factors, which include maternal depression. 

Postnatally, maternal depression is associated with lower personal, household, and social 
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Freitas et al., 2020; Morales-Munoz et al., 2018), our adjusted models showed no associations 

between prenatal depression and infant sleep. Together, findings to date suggest clear 

relationships are difficult to detect at such an early stage of infant development, when sleep is 

highly variable (Galland et al., 2012). Our findings also contribute to inconsistency regarding 

which specific aspects of preschooler sleep are affected by prenatal depression (Morales-Munoz 

et al., 2018; O'Connor et al., 2007; Tikotzky et al., 2021). For example, after controlling for 

covariates O'Connor et al. (O'Connor et al., 2007) found an association between prenatal maternal 

mood and preschooler sleep problems but not sleep duration, whereas we found the reverse: In 

our adjusted models, prenatal mood was associated with week and weekend short sleep 

durations, but not sleep problems. Like us, Toffol et al. (2019) found an association between 

prenatal mood and sleep duration, but they also found an association with sleep problems where 

we did not. Methodological factors may account for the variability in these associations, such as 

sample demographics and measures used. For example, Toffol et al. (2019) used The Sleep 

Disturbance Scale for Children (SDSC) with their sample of Finnish participants. The SDSC differs 

from the CSHQ in terms of sleep problems indexed and populations with whom the measures 

were validated (Bruni et al., 1996; Owens et al., 2000). As more evidence accumulates on this 

important topic, meta-analyses should confirm the specific dimensions of paediatric sleep health 

most impacted. Inconsistences could also stem from the time at which depressive symptoms were 

measured during pregnancy. Though several studies suggest prenatal depression is highly stable 

across pregnancy (Egliston et al., 2006; Heron et al., 2004), others show heterogeneity in 

symptom trajectories (Waqas et al., 2023). Future research could explore potential sensitive 

periods in gestation that are especially vulnerable to effects of prenatal depression on child sleep, 

based on the developmental timing of relevant brain regions (Van den Bergh et al., 2020). The 

question of sensitive periods was considered by Toffol et al. (2019), but the stability of depressive 

symptoms in their sample precluded thorough examination of pregnancy stage-specific 

associations.  
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also had higher average CSHQ scores and were more likely to have a CSHQ-indicated sleep 

problem. Depression at 3 years post-birth: Children of mothers with clinically significant 

depressive symptoms at T3 were more likely to have short weekend sleep, higher average CSHQ 

scores, and exhibit perceived and CSHQ-indicated sleep problems.  

Maternal  perinatal depressive symptomology as a predictor of sleep 

patterns and problems during infancy and early childhood, 

controlling for maternal depressive symptoms at subsequent time 

points 

Infant sleep:  After controlling for key covariates, maternal prenatal depressive symptomology 

was not associated with infant sleep variables at 12 weeks. However, concurrent postnatal 

symptomology was associated with more night waking, shorter night LSRSP, and perceived 

problem sleep. Preschooler sleep: Preschoolers whose mothers had experienced more 

depressive symptoms during pregnancy were more likely to exhibit short sleep, both during the 

week and on weekends. There were no associations between postnatal depressive symptoms and 

preschooler sleep variables. However, concurrent maternal depressive symptoms at 3-years post 

birth were independently associated with both CSHQ-identified and parent-perceived sleep 

problems. 

7.2 Research Contribution 

The current thesis makes three primary contributions to the literature on maternal depression 

and child sleep. First, it provides normative data on infant sleep, which can help parents and 

healthcare providers establish realistic expectations about sleep development and help alleviate 

secondary distress associated with infant sleep challenges. Second, it supports a broader 

timeframe for focusing on maternal mental health, demonstrating the importance of screening 

and treating maternal depression not only in the postpartum period but also during pregnancy 
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