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Preface
It is becoming increasingly evident that our mental and physical health, including our immune
function, are interconnected. Therefore, explanatory models are becoming more biobehavioural. This
thesis focuses on the nature, course and relationship of maternal asthma and maternal mental health in
women during pregnancy and in the first few months postpartum, and the subsequent implications for
child development. I explore these relationships by way of a systematic review, two cross-sectional
studies and one longitudinal, observational study.
The thesis is organised as follows: In Chapter 1, the mechanisms underlying the association
between mental and physical health are reviewed and discussed, with an emphasis on the role of
immune and inflammatory factors. Then, these factors are contextualised specifically in terms of the
association between mental health and asthma. Chapter 2 provides a review of the literature on the
nature and course of asthma during pregnancy, including exacerbations and medication use, and
discusses the mechanisms underlying the adverse effects that asthma has on pregnancy and vice versa.
In Chapter 3, I outline the prenatal foundations of child development and how environmental
influences and birth complications can shape later, healthy development in children. I provide more
detail on the early learning and perceptual skills of young infants, as well as their cognitive, language,
motor and social-emotional development. I also outline how early experiences in the first year of life
and prior to birth have lifelong consequences. In this chapter, I also briefly outline common
developmental disorders and their etiologies. To our knowledge, there was no systematic review of
the literature relating to maternal asthma and infant developmental outcomes. This research question
is answered in Chapter 4.
The first study of the thesis – a systematic review (Chapter 4) – examines the cognitive and
behavioural development of children born to mothers with asthma. In this review, based on available
literature up until January 2018, I report that there is weak evidence for a relationship between
maternal asthma during pregnancy and poor developmental outcomes in children. Some studies
reported that maternal asthma is associated with an increased risk for autism (Croen, Grether,
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Yoshida, Odouli & Van de Water, 2005) and intellectual disability (Langridge et al., 2013; Leonard,
de Klerk, Bourke & Bower, 2006), however, these small effects disappeared after controlling for
confounders. Other studies found no associations (Flannery & Liederman, 1994; Micali, Chakrabarti
& Fombonne, 2004; Mouridsen, Rich, Isager & Nedergaard, 2007), while the only prospective study
found that if asthma is well-managed during pregnancy, infants have similar developmental
trajectories to those of healthy mothers (Schatz, Harden, Kagnoff, Zeiger & Chilingar, 2001). These
findings suggest that while there may be an association between maternal asthma during pregnancy
and adverse cognitive and developmental outcomes for the child, optimal asthma management in
pregnancy is important for long-term developmental benefits in children. These findings also indicate
that more detailed information about cognitive outcomes of children born to mothers with asthma is
needed. This is addressed in studies 3 and 4 of this thesis (Chapters 8 and 9) using eye tracking
methodologies.
In Chapter 5, I review literature on mental health in women during the postpartum period, and
its implications for child development. For women, pregnancy and new motherhood presents a
vulnerable time for the onset or relapse of a mood disorder (O'Hara & McCabe, 2013). Poor mental
health, including disorders such as depression and anxiety, can interfere with a mother’s capacity to
care for her baby and can negatively affect her close relationships (Priest & Barnett, 2008). Poor
postpartum mental health in mothers is a known risk factor for adverse developmental outcomes in
infancy, with studies consistently linking maternal postpartum depression with poorer cognitive,
language and socioemotional development in children and adolescents (Alvarez, Meltzer-Brody,
Mandel & Beeber, 2015; Brand & Brennan, 2009; Grace, Evindar & Stewart, 2003; Sohr-Preston &
Scaramella, 2006; Stein et al., 2014), and with increased rates of internalizing and externalizing
disorders in childhood and adolescence (Conroy et al., 2012; Naicker, Wickham & Colman, 2012;
Verbeek et al., 2012).
This is followed by a general methods chapter (Chapter 6) detailing the protocols for the
experimental work conducted in this thesis. This work consisted of three studies: two cross-sectional
studies and one longitudinal, observational study. Participants for the studies were sourced from three
2

larger investigations. First, pregnant women with asthma were recruited from the Breathing for Life
Trial (Murphy et al., 2016), which is an ongoing, large, randomised controlled trial assessing the
effects of a novel asthma intervention during pregnancy on infant and maternal perinatal health.
Women were randomised to either the intervention or the treatment-as-usual group. Second,
Breathing for Life Trial (BLT) participants and their infants were invited to participate in a nested,
postnatal follow-up study, the Breathing for Life Trial – Infant Development (BLT-ID) study. This
study assessed the developmental outcomes of infants born to mothers with well-managed and
treatment-as-usual asthma. Third, mother and infant pairs were recruited from the local community as
part of the BabyMinds study. This study had a largely identical protocol to the BLT-ID study and
provided a control cohort of mothers without asthma and their infants.
In the second study of this thesis (Chapter 7), I report the results of the cross-sectional study
examining the prevalence and severity of psychological distress in women with asthma during the
pre- and post-partum periods. I also investigated whether the self-management, medications
knowledge and symptoms of asthma differed between women with and without psychological
distress. Asthma symptoms and severity were assessed via lung function (using spirometry) and selfreport. Data on pre-natal psychological distress was measured using the Edinburgh Postnatal
Depression Scale (EPDS; obtained from medical records), and postnatal psychological distress was
measured by the EPDS and the Achenbach System of Empirically Based Assessment (ASEBA) Adult
Self-Report scales at 6 weeks postpartum. Twenty percent of our sample had a diagnosed mental
health condition, e.g. depression, 14% were currently receiving mental health care, while 47% of
participants had received mental health care in the past. Our sample also reported more aggressive
behaviour, and showed elevated symptoms of avoidant personality and attention deficit/hyperactivity,
however odds ratio analyses were not significant. Poorer self-reported postnatal asthma control was
strongly associated with elevated somatic complaints, externalising problems, antisocial personality
problems and greater withdrawal. Surprisingly, prenatal, objective measures of asthma severity and
control were largely not associated with measures of psychopathology. These findings indicate that
pregnant women with asthma frequently report issues with psychological distress during the pre- and
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post-natal periods, and that a woman’s subjective perception of their asthma control may be more
related to psychopathology than objective asthma measures.
In the third study (Chapter 8), I report on the development of infants born to mothers with and
without asthma in the first year of life. General, global development was measured in 6 and 12 month
old infants with the Bayley Scales of Infant and Toddler Development – Third edition (BSID-III),
which is a broad, clinical measure of development and developmental delay. Further, I measured the
social-cognitive construct of joint attention and habituation ability in more detail using eye tracking
methodology. Infants of mothers with asthma performed similarly on both the BSID-III and eye
tracking tasks to infants born to healthy mothers. In a secondary finding, the social cognition and
habituation constructs of infant cognition, measured by the eye tracking tasks, were weakly related to
the cognitive and other subscales of the BSID-III. This indicates that while the BSID-III is a good
clinical measure of broad infant development, eye tracking tasks may give different insights about
specific infant cognitive processes.
Finally, in the fourth study (Chapter 9), I report on whether child development and cognition
vary as a function of maternal mental health or asthma control and severity. Maternal mental health
was measured at six weeks postpartum using the EPDS and ASEBA ASR scales. Maternal prenatal
asthma control and severity were classified using the GINA guidelines. General infant development
was measured by the BSID-III at 6- and 12-months of age. Infant cognition was measured by
habituation and social cognition eye tracking tasks administered at 6- and 12-months of age. Infant
development and cognition did not vary as a function of maternal asthma or mental health status,
indicating that, in our study, these maternal factors did not appear to adversely impact infant
development in the first year of life.
In Chapter 10, I summarise the key findings of the thesis related to the association of maternal
asthma and maternal mental health in the pre- and post-natal periods, and their implications for child
developmental outcomes in the first year of life. Based on the findings of the systematic review
(Chapter 4), there is weak evidence suggesting that while children of mothers with asthma may have
slightly increased odds of developing autism or an intellectual disability, infants of mothers with well4

managed asthma during pregnancy fare equally in terms of their development as infants of mothers
without asthma (Whalen et al., 2018). This conclusion is supported by the findings in the fourth study
(Chapter 9), which showed that infants of mothers with well-managed and treatment-as-usual asthma
performed similarly on the BSID-III and on the habituation and joint attention eye tracking tasks. In
the second study (Chapter 7), women with asthma frequently reported psychological distress during
pregnancy and in the early post-partum period. Further, the results suggest that psychological distress
may be related to mothers’ subjective perception of asthma control. In my fourth study (Chapter 9), I
showed that, in the current sample, neither a woman’s asthma nor her mental health status had any
adverse impacts on child development or cognition, in the first year of life.
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Abstract
We are beginning to realise just how interconnected our mental and physical health are, and
explanatory models are becoming more biobehavioural. The nature of these interactions during
pregnancy and the implications for child development are less well known. As such, this thesis aimed
to characterise the nature, course and relationships of maternal asthma and maternal mental health in
women during pregnancy and in the first few weeks post-partum, and the implications of each on
infant development in the first year of life. In this thesis, these relationships were explored by way of
a systematic review, two cross-sectional studies and one longitudinal, observational study. The
systematic review examined the available literature on the cognitive and behavioural development of
children born to mothers with asthma, and showed that there is weak evidence for a relationship
between maternal asthma during pregnancy and poor developmental outcomes in children. To further
investigate the relationships between maternal asthma, mental health and child development, we
prospectively followed up cohorts of mothers with and without asthma. Both populations were
followed up at 6 weeks, 6 months and 12 months postpartum. This thesis showed that pregnant
women with asthma frequently report issues with psychological distress during the pre- and post-natal
periods, and that subjective perception of asthma control may be more closely related to
psychopathology than objective asthma measures. To investigate infant development in more detail,
we assessed the cognitive, linguistic and motor development of 6- and 12-month old infants with the
Bayley Scales of Infant and Toddler Development, and examined habituation and joint attention
ability using eye tracking paradigms. It was found that maternal asthma during pregnancy and
maternal mental health during and after pregnancy were largely not associated with atypical infant
cognitive, linguistic or motor development. Together, these findings send a positive message
regarding the implications of maternal asthma and mental health on child development, particularly as
the worldwide prevalence of asthma and mental health conditions are increasing.
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Chapter 1: Interactions between physical and mental health
1.1 Overview
It is well known that people suffering from chronic, somatic diseases are two to three times
more likely to have one or more psychological disorders (Ali, Stone, Peters, Davies & Khunti, 2006;
Mezuk, Eaton, Albrecht & Golden, 2008; Van der Kooy et al., 2007; Zhang, Ho, Cheung, Fu & Mak,
2011). Many chronic, physical illnesses have been linked to an elevated risk of psychological
disorders (mostly depression) and are outlined in Table 1.1. Individuals who experience more than
one medical condition are at higher risk of depression (Dworkin, Von Korff & LeResche, 1990), as
are people who suffer from long-term (Patten, 2005) and life-threatening physical illnesses (Hansen et
al., 2001). Additionally, people with comorbid physical and psychological disorders receive less
adequate care and are at increased risk of mortality when compared to those with physical illnesses
and no psychological disorders (Filipčić et al., 2007; Katon, 2003; Scott, Oakley Browne, Mcgee,
Elisabeth Wells & Team, 2006).

Table 1.1. Chronic, physical illnesses that have been linked to higher risks of psychological disorders.
Outcome
Arthritis
Asthma
Chronic obstructive pulmonary disease
Diabetes
Head and neck cancer
Heart disease
High blood pressure
Migraine
Ovarian cancer
Various cancers

Reference
(Creed, 1990; Murphy, Dickens, Creed & Bernstein, 1999)
(Dworkin et al., 1990)
(van den Bemt et al., 2009; Van Ede, Yzermans & Brouwer, 1999)
(Anderson, Freedland, Clouse & Lustman, 2001; Patten, 2005)
(Kugaya et al., 2000)
(Fielding, 1991)
(Wells et al., 1989)
(Lipton, Hamelsky, Kolodner, Steiner & Stewart, 2000)
(Bodurka-Bevers et al., 2000)
(Carroll, Kathol, Noyes Jr, Wald & Clamon, 1993; McDaniel,
Musselman, Porter, Reed & Nemeroff, 1995)

1.1.1 Mechanisms for the association between physical health conditions and psychological
disorders
The links between physical illness and psychological disorders can be accounted for, in part, by
a combination of functional impairments and biological mechanisms. Functional impairments are
daily living limitations secondary to physical illness and can include impaired vocational and social
9

functioning (Wells et al., 1989), work-loss and work cut-back days (Kessler, Greenberg, Mickelson,
Meneades & Wang, 2001), difficulty performing daily living activities (Wang, Van Belle, Kukull &
Larson, 2002) and quality of life (Unützer et al., 2000). Additionally, other adverse sequelae of
physical illnesses (including pain, disability and appearance changes) may be a source of increased
stress. Conversely, psychological distress can worsen the effects of physical illness. For example,
studies in populations with a range of chronic, physical illnesses have shown that depression has an
additive effect on disability, even after controlling for physical illness severity (Breitbart, 1995;
Ciechanowski, Katon & Russo, 2000; Cook et al., 2002; Felker et al., 2001; Sullivan et al., 1996;
Walker, Gelfand, Gelfand, Creed & Katon, 1996). Furthermore, several longitudinal studies have
demonstrated that depression and anxiety are better predictors of functional impairment than
physiological measures of physical illness severity (Mayou et al., 2000; Sullivan, Baum, Grothaus &
Katon, 1997; Sullivan, LaCroix, Spertus & Hecht, 2000). While functional impairments differ among
illnesses (Heijmans & de Ridder, 1998) and often vary with age, gender, illness duration, education
level and living situation (Heijmans et al., 2004), it has been shown that the more stressful, lifethreatening or unpredictable the physical illness, the higher the risk of mental health problems
(Verhaak, Heijmans, Peters & Rijken, 2005).
Similarly, psychological disorders are often associated with greater behavioural risk factors for
physical illnesses, such as smoking, obesity, and sedentary lifestyles (Goodman & Whitaker, 2002;
Patton et al., 1998; Rosal et al., 2001) and a higher incidence of alcohol and drug abuse (Brown,
Birtwistle, Roe & Thompson, 1999; Kendrick, 1996; Lawrence, Mitrou & Zubrick, 2009). Likewise,
psychological disorders may impact on one’s help-seeking behaviours, including satisfaction with
their physician (Webster et al., 2001), access to health and preventative care (Druss, Rosenheck, Desai
& Perlin, 2002) and compliance with care regimens, such as diet changes, exercise, and medication
adherence (Ciechanowski et al., 2000; DiMatteo, Lepper & Croghan, 2000; Morris, Raphael &
Robinson, 1992). Additionally, the cardiovascular and metabolic side effects of psychotropic
medications can have adverse effects on physical health. These effects may be direct, or occur as a
consequence of weight gain caused by psychotropic medication (Drici & Priori, 2007; Hennekens,
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Hennekens, Hollar & Casey, 2005; Kales et al., 2007; Newcomer & Haupt, 2006; Ray, Meredith,
Thapa, Hall & Murray, 2004; Straus et al., 2004). However, these findings are limited to those who
receive treatment, so it is possible that the link between psychological disorders (treated and
untreated) and physical illness is understated (Lawrence, Kisely & Pais, 2010).
Some physical illnesses share common pathological etiology with certain psychological
disorders, as they affect neural pathways involved in mood regulation (e.g. Robinson & Naanes,
2000). For example, patients who suffer from Parkinson’s disease (Mayeux, Williams, Stern & Cote,
1984; Schrag, Jahanshahi & Quinn, 2001; Starkstein, Preziosi, Bolduc & Robinson, 1990),
Huntington’s disease (Paulsen et al., 2005), and multiple sclerosis (Hakim et al., 2000; Patten, Metz &
Reimer, 2000) are more likely to suffer from depression. These neurological illnesses likely have a
direct pathophysiologic effect on the brain, which can predispose the patient to psychological illness.
1.2 Inflammation and psychopathology
1.2.1 The inflammation hypothesis
A major proposed pathophysiologic mechanism for the association between physical and
psychological health is the inflammation hypothesis (McNamara & Lotrich, 2012; Rosenblat, Cha,
Mansur & McIntyre, 2014). A body’s inflammatory response is designed to maintain homeostasis,
and is often a necessary and protective physiological reaction to infection, pathogens, irritants, cell
damage or stress (Ferrero‐Miliani, Nielsen, Andersen & Girardin, 2007). Briefly, this inflammatory
response involves the immune system releasing inflammatory mediator chemicals, including
histamines, prostaglandins (PG), bradykinin, serotonin and leukotrienes (Figure 1. 1). These
chemicals help facilitate the inflammatory response, such as the dilation of blood vessels (leading to a
decrease in blood pressure) and pain stimulation. The chemicals released in the immune response also
attract macrophages, which are white blood cells that detect and engulf pathogens. These
macrophages release cytokines – specifically, tumour necrosis factor (TNF)-α, interleukin (IL)-1 and
IL-6. Cytokines are small proteins that are involved in cell signalling and the modulation of immune
responses. Macrophages maintain the inflammatory response, and in turn, attract leukocytes and
lymphocytes (Abbas, Lichtman & Pillai, 2014). In contrast, glucocorticoids (a class of
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corticosteroids/steroid hormones) attempt to regulate homeostasis by constraining the inflammatory
response (Valentino, Curtis, Page, Pavcovich & Florin-Lechner, 1997).

Figure 1. 1. The cells and components involved in an immune response. Created with
BioRender.com.

Sometimes the inflammatory response can react disproportionately, and the consequent effects
can be pathologic and harmful to the body. One particular consequence of inflammation, regardless
of its appropriateness, can be changes that are common to psychological disorders including
fluctuations in mood, cognitive dysfunction, impaired sleep, fatigue and lower motivation levels
(Miller, Maletic & Raison, 2009). In fact, there is a known relationship between increased symptoms
of psychological disorders and higher levels of inflammatory biomarkers. For instance, elevated levels
of prostaglandin E2 (PGE2), acute phase reactant C-reactive protein (CRP), TNF-α, IL-1β, IL-2 and
IL-6 in blood and cerebral spinal fluid (CSF) have been associated with depression (Felger & Lotrich,
2013) and bipolar disorder (Goldstein et al., 2011).
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Pre-clinical and clinical models support a causal relationship between inflammation and mood
disorders. In one instance, inducing an inflammatory state in animals with pro-inflammatory
molecules (lipopolysaccharide (LPS) and IL-1) led to the animals showing ‘sickness’ behaviour that
resembled symptoms of depression, including decreased energy, fatigue, weight loss, lack of interest
in exploring, lower sexual activity and increased sleep (Dunn, Swiergiel & de Beaurepaire, 2005). In
humans, vaccines, endotoxins, LPS, interferon (IFN) and IL-2 have all been used to simulate an
inflammatory state. In a double blind, cross-over study, Salmonella endotoxin was administered
intravenously to healthy human subjects (Reichenberg et al., 2001) to induce an inflammatory state.
While this state resulted in increases of TNF-α, IL-6 and cortisol, the subjects demonstrated no
outward symptoms of physical illness. They did however show changes in appetite, more symptoms
of anxiety and depression and poorer memory. Similar results using Salmonella vaccines in humans
have been found elsewhere in randomised, double-blind, placebo-controlled studies (Brydon et al.,
2009; Wright, Strike, Brydon & Steptoe, 2005) and have been found in double-blind, cross-over
studies using doses of LPS in humans (Grigoleit et al., 2011). In sum, the available evidence indicates
that an inflammation-related increase in pro-inflammatory cytokines is associated with an increase in
symptoms of psychological disorders.
The reverse effect – the influence of psychological disorders on inflammation - has also been
investigated (for review, see Rosenblat et al., 2014). It is thought that the association between
inflammation and psychological disorders is bidirectional and may create a reinforcing feedback
cycle, whereby psychological stress induces inflammation, and inflammation induces symptoms of
psychopathology. Elevated inflammation, as indicated by higher levels of IL-6, IL-1β, TNF-α and
CRP, is associated with higher levels of psychological stress (Steptoe, Hamer & Chida, 2007).
Likewise, stress can induce an inflammatory response (Miller, Haroon, Raison & Felger, 2013;
Raison & Miller, 2013), thereby providing further support for the inflammatory hypothesis in
explaining the association between physical and psychological health.
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1.2.2 How inflammation affects brain function
The mechanisms by which inflammation affects the brain and induces psychological disorders
have been investigated at length (e.g. McNamara & Lotrich, 2012; Rosenblat et al., 2014). The
cytokine hypothesis is the most comprehensive explanation (Dantzer & Kelley, 2007). Cytokines are
produced during an inflammatory state and affect serotonin levels, the hypothalamic-pituitary-adrenal
(HPA) axis, microglial activation and brain structure and function. It is well known that low serotonin
levels (as a result of the depletion of the chemical tryptophan) are common to many psychological
disorders (Barton et al., 2008). The cytokines IL-2 and IFN increase the enzymatic activity of
indolamine 2,3-dioxygenase (IDO). This increase in enzymatic activity, in turn, increases the amount
of tryptophan converting to kynurenine and decreases the amount of serotonin produced (Capuron et
al., 2003; Capuron et al., 2001). Additionally, other inflammatory cytokines (specifically IL-6 and
TNF-α) are involved in the facilitation of serotonin (5-hydroxytryptamine) to 5-hydroxyindoleacetic
acid (Zhang, Terreni, De Simoni & Dunn, 2001). This serotonin degradation leads to a decrease in the
levels of available serotonin and has various implications for psychological health. Taken together,
these findings indicate that inflammatory cytokines act on multiple levels to affect serotonin in the
brain.
The relationship between inflammatory cytokines and the HPA axis
The HPA axis is a neuroendocrine feedback system between the hypothalamus, the pituitary
gland and the adrenal glands, and facilitates interactions between the body’s glands, hormones and
parts of the midbrain. It is responsible for regulating mood and emotions, the body’s response to
stress, as well as digestive and immune systems. Stimulation of the inflammatory system in rats leads
to a marked activation of the HPA axis (Grinevich et al., 2001). Cytokines play a role in the HPA axis
by affecting hormone levels. Specifically, IL-1, IL-6, TNF-α and IFN-α have been found to activate
the HPA axis, resulting in increases of corticotrophin releasing hormone (CRH), adrenocorticotrophic
hormone (ACTH) and cortisol levels (Beishuizen & Thijs, 2003; Grinevich et al., 2001; Silverman,
Miller, Biron & Pearce, 2004; Turnbull & Rivier, 1999). These chemicals are well documented in the
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body’s inflammation-induced stress response (Beishuizen & Thijs, 2003; Brydon et al., 2009; Pace &
Miller, 2009; Reichenberg et al., 2001).
Cytokines also influence glucocorticoid function. Pace and Miller (2009) found that, in
addition to affecting hormone levels, the aforementioned cytokines also reduced the expression,
translocation and effectiveness of glucocorticoid receptors. Elevated glucocorticoid levels are known
to contribute to negative mood (Murphy, 1991). Affected glucocorticoid expression and sensitivity
diminishes the HPA axis’ feedback loop and results in higher cortisol levels. Whilst it must be
acknowledged that glucocorticoids have a strong anti-inflammatory effect, it is thought that this effect
is moderated during inflammation by reduced hormone bioavailability and sensitivity, and cytokineinduced decreases in glucocorticoid translocation and binding (Maes, Leonard, Myint, Kubera &
Verkerk, 2011; Raison & Miller, 2003).
Cytokines also contribute to brain function via their relationship with activated microglia.
Microglial cells are resident macrophage cells and are critical in immune defence and brain
maintenance and repair. Microglial cells are activated during an immune response in order to protect
the brain against damage and infection. As part of this response, they produce cytokines and are in
turn, modulated by signals received from the cytokine environment in a feedback loop. Increases in
microglial activation have been found in psychological disorders, namely bipolar disorder (Stertz,
Magalhães & Kapczinski, 2013). Microglial cells serve to increase an immune response by secreting
TNF-α and IL-1β cytokines (Harry & Kraft, 2012), and this secretion is thought to induce synaptic
pruning (Ekdahl, 2012; Kraft & Harry, 2011). This pruning may result in the neuronal death, impaired
neuronal pathways and the less than optimal brain performance seen in many mental health conditions
(Paradise, Naismith, Norrie, Graeber & Hickie, 2012; Stertz et al., 2013; Weitz & Town, 2012).
Cytokines have also been linked to impairments in neuroplasticity (Reichenberg et al., 2001).
Deficits in neuroplasticity impair the ability of neurons to adapt to change and can result in both
structural and functional changes in the brain. Changes such as lateral ventricular enlargement,
increases in subgenual anterior cingulate cortex activity and lower mesolimbic connectivity have all
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been linked to both inflammation and mental health conditions (Harrison et al., 2009; Kempton,
Geddes, Ettinger, Williams & Grasby, 2008; Kempton et al., 2011; Miller et al., 2013).
To summarise, it is clear that inflammation is closely related to psychopathology, largely
through the role of pro-inflammatory cytokines and their influence over serotonin availability, the
HPA axis, microglial activation and functional and structural changes in the brain. While behavioural
symptoms of illness and inflammation (such as social withdrawal, lethargy, low appetite) can be
advantageous so as to avoid the spread of infection and aid recovery, in cases of chronic illness and
inflammation, these symptoms are unhelpful and sometimes harmful. In those suffering from chronic
inflammatory illnesses not related to infection (including various autoimmune conditions and asthma),
having a comorbid psychological disorder can worsen symptoms of both conditions (Raison & Miller,
2013).
1.3 The association between psychopathology and asthma
Asthma is a common, chronic respiratory disease whereby a person’s airways become inflamed
and constricted, resulting in difficulty breathing, wheezing (high-pitched sounds coming from the
chest while breathing), shortness of breath, tightening of the chest, and coughing. Common asthma
terminology, measures and objective or self-report measurement classifications are given in Table 1.2.
Briefly, difficulty breathing, wheezing and coughing in people with asthma is often caused by
bronchoconstriction, which is a narrowing of the passageways (bronchioles/bronchi) by which air
passes from the nose/mouth to the alveoli of the lungs. This can occur during an exacerbation
(asthma attack). Exacerbations can be triggered by airway obstructions (blockages of respiration in an
airway), exercise, air pollution, or viral/bacterial respiratory infections (for review, see Jackson,
Sykes, Mallia & Johnston, 2011). Asthma assessment is considered in distinct terms of asthma control
and severity. Asthma control is how a patient observes their asthma symptoms (such as night waking,
activity limitation and daytime symptoms) and the degree to which they are reduced by treatment,
whereas asthma severity is the level of treatment required to control the intensity of asthma symptoms
and reduce the risk of future exacerbations (Global Initiative for Asthma, 2018). Asthma diagnoses
are often confirmed by objective measures of flow rate, which is the speed at which air is inhaled and
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exhaled. These objective measures include spirometry, a common assessment of lung function.
Medications that are commonly used to manage and treat asthma are outlined in Table 1. 3. Briefly,
asthma medications take the form of inhaled corticosteroids (ICS), Short acting β2 agonists (SABA)
and Long acting β2 agonists (LABA). ICS have anti-inflammatory effects as they open up the airways
and reduce inflammation and are used as preventer/controller medication. The beta agonists are
bronchodilators, which dilate the bronchi and bronchioles to decrease airway resistance and increase
airflow for the person, thus relieving asthma symptoms.

Table 1.2. Descriptive information about asthma concepts and terminology, how each is measured and
objective/self-report measurement classifications.
Concept

Definition

Measures

Airway obstruction

Blockage of respiration in an
airway. Can be due to resistance
in the bronchioles that reduces
the amount of available oxygen
How much airways constrict in
response to stimuli
The degree to which asthma
symptoms are minimised by
treatment

Spirometry

Airway/ bronchial
responsiveness
Asthma control

Asthma severity

The treatment required to control
current asthma symptoms and
reduce future risk of
exacerbations

Bronchi/
bronchus

An airway passage that conducts
air into the lungs. They branch
from the trachea (windpipe) and
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Histamine / methacholine
tests
Classified by presence of
self-report symptoms
including night waking,
activity limitation, daytime
symptoms >2 times/week,
reliever use >2 times/week
Well controlled – none of
the above symptoms
Partly controlled – 1-2 of
the above symptoms
present
Uncontrolled – 3-4
symptoms present
Asthma control
questionnaire (Juniper,
Bousquet, Abetz, Bateman
& Committee, 2006)
Treatment step:
Mild asthma – reliever
alone (step 1) or low dose
ICS (step 2)
Moderate asthma – low
dose ICS/LABA or
medium/high dose ICS
(step 3)
Severe asthma –
medium/high dose of
ICS/LABA (step 4)

Objective/
Self-report
Objective

Objective
Classification
of self-reported
data

Self-report
Objective

Bronchioles

Bronchoconstriction

Bronchodilation

Exacerbation

Flow rate

Hypoxia
Lung function
Peak expiratory flow
rate

Respiratory infection

enter the lungs, where they
branch into bronchi.
The passageways by which air
passes from the nose/mouth to
the alveoli of the lungs. They are
branches of the bronchi
The constriction or narrowing of
the bronchi and bronchioles
resulting in an increase of
resistance, coughing, wheezing
due to a decrease in airflow
A natural widening of the
bronchi and bronchiles resulting
in a decrease in resistance and an
increase in airflow
Inflammation and constriction of
the airways, resulting in
difficulty breathing, wheezing
and/or coughing which is more
than usual. An ‘asthma attack’.
Speed at which air is
inhaled/exhaled through the
lungs

Oxygen deprivation
The amount (volume) and speed
(flow) of air that’s inhaled and
exhaled through the lungs.
The maximal flow (speed) a
person achieves during a
maximally forced expiration

Can be viral or bacterial infection
of the upper or lower respiratory
tracts, and is characterised by
nasal obstruction, sore throat,
sinus pain, wheezing, fatigue
and/or coughing. Can include the
common cold, tonsilitis,
bronchitis, pneumonia and
influenza.

Number of emergency
department visits,
unscheduled doctor visits,
OCS use, hospitalisation

Objective

Spirometry
FEV1 – forced expiratory
volume in 1 second
(volume of air that can be
forcibly blown out in 1
second after a full inhale)
FVC – forced vital
capacity (volume of air
that can be forcibly blown
out after a full inhale)
FEV1/FVC ratio

Objective

Spirometry

Objective

Spirometry
Peak flow meter measures
a person’s ability to breathe
out air – specifically the
airflow through the bronchi
and the degree of airway
obstruction
Doctor diagnosis
Self-reported symptoms

Objective

Objective
Self-report

Note. ICS – Inhaled corticosteroid; LABA – Long acting beta agonist; OCS – oral corticosteroid.
Table 1. 3. Descriptive information about asthma medications, their abbreviations and their function.
Medication type
Bronchodilator

Abbreviation

Details
Dilates the bronchi and bronchioles to decrease airway resistance and thus
increase airflow. SABA (eg: salbutamol) and LABA (eg: e-formoterol) are
bronchodilators.
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Inhaled
corticosteroid

ICS

Long acting β2
agonists

LABA

Oral
corticosteroid

OCS

Short acting β2
agonists

SABA

Suppresses underlying airway inflammation which in turn, reduces airway
hyperresponsiveness and helps control asthma symptoms and prevent
exacerbations. ICS are recommended as a first line treatment therapy for
asthma treatment (eg: budesonide).
Are often added to ICS therapy as combination inhalers for patients whose
asthma is inadequately controlled by ICS. They improve adherence,
asthma control and may allow a lower dose of corticosteroid to be used.
They produce bronchodilation and improve asthma symptoms.
Reduces/prevents airway inflammation. Is usually a short course and is
stronger than most inhaled corticosteroids. Often used to manage acute and
severe asthma exacerbations and in combination with SABA (eg:
prednisolone).
Relieve sudden asthma symptoms and exacerbations very quickly, and are
often called ‘quick acting’ or ‘reliever’ medications. A common SABA is
salbutamol (Ventolin). Often used as needed (PRN).

Asthma, an inflammatory condition, has been linked with various psychological disorders. For
instance, in a prospective study, Ahmedani, Peterson, Wells and Williams (2013) reported that selfreported depression level was temporally associated with asthma exacerbations, measured as the
number of emergency department visits but not the number of prescriptions for oral corticosteroids.
Increased prevalence of psychological disorders among people with asthma, relative to healthy
controls has been reported in national health surveys (de Miguel Díez et al., 2011; Goral, Lipsitz,
Muhsen & Gross, 2012; see Table 1.4 for details on the types of study designs), epidemiological
surveys (Cooper et al., 2007; Ortega, Huertas, Canino, Ramirez & Rubio-Stipec, 2002), prospective
studies (Afari, Schmaling, Barnhart & Buchwald, 2001; Brown, Khan & Mahadi, 2000; Bussing,
Burket & Kelleher, 1996; Carr, Lehrer, Rausch & Hochron, 1994; Goethe, Maljanian, Wolf,
Hernandez & Cabrera, 2001; Goodwin, Fergusson & Horwood, 2004; Nascimento et al., 2002), case
control studies (Swadi, 2001; Vila, Nollet-Clemencon, De Blic, Mouren-Simeoni & Scheinmann,
2000), and across different cultures (Ahmedani et al., 2013).

Table 1. 4. Descriptive information about the types of research study designs.
Study type
Case-control

Cohort

Details
An observational study where people with asthma are either interviewed/had their
medical records checked for exposure to different experiences. Odds of a person
with asthma being exposed to an experience are compared to the odds of a person
without asthma being exposed to an experience.
Can be retrospective or prospective. Cases with asthma are followed over time and
compared with controls without asthma to determine the incidence rate of asthma
or related outcome. Exposure/treatment and control variables are measured at
baseline.
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Cross sectional study
Epidemiological
National Health Survey
Nested case-control
Prospective cohort
Randomised controlled
trial (RCT)
Retrospective/
historical cohort

The observation of people with asthma at a single point in time, where exposure
and outcome are determined at the same time.
Includes all forms of clinical research, and can include RCTs, case-control and
cohort studies. Analyses how risk factors affect the incidence of diseases, and/or
the cause of disease.
National, cross sectional survey that provides population-based information about a
range of health outcomes.
Cases of asthma that occur in a defined cohort are identified, and controls from the
cohort who have not developed asthma are matched for each case.
Cases with asthma (cohorts) are enrolled and followed over time.
Used to assess the efficacy of a medical intervention. Participants are randomly
allocated to an intervention group (that receive the treatment under investigation) or
a control group (that receive standard/usual care/placebo treatment) and followed
over time and data on outcomes is compared.
A longitudinal, post-hoc study that compares individuals with a common exposure
to those without, in order to determine the exposure’s influence on the incidence of
a condition (e.g. disease or death).

While many studies report an association between prevalence of psychological disorders and
asthma severity (see above and also Erhabor, Kuteyi & Obembe, 2002; Feldman et al., 2005), other
studies have found no association (Carr, Lehrer & Hochron, 1992; Carr et al., 1994; Chapman, 2005b;
Ten Brinke, Ouwerkerk, Bel & Spinhoven, 2001). Some studies suggest that more severe psychiatric
symptoms can exacerbate symptoms of asthma (Adams et al., 2004; Liu et al., 2002). Eisner, Katz,
Lactao and Iribarren (2005) reported that symptoms of depression are associated with a higher risk of
being hospitalised for asthma, while others have shown that comorbid depression contributes to poor
adherence to asthma medication, thus leading to poorer outcomes (Cluley & Cochrane, 2001a).
In a large epidemiological study, Loerbroks, Herr, Subramanian and Bosch (2012) found that
asthma and wheezing were associated with higher prevalence (the proportion of the population
affected by an illness) of depression in both men and women in Australian, European, South
American, Asian and African samples. In this study, physician-diagnosed asthma was strongly
associated with major depression (as defined by self-reported symptoms that match DSM-IV criteria),
lack of interest in activities, and lethargy. Additionally, individuals with asthma had higher odds of
having depression as compared to individuals without asthma (OR, 2.37; 95% CI, 2.10–2.66).
Furthermore, the presence of self-reported wheezing symptoms was independently related to
psychological disorder symptoms, providing further evidence of the association between asthma and
mental health conditions.
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Given the evidence for a relationship between asthma and psychopathology, recent work has
begun to investigate the direction of this relationship. Cross sectional studies cannot determine
whether asthma increases the risk for psychopathology or vice versa. Two longitudinal studies have
suggested that asthma leads to increased incidence (the rate of new occurrence of an illness) of
depression (Katz et al., 2010; Walters, Schofield, Howard, Ashworth & Tylee, 2011). Walters et al.
(2011) conducted an historical cohort and nested case control study in a UK sample, and found a
significantly increased incidence of physician-diagnosed depression in people with a recorded medical
diagnosis of asthma (IRR: 1.59, 95% CI, 1.48–1.71). This increased rate was associated with service
use (number of appointments with their GP), but not with asthma severity or oral corticosteroid use.
In addition, the mortality rate was higher in individuals with comorbid depression and asthma, as
compared to those with asthma alone. In a sample of adults with asthma, Katz et al. (2010) found that
while the rate of depression was twice as common in asthmatics than in the general population, an
individual’s perceived control of asthma predicted the onset of depression. Even with controlling for
asthma severity, low perceived control of asthma was associated with an increased likelihood of
developing depression (Katz et al., 2010). While the results from these two studies suggest there is a
causal link between asthma and the subsequent development of depression, this link is not explained
by asthma severity or medication use and may reflect help-seeking behaviours instead.
The reverse etiology, that psychopathology may predict asthma (via biological and/or
behavioural mechanisms) has also been investigated (Jonas, Wagener, Lando & Feldman, 1999;
Loerbroks, Apfelbacher, Bosch & Stürmer, 2010; Patten et al., 2008; Wainwright, Surtees, Wareham
& Harrison, 2007). Jonas et al. (1999) analysed the association between asthma incidence and anxiety
and depression in a population-based cohort of non-asthmatics over the course of 13 years. High
levels of depression and anxiety were independent predictors of subsequent asthma development in
non-smokers, and in people without respiratory symptoms at baseline and with better lung function.
Similarly, another population-based study found that the risk of asthma increased with increased
presence of depressive symptoms (Loerbroks et al., 2010). Likewise, in an eight year longitudinal
cohort study, Patten et al. (2008) followed 15,254 individuals and investigated the incidence of
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asthma (among other chronic health conditions) during that period. They found that those suffering
from depression at baseline had a twofold elevated risk of developing asthma during the eight-year
period (aHR, 2.0; 1.5–2.8). Lastly, in a population-based study, Wainwright et al. (2007) found that
the presence of psychological disorders at baseline was predictive of higher rates of incident hospital
admissions for asthma during the seven year follow-up. Taken together, these studies suggest that preexisting depression may contribute to a new asthma diagnosis.

1.4 Mechanisms underlying the association between psychopathology and asthma
Given the increased prevalence of psychological disorders in people with asthma, a number of
factors have been proposed to explain the mechanisms behind this link. Smoking during pregnancy
has been implicated in the development of both depression (Wu & Anthony, 1999) and asthma (Ng &
Zelikoff, 2007) in the offspring, likely due to smoking’s effects of oxidative stress on glucocorticoid
receptor translocation (Okamoto et al., 1999; Sahiner, Birben, Erzurum, Sackesen & Kalayci, 2011;
Tsuboi et al., 2004). Exposure to early life psychosocial stress and adversity (such as trauma and
domestic violence) is also associated with increased prevalence of psychological disorders (Reinherz,
Paradis, Giaconia, Stashwick & Fitzmaurice, 2003; Widom, DuMont & Czaja, 2007) as well as
asthma (Sandel & Wright, 2006; Subramanian, Ackerson, Subramanyam & Wright, 2007). This may
be due to epigenetic variations in DNA (Meaney & Szyf, 2005) that are triggered by changes in
glucocorticoid signalling in the HPA axis. This is consistent with ‘stress diathesis’ models that
suggest that early life adversity results in changes to neural and endocrine systems and increased
predisposition to disease (Francis & Meaney, 1999; Heim et al., 2000; Newport, Stowe & Nemeroff,
2002; Repetti, Taylor & Seeman, 2002; Seckl & Meaney, 1993; Sroufe, 1997).
Physiological mechanisms may also explain the association between asthma and depression.
Dysregulation of the autonomic nervous system (ANS), and specifically the parasympathetic nervous
system which is important in bronchoconstriction (see Table 1.2), may play a role. People with
asthma show abnormal ANS functioning, as well as bronchial hyperresponsiveness (Table 1.2) to
cholinergic medications (Lewis, Short & Lewis, 2006). Mood disorders are also associated with
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cholinergic dysregulation of the autonomic nervous system (Galil, 2000; Janowsky, El-Yousef &
Davis, 1974).
Moreover, HPA axis dysregulation is common in depression and other mood disorders
(Holsboer, 2000), as well as in immune disorders (Glaser & Kiecolt-Glaser, 2005). In utero, maternal
stress results in an overproduction of cortisol, which results in the placenta secreting corticotrophin
releasing hormone (CRH). This exposure, or ‘hit’ may make the offspring more vulnerable to
postnatal stress and immune dysregulation during their life (Schetter & Glynn, 2011; Shanks &
Lightman, 2001; van Bodegom, Homberg & Henckens, 2017) as seen in Figure 1. 2. Chronic stress,
psychosocial stress or exposure to adversity during postnatal life, or a second ‘hit’, can lead to HPA
axis dysregulation, which is characterised by glucocorticoid resistance and activation of inflammatory
pathways (Bierhaus et al., 2003; van Bodegom et al., 2017). This dysregulation can lead to
hyperactive immune function and increased inflammation (Pariante & Miller, 2001) in the offspring
(Figure 1. 2). This, in turn, puts the offspring at an increased risk of developing asthma (Sandel &
Wright, 2006) as outlined previously, and psychological disorders (Kendler, Gardner & Prescott,
2005), as seen in Figure 1. 2. HPA axis dysregulation and impaired glucocorticoid signalling in
people with psychological disorders has been reported extensively (Brown, Varghese & McEwen,
2004; Holsboer, 2000; Pariante & Miller, 2001). Therefore, experiencing two combined ‘hits’ –
exposure to pre- and post-natal stress – may help explain the association between mood disorders and
asthma.
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Figure 1. 2. A simplified, ‘two hit’ model of the mechanisms contributing to the association between
asthma and psychological disorders. Created with BioRender.com.

In sum, the associations between physical health conditions and psychological disorders are
well established. Often, those with multiple or long-term and life-threatening physical health
conditions are at greater risk of suffering from psychological disorders. Functional impairments which
may explain these associations include poor quality of life, behavioural risk factors (such as smoking
and treatment adherence), and pain, disability and appearance changes that may accompany physical
illnesses. On the other hand, the associations between physical and mental illness may be explained
by biological mechanisms, such as the inflammation hypothesis. Inflammation is common to many
chronic illnesses, including asthma, and the consequences of inflammation, such as changes in mood,
cognition, sleep and energy levels are common to many psychological disorders. The body's
inflammatory response is known to affect brain function, via the effects of cytokines on the HPA axis,
serotonin availability, microglial activation and brain structure and function. The mechanisms behind
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the association between psychological disorders and asthma, more specifically, are thought to include
exposure to a combination of various prenatal and postnatal stressors and immune dysfunction.
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Chapter 2: Overview of asthma during pregnancy
2.1 The course of asthma during pregnancy
Asthma is one of the most common chronic illnesses to affect pregnant women, with an
estimated prevalence ranging from 8-13% of pregnancies worldwide (Clark et al., 2007; Kurinczuk,
Parsons, Dawes & Burton, 1999; Kwon, Belanger & Bracken, 2003; Sawicki et al., 2011). In
Australia, it estimated that 12% of pregnant women suffer from asthma (Clifton et al., 2009) and
Australia has one of the highest rates of asthma in the world (Beasley, 1998). Asthma affects some
pregnancy outcomes in women, and likewise, pregnancy affects the course of asthma (reviewed in
Murphy, Gibson, Smith & Clifton, 2005).
The few studies using objective measures of asthma symptom severity (such as spirometry or
peak expiratory flow rate; Table 1.2) have found that asthma symptoms are equally likely to worsen,
remain stable, or improve during pregnancy (Gluck & Gluck, 1976; Lao & Huengsburg, 1990; Schatz
et al., 1988). In fact, asthma is more likely to worsen during pregnancy for women with severe
asthma, as compared to those with mild asthma (Gluck & Gluck, 1976; Schatz et al., 2003; Williams,
1967). In addition, the same woman can report different changes in asthma across multiple
pregnancies (Kircher, Schatz & Long, 2002; Schatz et al., 1988).
However, these findings are not always supported by studies that use self-report measures of
asthma symptoms, or those that investigate changes in lung function or airway hyperresponsiveness
(see Table 1.2) during pregnancy. Those that have investigated these measures of lung performance
and airway responsivity over the course of pregnancy have found no changes in women during this
time (Juniper et al., 1989; Sims, Chamberlain & Swiet, 1976). Other studies have largely used
subjective, self-report measures of perceived asthma symptoms, such as questionnaires on symptoms
and treatment (Beecroft, Cochrane & Milburn, 1998), daily symptom diaries and other subjective
classifications (Kircher et al., 2002) and self-reported changes in the timing and severity of asthma
symptoms (Gibbs, Coutts, Lock, Finnegan & White, 1984). Using daily, self-report symptom diaries
and subjective classifications, Schatz et al. (1988) reported that asthma severity and symptom
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frequency lessened during the last 4 weeks of gestation as compared to the entire pregnancy. White,
Coutts, Gibbs and MacIntyre (1989) compared self-report and objective measurements of symptoms
and flow rate (see Table 1.2). Although 71% of women reported experiencing that their asthma
improved, this was not corroborated by objective improvement in peak expiratory flow: only 34% of
women showed improved flow. Thus, it remains unclear whether the asthma profile during pregnancy
varies as a function of asthma severity, control or exacerbations.
2.2 Exacerbations
In Australia, while approximately 12% of pregnant women suffer from asthma, prospective
studies have revealed that between 33% (Murphy, Gibson, Talbot & Clifton, 2005) and 45%
(Murphy, Clifton & Gibson, 2010) suffer an exacerbation requiring medical intervention during
pregnancy. Asthma exacerbation during pregnancy most commonly occurs around weeks 21-24 of
gestation, and among women who don’t use inhaled corticosteroids (ICS; Table 1. 3) to manage their
asthma during pregnancy (Murphy, Gibson, Talbot & Clifton, 2005; Stenius-Aarniala, Hedman &
Teramo, 1996). Studies which have used objective measures of asthma exacerbations during
pregnancy have found that during pregnancy, 9.3% of asthmatic women had their asthma worsen
(Stenius-Aarniala et al., 1996), 2% of women were hospitalised and 15% suffered acute asthma
(Henderson, Ownby, Trumble, DerSimonian & Kellner, 2000). Schatz et al. (2003) assessed the
number of exacerbations (as measured by visits to the emergency department, and by unscheduled
doctor visits, oral steroid use and hospitalisation) in women with mild, moderate and severe asthma.
They found that asthma symptoms worsened during pregnancy in 12% of those with mild asthma, in
26% with moderate asthma and in 52% with severe asthma. Similar results were found by Murphy,
Gibson, Talbot and Clifton (2005) in Australia.
In terms of treatment for these asthma exacerbations during pregnancy, one study reports that
1.6% of asthmatic women were hospitalised during pregnancy for an exacerbation, while 12.6% of
pregnant, asthmatic women visited the emergency department for treatment (Schatz et al., 1988).
Elsewhere, it has been found that 62% of pregnant, asthmatic women already with exacerbation
required hospital admission (Wendel, Ramin, Barnett-Hamm, Rowe & Cunningham, 1996). Common
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triggers of asthma exacerbations during pregnancy include viral respiratory infections (Murphy,
Gibson, Talbot & Clifton, 2005; Murphy, Powell, Wark & Gibson, 2013) and non-adherence to
asthma medications (Murphy, Gibson, Talbot & Clifton, 2005; Sawicki et al., 2011). While
exacerbations during pregnancy appear to be related to symptom severity and medication adherence,
if treated promptly, a mild asthma exacerbation does not appear to have any adverse effects on the
health of the mother or fetus (Stenius-Aarniala, Piirilä & Teramo, 1988).
2.2.1 Continuation of asthma medication (ICS) during pregnancy
Asthma exacerbations are more common in pregnant women who do not use ICS (see Table 1.
3) treatments for their asthma (Stenius-Aarniala et al., 1996). An Australian survey reported a
significant decrease in the number of participants receiving treatment for their asthma by a medical
professional during pregnancy (66%) when compared to before pregnancy (79%), and a reduction in
preventer (ICS) and symptom controller (e.g. long acting beta agonists; LABA; Table 1. 3)
medication usage during pregnancy (76%) than before pregnancy (92%; Sawicki et al., 2012).
Enriquez et al. (2006) reported similar findings: during the first trimester of pregnancy, there was a
23% drop in prescriptions for ICS, a 13% decline in prescriptions for LABA, and a 54% decline in
rescue oral corticosteroid use (defined as a 3-day supply of a single corticosteroid prescription).
Hospital treatments show a similar pattern: pregnant asthmatic women were less likely to be treated
with systemic steroids than non-pregnant, asthmatic women, even when symptom severity and peak
expiratory flow rates were controlled (Cydulka et al., 1999). Consequently, those pregnant women
were more likely to suffer from ongoing asthma exacerbations in the 2 weeks following their
discharge from hospital, compared to their non-pregnant, asthmatic counterparts (Cydulka et al.,
1999).
Often, pregnant women discontinue their asthma medication without consulting their physician,
citing a lack of support or education, the desire to have a ‘drug-free’ pregnancy, and concerns about
teratogenic effects of the medications toward the developing fetus as reasons for their discontinuation
(Lim, Stewart, Abramson, Ryan & George, 2012). Chambers (2003) found that 82% of asthmatic
women believed that ICS use during pregnancy would harm their fetus, and many were likely to
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discontinue their medication during pregnancy. Liccardi et al. (2003) discuss medications, including
asthma medication use during pregnancy, in length. They conclude that, given the serious adverse
effects of severe and uncontrolled asthma during pregnancy on the health of the mother and fetus, it is
advised that treatment should not be changed during pregnancy. This is also the consensus expressed
in guideline recommendations in Australia, such as the Australian Asthma Handbook (National
Asthma Council Australia, 2019). Ill-informed beliefs can lead to the increase in asthma medication
non-adherence during pregnancy, leaving women at a heightened risk for exacerbations.
2.3 Mechanisms to explain the effect of pregnancy on maternal asthma
While there are many changes in asthma during pregnancy (such as objective and self-reported
changes in symptom severity and control, exacerbations, adherence and medication use), the
mechanisms behind the effect of pregnancy on asthma have not been fully documented. Suggested
mechanisms behind these changes include maternal hormone changes (including fluctuations in
cortisol, oestradiol, and progesterone), an effect of fetal sex, and changes in beta2-adrenoreceptor
responsiveness (Murphy, Gibson, Smith, et al., 2005; Tan & Thomson, 2000). Some physiological
changes that occur naturally during pregnancy, such as the rise in serum-free cortisol (which has antiinflammatory properties) and progesterone-mediated bronchodilation (Nelson-Piercy, 2001), are
thought to contribute to improvements in asthma symptoms during pregnancy. However, other
physiological changes, such as fluctuations in beta2-adrenoreceptor responsiveness with changes in
progesterone levels, may contribute to increased asthma symptoms (Tan, 2001; Tan, McFarlane &
Lipworth, 1997). Likewise, carrying a female fetus has been associated with a worsening of asthma,
as indicated by increased need for ICS therapies and an upregulation in the amount and percentage of
circulating monocytes (Clifton & Murphy, 2004; Murphy et al., 2003) which, in turn, have an
inflammatory role in asthma. Though other studies on exacerbations have not confirmed these fetal
sex results (Firoozi et al., 2009).
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2.4. Effect of asthma during pregnancy on mothers and babies
2.4.1 Effect of asthma during pregnancy on mothers
Maternal asthma has been shown to affect pregnancy outcomes for both the mother and the
infant, and to be associated with an increased risk for various perinatal complications (see Table 2. 1).
Both historical and prospective cohort studies (see Table 1. 4) have found that maternal asthma during
pregnancy is linked to increased risk of hyperemesis, haemorrhage (both ante- and post-partum), preeclampsia, gestational diabetes, pregnancy induced hypertension, premature rupture of membranes
(Perlow, Montgomery, Morgan, Towers & Pronto, 1992; Wen, Demissie & Liu, 2001),
chorioamnionitis (intra-amniotic infection) and caesarean delivery, (Dombrowski et al., 2004;
Norjavaara & de Verdier, 2003; Sobande, Archibong & Akinola, 2002; Stenius-Aarniala et al., 1996;
Wen et al., 2001).

Table 2. 1. Perinatal complications associated with asthma during pregnancy.
Outcome
Hyperemesis
Haemorrhage

Pre-eclampsia

Labour complications
Gestational diabetes
Pregnancy-induced
hypertension
Premature rupture of
membranes
Chorioamnionitis
Caesarean delivery
Placenta previa
Placental abruption
Premature labour and
delivery
Induction of labour

Reference
Bahna & Bjerkedal, 1972;
Bahna & Bjerkedal, 1972; Alexander, Dodds, & Armson, 1998; Wen, Demissie, &
Liu, 2001; Wang et al. (2014)
Bahna & Bjerkedal, 1972; Demissie, Breckenridge, & Rhoads, 1998; Liu, Wen,
Demissie, Marcoux, & Kramer, 2001; Sobande, Archibong, & Akinola, 2002;
Stenius-Aarniala et al., 1996; Stenius-Aarniala et al., 1988; Triche, Saftlas, Belanger,
Leaderer, & Bracken, 2004; Wen et al., 2001; Murphy et al. (2011a); Murphy (2006)
Bahna & Bjerkedal, 1972;
Perlow, Montgomery, Morgan, Towers, & Pronto, 1992; Wang et al. (2014)
Demissie et al., 1998; Lehrer et al., 1993; Liu et al., 2001; Mihrshahi, Belousova,
Marks, & Peat, 2003; Wen et al., 2001; Mihrshahi, Belousova, Marks and Peat
(2003)
Perlow et al., 1992; Wen et al., 2001; Wang et al. (2014)
Liu et al., 2001
Dombrowski et al., 2004; Norjavaara & de Verdier, 2003; Sobande et al., 2002;
Stenius-Aarniala et al., 1996; Wen et al., 2001; Lao & Huengsburg, 1990; Perlow et
al., 1992; Wang et al. (2014); Dombrowski et al. (2004)
Wang et al. (2014)
Wang et al. (2014)
Bracken et al. (2003); Doucette and Bracken (1993); Dombrowski et al. (2004)
Sobande et al. (2002)

However, prospective studies that have tracked the effect of lung function, and asthma
symptoms and treatment during pregnancy on pregnancy outcomes, often do not report the same rate
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of adverse perinatal outcomes as historical cohort studies. This could be due to a range of reasons,
including small sample sizes (Murphy et al., 2003), high ICS use (Murphy et al., 2003), inclusion of
mothers with mostly mild asthma (Dombrowski et al., 2004), and the active management of asthma in
participants during the course of the study (Dombrowski et al., 2004; Murphy et al., 2003; Schatz et
al., 1995). Results from meta-analyses have summarised and confirmed these findings, and showed
that active management of asthma during pregnancy reduced the risks for some adverse perinatal
outcomes, such as preterm birth, neonatal hospitalisation and gestational diabetes (Murphy et al.,
2011a; Murphy, Wang, et al., 2013; Namazy et al., 2013; Wang et al., 2014).
Various mechanisms have been proposed to explain the adverse effect of maternal asthma on
pregnancy outcomes. These include maternal hypoxia (oxygen deficiency) secondary to asthma and
the side effects of medications used to treat asthma (Demissie, Breckenridge & Rhoads, 1998; Källén,
Rydhstroem & Åberg, 2000), maternal systemic inflammation (inflammatory cytokines include Creactive protein, leukocytes, tumour necrosis factor- and interleukins 6 and 8; see Chapter 1 of this
thesis for an extensive overview) and maternal smoking (Demissie et al., 1998; Källén et al., 2000;
Liu, Wen, Demissie, Marcoux & Kramer, 2001; Schatz et al., 1995; Sorensen et al., 2003; Wen et al.,
2001). For infants born to asthmatic women, hypoxia may lead to low birth weight, congenital
malformations, and reduced fetal growth (Murphy et al., 2003) whilst for the mother it may be
associated with pre-eclampsia, miscarriage, and placenta previa (Greenberger & Patterson, 1988;
Sobande et al., 2002).
2.4.2 Effect of asthma during pregnancy on the offspring
Several studies have reported an increased risk of adverse outcomes in fetuses and infants of
mothers with asthma during pregnancy. These include preterm birth, low birth weight, congenital
malformations, longer hospital stay, poorer lung function, higher infant mortality rate, and higher risk
of developing asthma (Table 2. 2). The risks for low birth weight and small for gestational age in
babies are higher when mothers have moderate to severe asthma (Namazy et al., 2013) compared to
mild asthma. In addition, mothers who experience exacerbations during pregnancy are at a 3-fold
increased risk of giving birth to babies of low birth weight (Murphy, 2006; Namazy et al., 2013).
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There is also an association between a mother’s oral steroid use and low birth weight and preterm
birth (Namazy et al., 2013). In a meta-analysis it was reported that the active management of asthma
during pregnancy is associated with less risk of preterm labour and delivery (Murphy et al., 2011b),
suggesting that the impact of asthma on pregnancy outcomes can be modified.

Table 2. 2. Fetal/infant complications associated with asthma during pregnancy.
Outcome
Preterm delivery
Low birthweight

Small for gestational age
Congenital malformations
Perinatal mortality
Intrauterine growth restriction
Neonatal sepsis
Asthma in offspring

Reference
(Jaakkola et al., 2006; Murphy et al., 2011b)
(Jana, Vasishta, Saha & Khunnu, 1995; Murphy, 2006; Murphy et al.,
2011b)
(Murphy et al., 2003)
(Murphy et al., 2011b)
(Murphy, Wang, et al., 2013)
(Sobande et al., 2002)
(Murphy, Wang, et al., 2013; Sobande et al., 2002)
(Bracken et al., 2003)
(Dombrowski et al., 2004)
(Lim, Kobzik & Dahl, 2010; Martel et al., 2008; Martel et al., 2009)

In summary, the course of asthma during pregnancy is variable – improving in some, worsening
in others, or remaining unchanged (Gluck & Gluck, 1976), and unpredictable, with the experience of
asthma differing during successive pregnancies in the same woman (Schatz et al., 1988). Women with
asthma are at increased risk of several adverse pregnancy outcomes. For treating and improving the
physiology of asthmatic women during pregnancy, a complex interaction of factors must be
considered. Preventing exacerbations and encouraging medication use during pregnancy are likely to
lead to improved outcomes for the asthmatic mother and baby.
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Chapter 3: Child development
In this chapter, a brief overview of human development from conception to early childhood is
provided. Specifically, the impact of maternal asthma and mental health during pregnancy on child
outcomes is reviewed. This sets the scene for the first thesis study reported in Chapter 4, which is a
systematic review of the effects of maternal asthma during pregnancy on child cognitive and
behavioural development. I also summarise the developmental literature to give context to my final
two studies (Chapter 8 and Chapter 9), which characterise the role of eye tracking in analysing infant
cognition, and whether infant development is mediated by maternal asthma and/or mental health
status. The current chapter outlines the foundations of prenatal development, environmental
influences on development, and early infant cognitive, perceptual, learning and motor capabilities,
and discuss the use of eye tracking methodologies to measure infant cognition. Lastly, I give a brief
overview of common developmental disorders (such as autism) and their etiology, to prepare the
reader for the following systematic review chapter that discusses whether these disorders are more
likely to occur in children born to mothers with asthma.

3.1 Foundations of development
3.1.1 Prenatal development
As development begins prior to birth, here I consider prenatal influences on development,
including genetics, changes in anatomy, the process of childbirth, and the innate abilities that
newborns have. Prenatal development can be divided into three distinct periods - the zygote (first 1-2
weeks), embryo (3-8 weeks) and fetus (9-28 weeks) periods. During the first period immediately postconception, the zygote moves down the fallopian tube and undergoes cell duplication – forming a
blastocyst. The blastocyst then implants into the uterine lining, where the placenta and umbilical cord
begin to grow. During the next prenatal period (embryo), an early nervous system, spinal cord and
brain start to develop and begin to produce neurons (Nelson, 2003). Additionally, the heart, muscles,
digestive system, face and limbs, and internal organs start to develop and slowly become more
organised and connected. The heart begins to beat, kidneys begin to filter blood and the stomach
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produces digestive fluids (Berk, 2013). The fetus period is the last stage, and occurs during the third
month of the first trimester through to trimesters 2 and 3. Early in the fetal period, the nervous system
becomes more sophisticated and reflex behaviours emerge. At ten weeks of gestation, cortical neurons
begin to form, the fetus can kick, bend, turn its head, stretch and change position, and sex
characteristics can be determined (Einspieler, Marschik & Prechtl, 2008; Sadler, 2009). During the
second trimester, organs continue to develop and become fully distinguishable, the brain’s neurons
and glial cell numbers increase and neuronal migration occurs (Huttenlocher, 1994; Roelfsema, Hop,
Boito & Wladimiroff, 2004), eye movements occur, and the lungs rehearse breathing patterns. The
third trimester sees the fetus’ cerebral cortex grow into coordinated neural networks (Moore, Persaud
& Torchia, 2015). From 22 weeks’ gestation, the fetus is able to survive outside the womb if born
early (Louis, Ehrenberg, Collin & Mercer, 2004). For a more extensive review of brain development
and the neural bases for cognitive development, see Nelson, De Haan and Thomas (2006).
At the end of the final trimester, the fetus’ activity level can be indicative of postnatal
temperament and personality traits. Greater movement and activity of the fetus in the final weeks of
gestation is predictive of higher activity levels during the first month of life (Groome et al., 1999), as
well as better ability to tolerate frustration at age 1 and lower levels of fearfulness at age 2 (DiPietro et
al., 2002). Fetuses are more responsive to external stimulation during the final weeks of pregnancy,
showing sensitivity to pain (Lee, Ralston, Drey, Partridge & Rosen, 2005) and sound (Saffran, Werker
& Werner, 2006). Furthermore, a fetus demonstrates reduced responsiveness (as measured by heart
rate and body movement) to repeated presentations of an auditory stimulus, indicating that they are
able to habituate (adapt and get used to) to stimuli. When this stimulus is presented again after a 10
minute delay, the fetus habituates much quicker, indicating that they show recognition memory for a
brief amount of time (Dirix, Nijhuis, Jongsma & Hornstra, 2009). Other studies have confirmed sex
differences in a fetus’ ability to habituate to stimuli, with females habituating quicker than males
(Hepper, Dornan & Lynch, 2012), suggesting that there are sex differences in fetal
neurodevelopmental trajectories. Fetuses of both sexes can discriminate between male and female
voices (Lecanuet, Granier‐Deferre, Jacquet, Capponi & Ledru, 1993) and between their mother’s and
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a stranger’s voice (Kisilevsky et al., 2009; Kisilevsky et al., 2003). Up to one month post-birth,
infants can also remember melodies that they heard as long as 6 weeks earlier in utero (GranierDeferre, Bassereau, Ribeiro, Jacquet & DeCasper, 2011). Taken together, these findings indicate that
the precursors to temperament, memory, sensory processing and neurodevelopment are present long
before birth.
3.1.2 Prenatal environmental influences on development
Many prenatal factors can impact the fetus, and have either positive or negative postnatal
consequences, as the period before birth is a time of rapid development and susceptibility. Intra- and
extra-uterine factors, even early in gestation, can influence prenatal development. These factors
include maternal stress, illness or infection, age, drug and alcohol use, diet and exercise, and exposure
to environmental toxins and pollution. A teratogen is defined as an environmental agent that causes
damage to a fetus during the prenatal period, and can include prescription and non-prescription drugs,
illegal drugs, radiation, pollution, maternal disease, tobacco and alcohol. Factors such as teratogen
dose or exposure (Needleman, 1994), heredity, other negative influences (e.g. poor nutrition, lack of
medical care, addiction; Mayes & Truman, 2002) and age of the fetus (sensitive periods; Bailey Jr,
Bruer, Symons & Lichtman, 2001; Bornstein, 1989) can have cumulative negative outcomes postbirth. Aside from teratogens, maternal general health, exercise level, nutrition and illness can all
impact developmental outcomes for the fetus, infant and child.
Medications or other drugs that penetrate the placental barrier can enter the bloodstream of the
fetus and affect the growth and development of the fetus. Medications taken during pregnancy, such
as thalidomide during the 1960s (an anti-nausea medication/sedative; see Vargesson, 2015) resulted in
severe birth defects and below average intelligence in the offspring. Similar outcomes were found in
the 1970s for the offspring of mothers who had taken diethylstilbestrol (a synthetic form of estrogen
mistakenly prescribed to women as it was thought to reduce the risk of premature birth and
miscarriage), with children of affected mothers suffering from infertility, vaginal or testicular cancer,
risk of miscarriage, premature delivery, ectopic pregnancy, pre-eclampsia, stillbirth, early menopause
and giving birth to babies with low birth weight (Hammes & Laitman, 2003; Hoover et al., 2011).
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Common teratogenic medications used during pregnancy today include the acne medication
Roaccutane®/Accutane®, which can result in congenital malformations, such as cardiac and immune
system defects in affected offspring (Dai, LaBraico & Stern, 1992; Honein, Paulozzi & Erickson,
2001), and excessive caffeine consumption (>100mg/day) which has been linked to low birth weight
(Rhee et al., 2015) and miscarriage (Weng, Odouli & Li, 2008). Additionally, some antidepressants
(such as sertraline and fluoxetine, among others) have been associated with premature birth and birth
complications (e.g. Suri et al., 2007), as well as birth defects and neurodevelopmental disorders in
offspring (e.g. Alwan, Friedman & Chambers, 2016).
Both legal and illicit substance use can have adverse impacts on the developing fetus. Over
one-quarter (27%) of Australian women drink alcohol during the first trimester of pregnancy with
most ceasing use once they know they are pregnant (Muggli et al., 2016). Alcohol crosses the bloodbrain barrier and impairs the production and migration of neurons in the developing fetus, and can
result in brain damage, smaller brain size, and anomalies in brain structure and function (Haycock,
2009; Wozniak et al., 2017). Exposure to alcohol in utero has also been associated with increased
incidence of externalising and internalising behaviours (Sood et al., 2001), and low childhood IQ
(Willford, Leech & Day, 2006). The most significant consequence of prenatal alcohol exposure is
fetal alcohol spectrum disorder (FASD), an umbrella term for the range of physical, mental and
behavioural effects seen in children who are exposed to alcohol in utero. Children with FASD often
have deficits in executive functions (planning, inhibitory control, working memory, cognitive
flexibility) communication, cognition, memory, motor, social and language skills, which are lifelong
(e.g. Coriale et al., 2013).
Tobacco is another teratogen that can have damaging consequences on a developing fetus.
Twelve percent of pregnant Australian women reported smoking during the first half of pregnancy,
and this reduced to 9% for the remainder of pregnancy (Li, Zeki, Hilder & Sullivan, 2013). The most
prominent effect of smoking while pregnant on the developing fetus is low birth weight, however
there is also an increased risk of prematurity, cleft palate/lip, poor breathing and heart rate, neonatal
death, asthma and cancer developing through childhood (Gilliland, Li & Peters, 2001; Hackshaw,
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Rodeck & Boniface, 2011; Heck et al., 2016). Nicotine, carbon monoxide and other toxins have been
shown to interfere with fetal development. These chemicals pass through the placental barrier, into the
fetal circulation and can lead to hypoxia, constriction of blood vessels and changes in the function of
nicotinic receptors. These effects lead to the reduced brain growth and changes in brain structure and
function seen in affected infants (for review, see Ekblad, Korkeila & Lehtonen, 2015), which may
explain why infants of mothers who smoke during pregnancy show poorer cognitive and attentional
control in childhood (Mezzacappa, Buckner & Earls, 2011; Motlagh et al., 2011).
Furthermore, illicit drug use during pregnancy has been linked to poorer outcomes for the fetus.
According to the 2016 National Drug Strategy Household Survey, 3.1% of Australian women used
illicit drugs before they knew they were pregnant, with this reducing to 1.8% of women using illicit
drugs with knowledge of their pregnancy (Australian Institute of Health and Welfare, 2017).
Marijuana use during pregnancy has been linked to poor intellectual functioning in children later in
life (Goldschmidt, Richardson, Willford & Day, 2008). More generally, infants born to mothers who
used illicit drugs (including marijuana, cocaine, heroin, methadone and methamphetamine) during
pregnancy are at risk of prematurity, reduced head circumference, small for gestational age, and low
birth weight, as well as deficits in neurodevelopmental, language, cognitive, motor and behavioural
outcomes persisting into adolescence and adulthood (e.g. dos Santos et al., 2018; Forray, 2016).
Other teratogens that have been linked to harmful effects on the developing fetus include
radiation, which has been associated with slow physical growth, congenital malformations and
smaller head circumference (Hatch et al., 2017; Hoffmann, 2001; Schull, 2003). There is also
evidence to suggest that there are deficits that persist into later life, as evidenced by poorer academic
performance, and higher rates of language disorders and mental illnesses in prenatally-exposed
children (Loganovskaja & Loganovsky, 1999; Loganovsky & Loganovskaja, 2000; Loganovsky,
Loganovskaja, Nechayev, Antipchuk & Bomko, 2008). Environmental pollution is another teratogen,
with studies showing that prenatal exposure to traffic pollution can lead to low birth weight (Rich et
al., 2009), while prenatal exposure to mercury can lead to congenital malformations, intellectual
disability, speech impediments, and difficulties in swallowing and motor coordination (Clarkson,
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Magos & Myers, 2003; Hubbs-Tait, Nation, Krebs & Bellinger, 2005). Similar, adverse effects have
been found for infants exposed to polychlorinated biphenyls (PCBs; Boucher et al., 2010; Boucher,
Muckle & Bastien, 2008), DDT and other organochlorines (Pathak et al., 2011), BPA (commonly
found in plastics; Braun et al., 2011), lead (Jedrychowski et al., 2009; Lanphear et al., 2005), and
dioxins (e.g. Gavin & Koppe, 2004). These results indicate the extent of adverse effects that a wide
range of teratogens can have on a developing fetus.
Aside from teratogens, maternal age, stress, disease and infection, exercise, and nutrition during
pregnancy influence the healthy development of a fetus. The effects of maternal asthma during
pregnancy on the mother and baby has been detailed in Chapter 2. Pathogens associated with other
maternal diseases can also cross the placental barrier and affect development. Viruses such as rubella
(De Santis, Cavaliere, Straface & Caruso, 2006; Lee & Bowden, 2000), the Zika virus (Honein et al.,
2017), herpes (Brown et al., 1997), varicella (chickenpox; Enders, Bolley, Miller, Cradock-Watson &
Ridehalgh, 1994; Higa, Dan & Manabe, 1987), cytomegalovirus (Boppana, Fowler, Britt, Stagno &
Pass, 1999; Fowler et al., 1997), influenza (Acs, Bánhidy, Puhó & Czeizel, 2005; Coffey & Jessop,
1963; Saxén, Hjelt, Sjöstedt, Hakosalo & Hakosalo, 1960; Wilson & Stein, 1969), Ebola (Jamieson,
Uyeki, Callaghan, Meaney-Delman & Rasmussen, 2014; Okware et al., 2002) and HIV/AIDS (Newell
et al., 2004) have been linked to adverse outcomes for the infant, including prematurity, birth defects,
delayed growth, developmental delay, intellectual disability, mental illness and neonatal death, and
can also result in the vertical transmission of the virus from the mother to the offspring.
In addition to infection, the mother’s general health status can also help or hinder fetal
development. Regular, moderate exercise has been associated with increased birthweight and fewer
pregnancy complications (for review, see Prather, Spitznagle & Hunt, 2012), while a healthy diet
during pregnancy can prevent damage to the fetus’ central nervous system, organs, and immune
system, and prevent reduced growth and prematurity (for review, see Ramakrishnan, Grant,
Goldenberg, Zongrone & Martorell, 2012). Prenatal folic acid (Goh & Koren, 2008) and other
vitamin and mineral supplements have proven health benefits for the mother and developing fetus
(Christian, 2003; Kontic-Vucinic, Sulovic & Radunovic, 2006). Specifically, maternal deficiencies in
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protein, zinc and folic acid during pregnancy have been associated with central nervous system
damage, such as neural tube and other birth defects (De Marco, Merello, Cama, Kibar & Capra,
2011). It is therefore important that pregnant women are provided with prevention and treatment
measures for infectious diseases, are given supplements to complement their diets, and are supported
to make healthy lifestyle choices during their pregnancy, to ensure the optimal development of their
baby.
Maternal emotional state during pregnancy can also influence fetal development. Maternal
anxiety during pregnancy has been linked to prematurity and low birth weight (Ding et al., 2014), and
child cognitive (Van den Bergh et al., 2005) and behaviour (O'Connor, Heron, Golding, Beveridge &
Glover, 2002) problems. It is also predictive of developing asthma in childhood (Cookson, Granell,
Joinson, Ben-Shlomo & Henderson, 2009), even after adjusting for confounders and postnatal
anxiety. Maternal depression during pregnancy has also been linked to a range of adverse fetal
outcomes including prematurity, low birthweight and restricted fetal growth (Diego et al., 2009), and
to poor infant outcomes including disrupted sleeping patterns (Diego, Field & Hernandez-Reif, 2005;
O'Connor et al., 2007) and difficult temperament (Field, Diego, Hernandez-Reif & Ascencio, 2009;
McGrath, Records & Rice, 2008). Maternal depression during pregnancy has been linked to increased
incidence of later developmental delay (Deave, Heron, Evans & Emond, 2008), internalising and
externalising behaviours (de Bruijn, van Bakel & van Baar, 2009) and behavioural problems (Luoma
et al., 2004; Luoma et al., 2001) in later childhood. Factors such as a history of psychological distress,
relationship status and stress, social support, poverty, stressful life events, substance use, and
unplanned pregnancies can place a woman at greater risk of suffering depression or anxiety during her
pregnancy (Bowen & Muhajarine, 2006) and may account for some of the variance in depressive
symptoms over the course of the pregnancy (Bunevicius et al., 2009; Leigh & Milgrom, 2008;
Records & Rice, 2007). Given the evidence for the adverse effects of prenatal depression and anxiety
on the offspring, it is of great importance that at-risk and affected women are given appropriate
medical and social support during their pregnancy. Maternal mental health during the postnatal period
and its implications for child development is covered in more detail in Chapter 5.
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Maternal age at conception is another important characteristic that influences prenatal
development. Mothers who are either very young, or much older face risks of complications, over and
above the confounding risks of SES and prenatal care (Chen et al., 2007). Mothers who are aged 17
years or younger have an increased risk of premature birth (Keskinoglu et al., 2007) and other
complications including low birth weight (Bukulmez & Deren, 2000; Edirne et al., 2010; Gupta,
Kiran & Bhal, 2008; Mukhopadhyay, Chaudhuri & Paul, 2010), congenital abnormalities
(Kovavisarach, Chairaj, Tosang, Asavapiriyanont & Chotigeat, 2010; Mukhopadhyay et al., 2010;
Yanikkerem, Kavlak & Saruhan, 2012; Yildirim, Inal & Tinar, 2005), and infant death (Chen, Wen,
Fleming, Yang & Walker, 2008). Young mothers have been found to struggle with attachment to their
newborn, as they smile, touch, respond to and accept their infants much less than adult mothers
(Deutscher, Fewell & Gross, 2006), and play less with their infants (Crugnola, Ierardi, Gazzotti &
Albizzati, 2014). Young mothers also show less intention to breastfeed (Apostolakis-Kyrus, Valentine
& DeFranco, 2013), initiate breastfeeding less often, and breastfeed for shorter periods than adult
mothers (Wambach et al., 2011). On the other hand, pregnant women aged 35 years and older are at
higher risk of premature birth, prolonged labour, bleeding, gestational diabetes and pregnancyassociated hypertension (Luke & Brown, 2007). Pregnant women aged over 40 years are also at
greater risk of the aforementioned complications, as well as thrombosis, pre-eclampsia, caesarean
delivery, longer hospital stays and need more frequent medical attention (Dietl, Cupisti, Beckmann,
Schwab & Zollner, 2015).
3.1.3 Birth complications
Complications that occur during childbirth can put an infant at risk of adverse developmental
outcomes. Birth complications can include oxygen deprivation, premature birth, infants born small
for gestational age, and infants of low birthweight. Oxygen deprivation during childbirth can be
caused by the baby being in breech or another unusual position, or the umbilical cord pinching during
contractions, wrapping around the baby, or being squeezed by the baby. Oxygen deprivation can lead
to brain damage in the infant (Kendall & Peebles, 2005) and poorer cognitive and language
development in childhood (Hopkins-Golightly, Raz & Sander, 2003). Oxygen deprivation can occur
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after birth, including as part of respiratory distress syndrome (often seen in very premature infants
whose lungs are poorly developed) or as a result of umbilical cord compression or placental abruption
in utero.
Furthermore, prematurity and low birth weight are known risk factors for poor infant
development. Infants who are born more than 3 weeks early (before 37 weeks gestation) are
considered to be premature, while the World Health Organisation defines low birth weight as a birth
weight of less than 2500 grams (or 5.5 pounds). Prematurity and low birth weight have been
associated with alterations in brain structure (Nosarti et al., 2014) and bleeding on the brain (Aylward,
2014), attention problems and social emotional deficits (Delobel-Ayoub et al., 2009), learning
disabilities, low IQ and anxiety disorders (Hack & Fanaroff, 1999; Hack & Taylor, 2000; Perlman,
2001), learning and developmental disabilities (Kavšek & Bornstein, 2010; Rose, Feldman, Jankowski
& Van Rossem, 2011b), impairments in sensory profile (Wickremasinghe et al., 2013) and atypical
sensory processing (Crozier et al., 2016), more challenging temperament (Hughes, Shults, Mcgrath &
Medoff-Cooper, 2002), language delays (Vohr, 2014), as well as poor academic achievement and
behaviour problems (Aarnoudse-Moens, Weisglas-Kuperus, van Goudoever & Oosterlaan, 2009).
These findings indicate the amount of obstacles that can face infants who are born premature or with
low birth weight. Thankfully a range of parenting interventions that include psychosocial support,
parental education and therapies targeting the developmental outcomes of infants (for review, see
Benzies, Magill-Evans, Hayden & Ballantyne, 2013), and other early interventions (such as kangaroo
care; Lawn, Mwansa-Kambafwile, Horta, Barros & Cousens, 2010) can help unwell, preterm infants
to survive, and in some cases to catch up developmentally to their peers.
3.1.4 Neonatal examinations
To document an infant’s functioning, health and condition at birth, medical personnel in the
delivery room rate the baby’s colour (Appearance), heart rate (Pulse), reflex irritability (Grimace),
muscle tone (Activity) and respiratory function (Respiration) on a 3 point scale (scores of 0, 1, and 2),
known as the APGAR scale (Apgar, 1966). Ratings are administered at 1 minute and 5 minutes after
birth. Scores of 0 are given for the categories if the baby has no heartbeat, is not breathing, gives no
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response to reflex stimulation, is limp, or is blue in colour. Scores of 1 are given in each respective
category if the infant has a slow heartbeat (less than 100 beats per minute), slow, shallow or irregular
breathing, weak reflexes, weak muscle movement, or if their limbs are blue and their body is pink/has
a pinkish glow. Full scores of 2 are given in respective categories if the baby has a healthy heart beat
(100-140 beats per minute), is showing strong breathing and crying, shows strong reflexes, strong,
healthy movements of limbs, and all limbs and body are pink or have a pinkish glow in colour. Good
physical health is indicated by an APGAR score of 7 or more, while the baby needs help with
breathing or other vitals if they score between 4 and 6. The infant urgently requires medical attention
if they score 3 or less. While the APGAR scale is a gross screening instrument used to assess the
newborn’s physical condition, APGAR scores have also been predictive of later neurodevelopment
and disability (e.g. Nelson & Ellenberg, 1981; Thorngren-Jerneck & Herbst, 2001).

3.2 Infant development
Having outlined the journey of development through pregnancy and birth, the next sections will
outline infant development across the first year of life in the focus areas of sensory processing, motor
skills and cognition. The section will conclude with a discussion of how these skills are measured in
lab-based contexts and with eye tracking methodologies.
3.2.1 Early learning, perceptual skills and motor development
Reflexes, states
The first patterns of behaviour in newborns are reflexes, some of which the baby needs for
survival (such as the rooting reflex used to find the nipple when feeding) while other reflexes prepare
the infant to develop later motor skills, such as the tonic neck reflex. This reflex occurs when the
infant lies on their back with their head turned and stretches out their arm in the direction their face is
turned. It is thought that this reflex prepares the infant for voluntary reaching, as they are combining
hand and eye movements (for review, see Dombro, 2015). The stepping reflex is another precursor to
motor skills. The stepping reflex, where the infant moves alternating legs in an up and down, walkinglike motion, is thought to prepare infants for walking at a later age (Dominici et al., 2011), while the
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palmar grasp, for example, prepares the infant for voluntary grasping (Marques-de-Moraes, Dionisio,
Tan & Tudella, 2017). Differences in reflexes (such as absent or exaggerated reflexes) can be
indicative of neurological and nervous system damage (Schott & Rossor, 2003; Zafeiriou, 2004) as
well as sensory processing deficits (Ryckman, Hilton, Rogers & Pineda, 2017), which is why an
assessment of reflexes is part of most neonatal examinations and screening measures.
Learning capacities
From birth, infants are capable of classical conditioning and operant-type learning (see Figure
3. 1). They also learn via their innate preference for novelty, and by observing and imitating others.
Classical conditioning involves the natural pairing of an unconditioned stimulus (such as
breastfeeding) that produces an unconditioned (reflexive) response (such as head orienting and
sucking). Then, a neutral stimulus (such as forehead stroking) is presented just prior to or
simultaneously with the unconditioned stimulus (breastfeeding). After a few pairings, the newborn
learns the association between the stroking and breastfeeding and demonstrates learning by producing
the reflexive response (sucking) to the stroking. The stroking then becomes the conditioned stimulus,
and the sucking becomes a conditioned response (Blass, Ganchrow & Steiner, 1984).
Operant conditioning, whereby behaviour and responses are produced in response to rewarding
or reinforcing stimuli, is also present in young infants. Newborns will suck faster if that action results
in the production of rewarding and stimulating light, sounds, music and voices (Floccia, Christophe &
Bertoncini, 1997). Between the ages of 2-6 months, when their foot is attached to a mobile, infants
learn that kicking their feet will result in the mobile turning (Rovee-Collier & Bhatt, 1993). Likewise,
6-18 month old infants are able to associate the pulling of a lever with a toy train starting to move
around a track (Hartshorn, Rovee‐Collier, Gerhardstein, Bhatt, Wondoloski, et al., 1998). Memory of
the conditioned or operant response is largely dependent on context (i.e. if infants are not tested in an
identical environment to which they were trained, they show poorer memory; Hayne & Herbert, 2004)
and prompts for infants aged up to 6 months. However, context effects on memory retention largely
disappear by 9 months (Hartshorn, Rovee‐Collier, Gerhardstein, Bhatt, Klein, et al., 1998). Young
infants are also able to learn about their environment by imitating others. Behaviours such as gestures,
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facial expressions, actions and sounds are often imitated by infants and children, as a way of learning
from others and as a way of transmitting information before language is developed (for review, see
Meltzoff & Marshall, 2018).
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Controls and
lifts head
while upright
Thrusts legs
and arms
Eyes follow
moving objects
and people
Controls
head when
prone
Rolls from
side to back,
and from
back to side
Grasps cube
Rotates
wrists
Sits with
support
Sits alone
Crawls
Pulls to a
stand
Makes
stepping
movements
Stands
Walks
Builds
cube
towers
Scribbles
Pincer
grasp
Motor

Figure 3. 1. The cognitive, language and motor developmental milestones and the age ranges in which
most infants and children usually attain them.
Note: Data sourced from Bayley (2006b).

Sensory perception
We obtain information about our environment through our sensory system, which begins to
function before birth. Infant perceptual development is closely linked to cognitive, language and
motor development, and improvements in sensory perception supports improvements in those
developmental domains (Adolph & Berger, 2006). As young infants cannot use verbal language to
describe their experiences, their nonverbal responses to sensory stimulation can give researchers an
insight into their cognitive, language and social understandings. The infant senses most closely related
to this thesis are vision and hearing. By 3 days of age, infants will turn their eyes and head in
response to a sound, as sounds are a means to explore and understand their environment (Muir &
Field, 1979). Auditory acuity improves over the next few months (for review, see Saffran et al.,
2006), so much so, that they can identify the precise location of sounds by around 6 months of age
(Litovsky & Ashmead, 1997). In terms of sound discrimination, newborn infants prefer human voices
over other noises or sounds (Ecklund‐Flores & Turkewitz, 1996), their mother’s voice over other
female voices (DeCasper & Fifer, 1980) and positive vocal expressions, but only when spoken in their
native language (Mastropieri & Turkewitz, 1999). By 5 months of age, infants can reliably
discriminate between emotional vocal expressions (Flom & Bahrick, 2007) and changes in tempo
(Baruch & Drake, 1997). By 7 months, infants can discriminate between changes in musical rhythm
(Hannon & Johnson, 2005) and by 12 months, they can discriminate between key signatures (Trehub,
2001).
Young infants have a preference for human speech and language. They listen longer to human
speech than non-speech sounds (Vouloumanos, Hauser, Werker & Martin, 2010) and can discriminate
human speech sounds (Aldridge, Stillman & Bower, 2001). They show a preference for infant
directed speech, which is characterised by fewer and simpler words, slower and exaggerated
pronunciation, hyperarticulation (longer articulation of vowels), higher and wider pitch, and more
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inflections (Cooper & Aslin, 1990). Infants also prefer their native language (Moon, Cooper & Fifer,
1993), can identify syllable emphasis patterns in their language by 5 months of age (Weber, Hahne,
Friedrich & Friederici, 2004), and by 8 months of age, infants can already screen out speech that is
not in their native language (Anderson, Morgan & White, 2003). It is thought that after 6 months of
age, infants go through a fine-tuning process where they focus more on salient speech information
(including infant directed speech) that is useful for them to learn the phrasing structure of their native
language, and to learn about the socially important and relevant features of their environment.
In terms of vision, the human eye experiences its fastest growth period during the first year of
life, growing from an axial length of 16mm to 21mm, and then reaching 24mm by adulthood. It is,
therefore, expected that infant vision is poorer than that of an adult. The fovea is underdeveloped in
infants; the cones (photoreceptors) in the fovea are more spaced out (Yuodelis & Hendrickson, 1986),
shorter, and have a different shape than adult cones (Banks & Bennett, 1988). As a result, young
infants perceive less fine detail than adults. Visual acuity improves rapidly in the first few months of
life, with 6 month old infants showing a similar level of acuity as adults (Kellman & Arterberry,
2006). Eyesight can be tested by this age, and infants prescribed glasses if necessary (Preston,
McDonald, Sebris, Dobson & Teller, 1987).
The ability to detect orientation, motion and spatial frequencies is present at birth, but becomes
much more developed by 6-8 weeks of age (Braddick, 1993; Lee, Birtles, Wattam-Bell, Atkinson &
Braddick, 2012; Regal, 1981). Likewise, convergence (the ability to focus both eyes to near and far
distances) is better for further distances but largely inaccurate for near distances in newborns (Aslin,
1977; Slater & Findlay, 1975). Convergence becomes adult-like by 8 – 9 weeks of age (Horwood &
Riddell, 2013). By three months of age, infants are able to distinguish between stimuli of differing
brightness almost as well as an adult (Kellman & Arterberry, 2006), and while it is difficult to
measure an infant’s colour sensitivity before 8 weeks of age, results from electrophysiological and
behavioural studies indicate that infants’ colour (or chromatic) sensitivity is on par with that of
‘adults’ by 4-5 months of age (Bornstein, 2006; Franklin, Bevis, Ling & Hurlbert, 2010).
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The ability to perceive depth relies on binocular disparity (the difference in retinal images
between the two eyes) and emerges by roughly 4 months of age (Brown, Lindsey, Satgunam &
Miracle, 2007). Changes in the visual and visuomotor systems result in an increase in visual acuity,
enabling the infant to voluntarily control the location and duration of their gaze, and to be able to form
representations of faces and visual objects (Johnson, Posner & Rothbart, 1991). Taken together, these
findings suggest that by around 6 months of age, an infant’s visual acuity, orientation and motion
detection, and depth, brightness and colour perception is mature. This allows infants to distinguish
and attend to objects, thus facilitating their understanding of the world around them. Further
information on visual acuity will be contextualised in terms of infant attention and cognitive
development in subsequent sections of this chapter.
Motor development
The stages of infant motor development can be grouped into fine and gross motor development
(Figure 3. 1). Fine motor skills refer to small grasping, pointing or reaching movements, while gross
motor skills are larger actions that help infants move around their environment, such as crawling and
walking. Figure 3. 1 shows the motor milestones (along with cognitive and language milestones) and
the ages that most typically developing children reach them. According to the Bayley Scales of Infant
and Toddler Development – Third Edition (Bayley, 2006a), a common, well-validated and reliable
measure of infant development, most infants can hold their head steady when they are held upright or
against the shoulder of an adult by the age of six weeks. By two to four months of age, most can roll
from their sides to their back and can grasp objects with an ulnar grasp (a grasp pattern led by the
ulnar side of the palm, i.e. the little finger side with fingers closing against the palm in a whole hand
grasp). Crawling and sitting alone develop by around 7 months of age, and by 12 months most
children are taking their first steps or walking alone. These milestones are followed by: scribbling
(~14 months), walking up stairs with assistance (~16 months) jumping (~23 months) and tiptoeing
(~25 months).
The concept that improvements in one area of development lead to further improvements in
others is known as a developmental cascade (Masten & Cicchetti, 2010). Infant motor development
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has far-reaching implications for cognitive and social-emotional development. If an infant can reach
and manipulate objects, then cognitive development is facilitated. An infant who is able to inspect,
manipulate and drop objects, will develop an understanding of form, texture and sounds, object
rotation and 3D representation (Soska, Adolph & Johnson, 2010). Further, once infants can crawl, sit
or walk, they are more likely to approach adults for social interactions, such as to show them an
object, point at things, and play hide and seek. Newly developed skills in object manipulation can be
transformed into gestures where they ‘give’ or ‘show’ the object to others (Carpenter, Nagell,
Tomasello, Butterworth & Moore, 1998; Trevarthen, 1993). This, in turn, increases the infant’s
communication skills and strengthens their social-emotional development (Clearfield, Osborne &
Mullen, 2008; Karasik, Tamis‐LeMonda & Adolph, 2014). As children’s cognitive, language and
motor skills develop further, adults increase the level of sophistication of language, sounds, discipline,
and interactions with infants, thus increasing their infant’s social emotional learning (Bornstein,
Tamis-LeMonda, Hahn & Haynes, 2008).
3.2.2 Cognitive development
The literature on cognitive development provides the context for my final two studies where I
assess cognition and development in infancy and investigate the influence of maternal asthma or
maternal mental health. Cognitive development involves the acquisition of a child’s intellectual
abilities, such as their problem-solving ability, attention, memory, imagination, creativity and their
language skills. In Jean Piaget’s cognitive development theory, children obtain knowledge about the
world around them by interacting with and manipulating objects in their environment (Piaget, 1976).
As their brains develop and as they acquire new experiences, Piaget theorised that children move
through several stages of development: the sensorimotor, preoperational, concrete operational and
formal operational stages. These stages are characterised by distinct differences in a child’s way of
thinking. During the sensorimotor stage from birth to 2 years, the infant uses their senses and
movements to explore their world. This evolves into the preoperational stage from the ages of 2 to 7
years, which is characterised by illogical thinking, symbolic representation and make-believe play.
Thinking becomes more organised, reasoned and logical during the concrete operational stage from 7
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to 11 years. Lastly, the formal operational stage from age 11 sees children develop adult-like abstract,
systematic thinking and reasoning.
Thought to last from birth to age 2, Piaget theorised that during this time of development a way
for infants to ‘think’ is to interact with the world using their eyes, ears, hands, and mouth. Children in
this stage come up with different ways to solve sensorimotor problems, including finding hidden
objects, taking objects in and out of containers, and manipulating toys to make them produce sounds.
However, research suggests that Piaget largely underestimated the abilities and thinking behaviour of
infant children, and more recent studies have questioned the adequacy of Piaget’s sensorimotor stage
in explaining infant cognition. The information processing approach of recent times suggest that
infants make continuous gains in their cognitive development, rather than in a sequential, step-like
manner (Munakata, 2006). This perspective proposes that sensory information gets coded,
transformed and organised in the brain and then results in a behavioural output; thus analysing
thinking in terms of its components. This perspective has been used to model the mechanisms behind
cognitive change that occurs during brain development and adult processing (Westermann, Sirois,
Shultz & Mareschal, 2006) and to explain the processing of social information during childhood
(Crick & Dodge, 1994). However the information processing theory falls short when considering
non-linear or illogical cognition (creativity, imagination) during childhood (Sternberg & Birney,
2011).
The information processing theory expanded into developmental cognitive neuroscience, which
looks at the relationships between brain development and changes in cognition and behaviour during
childhood. Methodologies, such as functional magnetic resonance imaging (fMRI)
electroencephalography (EEG), positron emission topography (PET), functional near-infrared
spectroscopy (fNIRS) and eye tracking provide invaluable information about brain structure and
function, eye movements, and electrical activity, blood flow and oxygen metabolism in the brain.
Measuring cognitive control in adults and children
While classical and operant conditioning paradigms provide information about basic infant
learning, we can learn about infant cognition in much more detail by understanding how infants
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interact with and processes information from their world. As above, this information processing
theory provides a framework to help understand the mental processes behind the representation and
manipulation of information in an infant’s mind. The early learning capacities and cognitive
development of infants are supported by the growth and maturation of the brain. During the first year
of life, the brain undergoes rapid structural and functional changes, including myelination, synaptic
growth and synaptic pruning (Nelson & Bloom, 1997). This period also sets the foundations of
cognitive control processes, as prefrontal cortex networks and their link with motor, perceptual and
limbic regions of the brain begin to emerge.
Briefly, cognitive control refers to a set of higher order cognitive processes involved in goal
related behaviour. There are three core components of cognitive control: inhibition (including selfcontrol and regulating attention, thoughts and behaviour in favour of what is more appropriate),
working memory (holding and manipulating information in mind) and cognitive flexibility (Diamond,
2013). From these foundations, higher order skills such as reasoning, problem solving and planning
are built (Collins & Koechlin, 2012). Table 3. 1 provides an overview of commonly used tasks to
measure cognitive control in children and adults, as well as non-human primates more generally.

Table 3. 1. Common psychological tasks used to assess the inhibitory control, working memory and
cognitive flexibility components of cognitive control in adults and children.
Domain/task
Inhibitory control
Stroop tasks

Simon tasks

Flanker tasks

Description

Citation

Requires a participant to ignore the meaning of a word (often
the name of a colour) and to attend to and identify the colour
of the ink the word is printed in. Responses are slower when
the word green is written in red ink, and the correct response
is ‘red’.
Participants are instructed to press left for Stimulus A, and
press right for Stimulus B. Stimuli are then presented one at a
time, on either the left or right sides of the screen. Location of
the stimuli is irrelevant, but participants are slower at
responding when the stimulus appears on the opposite side to
its associated response (i.e. when stimulus A appears on the
right side of the screen).
Requires the participant to selectively attend to a central
stimulus (which often points either left or right) and ignore
peripheral/flanking stimuli around it. The flanking stimuli
either point in the same direction as the central stimulus,
enabling a quicker, easier response, or they point in the
opposite direction which results in slower responses)

MacLeod (1991)
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Hommel (2011);
Lu and Proctor (1995)

Eriksen and Eriksen
(1974); Mullane,
Corkum, Klein and
McLaughlin (2009)

Anti-saccade
tasks

Instructs participants to inhibit their tendency to look (make a
saccade) toward salient stimuli when they appear, and to look
away from the stimulus (make an anti-saccade).

Delay of
gratification
tasks

Often used with children, an examiner instructs a child to wait
before eating a sweet treat (reward). If they wait, they will get
more of the reward later. If they don’t wait, they will not get
more of the reward. Children do not know how long the wait
will be.
A widely used task which requires participants to press a
button when Stimulus A appears, but to inhibit the response
completely when Stimulus B appears.
A ‘go’ signal (to indicate a response is needed) is presented on
all trials. On some trials a ‘stop’ signal is presented just before
the participant is about to respond, indicating that they should
not respond.

Go no/go
tasks
Stop-signal
tasks
Working memory
Complex span
tasks

Corsi Block
tests

Participants are required to reorder a list of items that they had
just heard. Can involve repeating number lists in numerical
order, or reordering a list of animals by their size, or
reordering locations between points A and B to enable the
quickest route.
A tester touches a series of squares or blocks in a particular
order, and the participant is required to copy the pattern, or
reorder it in a particular way.

Self-Ordered
Pointing tasks

Participants see a range of items (such as pictures or boxes
containing rewards) and are asked to open/touch all of them,
without missing or repeating any, in whatever order they like.
The participant is asked to repeat the order that they touched
the items, which can be made difficult if the items are
randomly reshuffled.

N-back tasks

Stimuli are presented continuously, with some items repeated
throughout the sequence. Participants are required to report
whether the current item matches one that appeared n items
ago
Often used in infancy research, this task requires participants
to watch an object get hidden in one of two locations. After a
brief delay, infants are able to either look or reach to the
location in which they think the object is hidden. When the
object is hidden at location A, infants find it successfully,
however they often continue to look at location A when
they’ve seen the object hidden at location B (A-not-B error).

A-not-B
tasks/search
for hidden
object

Cognitive flexibility
Design,
Participants are required to report as many uses for an object,
verbal and
as many words starting with the letter C, or as many
category/
food/animal names (for example) as they can think of.
semantic
fluency tasks

Wisconsin
Card Sorting
task

A task-switching or set-shifting type task. A participant is
required to sort cards either by colour, shape or number, based
on feedback given by the examiner. The participant will often
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Luna (2009); Munoz
and Everling (2004);
Luna, Garver, Urban,
Lazar and Sweeney
(2004)
Mischel, Shoda and
Rodriguez (1989);
Eigsti et al. (2006);
Kochanska, Coy and
Murray (2001)
Cragg and Nation
(2008)
Verbruggen and Logan
(2008)

Redick et al. (2012)

Alloway (2007);
Alloway, Gathercole,
Kirkwood and Elliott
(2009); Luciana and
Nelson (2002)
Petrides, Alivisatos,
Evans and Meyer
(1993); Diamond,
Briand, Fossella and
Gehlbach (2004);
Wiebe, Lukowski and
Bauer (2010)
Owen, McMillan,
Laird and Bullmore
(2005); Verhaeghen
and Basak (2005)
Diamond and
Goldman-Rakic
(1989); Cuevas and
Bell (2010)

Baldo and Shimamura
(1998); Baldo,
Shimamura, Delis,
Kramer and Kaplan
(2001); Chi et al.
(2012); Van der Elst,
Hurks, Wassenberg,
Meijs and Jolles
(2011)
Stuss et al. (2000)

Various task
switching
tasks
The
Dimensional
Change Card
Sort Test
(DCCS)

need to shift rules when the examiner’s feedback indicates that
the sorting criteria has changed.
A participant needs to indicate whether a letter is a
vowel/consonant, a number is odd/even, a colour is hot/cold, a
shape is circle/square, or if a stimulus occurs in left/right or
upper/lower locations. Responses are usually mapped to
left/right button presses.
Participant needs to sort bivalent cards by one dimension, then
to sort all cards by the other dimension.

Monsell (2003);
Meiran (1996); Allport
and Wylie (2000);
Karayanidis et al.
(2009)
Zelazo, Frye and
Rapus (1996); Zelazo
et al. (2003); Chatham,
Yerys and Munakata
(2012)

The development of cognitive control in childhood
Young children exhibit poorer inhibitory control as compared to that of older children and
adults (Davidson, Amso, Anderson & Diamond, 2006). Infants are able to suppress behaviour in
favour of more goal-directed actions, as evidenced by their ability to suppress their attention to
distracting stimuli to produce a more appropriate response, or their ability to suppress reflexive
responses in favour of more task-compatible responses (Amso & Johnson, 2005; Bell & Fox, 1992;
Diamond & Goldman-Rakic, 1989). The ability to inhibit responses is evident from quite an early age,
but the ability to flexibly and consistently inhibit responses improves with age (Luna et al., 2004).
In terms of working memory development, children and young infants are able to hold a few
things in mind for an extended period of time (Diamond, 1995). The use of A-not-B tasks (Table 3. 1)
in infants 12 months and under have shown that working memory can be updated quite early in life
(Cuevas & Bell, 2011; Diamond, 1985; Matthews, Ellis & Nelson, 1996; Pelphrey et al., 2004). Like
inhibitory control, the ability to hold and manipulate many things in mind improves slowly across
childhood (Luna et al., 2004; Weinert & Schneider, 1995), and does not mature until young adulthood
(Crone, Wendelken, Donohue, van Leijenhorst & Bunge, 2006).
Cognitive flexibility in children matures much later than inhibitory control and working
memory, and builds on both of these concepts (Davidson et al., 2006; Garon, Bryson & Smith, 2008).
The ability to switch how one responds (such as pressing left for odd, right for even, then swapping
and pressing left for even and right for odd) develops much earlier than the ability to switch task
(Brooks, Hanauer, Padowska & Rosman, 2003; Gupta, Kar & Srinivasan, 2009; Kirkham, Cruess &
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Diamond, 2003; Kloo & Perner, 2005; Perner & Lang, 2002). The ability to perform task switching
develops with age, as children show more variability in speed and accuracy than young adults
(Cepeda, Kramer & Gonzalez de Sather, 2001).
Measuring cognitive control in infancy
To analyse higher-order cognitive functioning in adults, experimenters often need to give
complex instructions (such as press left button for Stimulus A, right button for Stimulus B) or
participants themselves need to practice the task in order to successfully complete it. The main
challenge in studying cognitive control in infancy is the need for age-appropriate tasks and methods
that don’t involve complicated instructions or indeed any instructions at all, and don’t require
complex verbal or motor responses. Additionally, young infants have a very short attention span and
become fussy easily, so behavioural tasks cannot involve long or complicated training paradigms.
Infant-friendly methods of investigating cognitive control tend to build on an infant’s innate
predisposition to look at bold, exciting and novel stimuli, with paradigms of this nature usually
incorporating aspects of preferential looking, habituation, and joint attention (Table 3. 2).

Table 3. 2. Common constructs and tasks used in the assessment of cognitive control in infants.
Construct
Visual orienting
Sticky fixation
Mental
representation
Object
representation
Theory of mind
Smooth tracking/
smooth pursuit
Habituation

Novelty
preference

Description

Citation

How an infant moves their eyes and head either in response
to or in anticipation of a stimulus.
Very young infants exhibit long fixations (see Table 3) and
have difficulty disengaging from one stimulus to look at
another.
The ability to think about objects or people in their absence.
It also involves the ability to solve problems after thinking
about them, rather than through trial and error.
The ability to think about objects when they are temporarily
occluded. This skill forms the basis of object permanence,
which is the knowledge that an object continues to exist
when out of sight.
The ability to understand that others have distinct thoughts,
feelings, beliefs and desires that are different to one’s own.
The intentional tracking/following of a moving target.

(Aslin, 2007)

After continuous or repeated presentations of a stimulus,
habituation is the process by which infants become bored of
it, indicating that they recognise it as something they’ve seen
before. Their attention to the stimulus decreases over time.
An infant’s innate inclination to pay attention to new stimuli
over that which they’ve seen before. Often measured as part

Colombo and Mitchell
(2009)
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(MacFarlane Hood,
1995)
Hespos and Rochat
(1997)
Gredebäck and von
Hofsten (2007)
Wellman, Cross and
Watson (2001)
Aslin (2017)

Houston‐Price and
Nakai (2004)

Familiarity
preference
Social cognition

Joint attention

Gaze shifting
Predictive gaze
shift
Reactive gaze
shift
Gaze cueing/
following
Task
Preferential
looking tasks
Head turning
tasks

of habituation paradigms and is a measure of recent
memory.
A recovery of looking time to the familiar stimulus as if it
were new again. Often assessed as part of habituation
paradigms and is a measure of remote memory, or
recognition that they’ve seen a stimulus before.
How infants perceive and understand others’ goal directed
actions, social interactions, the people they interact with and
how others’ perspectives and understandings are similar or
different to their own.
The ability to follow or direct an adult’s visual attention to
an object, person or other entity. Occurs when an infant and
another person attend to the entity at the same time. Often
elicited with the help of verbal bids and nonverbal actions
(such as head turning, eye contact).
How an infant scans their environment to detect parts they
want to inspect further.
Gaze shifts that deliberately and reliably reach an area
before an event occurs, in anticipation of a future event.
Gaze shifts that occur in an area after an event occurs there,
as the infants react to an event.
When an infant looks at a new location in response to the
gaze (or head movement) of another person.

Freeze-frame
tasks

Involve presenting two stimuli at once, and measuring the
time the infant spends looking at each of them
Infants are seated in between two speakers. When an
auditory tone is played out of one of the speakers and the
infant turns their head to the sound, they are rewarded with a
toy appearing and moving above the speaker.
Involve presenting one stimulus (either visual or auditory)
repeatedly until the infant becomes bored of it (or
habituates) as indicated by decreased time looking/listening
to the stimulus. Then a novel stimulus is presented and an
increase in ‘recovery time’ is recorded (time spent
looking/listening to the novel stimulus). If the infant
significantly increases their looking time toward the novel
stimulus then it can be inferred that the infant can
discriminate between both stimuli.
Involve the presentation of a central fixation stimulus in the
middle of the screen. Once the infant is looking at this
stimulus, a visual cue is flashed in a nearby location (such as
one of the four corners) on the screen. Then, after a brief
delay, two targets appear. One target appears in the cued
location, and the other target appears spatially opposite the
target. Delayed looks to the cued location prior to target
onset are measured.
Measure an infant’s ability to make gaze shifts toward
peripheral stimuli when a central target disappears. The
central target either disappears as the peripheral stimuli
appear, or just prior.
An animated, central stimulus ceases to move if an infant
looks at peripheral, distracting stimuli.

Inhibitory control/
self-restraint tasks

Infants are required to inhibit a response until given
permission to do so.

Habituation tasks

Oculomotor
delayed response
tasks

Gap-overlap tasks
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Falck-Ytter, Gredebäck
and von Hofsten (2006)
(Hoehl, Reid, Mooney &
Striano, 2008)

Hunnius and Geuze
(2004)

(Vecera & Johnson,
1995); Senju and Csibra
(2008)
Tafreshi, Thompson and
Racine (2014)
Nelson et al. (1995)

Colombo, Shaddy,
Richman, Maikranz and
Blaga (2004)

O’Gilmore and Johnson
(1995)

Elison et al. (2013)

Holmboe, Fearon,
Csibra, Tucker and
Johnson (2008)
Aksan and Kochanska
(2004); Friedman,
Miyake, Robinson and
Hewitt (2011);

Smooth pursuit
tasks
Visual occlusion
Unexpected
event/ violation of
expectation
Search tasks
Visual
expectation tasks

Joint attention
tasks
Still-face task

Deferred
imitation tasks

Infants track a moving target. The target typically moves on
vertical, horizontal, diagonal, elliptical or sinusoidal
trajectories
Often used in smooth pursuit tasks, the target is occluded for
a brief period of time. Looks toward the reappearing side of
the occlusion are measured.
Infants will look longer at an event that is unusual,
impossible, or that they weren’t prepared for (such as a toy
car travelling through a brick wall and out the other side).
Designed to test an infant’s recall memory by asking them to
search for hidden items. The A-not-B task is an example of a
search task.
Infants are shown a series of uninspiring stimuli (such as
shapes) that are interspersed with certain stimuli (such as a
smiley face) that cue reward stimuli on the other side of the
screen. Reward stimuli are often animated and more
attractive than the shapes. Over repeated presentations, the
infant learns to look towards the other location in
anticipation of rewarding stimuli.
Involve tasks related to the infant attending to the same thing
as the experimenter. Can include gaze following, looking
and pointing tasks where an experimenter will look at a
target, and infants will look in the same location.
A task assessing social cognition, the caregiver is instructed
to assume a still, unresponsive and unemotional face, and to
not respond to requests for social interactions from their
infant.
Infants watch an experimenter complete a series of actions,
such as taking off a glove, shaking the glove to ring the bells
inside it, then putting the glove back on, and are then asked
to repeat the actions after a delay (such as 24 hours).

Kochanska, Murray and
Harlan (2000)
Rosander and von
Hofsten (2002)
Amso and Johnson
(2006)
Baillargeon, Li, Gertner
and Wu (2011)
Ahmed and Ruffman
(1998)
Canfield et al. (1997);
Domsch, Lohaus and
Thomas (2009)

Gliga and Csibra (2009);
Wu and Kirkham (2010)
Field et al. (2007);
(Goldstein, Schwade &
Bornstein, 2009)
Hayne and Barr (2000)

The development of cognitive control in infancy
The tasks outlined in Table 3. 2 measure various components of oculomotor control, as well as
the early hallmarks of cognitive control in infancy: the ability to control attention, working memory,
cognitive flexibility, and speed of information processing (Hendry, Jones & Charman, 2016). During
infancy and beyond, these skills contribute to individual differences in development and cognitive
control. Infant attention is influenced by the novelty or salience of the stimuli, and early forms of
attentional control include the ability to focus and sustain attention (Holmboe et al., 2008) and to
disengage from stimuli (Johnson et al., 1991). Attentional control in infancy is measured in gapoverlap, freeze-frame and smooth pursuit tasks (Table 3. 2).
Self-regulation refers to the ability to regulate state, stress, emotion and reactivity to aversive
stimuli (Eisenberg, Hofer & Vaughan, 2007) and often involves utilising self-soothing strategies early
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in infancy, followed by effortful control strategies (such as orienting away from aversive stimuli) by 5
months of age (Blair & Razza, 2007; Rothbart, Sheese, Rueda & Posner, 2011; Stifter & Braungart,
1995). Often, self-regulation involves inhibiting a response in favour of a more appropriate response
(Kochanska et al., 2000). Tasks that measure self-regulation in infancy include delay of gratification
tasks, self-restraint and inhibitory control tasks (Table 3. 2).
Cognitive flexibility is a construct found in both the developmental and adult literature on
cognitive control. The development and maintenance of a ‘task set’ – the mental representation of a
problem – is required when an infant attempts to solve even a rudimentary problem, such as figuring
out how to get a toy from a high shelf. In this problem, the infant (aged between birth and 2 years)
forms a mental representation of the problem and has a goal in mind: to get the toy. Included in the
mental representation are the tools and/or stimuli needed to complete the problem, such as the step or
chair to climb on, as well as the rules to abide by, such as ignoring distractions and getting the toy as
fast as possible (Meiran, 2010). During the task, the infant may need to update their task set
accordingly with new information relevant to the task. If they grab at the shelf and knock the toy
down, the infant realises that they need to get down from the step/chair and make their way towards
the floor to retrieve their toy. This scenario requires cognitive flexibility – the maintenance, updating,
and shifting of the task set, and resolving conflict within the task set. The ability to update the task set
is evident by 5 months of age, as representations of objects that are out of sight can be held and
updated (Koechlin, 1997; Wynn, 1992), and by 8 months, infants are able to update and maintain
complex object representations (such as rigid and flexible objects) when out of sight (Huntley-Fenner,
Carey & Solimando, 2002). In infants, cognitive flexibility can be measured by A-not-B tasks (Table
3. 2). The ability to maintain complex task sets develops by 2 years of age (Espy, Kaufmann,
McDiarmid & Glisky, 1999) and the ability to resolve conflict emerges at around 3 years of age
(Blakey, Visser & Carroll, 2016; Carlson, Mandell & Williams, 2004; Garon, Smith & Bryson, 2014;
Johansson, Marciszko, Brocki & Bohlin, 2016).
As before, speed of information processing refers to how information is encoded, processed and
represented in the infant brain. Infant processing speed has been found to be predictive of later
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childhood IQ and academic achievement (Colombo & Mitchell, 2009; Domsch et al., 2009; Kavšek,
2004) as well as working memory and cognitive flexibility at age 11 (Rose, Feldman, Jankowski &
Van Rossem, 2012). Processing speed is typically measured with tasks that assess reaction time
and/or looking time to particular stimuli. These can include the gap-overlap task, whereby processing
speed is indexed by the time taken to shift gaze to peripheral stimuli before it appears, and the visual
expectation paradigm, where the time taken to make a saccade to peripheral stimuli is an indication of
processing speed (Table 3. 2). Habituation paradigms also assess processing speed via looking time to
stimuli and will be covered in the subsequent section.
Habituation paradigms
The literature on early cognitive control development, including habituation and joint attention
abilities, form the basis of studies 3 and 4 of this thesis (Chapter 8 and Chapter 9). Early information
processing is commonly measured by habituation tasks, and joint attention tasks provide information
on the development of social cognition. Habituation paradigms are commonly used in assessing infant
cognition, both in traditional, global assessments of development (Bayley, 2006a) and using eye
tracking methodologies (Oakes, 2010). As seen in Figure 3. 2, habituation paradigms involve
presenting one stimulus (either visual or auditory) repeatedly until the infant becomes bored of it (i.e.,
habituates). Or in fixed-trial paradigms, stimuli are presented for a fixed amount of time, depending
on the age of the infant. Habituation is measured by decreased time looking/listening to the stimulus.
Then, a novel stimulus is presented and an increase in ‘recovery time’ is recorded (time spent looking
at the novel stimulus). If the infant significantly increases their looking time toward the novel
stimulus then it can be inferred that the infant can discriminate between both stimuli.
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Figure 3. 2. Habituation paradigm. Examples of a familiarsation phase (1) and test phase (2;
immediate and delayed) are shown. Created with BioRender.com.

Look duration during the habituation phase indicates encoding speed. It is thought that infants
who make shorter fixations toward familiar stimuli process the visual information more quickly than
those who fixate longer, and encode more global detail of the stimulus first, rather than smaller details
(Guy, Reynolds & Zhang, 2013). Infants who are categorised as ‘short lookers’ and only need a brief
amount of time to familiarise themselves with the stimulus, start encoding the global features (such as
how the stimuli are arranged) and then move to process local features (such as the shapes within the
stimuli) the longer that they are exposed to it (Colombo, Freeseman, Coldren & Frick, 1995). Longer
looking infants show no preference for processing global or local features in any particular order,
which results in them processing the stimuli more slowly.
Infants also show individual variation in processing speed, with some 3 month olds needing
seconds to habituate to images of animals and vehicles, whereas others can take minutes (Arterberry
& Bornstein, 2001). It has been suggested that there are three types of habituation patterns shown by
infants (Bornstein & Benasich, 1986). In a sample of 5 month old infants (Figure 3. 3), the first
pattern (A; 60% of sample) was characterised by a linear/exponential decrease in looking time,
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including a lot of looks initially and then habituation; a second pattern (B, 10% of sample) involved
an increase then a decrease in looking time, i.e., they looked very little at first, then became interested
in the stimulus and then habituated; and a third pattern (C; 30% of sample) was characterised by
fluctuating patterns of looking. Importantly, linear/exponential lookers required significantly less
exposure time to the stimulus and showed less accumulated looking than the increase/decrease or
fluctuating lookers. Infants that show a particular habituation pattern are likely to use that pattern in
similar experimental conditions when re-tested (Brian, Landry, Szatmari, Niccols & Bryson, 2003;
Lavoie & Desrochers, 2002). Other studies have found that infants also demonstrate a large amount of
age-related variability in processing speed, with younger infants habituating slowly and improving by
6 months of age (Colombo et al., 2010; Colombo & Mitchell, 2009).
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Figure 3. 3. Results from 3 infants who participated in a habituation study, that typify the patterns of
habituation strategies employed by infants. Individual looks are plotted, and referenced to baseline
(the mean of the first two looks). The habituation criterion was set to 50% (dotted line), which
reflected a drop in looking time of 50%. (A) shows a linear/exponential decrease in looking, (B)
shows an increase/decrease pattern of looking, and (C) shows a fluctuating pattern of habituation.
Adapted from “Infant habituation: Assessments of individual differences and short-term reliability at
five months,” by M. H. Bornstein, & A. A. Benasich, 1986, Child Development, 87-99. Copyright
[1986] by the Society for Research in Child Development. Adapted with permission.

The time spent looking at the novel stimulus in a habituation paradigm can be a measure of
visual recognition memory: the extent to which the infant encoded visual properties of the stimulus
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into memory (Colombo & Mitchell, 2009; Fagan, Singer, Montie & Shepherd, 1986). Infants show
individual variability in their preference for novelty. As seen in Figure 3. 4, some infants show
novelty preference (i.e. in the immediate test phase, they spend more than 50% of their total looking
to the novel stimulus as compared to the familiar one), some show chance levels (i.e. they spend 50%
of their looking time to both the novel and familiar stimulus) and some show a preference for
familiarity (i.e. spend less than 50% of their looking time to the novel stimulus; (Arterberry &
Bornstein, 2002). Test-retest reliability from habituation tasks has demonstrated continuity in
individual differences in processing speed across infancy (Colombo, Mitchell & Horowitz, 1988). In
sum, habituation paradigms provide effective indicators of early information processing abilities in
infants, as they assess memory and quick and flexible thinking which underlie effective cognitive
control.
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Figure 3. 4. Novelty responsiveness to images of static images after a period of habituation in 6
month old infants. Each diamond (♦) corresponds to an infant’s proportion of looking time to the
novel stimulus, as a proportion of total time spent looking in the test phase. Values higher than .50
indicate novelty preference. The horizontal line is the group average. Adapted from “Variability and
its sources in infant categorization” by M. E. Arterberry and M. H. Bornstein, 2002, Infant Behavior
and Development, 25(4), p. 515-528. Copyright 2002 by Elsevier Science Inc. Adapted with
permission.
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Joint attention paradigms
Social cognition refers to the ways in which infants perceive and understand others’ actions,
social interactions, people that they interact with and how others’ perspectives and motivations are
similar or different to their own (Table 3. 2). Infants show a preference for faces over other objects
from birth (Farroni, Csibra, Simion & Johnson, 2002) and there is even evidence to suggest this
preference is present before birth, as human fetuses prefer to engage with face-like stimuli while in
utero (Reid et al., 2017). Eye contact also plays a role, with newborns showing a preference for faces
with direct gaze over averted gaze (Farroni et al., 2002; Farroni, Menon & Johnson, 2006) and better
recognition memory for faces that addressed them with direct gaze rather than averted gaze (Guellai
& Streri, 2011).
Joint attention facilitates an infant’s progression from face-to-face interactions with others to
those involving others and objects. Joint attention, put simply, refers to “looking where someone else
is looking” (Butterworth & Jarrett, 1991, p. 55). Gaze cueing forms the basis of joint attention. The
ability to follow another’s gaze develops from he age of 4 months (Vecera & Johnson, 1995).
However gaze following in early infancy is mediated by social context. Senju and Csibra (2008)
showed infants a video of a woman who turned to one of two toys. Six-month old infants were able to
follow her gaze to the correct toy but only if the gaze shift was preceded by direct eye contact or
infant-directed speech from the woman. In another study with infants aged 9, 10 and 11 months,
researchers sat directly opposite an infant and turned and looked at a target with either open or closed
eyes (Figure 3. 5). They found that infants aged 10 months and older were significantly more likely to
look at the target when the researcher looked with open eyes rather than closed eyes, indicating that
they were reliably following gaze and not just a head turn (Brooks & Meltzoff, 2005). Infants follow
attention cues to help them filter the amount of potential events worth attending to each moment. As
attention is of critical importance to infant learning, what an infant attends to can bias what they learn.
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Figure 3. 5. An infant successfully completes a gaze following task. In this task, the researcher makes
eye contact with the infant, then turns her head and eyes to look at the target (a toy). In response, the
infant follows her gaze to the toy. Adapted from “Social cognition and language: The role of gaze
following in early word learning,” by R. Brooks and A. N. Meltzoff, 2005, in Infant pathways to
language: Methods, models, and research disorders by J. Colombo, P. McCardle, and L. Freund
(Eds.), (p. 169-194). USA: Psychology Press. Copyright 2009 by Psychology Press. Reproduced with
permission.

Tracking an infant’s eyes as they view other people engaging in meaningful or goal directed
activities provides a unique look into the emergence of social understandings in infancy. Infants aged
4, 5, and 8 months spend significantly more time looking at the eyes when presented with a face, and
it is not until 12 months of age that infants scan other parts of the face as much as they do the eyes
(Oakes & Ellis, 2013). Standard paradigms to assess joint attention typically involve a person who
combines a gaze cue with social cues such as eye contact, infant-directed speech, and head turning.
By 6 months of age, infants are able to reliably follow gaze (Hoehl et al., 2008). However, only after
the age of 18 months are infants able to follow gaze in the absence of other social cues. Taken
together, this evidence indicates that multiple live social cues, combined with eye gaze are important
mediators of attention during early infancy. If infants can effectively engage in joint attention and are
able to follow social cues, this may facilitate faster learning, as social cues have been shown to guide
infant learning of words, language and objects in otherwise noisy environments (Gliga & Csibra,
2009).

3.2.3 Using eye tracking methodology to measure infant cognitive development
In order to measure an infant’s looking behaviour, in the past, researchers would videotape an
infant engaging in an experimental paradigm and then code the infant’s gaze offline, frame-by frame.
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This process is not only arduous and time consuming on the researcher’s part, but it also does not
allow for detailed spatial resolution or quantitative assessments of eye movements. Researchers have
since tried to circumvent these issues by using eye tracking methodology to record from infantfriendly tasks.
The use of eye tracking to study infant cognition is an expanding area of research as it offers
spatially and temporally accurate ways of studying early cognitive development in infancy. Eye
tracking is non-invasive method and offers the capacity to analyse infant looking behaviour and
attention with great accuracy (e.g. Wass, Smith & Johnson, 2013), in both lab-based and
seminaturalistic contexts (e.g. Aslin, 2007), and in terms of mechanisms of eye movement, control
and planning behaviour. Eye trackers measure the corneal reflection (also known as Purkinje images;
Crane, 1994) from a light source in relation to the pupil location, in order to identify the location of
eye gaze (Figure 3. 6). Specifically, they record the x and y coordinates of an eye’s point of gaze in
space, at each sampling cycle (such as 500 times per second for a 500 Hz eye tracker).

Figure 3. 6. Pupil (white cross) and corneal reflection (black cross) are identified by an eye tracker.
Adapted from Eye tracking: A comprehensive guide to methods and measures (p. 25), by K.
Holmqvist, M. Nyström, R. Andersson, R. Dewhurst, H. Jarodzka, and J. Van de Weijer, 2011, USA:
Oxford University Press. Copyright 2011 by Oxford University Press. Reproduced with permission.
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Fixations and saccades are the most prominent measures that can be derived from eye trackers.
A fixation refers to the time in which the eye remains still between saccades, and is an eye movement
that stabilises the retina over a fixed target. Fixation durations are typically between 200-300ms.
During a fixation, infants are processing foveal visual information and encoding it into working
memory, selecting the target for their next saccade, and preparing their oculomotor system to bring
the next target into vision (Rayner, 1998). A saccade is a type of rapid eye movement, usually lasting
between 30ms-80ms, which repositions the eye from one fixation to another. Saccadic amplitude is
measured in degrees of visual angle and refers to the distance travelled from the onset to the offset of
a saccade.
Typically, infant eye tracking studies use tasks that measure aspects of visual attention. Visual
orienting tasks examine how an infant moves their eyes and head either in response to or anticipation
of a stimulus (Table 3. 2). For example, presentation of bright, colourful and animated stimuli in an
infant’s visual field encourages infants to perform an action (such as moving their eyes). Orienting is
the primary way an infant is able to gather information from their environment (Aslin, 2007) and can
be involuntary (in response/reaction to a stimulus that captures their attention) or voluntary (indicating
a shift in attention). Gaze shifting allows the infant to scan the environment and select parts that they
want to inspect further and learn more about, such as a face preference over other stimuli (Table 3. 2).
In the first few months of life, infants tend to follow a moving stimulus with saccadic (i.e., step-like)
eye movements, and tend to lag behind the moving stimulus, instead of moving with or predicting its
movements. Older infants and adults use smooth pursuit eye movements; that is, they follow
movement smoothly. Further details of these constructs can be found in Table 3. 2.
When infants are aged around 1 month, their visual orienting is characterised by ‘obligatory
attention’ or ‘sticky fixation’ towards static stimuli (MacFarlane Hood, 1995); that is, the infant
exhibits long fixation durations and has difficulty disengaging from one stimulus to look at another
(Table 3. 2). By three months of age, infants exhibit shorter fixations (Johnson et al., 1991), and are
able to track a stimulus smoothly, have the ability to make ‘anticipatory’ eye movements (Haith,
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Hazan & Goodman, 1988) and to learn to shift their attention in response to sequences or patterns of
looking, such as left-left-right, left-left-right patterns of stimulus presentation (Canfield & Haith,
1991; Wentworth & Haith, 1998). These skills are early hallmarks of planning and attentional
control, which are skills critical to cognitive control. These abilities are facilitated by dendritic growth
and myelination occurring in the primary visual cortex at this age (e.g. Nelson & Bloom, 1997). By
four months of age, sticky fixation has largely disappeared, infants take note of others’ gaze direction,
and are capable of predictive tracking of object movements and completing anti-saccade tasks. They
are also able to learn to inhibit a saccade to a cue in order to respond more quickly to a more attractive
target (Johnson, 1995). On an infant version of an oculomotor delayed response task (Table 3. 2), 6
month olds are able to perform delayed saccades, suggesting that they are able to maintain
information in working memory (for 3-5 seconds) and that they are acquiring control over eye
movements (O’Gilmore & Johnson, 1995). Additionally, infants aged under 9 months have difficulty
inhibiting previously learned responses, but by 12 months of age, most infants are able to inhibit
particular behaviours and can shift response sets (Diamond, 1985); both of which are early indicators
of inhibitory control and cognitive flexibility seen in adults.
Significance of cognitive development
Cognitive control ability can have long term impacts across the course of life. In adults, higher
cognitive control is linked to better regulation of cognition and emotions. This, in turn, results in a
better ability to balance arousal with careful reasoning, more rational decision making and behaviour
that is goal-directed rather than impulsive. Thus, cognitive control processes help to facilitate healthy,
adaptive behaviours and goals, such as good social and emotional functioning and quality of life
(Brown & Landgraf, 2010; Davis, Marra, Najafzadeh & Liu-Ambrose, 2010). Consequently, poorer
cognitive control in adulthood has been linked to poorer peer interactions and lower resiliance
(Greenberg, 2006), as well as lower productivity and unemployment (Bailey, 2007). Poorer cognitive
control has also been linked to higher rates of obesity, drug and alcohol abuse, and poor adherence to
treatment (Miller, Barnes & Beaver, 2011; Riggs, Spruijt-Metz, Sakuma, Chou & Pentz, 2010; Will
Crescioni et al., 2011). Poor cognitive control is also associated with antisocial problems including
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reckless behaviour, violence and the inability to regulate anger and aggression (Broidy et al., 2003;
Denson, Pedersen, Friese, Hahm & Roberts, 2011). In their longitudinal study, Moffitt et al. (2011)
confirmed these relationships between poor cognitive control and adaptive/maladaptive outcomes in
later life. The authors found that childhood self-control was predictive of adult physical health,
alcohol and drug use, financial stability and criminal behaviour.
Adolescents with poor cognitive control are more likely to make mistakes, fail in school,
become welfare dependent and smoke and drink alcohol underage (Moffitt et al., 2011). This has
ramifications for society, with great costs to schools, classrooms, teacher effort, and the welfare
system. Poor cognitive control in childhood is characterised by impulsiveness or acting without
thinking, not waiting for turns, a lack of effort and persistence, being quick to frustration or
distraction, and/or requiring constant attention and motivation from an adult. In children, cognitive
control ability is represented in behaviours such as self-driven behaviour in pursuit of goals, and the
ability to analyse their environment to see what the most appropriate action is. Deficits in cognitive
control are often noted in childhood disorders including attention-deficit/hyperactivity disorder
(Willcutt, Doyle, Nigg, Faraone & Pennington, 2005), autism spectrum disorder (Hughes, Russell &
Robbins, 1994) and depression (Snyder, 2013). Interestingly, childhood cognitive control ability is a
better predictor of school success and later academic achievement than IQ, or early literacy/numeracy
ability (Blair & Razza, 2007; Rimm-Kaufman, Pianta & Cox, 2000).
Cognitive abilities in early infancy show long term continuity into later cognition of childhood
and pre-adolescence. Habituation paradigms have been used as predictors for later mental
development. Many studies have confirmed a link between the speed of habituation responses in
infancy and mental test scores at the ages of 3 to 21 years of age (Fagan, Holland & Wheeler, 2007;
Kavšek, 2004; McCall & Carriger, 1993). Infant attention (in terms of visual habituation and
recognition memory) has been shown to moderately correlate with scores on attention measures
during childhood and has been linked to IQ at age 11 (Rose et al., 2012), and has been found to be
predictive of adult IQ and academic achievement (Fagan et al., 2007). Additionally, fixation duration
in early infancy has been shown to correlate with temperament and attention skills at ages 3 and 4, as
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well as effortful control, hyperactivity, inattention, IQ, and achievement in late childhood
(Papageorgiou et al., 2014; Rose, Feldman & Jankowski, 2001). Conversely, the ability to disengage
from a central stimulus and orient to a peripheral one appears to be a sensitive marker of atypical
development, and is frequently noted as a characteristic of autism (Keehn, Lincoln, Müller &
Townsend, 2010) and ADHD (e.g. Swanson et al., 1991). Taken together, these studies suggest that
individual differences in fixation duration could be used as a measure of a child’s ability to efficiently
regulate and control their attention.
Given the extent to which cognitive control in infancy and childhood influences many other
aspects of life, it becomes clear that studying early indicators of information processing in infants can
provides a basis for understanding the mechanisms through which cognitive control develops. Given
the long maturation process of cognitive control components, children are sensitive to early life
experiences which may help or hinder their development of cognition. However, questions remain as
to how individual children differ in their developmental trajectories of cognitive control, and how
environmental influences can lead to improvements in cognitive control. Given the implications that
effective cognitive control has on an individual’s future, we need to look at the very beginning of
cognitive control development in early infancy and investigate the factors that may influence
cognitive development during this sensitive period. Understanding these mechanisms may help
inform early intervention programs aimed at improving attention and cognitive skills in children, and
to also help identify children at risk of developmental delay or neurodevelopmental disorders.

3.3 Developmental psychopathology
The range of technical advancements in developmental cognitive neuroscience has allowed
researchers greater insight into the neural and biological underpinnings of atypical child development
and psychopathology. This section will briefly outline the range of developmental disorders found in
children and their etiologies, in order to give context for my systematic review to follow in Chapter 4.
This review analyses the effect of maternal asthma during pregnancy on child cognitive and
behavioural development, and looks at whether infants of mothers with asthma are at greater risk of
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developing autism spectrum disorders (ASD) or other neurodevelopmental and neurological disorders
(such as attention-deficit/hyperactivity disorder; ADHD, intellectual disability, learning disabilities, or
cerebral palsy) or developmental delay.
3.3.1 Autism spectrum disorders
Autism spectrum disorder (ASD) is a neurodevelopmental and pervasive developmental
disorder that is characterised by deficits in social interactions (e.g. poor eye contact and relationships
with peers), communication (e.g. mutism, inability to sustain conversations with others, or repetitive
language) and restricted and repetitive movements, behaviour, interests or activities, such as hand
flapping and a preoccupation with certain objects or topics (American Psychiatric Association, 2013).
Children with ASD have known difficulties with theory of mind (Table 3.2; Baron-Cohen, 1997),
which can lead to deficits in social cognition and joint attention (McArthur & Adamson, 1996) and
cooperation with others during play (Paul, 2003). A variety of genetic and environmental risk factors
have been implicated in the etiology of ASD. Exposure to infections and toxins in utero, specifically
rubella, alcohol, cocaine, pesticides and air pollution, is associated with increased risk of ASD (Lyall,
Schmidt & Hertz-Picciotto, 2014; Ornoy, Weinstein-Fudim & Ergaz, 2015), while twin studies have
revealed up to a 0.9 rate of heritability of ASD (Abrahams & Geschwind, 2008).
3.3.2 Intellectual disability, developmental disorders, and language disorders
Intellectual disability is usually diagnosed when IQ is less than 70 and the individual has
deficits in two or more adaptive functioning domains that affect day-to-day living (such as daily
living, communication, and social skills; American Psychiatric Association, 2013). Intellectual
disability can be syndromic, which is when it is comorbid with other syndromes such as Down
syndrome (Molloy et al., 2009), or non-syndromic, where intellectual and IQ deficits occur without
other diagnoses. Intellectual disability has a genetic basis (Kaufman, Ayub & Vincent, 2010), and is
commonly found in individuals with ASD (Fombonne, 2003). Exposure to alcohol (Riley, Infante &
Warren, 2011), rubella infection (Poplawski, 2003) and environmental toxins (such as lead and
mercury; McDermott et al., 2014) during pregnancy can lead to intellectual disability in offspring.
Birth complications (Bilder et al., 2013), degenerative and seizure disorders, and postnatal exposure to
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diseases (such measles and meningitis), iodine deficiency, malnutrition, and injury in either childhood
or adulthood can also lead to intellectual disability (for review, see Harris, 2006). However, in up to
60% of cases of intellectual disability, there is no known cause (Rauch et al., 2006).
Global Developmental Delay (GDD) is diagnosed prior to age 5, in infants and toddlers who do
not meet expected developmental milestones in two or more of the following areas: motor, speech and
language, social and personal and daily living skills (American Psychiatric Association, 2013). Most
children who meet criteria for a diagnosis of GDD show deficits across most or all of these domains,
and many go on to receive a diagnosis of intellectual disability (Shevell, 2010). GDD may be caused
by syndromes or genetic disorders (such as Down Syndrome; Stevenson, Schwartz & Rogers, 2012),
metabolic disorders (such as phenylketonuria; Gilissen et al., 2014) or conditions such as cerebral
palsy (Shevell, Majnemer & Morin, 2003), malnutrition or neglect (van IJzendoorn et al., 2011),
exposure to infections or toxins (Silasi et al., 2015) and alcohol and drugs (Popova et al., 2016) during
pregnancy.
Learning disorders are often diagnosed when a child is not performing as expected on measures
of academic achievement (such as reading, writing or mathematics). Reading disorder is most
common (Snowling, 1998) and is characterised by difficulties in comprehension and reading accuracy
that are not due to any other developmental disorder or impairment (such as vision problems) or
cultural or socioeconomic factors. Like other disorders of childhood, the etiology of learning disorders
involves genetics, brain structure and function differences, and environmental risk factors. Twin and
adoption studies suggest a genetic component to learning disorders (McGrath et al., 2007;
Whitehouse, Bishop, Ang, Pennell & Fisher, 2011). Environmental risk factors, such as fewer years of
parental education (St. Sauver, Katusic, Barbaresi, Colligan & Jacobsen, 2001), low birth weight
(McCormick, Gortmaker & Sobol, 1990), premature birth (Taylor, Espy & Anderson, 2009) and male
sex (Flannery, Liederman, Daly & Schultz, 2000) are all associated with learning disorders in
children.
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3.3.3 Attention-Deficit/Hyperactivity disorder
Attention-deficit/hyperactivity disorder (ADHD) is a condition characterised by elevated and
persistent inattention, hyperactivity, and impulsivity that are not age appropriate (American
Psychiatric Association, 2013). These symptoms need to appear before 7 years of age, continue for 6
months or more, occur across more than one setting (such as school and home), and lead to
impairments in the child’s social or academic life. Children with ADHD often show impairments in
cognitive control, particularly with inhibition, working memory and planning (Holmes et al., 2010).
The causes of ADHD are unclear and controversial (Baughman Jr, 2006). There is consensus that
genetic, cognitive and neurodevelopmental factors play a role in the development of ADHD (Kieling,
Goncalves, Tannock & Castellanos, 2008; Mick & Faraone, 2008) and that these factors must be
considered together (Banerjee, Middleton & Faraone, 2007). Results from twin, adoption and gene
studies reveal that ADHD has a genetic component (Faraone & Mick, 2010), while environmental
factors that have been linked to ADHD include prenatal exposure to alcohol and tobacco (Braun,
Kahn, Froehlich, Auinger & Lanphear, 2006; Mick, Biederman, Faraone, Sayer & Kleinman, 2002;
Motlagh et al., 2010). Structural brain abnormalities that have also been implicated in ADHD include
changes in, or delays in maturation of the prefrontal cortex and basal ganglia (Rubia, 2007; Vaidya,
2011).

3.4 Conclusion
In sum, the development of infants prior to birth and in the first year of life is complex. As
development begins prior to birth, it is important to consider the many intra- and extra-uterine
influences on prenatal development, namely maternal stress, illness or infection, age, drug and alcohol
use, diet and exercise, and exposure to environmental toxins and pollution. The aim of this thesis is to
examine the ways in which maternal asthma and mental health during pregnancy influence
developmental outcomes for the child. In particular, the thesis will focus particularly on the cognitive
outcomes of infants born to mothers with asthma using developmental and eye tracking measures.
This literature also gives context to my final two studies (Chapter 8 and Chapter 9), which
71

characterise the role of eye tracking in analysing infant cognition, and whether infant cognitive
development is mediated by maternal asthma and/or mental health status. Finally, it is important to
understand developmental psychopathology in the contexts of autism spectrum disorders, ADHD and
intellectual disabilities and their etiologies, to give context for my systematic review which follows in
Chapter 4. There had been no systematic review of the literature relating to maternal asthma and
infant developmental outcomes. Therefore, this review addresses whether maternal asthma during
pregnancy is associated with increased risk of adverse cognitive and behavioural outcomes in
childhood, including increased risks for ASD, ADHD, intellectual disability and global developmental
delay.
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Chapter 4: The effects of maternal asthma during pregnancy on child
cognitive and behavioral development: A systematic review 1
4.1 Introduction
Asthma is one of the most common chronic diseases to affect women of childbearing age. It is
estimated that up to 12% of pregnant Australian women suffer from asthma (Sawicki et al., 2011), and
worldwide, the prevalence of asthma during pregnancy is increasing (Hansen et al., 2013). Asthma
during pregnancy has been linked to poor physiological outcomes for both mother and child. As seem
in Table 4. 1, for the pregnant mother, asthma can lead to a higher risk of gestational diabetes, preeclampsia, caesarean delivery, placenta previa, increased length of hospital stay, and pregnancy
complications including haemorrhage and placental abruption (Murphy et al., 2011a; Murphy, Wang,
et al., 2013; Wang et al., 2014). Further, up to half of women with asthma are estimated to experience
an asthma exacerbation during pregnancy (Murphy et al., 2010; Schatz et al., 2003).

Table 4. 1. Summary of studies that examined physiological outcomes of asthma during pregnancy.
Mother

Outcome

Reference

Articles
included (n)
19, 10

Preterm delivery

Jaakkola et al. (2006);
Murphy et al. (2011);

Caesarean delivery

Wang et al. (2014);

23

Pre-eclampsia

Murphy et al. (2006);
Murphy et al. (2011);

2, 14

Gestational diabetes

Wang et al. (2014);

12

Antepartum/postpartum
haemorrhage

Wang et al. (2014);

11/7

Placenta previa

Wang et al. (2014);

8

Placental abruption

Wang et al. (2014);

11

Premature rupture of
membranes

Wang et al. (2014);

9

Summary statistic

OR 1.074 (95% CI,
1.072-1.075), RR 1.50+
(95% CI 1.28-1.75)
RR 1.31 (95% CI 1.221.39)
RR 1.48* (95% CI 1.072.04), RR 1.54 (95% CI
1.32–1.81)
RR 1.45+ (95% CI 1.181.78)
RR 1.25 (95% CI 1.101.42)/
RR 1.29+ (95% CI 1.181.42)
RR 1.23 (95% CI 1.071.40)
RR 1.29 (95% CI 1.141.47)
RR 1.21 (95% CI 1.07–
1.37)

Published as: Whalen, O. M., Karayanidis, F., Murphy, V. E., Lane, A. E., Mallise, C. A., & Campbell, L. E.
(2019). The effects of maternal asthma during pregnancy on child cognitive and behavioral development: A
systematic review. Journal of Asthma, 56(2), 130-141.
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Infant

Low birthweight

Murphy et al. (2006);
(2011);

3, 13

Small for gestational age

Murphy et al. (2011);

8

Congenital malformations

Murphy et al. (2013)

8

Neonatal death

Murphy et al. (2013);

6

Asthma in offspring

Lim et al. (2010);

18

*with exacerbation during pregnancy
**without exacerbation during pregnancy
+without active asthma management

RR 2.54* (95% CI 1.524.25), RR 1.46 (95% CI
1.22-1.75)
RR 1.22 (95% CI 1.141.31)
RR 1.11+ (95% CI 1.021.21)
RR 1.49 (95% CI 1.112.00)
OR 3.04 (95% CI 2.593.50)

Asthma and asthma exacerbations during pregnancy are associated with prenatal biological
mechanisms that increase the risk of perinatal infant complications. More specifically, asthma is
associated with respiratory alkalosis and hypoxia, which can reduce placental blood flow and impact
oxygen supply to the developing fetus (Sachs, Brown, Yeh, Acker & Niaraki, 1987). These events may
have a more significant hypoxic impact on the fetus than the mother (Clifton & Murphy, 2004). For
instance, low birth weight is associated with reduced 11β-HSD 2 activity in the placentae of mothers
with asthma (Murphy & Clifton, 2003; Murphy et al., 2002). Several studies have reported adverse
infant outcomes such as pre-term infant birth, congenital malformations, longer hospital length of stay,
poor lung function, higher risk of asthma, and infant mortality (Table 4. 1). Although the findings are
not consistent and may be influenced by other factors, such as the biological sex of the child (Murphy,
Gibson, Talbot & Clifton, 2005; Sachs et al., 1987), these potential physical health outcomes constitute
risk factors for poor infant developmental outcomes.
Despite the evidence that maternal asthma during pregnancy is associated with a higher risk of
negative perinatal outcomes (Clifton et al., 2009; Murphy & Gibson, 2009; Murphy & Schatz, 2014;
Murphy, Wang, et al., 2013) that are known to impact infant cognitive development, little is known
about the direct effects of maternal asthma on infant cognitive development. This systematic review
addresses the question of whether maternal asthma during pregnancy is associated with atypical
cognitive and behavioural development in offspring.
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4.2 Methods
4.2.1 Search strategy
A systematic review of the literature for papers published for the full time period available up
to January 9, 2018 was conducted using the statement on Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) as a guide (Liberati et al., 2009). Medline (531 items) and
PsychInfo (29 items; see Figure 4. 1) were searched for all papers published using the search strategy
shown in Table 4. 2. A manual search (date last searched 9 January, 2018) involving hand-searching
of Google Scholar identified 71 items. An additional 37 studies were identified by hand-searching the
reference list of included articles and related review articles.

Figure 4. 1. Flow diagram detailing the information sources, screening procedure and number of
papers included in this review.
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Table 4. 2. Key words used in database searches.
Pregnancy OR
AND:
AND:
AND:
gestation
Maternal health OR
Asthma
5 ADJ child* prefix to each
embryonic development OR
term: cognition OR outcomes
fetal development OR
OR
prenatal exposure OR
intellectual disability OR
post natal OR preterm birth
mental retardation OR
OR corticosteroid OR atopy
executive function OR
OR
childhood morbidity OR health
maternal asthma OR fetus
status OR hospitalisation OR
OR
developmental disabilities OR
infant OR
fetal development OR
newborn OR gestational age
intelligence OR
OR premature birth OR
intellectual OR
respiratory OR
development OR
risk assessment OR maternal
disorders OR
health OR pregnancy
autistic disorders OR
outcomes OR
developmental delay OR
risk factors OR
psychomotor performance OR
birth weight OR maternal
parent-child relations OR
welfare OR perinatal OR
immune OR
prenatal OR
achievement OR
growth OR
behaviour OR
temperament OR
infant welfare OR gestational
age OR high risk
disability
Note: child* is a truncation which returns results for child, children, childhood etc.
5 ADJ child* is a proximity operator which returns articles with titles where child* appears within
5 words of each term listed.

Inclusion criteria
After excluding duplicates (n=56), 612 studies were screened for inclusion criteria by two
independent investigators (OW, MKB) and assessed for eligibility. Discrepancies were resolved by a
third independent investigator (LC). Studies were deemed eligible if they included mothers with a
diagnosis of asthma, and if they reported child cognitive and developmental outcomes. The majority
of studies investigated the physiological consequences of maternal asthma on the mother and infant
(i.e. low birthweight, risk of childhood asthma) and thus are not relevant to this review. Studies that
addressed genetic conditions, maternal smoking, child asthma, or allergies and autoimmune disorders,
without the presence of maternal asthma were excluded. Reviews, conference publications and grey
literature were excluded.
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4.2.2 Study selection and summary measures
Five hundred and nineteen papers were excluded during title and abstract screening. The full
text of remaining 93 papers was assessed for relevance. Of these, 83 papers were excluded for the
following reasons: wrong patient population (n=20), wrong outcomes (n=40), or wrong study design
(including review articles; n=23). After these exclusions, ten studies were identified for inclusion in
this review.
Where studies presented risk estimates for child cognitive and behavioural outcomes as a result
of maternal asthma, we extracted odds ratios (ORs) and relative risk with 95% confidence intervals
(CI). For all studies, we also extracted study design, number and age of mothers and children, asthma
diagnosis covariates used to adjust risk estimates, age of asthma diagnosis, and nature of
cognitive/behavioural outcome.
4.2.3 Risk of bias assessment and synthesis of results
The Scottish Intercollegiate Guidelines Network (SIGN) Methodology Checklist 4: Casecontrol Studies (version 2 dated 28.05.12; Scottish Intercollegiate Guideline Network, 2001) was used
by a single reviewer (OW) to assess risk of bias in individual studies. The SIGN involves an
assessment of both internal validity and an overall quality assessment. As the selected studies differed
in design, approach and results, a meta-analysis was neither possible nor suitable for this review.
Instead, we examine trends descriptively taking into consideration study design, age range and
outcomes.

4.3 Results
4.3.1 Notes on risk of bias issues
Gordon, Niswander, Berendes and Kantor (1970)
While the method of selection of cases and controls was acceptable, this study rated poorly in
the SIGN quality assurance assessment. It was unclear whether controls were matched to cases.
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Paediatric outcomes were based on valid and reliable measures (e.g. mortality rates, APGAR scores),
but the measures used to derive psychological and neurological outcomes were poorly defined and
justified (i.e., no information on validity or reliability, no justification for their selection, no citation).
There was no evidence that important confounding factors were controlled (e.g. socioeconomic status
and comorbid allergies in mothers with asthma). Results do not always include p-values and/or
confidence intervals or standard deviations. This study was rated as unacceptable according to the
SIGN assessment and conclusions should be treated with caution.
Flannery and Liederman (1994)
This is a large case control, epidemiological study (n=17,283) where only 4% of cases had an
immune disorder (n=743). Immune disorders were recorded as part of the Collaborative Perinatal
Project (CPP) database and included ulcerative colitis, a history of asthma, Type 1 diabetes,
hypothyroidism and hyperthyroidism. Medical history (recent and past) was recorded by trained staff
during the mother’s first perinatal visit. Controls were only screened for the above five immune
disorders and therefore may have suffered from other immune disorders. The timing of the asthma
diagnosis is not specified and the diagnosis itself was not independently confirmed. In the CPP,
paediatric-neurological examinations occurred at 4 months, 12 months and 7 years, and psychological
examinations occurred at 8 months, 4 years and 7 years. It is not clear when the Bayley Scales of
Infant and Toddler Development and the assessments of fine and gross motor skills were completed.
The diagnostic criteria used for assessment of neurodevelopmental disorders at 7 years (e.g. attention
deficit disorder) are not explicitly specified.
Schatz et al. (2001)
This study compared developmental outcomes of 15 month old infants born to mothers with
and without asthma. It had a large sample size (>350/group), used valid and reliable measures of
asthma (physical examination, spirometry, history and diagnosis of asthma) and infant development
(Bayley Scales), and implemented appropriate analyses and adjustment of confounding variables. The
mothers’ asthma was managed by physicians during the study, in order to avoid exacerbations during
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pregnancy. Therefore the conclusions cannot be extended to infants born to mothers whose asthma is
not well managed during pregnancy.
Micali et al. (2004)
This epidemiological study examined 97 children who had been diagnosed with a pervasive
developmental disorder (e.g. autism, Asperger’s disorder and Pervasive Developmental Disorder-Not
Otherwise Specified PDD-NOS). Diagnoses were not confirmed for the study. The control group
included children diagnosed with learning difficulties, developmental delays, behavioural problems or
medical disorders (e.g. genetic conditions), but not typically developing children. Diagnosis of
maternal asthma was obtained using a self-report sociodemographic questionnaire and in 51% of
cases, the diagnoses of autoimmune conditions was confirmed by the participant’s general practitioner
(GP). Agreement between GP and self-report diagnosis was high. The response rate was lower for
control parents than for case parents. The control parents who did respond, as compared to those who
did not respond, reported higher rates of developmental abnormalities and psychiatric illnesses, which
may have biased findings toward the null hypothesis. The authors concluded that there was no
evidence of an increased incidence of maternal asthma or autoimmune disorders among offspring with
pervasive developmental disorders.
Croen et al. (2005)
This large case-matched control study used physician-documented, prospectively collected
diagnoses of asthma in mothers, and examined diagnoses which occurred at different times during
pregnancy. However, they did not use gold standard measures for case confirmation, and do not
specify whether the asthma diagnosis occurred at peak symptom profile. As a result, it is possible that
women who were asymptomatic during the study period did not receive a diagnosis and that acute
respiratory infections may have been misdiagnosed as asthma.
Leonard et al. (2006)
This large population-based study examined the incidence of asthma and other health
conditions during pregnancy in mothers of children with intellectual disabilities. Maternal health
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conditions may have been underreported, as the study relied on accuracy of midwife reports, asthma
diagnosis was not confirmed with gold-standard diagnostic procedures, and information on maternal
medication use was not available, although level of asthma management was reported (i.e. wellcontrolled, uncontrolled, treatment as usual). These issues may have led to a bias in ORs toward the
null hypothesis.
Mouridsen et al. (2007)
This retrospective longitudinal case-control study investigated the incidence of autoimmune
disease in parents of 330 control children and 111 cases with diagnosed infantile autism. The data
were derived from a large population register and maternal autoimmune disease diagnoses were based
on medical records (the Danish National Hospital Register; DNHR). The observation period of 27
years captured the cumulative incidence of autoimmune diseases through adult life. While the
reliability of medical data is unknown, the validity of DHNR diagnoses ranged from 75-90%
(Mosbech et al., 1995). Cases who were originally given a diagnosis of ‘childhood psychosis’ or
‘borderline condition’, the terms used in the International Classification of Diseases, 8th edition (ICD8) (World Health Organization, 2004), had their psychiatric records assessed and were re-diagnosed in
1985 in accordance with the ICD-9 (World Health Organization, 1978).
Lyall et al. (2014)
This large, population-based, case control study identified cases from the California
Department of Developmental Services and available state birth files. Case confirmation was
ascertained through rigorous, well-described, validated methods, including medical records. Medical
records however were only available for 65% of participants, and agreement between records and
self-reported was over 60% for asthma, 55% for allergies and 30% for autoimmune conditions.
Autoimmune conditions may not have been recorded in obstetric records if symptoms were not
present during that time. Therefore, the authors were unable to exclude the chance of exposure
misclassification, which may have biased results toward the null hypothesis. Individual analysis for
specific autoimmune diseases was not possible due to low numbers.
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Langridge et al. (2013)
This population-based study was similar to Leonard et al. (2006) in its design and approach. It
used population-based data of children born between 1984 and 1999 who were diagnosed with either
intellectual disability (ID) or autism spectrum disorder (ASD), with or without ID and examined the
relationship with maternal conditions and perinatal factors. While a strength of this study is the ability
to differentiate between effects on ASD and ID, the diagnoses were not confirmed and diagnostic
criteria may have changed over those 15 years. Some children with an ASD with ID diagnosis did not
complete all cognitive testing, and therefore the presence of ID could not be confirmed, possibly
resulting in underestimation of ASD alone and ASD with ID differences. Only a few cases were
diagnosed with severe ID which may have resulted in underestimation of ID effects.
Patel et al. (2018)
This retrospective-cohort study compared the severity of autism spectrum disorder (ASD)
symptoms in 220 children of mothers with a history of immune activation, a history of autoimmune
conditions and those without. Mothers reported diagnoses of immune conditions occurring both prepregnancy (N=46) and post-pregnancy (N=3), but were not confirmed by the authors. The study
selected cases with a DSM-IV clinical diagnosis of ASD, Asperger’s Syndrome, or Pervasive
Developmental Disorder-Not Otherwise Specified (PDD-NOS). ASD was confirmed by administering
the Autism Diagnostic Observation Schedule-Generic (ADOS-G). However, the social interaction,
language and repetitive/restrictive behaviours of the children were only assessed via caregiver report
using the Social Responsiveness Scale (SRS). Allergies and asthma were the only conditions of
women in the immune category, and were grouped in all analyses. Thus, any findings are not specific
to asthma. Statistical analyses did not correct for multiple comparisons. There was a small but
significant effect of immune status on the total score and the cognition and mannerisms subscales of
the SRS (which were both completed by the mother) but not on the researcher-administered ADOS-G.
There were no significant effects of maternal immune status on the motivation, communication or
awareness subscales of the SRS. The authors concluded that a history of maternal immune activation
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is associated with caregiver-reported ASD severity symptoms but could not determine if these effects
were specific to asthma.

4.3.2 Inconclusive evidence for an association between maternal asthma and atypical cognitive
or behavioural development of infants
Table 4. 3 provides an overview of the characteristics of the ten studies included in this review.
Five studies provided inconclusive evidence for an association between maternal asthma and atypical
cognitive or behavioural outcomes for the infants, whereas the remaining five studies provide
evidence for no association.

Table 4. 3. Methodological characteristics and findings of the ten studies included in this review.
Study
Gordon,
M.,
Niswander,
K.R.,
Berendes,
H., Kantor,
A. G.
(1970).

Sample size
n=277 adult
women with
actively
treated
asthma
during
pregnancy
(n=16 of
these with
severe
asthma) and
their
offspring,
n=30,497
controls

Child Age
~0-12
months

Predictor
variables
• Presence of
bronchial
asthma
during
pregnancy
• Maternal
ethnicity

•

•
•
•
•
•

Flannery,
K. A.,
Liederman,
J. (1994).

n=743 cases
with
ulcerative
colitis and
asthma,
n=16 540
controls

~0-7 years

• Presence of
ulcerative
colitis or
asthma in
the mother
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•
•
•

Outcome
variables
Infant 8 month
mental, motor
and global
scores from
psychological
examination,
Infant 12 month
neurological
examination
Perinatal and
infant mortality
1 and 5 minute
infant APGAR
scores
Infant
birthweight
Maternal
complications
Socioeconomic
status
Medical history
Diagnosis of
neurodevelopm
ental disorder
(cerebral palsy,
intellectual
disability,
seizures,
articulation
disorder,
reading or
arithmetic

Finding
Significantly higher
perinatal mortality for
infants born to mothers with
asthma, as well as suggested
increase in neurological
abnormalities at 12mths

Maternal asthma was
associated with increased
risk of any
neurodevelopmental
disorder in the offspring

disability,
performance or
verbal aptitude
deficits, and
attention deficit
disorder)
• IQ and
academic
achievement
• Hand preference
• Psychomotor
and mental
scales of the
Bayley Scales
of Infant
development

Schatz, M.,
Harden,
K.,
Kagnoff,
M., Zeiger,
R. S.,
Chilingar,
L. (2001).

n=379
infants of
asthmatic
mothers,
n=376
control
infants

15 months

• Asthma
severity
during
pregnancy
• socioecono
mic status
• infant
prematurity

Micali, N.
Chakrabart
i, S.
Fombonne,
E. (2004).

n=79 cases
with
pervasive
development
al disorders,
n=61
controls with
non-autistic
disorders
n=407
children
with ASD
diagnosis,
n=2095
matchedcontrols

5-5.5 years

• Presence of
psychiatric
or medical
disorders
(including
asthma) in
parents

3-7 years

n=2865
children
with an
intellectual
disability
(ID),
n=236,964
controls
without ID
n=111
children
with
infantile
autism,
n=330
controls

0-16 years

• Presence of • Diagnosis of
diagnosed
autism in
maternal
offspring
autoimmune
diseases,
allergies and
asthma in
the 2 years
preceding
pregnancy
and 2 years
post
delivery
• Presence of • Diagnosis of
common
mild-moderate
maternal
and severe ID,
medical
and ID with
conditions
autism
during
pregnancy
including
asthma
• Presence of • Diagnosis of
maternal
infantile autism
autoimmune
in offspring
disease

Croen, L.
A.,
Grether, J.
K.,
Yoshida,
C. K.,
Odouli, R.,
Van de
Water, J.
(2005).

Leonard,
H.,
de Klerk,
N.,
Bourke, J.,
Bower, C.
(2006).
Mouridsen,
S.E., Rich,
B., Isager,
T.,
Nedergaar
d, N.J.
(2007).

5.4 years
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• Pervasive
developmental
disorder
diagnosis

No differences in
developmental indices
between infants of asthmatic
mothers and controls.
No significant relationships
were identified between
developmental indices and
maternal asthma severity
11.4% of case mothers and
13.5% of control mothers
were reported to suffer from
asthma. This difference was
not significant. Differences
between case and control
mothers with any
autoimmune disorder were
also not significant.
Asthma was significantly
more often reported for
mothers of ASD affected
children.
Asthma diagnosed in first
trimester: OR 2.8 (95% CI
1.3-6.1)
Second trimester: 2.2(1.14.2)

Modest increased risk of
mild-moderate ID in
children of mothers with
asthma.
Mild to moderate ID: OR
1.52 (95% CI 1.26-1.83)
Severe ID: 1.18(0.58-2.39)
ID with autism: 1.32(0.652.67)
Overall, no association was
found between any maternal
autoimmune diseases and
childhood diagnosis of
infantile autism. Maternal
asthma was not associated
with infantile autism in the
offspring (p= 0.31).

Langridge,
A. T.,
Glasson, E.
J., Nassar,
N., Jacoby,
P., Pennell,
C., Hagan,
R., ... &
Stanley, F.
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Gordon et al. (1970)
In 1970, 364 pregnant women with bronchial asthma were identified from 30,861 women
enrolled in the Collaborative Research Project, which assessed cerebral palsy, intellectual disability
and other neurological and sensory disorders that may occur in the perinatal period (Berendes, 1966).
Of these, 47 women were excluded because they were classified as having acute bronchitis with
bronchospasm but without asthmatic history, and 40 were excluded because they had a history of
asthma but experienced no symptoms and had not sought treatment during their pregnancy. The final
sample included 277 women who were receiving active management for their asthma, with 16
classified as having severe asthma.
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Compared to infants of mothers without asthma who participated in the Collaborative Research
Project, infants born to mothers with asthma had almost double the rate of perinatal mortality (3.2 vs.
5.9%, respectively) and a higher percentage of abnormal neurological findings by 12 months of age
(1.7 vs 2.7%, respectively). Neurological findings were not clearly specified. Although the authors
assessed psychological functioning at the 8 month psychological examination, they did not report any
statistical differences in these results.
Croen et al. (2005)
This case control study investigated the association between diagnoses of maternal autoimmune
diseases, asthma and allergies in mothers and autism spectrum disorder (ASD) diagnoses in their
offspring. The case control study was nested in a cohort of 88,163 infants born between January 1995
and June 1999 at the Kaiser Permanente Medical Care Program facility in northern California. Of this
cohort, 420 children aged 3 - 7 years were identified as having an ASD diagnosis. Five controls
without an ASD diagnosis per case were randomly selected from the cohort of births (n=2100) and
were frequency matched to cases on the basis of sex, year of birth and hospital of birth. After
controlling for maternal age, maternal education, maternal ethnicity and plurality, odds ratios higher
than 2.0 were observed for asthma diagnoses that were recorded during trimesters one (OR, 2.8; 95%
CI, 1.3-6.1) and two (OR, 2.2; 95% CI, 1.1-4.2) of pregnancy. When controlling for maternal
medication use, odds ratios were only slightly reduced for maternal asthma reported in the second
trimester of pregnancy (OR, 1.9; 95% CI, 1.0-3.7).
Leonard et al. (2006)
This study investigated the relationship between a range of maternal health conditions and
intellectual disability in offspring in a Western Australian (WA) sample. They used birth records of
children born in WA between 1983 and 1992 who were identified as having an intellectual disability
(ID) either through the Disability Services Commission or educational sources and who had midwifecompleted records of pre-existing maternal health conditions. Mild to moderate ID was defined as an
IQ between 35-40 and 69 depending on the assessment used. Severe and profound ID was defined as
an IQ less than 35-40, which is consistent with the Diagnostic and Statistical Manual of Mental
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Disorders - IV edition (American Psychiatric Association, 2013). There were 3387 cases of diagnosed
intellectual disability in Western Australia during that timeframe, of which 522 cases had a
biomedical cause (i.e. chromosomal anomalies, injuries) and were excluded. The remaining 2865
children were categorised as mild-moderate ID (n=2462), severe or profound ID (n=212), or autistic
spectrum disorder (ASD) with ID (n=191). A comparison group consisted of 236,964 children
without ID that were part of the same birth cohort. Asthma was found to be the most common
condition to affect mothers of children with mild-moderate ID (4.8%). This is in comparison to 3.2%
in mothers of children without ID (OR, 1.52; 95% CI, 1.26-1.83). In a stepwise logistic regression
analysis that looked at mild-moderate ID as the outcome variable and contained all maternal
conditions (e.g. asthma, diabetes mellitus, hypertension, anaemia), sociodemographic variables and
birth year, maternal asthma was a significant predictor (OR, 1.25; 95% CI, 1.02-1.54), along with
stronger predictors of maternal epilepsy (OR, 3.01; CI, 2.10–4.33), and maternal renal and urinary
conditions (OR, 1.65; CI, 1.06–2.56). Maternal asthma was not significant when severe ID was
included as the primary outcome variable in these stepwise regression analyses.
Langridge et al. (2013)
This study used birth records data for 383,153 live births in Western Australia between 1984
and 1999 to examine the effect of a range of maternal health conditions, socioeconomic status, labour
and delivery issues, and neonatal outcomes on risk of ASD with/without ID, and ID without a known
cause in children. In total, 1179 cases of ASD (727 cases of ASD with ID, 452 cases of ASD without
ID), 4576 cases of ID without ASD (4339 mild cases and 237 severe cases) and 376,539 control
children (without and ASD or ID diagnosis) were included. Univariate analyses revealed that maternal
asthma was associated with an increased risk of mild – moderate ID (OR, 1.46; CI, 1.30 - 1.63), and
ASD without ID (OR, 1.78; CI, 1.29 - 2.46). After adjusting for maternal conditions and pregnancy
complications, sociodemographic variables and birth year, multivariate analyses revealed that asthma
was associated with an increased risk of mild-moderate ID (OR, 1.28; CI 1.12 - 1.47), and ASD
without ID (OR, 1.41; CI 0.98 - 2.04). In a fully adjusted model (i.e., maternal conditions, pregnancy
complications, labour and delivery factors, and neonatal and sociodemographic characteristics were
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taken into account), asthma was associated with 25% increased risk of mild-moderate ID. No positive
associations were found for ASD alone or severe ID.
Patel et al. (2018)
This recent study examined the relationship between maternal immune and autoimmune
conditions and severity of symptoms in autism spectrum disorder (ASD) for their children. Two
hundred and twenty children with a diagnosis of ASD, Asperger’s syndrome or Pervasive
Developmental Disorder-Not Otherwise Specified (PDD-NOS) were selected from a cohort of
participants in the Western Australian Autism Biological Registry. The Autism Diagnostic
Observation Schedule-Generic (ADOS-G) was used by the researchers to confirm a diagnosis of
autism in the children. Caregivers reported on the mother’s medical history, and completed the Social
Responsiveness Scale (SRS) which measures a child’s level of social interaction, language skills and
repetitive or restrictive behaviours. Children were then categorised based on the immune and
autoimmune history of the mother. The immune category consisted of mothers with asthma and/or
allergy. There was a significant main effect of immune status on the children’s total and some
subscale scores on the SRS. This indicates that children whose mothers reported suffering from an
immune condition (asthma or allergy) were rated as having more severe SRS total scores, as well as
more severe symptoms on the cognition (ability to understand social situations) and mannerisms
(presence of restricted behaviours and/or unusual interests) subscales. These associations remained
significant after removing from the analyses mothers who were diagnosed with an immune disorder
post-pregnancy. No associations were found between immune profile and the remaining three
subscales of the SRS, nor between immune profile and results of the ADOS-G. Asthma-specific
information was not available.
4.3.3 Evidence for no association between maternal asthma and atypical cognitive or
behavioural development of infants
Flannery and Liederman (1994)
An epidemiological sample of 743 cases and 16 540 controls was derived from the
Collaborative Perinatal Project (CPP), a prospective study of pregnancy outcomes of 48 000 women
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enrolled at one of 12 university hospital clinics in the USA between 1959 and 1965. Children were
assessed for neurological, physical and psychological development through to 8 years of age via
medical examinations at various time points. Neurodevelopmental disorders were recorded at the 7
year follow up, and included cerebral palsy, intellectual disability, seizures, articulation disorder,
reading or arithmetic disability, verbal or performance aptitude deficits, and attention deficit disorder.
Cases included mothers with ulcerative colitis and asthma. Controls were mothers without ulcerative
colitis, asthma, Type 1 diabetes, hypothyroidism or hyperthyroidism. Neither ulcerative colitis nor
asthma were associated with increased risk of any neurodevelopmental disorder in the offspring.
Schatz et al. (2001)
This study examined cognitive (e.g. perceptual abilities, memory, object permanence, problem
solving and abstract thinking), language and psychomotor development of 15 month old infants born
to 379 mothers with well-managed asthma compared to 376 non-asthmatic mothers, matched for age,
smoking status, parity and date of delivery. Asthma diagnosis was confirmed using spirometry,
asthma history, and physical examination. Asthma was actively medically managed during
pregnancy, in order to avoid acute episodes, night waking and interference with normal daily
activities. There was no significant difference in developmental indices of the Bayley Scales between
infants of mothers with asthma and control mothers. Additionally, there was no relationship between
asthma severity (as indexed by emergency room visits, corticosteroid use) and developmental scores
on the Bayley Scales. Regardless of maternal asthma status, lower psychomotor development was
associated with low birthweight (<2500g) and low mental development was associated with lower
socioeconomic status. .
Micali et al. (2004)
This epidemiological study compared 79 cases with pervasive developmental disorders (PDD)
and 61 controls who had diagnoses of learning difficulties, developmental delay, behavioural
problems and medical disorders. Maternal asthma was one of a range of maternal autoimmune
disorders (including arthritis, psoriasis, eczema, inflammatory bowel disease, type 1 diabetes among
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others). The two groups did not differ in the percentage of mothers suffering from asthma (11.4% in
PDD, 13.5% in controls) or any autoimmune disorder.
Lyall et al. (2014)
This study investigated whether maternal autoimmune disease, asthma and/or allergy were
associated with autism spectrum disorder (ASD) or developmental delay without autism (DD) in
offspring, in 560 cases with ASD (mean age 45.4±10.1 months), 168 cases with DD (42.4±9.4
months), and 391 control (46.2±9.0 months) children. Autism diagnosis was confirmed using the
Autism Diagnostic Observation Schedule and the Autism Diagnostic Interview-Revised (Lord et al.,
1989; Lord, Rutter & Le Couteur, 1994) delivered by trained clinicians, but children’s age at time of
assessment is not reported. Autism-like symptoms and behaviours were screened in DD cases and
controls using the Social Communication Questionnaire (SCQ)(Rutter, Bailey & Lord, 2003).
Inclusion criteria for controls included a score above 70 on the Mullen Scales of Early Learning
(MSEL) (Mullen, 1995) and on the Vineland Adaptive Behaviour Scales (VBAS) (Sparrow, Balla,
Cicchetti, Harrison & Doll, 1984), and 14 or less on the SCQ. Inclusion criterial for DD was a score
of 69 or less on the MSEL and VABS, and 14 or less on the SCQ. Maternal exposure status was
assessed when the children were aged between 2-5 years. Maternal autoimmune disease, asthma and
allergy diagnoses were confirmed via self-report on the Environmental Exposures Questionnaire
(EEQ), and Autoimmune Survey (AIS), family medical history and medical records. These
questionnaires assessed diagnosis, index period (3mths prior to pregnancy through to breastfeeding),
lifetime history, and age of onset (asthma). Medical records provided information on medication use,
diagnosis, time period (before and/or during pregnancy) and age of onset. Overall, presence of
maternal autoimmune disease was associated with elevated odds of DD (OR, 1.58; 95 % CI, 0.962.60), and ASD (OR, 1.43; 95 % CI, 0.96-2.14). Combined risk for ASD+DD reached statistical
significance (OR, 1.46; 95% CI, 1.01-2.09). No significant associations were present for specific
autoimmune disorders. In mediation analyses, asthma medication use accounted for <1% of the
association between maternal asthma and ASD in the offspring. Maternal index period asthma and

89

allergies, or incident onset of asthma were not significantly associated with increased risk of ASD or
DD.
Mouridsen et al. (2007)
Overall, this study found no association between any maternal autoimmune diseases and
childhood diagnosis of infantile autism. Out of a possible 35 autoimmune disorders and asthma that
were studied, only maternal ulcerative colitis and paternal type 1 diabetes occurred more frequently in
parents of cases with infantile autism. For cases with intellectual disabilities, mothers with an
autoimmune disease were significantly more likely to have children with an IQ<50 than those without
any autoimmune disease (9/48 vs 3/62, p=0.03, OR, 4.5; 95% CI, 1.2–17.8).
4.4 Discussion
This is the first systematic review to examine the influence of maternal asthma on child
cognitive and behavioural development. Only ten studies met our inclusion criteria and their findings
were mixed. Some studies report a slightly increased incidence of asthma in mothers of children with
autism spectrum disorder (Croen et al., 2005; Langridge et al., 2013), and one study showed that,
grouped together, the presence of asthma and/or allergy in the mother is associated with more severe
social symptoms of ASD on some measures, but not others (Patel et al., 2018). Additionally, Lyall et
al. (2014) found that overall, the presence of maternal autoimmune disease was associated with
elevated odds of developmental delay, ASD, and combined ASD+DD. However, they did not find any
significant effect of any specific autoimmune disorder. Other studies have found no association
between maternal asthma and autism (Mouridsen et al., 2007), neurodevelopmental disorder
(Flannery & Liederman, 1994) or pervasive developmental disorders (Micali et al., 2004).
Compared to a range of maternal health conditions, maternal asthma was associated with an
increased risk for mild-moderate intellectual disability in offspring (Langridge et al., 2013; Leonard et
al., 2006). However, maternal diabetes, renal and urinary conditions and epilepsy were even stronger
predictors of risk of ID in offspring. Schatz et al. (2001) concluded that the risk of negative infant
developmental outcomes did not differ between mothers with well-managed asthma during pregnancy
and non-asthmatic mothers.
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Where maternal asthma was found to be significantly associated with ASD, this association
disappeared once sociodemographic and other variables were taken into account (Langridge et al.,
2013). Asthma has also been reported significantly more often in mothers of children with autism as
compared to controls (Croen et al., 2005), especially families who had more than one child affected
by autism, possibly suggestive of a common gene link between the etiology of autism and atopic
diseases. The association between maternal asthma and child autism was stronger when asthma was
diagnosed during the second trimester, but was eliminated after controlling for confounding factors.
Additionally, Lyall et al. (2014) found that maternal index period asthma and allergies, or incident
onset of asthma were not significantly associated with increased risk of ASD or DD in offspring,
suggesting no adverse effect of maternal asthma onset on child behavioural development.
A number of other studies (Flannery & Liederman, 1994; Micali et al., 2004; Mouridsen et al.,
2007) found no effect of maternal asthma on diagnosis or risks for autism, pervasive developmental
disorder or neurodevelopmental disorders. Discrepancies may be due to differences in source of
diagnostic information (e.g., medical records vs. self-report), study power and sample size, severity
and treatment of asthma, inclusion of range of immune and autoimmune diseases, differences in the
time periods examined, and/or inconsistencies in classification and diagnosis of allergies, ASD and
related disorders and other illnesses.
Gordon et al. (1970) reported that infants born to mothers with asthma showed greater
incidence of vaguely defined “neurological abnormalities” compared to control infants. This contrasts
with the finding of Schatz et al. (2001) who reported no negative neurodevelopmental in offspring of
mothers with well-controlled asthma. Gordon’s study was published prior to the introduction of
inhaled corticosteroids for preventative treatment of asthma. A previous meta-analysis of adverse
perinatal outcomes in pregnant women with asthma found that studies which reported active
management of asthma during pregnancy demonstrated no increased risk of outcomes including
preterm delivery and neonatal hospitalisation, while studies which did not report active management
showed a statistically increased risk (Murphy et al., 2011a; Murphy, Wang, et al., 2013). This
suggests that the adverse effects of maternal asthma on perinatal outcomes may be modifiable by
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improved asthma management, and this may extend to better outcomes in childhood. These findings
are encouraging as they show clear evidence that, when asthma is actively and aggressively medically
managed throughout pregnancy, there are no negative outcomes for infants. However, none of the
existing studies assessed whether asthma medication or treatment impacts cognitive and behavioural
outcomes of the child. Further work is needed to confirm that there are no negative outcomes for the
children of pregnant women receiving treatment as usual for their asthma.

4.5 Conclusion
While some studies report a link between atypical development and maternal asthma during
pregnancy, these findings are weak and rely mostly on retrospective or epidemiological studies. It is
difficult to directly compare many of the studies included in this review because they differ in when
and where they were conducted, and this leads to large variation in the asthma medications used, the
access to medical facilities, the level of pollution and the exposure to infection. None of the studies
examined the effects of different asthma medications or treatment as usual during pregnancy on the
cognitive or behavioural development of the child. The only prospective, well-controlled study shows
that, when well-managed medically, maternal asthma during pregnancy does not impact the infant’s
cognitive and behavioural development at 15 months (Schatz et al., 2001). This is consistent with
evidence that well managed asthma during pregnancy is not associated with increased perinatal
mortality or morbidity (e.g. Jana et al., 1995; Schatz et al., 1995). However, these conclusions need to
be considered with caution, given the paucity of prospective, well-controlled, longitudinal studies
examining cognitive and behavioural developmental in children born to mothers with asthma during
pregnancy. Given the state of the evidence, the current recommendation is that asthma during
pregnancy needs to be actively and aggressively managed so as to minimise any risk of atypical
cognitive or behavioural development in the offspring. We recommend that future studies include
more consistent measures to assess and monitor the severity and control of asthma in the mother
during pregnancy. Likewise, there is a need for studies that use well-established, valid and reliable
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measures of cognitive, language and motor development of the child, and well-established criteria for
diagnosing intellectual disability, developmental delay, ASD and ASD-related disorders in the child.

93

Chapter 5: Maternal mental health in the postpartum period
5.1 Overview
In general, the prevalence of psychological disorders is higher in females than males (Steel et
al., 2014). For women, pregnancy and new motherhood is a particularly susceptible time for the onset
or relapse of a psychological disorder, with the highest risk period being the first six months post birth
(O'Hara & McCabe, 2013). After birth, it is common for women to experience an increase in
psychological distress (Cox, Murray & Chapman, 1993; O'Hara, Zekoski, Philipps & Wright, 1990).
This increase in distress is related to considerable hormonal and neuroendocrine changes which
impact physical and psychological health, as well as the increase in demands, social and emotional
changes and stress related to caring for an infant (Drury, Scaramella & Zeanah, 2016). Particularly
disabling symptoms of psychological disorders, including those associated with depression and
anxiety, can interfere with the woman’s ability to care for her infant and can have detrimental effects
on her relationships with her friends and family (Priest & Barnett, 2008). Untreated psychological
distress in the postnatal period can also be detrimental to the woman’s physical health and
psychological and social wellbeing (Beck, 2006; Murray & Cooper, 1997).
Postnatal depression has been reported to affect around 13-15% of mothers (Gavin et al., 2005;
Huang & Mathers, 2001; Josefsson, Berg, Nordin & Sydsjo, 2001; O'Hara & Swain, 1996), with
Australian estimates at 6 – 12% (Eastwood, Phung & Barnett, 2011; Leigh & Milgrom, 2008). For
comparison, depression more generally affects approximately 5% of women in Australia in any given
year (Slade, Johnston, Oakley Browne, Andrews & Whiteford, 2009). Symptoms of post-natal
depression are similar to symptoms of depression more generally, and are usually related to the infant.
These can include irritability, feeling worthless or guilty, or feeling suicidal (Drury et al., 2016;
Robertson, Grace, Wallington & Stewart, 2004). There is evidence to suggest that, even when
associated risk factors (e.g. reproductive factors including pregnancy, miscarriage and breastfeeding
history, history of psychiatric and other somatic illnesses, major life events, partner satisfaction and
sociodemographic factors) are accounted for, postpartum women are at greater risk for depression
relative to non-postpartum women (Eberhard-Gran, Eskild, Tambs, Samuelsen & Opjordsmoen, 2002;
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Vesga-López et al., 2008). Numerous risk factors for post-natal depression have been repeatedly
identified in multiple meta-analyses. Those that are the strongest predictors include: the presence of
psychopathology during or prior to pregnancy, poor psychosocial support, traumatic or stressful life
events, and poor intimate partner relationships (Beck, 2001; Leigh & Milgrom, 2008; O'Hara &
Swain, 1996; Robertson et al., 2004; Warfa, Harper, Nicolais & Bhui, 2014). Other modest, yet
significant predictors of post-natal depression include low socioeconomic status (SES), low selfesteem, neurotic personality, having an unwanted pregnancy, obstetric complications, not having a
partner or having an infant with a difficult temperament (O'Hara & McCabe, 2013; Robertson et al.,
2004). First-time mothers, younger mothers, and mothers with fewer years of education are at greater
risk of suffering postnatal depression, however these factors have not been identified as significant
predictors in meta-analyses, possibly because these factors often co-occur with other, stronger
predictors (Milgrom et al., 2008; Munk-Olsen, Laursen, Pedersen, Mors & Mortensen, 2006;
Robertson et al., 2004; Tammentie, Tarkka, Astedt-Kurki & Paavilainen, 2002). Not breastfeeding
and the premature cessation of breastfeeding have also been associated with higher rates of maternal
postnatal depression (Chung et al., 2007; Cooper, Murray & Stein, 1993; Gagliardi, Petrozzi &
Rusconi, 2010; McCoy, Beal, Shipman, Payton & Watson, 2006). As these associations have been
shown to weaken from 4 months postpartum (Dennis & McQueen, 2009; Fergerson, Jamieson &
Lindsay, 2002; Hatton, 2005), this indicates the sensitive nature of the early post-natal period for
women, particularly for those who are already at risk of developing a psychological disorder.
Given the inherent challenges in caring for a newborn infant, it is possible that many women in
the perinatal and postpartum periods may develop an anxiety disorder, either separately or comorbid
with depression (Austin et al., 2010; Fisher, Feekery & Rowe-Murray, 2002; Matthey, Barnett, Howie
& Kavanagh, 2003). Though, much of the literature on postnatal depression does not recognise or
account for the high level of anxiety, comorbid anxiety and depression, or problems with personality
or adaptive functioning experienced by mothers (Fisher et al., 2002; Matthey et al., 2003). This may
be, in part, an unintended, artificial consequence of using the Edinburgh Postnatal Depression Scale in
many healthcare settings worldwide (EPDS; Cox, Holden & Sagovsky, 1987). The EPDS has become
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a widely-used, stand-alone measure for depression, and postnatal depression has become the
widespread benchmark for postnatal distress (Miller, Pallant & Negri, 2006). Although the EPDS was
designed to screen for depression in the postnatal period, studies have shown that it can also measure
symptoms of anxiety (Matthey, 2008). It is therefore possible, that the presence of anxiety may be
disguised within diagnoses of depression in postpartum women (Miller et al., 2006; Wenzel, Haugen,
Jackson & Brendle, 2005). There are a few studies which have looked beyond depression as the only
marker of postnatal distress. Three Australian studies, using self-report measures of psychological
distress, found the prevalence of postnatal depression to be 16%, anxiety 13%, and comorbid
depression and anxiety 8% (Buist et al., 2008; Miller et al., 2006; Yelland, Sutherland & Brown,
2010).
Various anxiety disorders have been shown to occur in the postnatal period. These include
generalised anxiety disorder, obsessive-compulsive disorder, phobias, panic disorder and agoraphobia
(Matthey et al., 2003; Rogal et al., 2007). For women who show anxiety symptoms during
pregnancy, evidence suggests that these symptoms may persist into the postnatal period (Heron,
O'Connor, Evans, Golding & Glover, 2004; Lee et al., 2007; Shear & Mammen, 1995). In their
review, Ross and McLean (2006) found higher rates of generalised anxiety disorder and obsessivecompulsive disorder in postpartum women than non-postpartum women. Taken together, these
findings indicate that psychological disorders other than depression need to be considered when
characterising postnatal mental health and distress.
Women who have experienced anxiety in the past are at an increased risk of having their
symptoms worsen during the postnatal period. For instance, several studies have found that women
with a diagnosis of panic disorder or obsessive-compulsive disorder experience an increase in the
intensity of their symptoms in the postnatal period (Altemus, 2001; Cohen, Sichel, Dimmock &
Rosenbaum, 1994; Cohen et al., 1996; Diaz, Grush, Sichel & Cohen, 1997). While no meta-analyses
have specifically investigated the risk factors of anxiety during the postnatal period, the literature
suggests that the following factors may be predictors of postnatal anxiety: the presence of depression
or anxiety during or prior to pregnancy, a family history of psychopathology, not breastfeeding, fewer
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years of education, poor psychosocial support, and primiparity (Breitkopf et al., 2006; Britton, 2008;
Matthey et al., 2003; Paul, Downs, Schaefer, Beiler & Weisman, 2013; Wenzel et al., 2005; Yelland
et al., 2010).
It has been shown that more than 50% of women diagnosed with a psychiatric disorder at eight
weeks postpartum had symptoms severe enough to meet diagnostic criteria four months later
(Zelkowitz & Milet, 2001). Recently, a review of longitudinal studies that tracked women with a
diagnosis of postnatal depression found that symptoms of depression decreased at various times in the
postnatal period, but not always to a statistically significant, healthy level (Vliegen, Casalin & Luyten,
2014). In terms of anxiety, in a large Australian cohort study, 16% of women experienced panic
attacks in the first 3 months postpartum, with this reducing to 10.9% at 6 months, and 8.5% at 9
months (Brown, Lumley, McDonald & Krastev, 2006). Taken together, these studies show the course
of psychological distress in women is varied across the first postnatal year, and that in the first few
weeks and months post birth, women are at a greater risk of suffering from many forms of
psychological distress.
5.2 Maternal mental health as a risk factor for infant development
Good parental mental health has been shown to contribute greatly to optimal infant health and
development (Murray, Cooper & Hipwell, 2003). Ongoing postnatal depression in parents is known
to impair parenting skills and behaviour, and has both immediate and delayed implications for child
outcomes. Postpartum depression in mothers has been linked to reduced growth rate and increased
risk of diarrhoea in infants (Rahman, Iqbal, Bunn, Lovel & Harrington, 2004), stopping breastfeeding
prematurely, poorer infant sleep habits, impaired infant-mother attachment (O'Hara & McCabe,
2013), impaired mother-child interactions (Lovejoy, Graczyk, O'Hare & Neuman, 2000), less-thanoptimal parenting (Malphurs, Raag, Field, Pickens & Pelaez‐Nogueras, 1996) and poorer child safety
practices (McLearn, Minkovitz, Strobino, Marks & Hou, 2006). These factors, in turn, can lead to
behavioural, cognitive, social-emotional and health problems in the offspring (Beardselee, Versage &
Giadstone, 1998).
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Continual maternal psychological distress has been shown to impact infant development by
increasing the likelihood of insecure mother-infant attachment and developmental delay. Studies have
consistently shown that maternal postnatal depression is associated with poorer cognitive, language
and socio-emotional development in childhood and adolescence (Alvarez et al., 2015; Brand &
Brennan, 2009; Grace et al., 2003; Sohr-Preston & Scaramella, 2006; Stein et al., 2014). Furthermore,
maternal postnatal depression has been associated with more internalizing and externalizing disorders
in childhood and adolescence (Conroy et al., 2012; Naicker et al., 2012; Verbeek et al., 2012).
5.3 Mental health in asthmatic women
Given the complex and co-dependent relationship between mental and physical health (as
outlined in Chapter 1 of this thesis), it is unsurprising that psychological distress is associated with
asthma. Asthma more generally has been associated with depression (Mancuso, Rincon, McCulloch &
Charlson, 2001; Manocchia, Keller & Ware, 2001; Rimington, 2001; Von Behren, Kreutzer &
Hernandez, 2002; Young, Gunzenhauser, Malone & McTiernan, 2001), and adults with asthma are at
an increased risk of depression and anxiety compared to the general population (Scott, Von Korff, et
al., 2007). Chapter 1 of this thesis gives a detailed overview of the biological and biopsychosocial
mechanisms behind the relationship between asthma and mental health conditions. In this chapter,
mental health is discussed more specifically in relation to the complex interplay of asthma symptoms,
control, severity, treatment and adherence. A discussion on the mental health characteristics of
asthmatic women in the perinatal period follows.
People with asthma who experience psychological distress tend to have poorer asthma control,
and are more likely to be hospitalised for their asthma (Cluley & Cochrane, 2001b; Di Marco et al.,
2010; Eisner et al., 2005; Lavoie et al., 2005; Pilipenko, Karekla, Georgiou & Feldman, 2016;
Trzcinska, Zwierzchowska, Kozlowski, Derdowski & Przybylski, 2013; Urrutia et al., 2012).
Additionally, the mortality rate amongst asthmatic adults with a comorbid diagnosis of depression is
higher (Walters et al., 2011). Evidence from a random community sample showed that asthma
symptoms, such as dyspnoea (difficulty breathing or shortness of breath), night waking and mornings
affected by asthma symptoms, were strongly associated with depression and reduced quality of life
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(Goldney, Ruffin, Fisher & Wilson, 2003). These findings are in line with those from a large cohort
study of 2,270 patients with asthma (Leander et al., 2014). The authors found that respiratory
symptoms, including wheeze, dyspnoea, and night waking were significantly more common in
patients who had depression and anxiety, even when controlling for confounding variables. The
relationship between asthma severity and psychological distress is less clear, with one study finding
that asthma severity is positively correlated with depressive symptoms (Eisner et al., 2005), while
another found no difference in depressive problems between those with mild or severe asthma
(Chapman, 2005b).
There has been some investigation into the links between asthma medication and
depressive/anxiety symptomology. In a general asthma population, the systemic use of oral
corticosteroids in the treatment of asthma exacerbations has been associated with a significantly
increased risk of developing depression and anxiety (Price et al., 2018). More days of corticosteroid
intake has also been associated with depression (Kullowatz, Kanniess, Dahme, Magnussen & Ritz,
2007), as have higher doses of inhaled corticosteroids (Bonala et al., 2003). Additionally, certain
asthma medications, namely bronchodilators such as theophylline, have also been associated with
higher rates of suicidal ideation which is one of the more severe symptoms of depression and other
mood disorders (Favreau, Bacon, Joseph, Labrecque, & Lavoie, 2012). A negatively-reinforcing cycle
may develop in people with asthma and comorbid mood disorders. For instance, cognitive
mechanisms such as problem solving ability (Silberman, Weingartner & Post, 1983), decision making
(Tarbuck & Paykel, 1995), memory (Rubinsztein, Michael, Paykel & Sahakian, 2000) and attention
(Lemelin et al., 1996) are affected by depression, and these mechanisms are also involved in
adherence to treatment and self-management plans of people with asthma (Gibson et al., 2002). By
the same token, reduced motivation and energy, symptoms that are common to depressive disorders,
may influence self-management behaviours in people with asthma. As poor adherence and selfmanagement skills then contribute to poorer asthma outcomes (Barton, Clarke, Sulaiman &
Abramson, 2003; Cluley & Cochrane, 2001b) it is possible that depression is a modifiable risk factor
for poor health management behaviour in people with asthma.
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5.4 Asthma and mental health in pregnant and postpartum women
There is a lack of research about the mental health of women with asthma during and after
pregnancy. The few available studies on pregnant women with asthma reveal variable depression and
anxiety prevalence rates of 6.1% (Ali, Hansen & Ulrik, 2016), 28% (Zairina et al., 2016), through to
45% (Grzeskowiak et al., 2017). The lower prevalence rate of 6.1% was found in a systematic review
of cohort and database studies that examined perinatal outcomes in pregnant women with and without
asthma (Ali et al., 2006). This review detected one study that extracted database information from
37,585 pregnancies of women with asthma and 243,434 pregnancies of women without asthma (Tata
et al., 2007). This study reported an increased risk of depression in women with asthma (OR 1.52;
95% CI, 1.36–1.69) as compared to those without asthma. Conversely, the prevalence rate of 28%
was reported by a randomised controlled trial that investigated the efficacy of a telehealth application
in optimising asthma management and outcomes in 72 pregnant, asthmatic women. Depression and
anxiety prevalence was not the primary outcome of the trial, and there were no significant differences
in depression or anxiety prevalence between the intervention or control groups. Lastly, the highest
prevalence rate was found by a study which prospectively assessed whether depression and anxiety
were associated with uncontrolled asthma control in a sample of 189 pregnant women with asthma
(Grzeskowiak et al., 2017). The authors found that during pregnancy, the presence of depression and
anxiety was associated with higher likelihood (HR 1.67; 95% CI, 1.03-2.72) and incidence (IRR 1.71;
95% CI, 1.13-2.72) of uncontrolled asthma, but not with an increased likelihood or incidence of
exacerbations. In their recent, population-based cohort study, Blais et al., (2019) assessed the risk of
postpartum depression among women with asthma. Adjusted odds ratios compared the risk of
postnatal depression in women with and without asthma in the first year post-delivery. Like Ali et al,
(2006), the authors found that postnatal depression affected 6.1% of women with asthma (compared
to 2.9% of women without asthma). They also found that women with asthma were 58% more likely
to be at risk of postnatal depression in the year following delivery, even after adjusting for a history of
depression. Given the large variability in reported prevalence rates of depression and anxiety in
pregnant women with asthma, it is possible that smaller, prospective studies find higher prevalence
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rates, which may not be detected by larger database or cohort studies. Database studies may only
capture cases of depression and anxiety in patients who take medication and/or were diagnosed in
hospital and medical settings.
A few studies have investigated the relationship between depressive and anxiety problems and
asthma severity and control during pregnancy. One study found that the risk of depression during
pregnancy may rise with increases in asthma disease severity as well as exacerbations (Tata et al.,
2007), while another found that anxiety may significantly increase the likelihood of asthma
exacerbations during pregnancy (Powell et al., 2013). The same authors found a link between a
woman’s risk for exacerbations during pregnancy, and her perceived asthma control and symptom
management efficacy during pregnancy. In terms of quality of life, it has been found that an increase
in a pregnant woman’s asthma-related quality of life (a measure of her subjective experience of
asthma symptoms, activities, emotional function and environmental exposure) reduces her odds of
having an asthma exacerbation by 25% or more (Schatz et al., 2010). These results suggest that the
presence of depression and anxiety, as well as the self-reported perception of asthma control,
symptom management and quality of life is associated with risk for asthma exacerbations during
pregnancy.
In sum, while there is research to suggest a link between asthma symptoms during pregnancy
and general psychopathology, there is a paucity of research looking at this area in detail, with no
studies examining the post-natal period specifically. We know that the post-natal period is a sensitive
and vulnerable time for mood disorders in women, and psychological distress in the early postnatal
period may persist for some months. This distress can have adverse implications for maternal physical
and psychological health, as well as for infant health and developmental outcomes. Additionally,
adults with asthma are at an increased risk of depression and anxiety, and there is a relationship
between psychological distress and asthma symptoms, control and severity. This association may
persist through pregnancy and thereafter, further establishing that the perinatal and postnatal periods
are a vulnerable time for the health and wellbeing of women with asthma. Specifically, the complex
relationships between asthma during the course of pregnancy (including detailed information on
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severity, control, medication use and exacerbations) and maternal mental health in the postnatal
period (including a range of mental health disorders and their treatments, as well as cognitive and
adaptive functioning skills) have not yet been elucidated. While there is a demonstrated link between
asthma and psychopathology, and given that both these ailments can have adverse impacts on infant
development, the combined ‘hits’ of asthma during pregnancy and postnatal psychopathology may
place infants at a greater risk of adverse outcomes. The following chapters will address these
questions.
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Chapter 6: Methods
This methodology chapter outlines the recruitment strategy and general methods used to
explore the aims of the remaining 3 studies of this thesis (Chapter 7, Chapter 8, and Chapter 9).
Firstly, participants were sourced from two studies: (1) The Breathing for Life Trial (and its nested
study The Breathing for Life Trial – Infant Development study) and (2) the BabyMinds study. The
recruitment strategies and participant characteristics of both studies will be presented in turn,
including the inclusion and exclusion criteria used to screen eligible participants, and the materials
and procedure for each study. Secondly, I provide an overview of the analysis strategies used in
answering the research questions of Chapter 7, Chapter 8, and Chapter 9. Lastly, given that I aim to
describe the individual differences in cognitive control development of infants in both studies, a
detailed overview of the eye tracking apparatus, task development, and analysis strategy is provided.

6.1 The Breathing for Life Trial and BabyMinds studies
Participants were sourced from two studies: the Breathing for Life Trial (BLT; Murphy et al.,
2016) and the BabyMinds study. The Breathing for Life Trial is a large, randomised controlled trial
(RCT; Table 1. 4) assessing the effects of a novel asthma intervention during pregnancy on infant and
maternal perinatal health. Participants of the BLT study were invited to participate in a nested,
prospective follow up study, the Breathing for Life – Infant Development Study (BLT-ID). The BLTID was designed to assess the developmental outcomes of infants born to mothers with asthma. The
BabyMinds study recruited mother and infant pairs from the local community.
6.2 The Breathing for Life Trial
6.2.1 Participants
Mothers were recruited as part of a longitudinal follow-up of their infants following
participation in an RCT during pregnancy (the Breathing for Life Trial; BLT) which occurred at the
John Hunter Hospital and Hunter Medical Research Institute in Newcastle, Australia. BLT
investigated the effect of a novel asthma management intervention during pregnancy (asthma
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management guided by fractional exhaled nitric oxide (FENO); a case-by-case treatment adjustment
based on eosinophilic airway inflammation) versus usual asthma care. Post-partum, participants were
given the option of participating in an infant development study; titled Breathing for Life Trial-Infant
Development (BLT-ID). All participants provided informed, written consent to participate in both
BLT and BLT-ID. Ethics approval for the BLT was obtained through the Hunter New England
Research ethics committee (Reference number: 12/10/17/3.04) the Human Research Ethics
Committee (HREC approval number: HREC/12/HNE/357), and the University of Newcastle Human
Ethics Committee (Reference number: H-2012-0422), while site-specific approval was also sought
(Reference number: SSA/12/HNE/393).
6.2.2 Inclusion/exclusion criteria
For the original BLT study, participants were recruited from antenatal appointments at a
gestational age of 12-22 weeks (supported by a dated ultrasound or clinical assessment such as last
menstrual period). Women were invited to participate if they were aged over 18 years, had an asthma
diagnosis from a physician, had symptoms of (such as cough, wheeze, shortness of breath) and
treatment (beta agonists or ICS) for asthma in the last 12 months, and were able to perform spirometry
and fractional exhaled nitric oxide (FENO) assessments. Exclusion criteria included concomitant
chronic illness that may affect participation (such as heart disease, or multiple sclerosis), other lung
diseases and drug or alcohol dependence (assessed via self-report/clinical care as part of a drug and
alcohol antenatal clinic).
6.2.3 Materials
Measures used in the Breathing for Life Trial at enrolment, allocation, baseline and postpartum
time periods are provided in Table 6. 1. Measures used at the time of enrolment were used to
determine eligibility for the trial, while measures used at allocation (randomisation) were the
intervention or usual care measures delivered to participants allocated to those respective groups. The
baseline measures were used to gather reference information on asthma and health related measures
before the women reached 23 completed weeks’ gestation. The postnatal measures (birth, 6 weeks, 6
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months and 12 months) were designed to assess the primary outcomes of the trial, and other health
and asthma related information.

Table 6. 1. Measures used for the Breathing for Life Trial (BLT) at enrolment, allocation, baseline
and postpartum timeframes.
Timeframe
Measure

Prenatal
Description

Maternal information
Dated ultrasound
Asthma diagnosis
from physician
Screening
questionnaire
Asthma
assessment and
self-management
education

Enrolment

Allocation

Baseline

Enrolment
Enrolment

Screening for concomitant
chronic illness, lung disease
and alcohol/ drug dependence

Enrolment
Allocation
(treatmentas-usual and
intervention
groups)
Allocation
(intervention
group only)

Fractional exhaled
nitric oxide
(FENO)
Height

Baseline

Weight

Baseline

Ethnicity

Baseline

Asthma history

Baseline

Current
medications
Asthma
symptoms
Asthma triggers

Baseline

Asthma education

Baseline

Inhaler technique

Baseline

Baseline
Baseline

Spirometry

Measure of lung function

Baseline

Smoking status

Current/past/non-smoker

Baseline

Asthma control
questionnaire

Assesses day- and night-time
symptoms, activity limitation,
wheeze, β2-agonist use and
bronchoconstriction

Baseline
(intervention
only)

Timeframe

Postnatal
Birth

Outcome
assessment
Exacerbations

From medical records

6 weeks
6w
6w

Adverse health
events

6w
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6 months

12 months

Infant information
Name and
outcome
Height/length

Birth
Birth

6w

6m

12m

Weight

Birth

6w

6m

12m

Respiratory rate

Birth

6w

6m

12m

Immunisation
information
Feeding
information
Paediatrician
clinical
assessment
Respiratory
illness
Family history of
allergy/asthma
Allergy and
asthma symptoms
Allergy/skin prick
test

Birth

6w

6m

12m

Birth

6w

6m

12m

Birth

6w

6m

12m

Birth

6w

6m

12m

Birth

6w

6m

Birth

6w

6m

Blood test

Assesses common inhalant
allergens and positive
(histamine) and negative
(normal saline) controls

Sample collection
Tidal breathing

Exhaled nitric
oxide
Forced oscillation
technique
Multiple breath
washout

Assesses respiratory rate, tidal
volume, minute ventilation,
mean tidal inspiratory and
expiratory flow
Assesses eosinophilic airway
inflammation
Assesses respiratory
mechanics and dynamic
airway function
Assesses lung volume and
ventilation inhomogeneity

12m
12m

12m
Birth

6w

6m

12m

Birth

6w

6m

12m

Birth

6w

6m

12m

Birth

6w

6m

12m

Birth

6w

6m

12m

6.2.4 Procedure
After eligibility was determined, participants were randomly allocated to either a control
(asthma managed as usual) or intervention (FENO-based management) group (see Figure 6. 1). At
this stage, neither participants nor researchers were blinded to treatment group due to the differences
between the intervention (regular visits during pregnancy) and usual care (one visit only). Women
who were allocated to the control group of the trial, received an asthma assessment and education on
how to self-manage their asthma. Any changes to their treatment were managed by their GP only and
not researchers. Mothers randomly allocated to receive the FENO-based management intervention
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had their asthma assessed every 3-6 weeks during pregnancy and their ICS dose adjusted every 2nd
visit using the FENO algorithm. Regardless of intervention status, women continued their usual
antenatal appointments. There was no placebo group.

Enrollment
Assessed for eligibility against inclusion and
exclusion criteria

Excluded
Not meeting inclusion criteria

Baseline measures completed (n=416)
Asthma history
and
management

Demographics

Lung function

Allocation (n=416)
FENO intervention group

Usual care/control group

Lost to follow up (n=28)
Discontinued/withdrawn

Postpartum follow up completed
Birth
(n=388)

6wks
(n=194)

Lost to
f/u
(n=194)

6mths
(n=117)

Lost
to f/u
(n=77)

12mths
(n=107)

Lost
to f/u
(n=10)

Figure 6. 1. Flowchart detailing the flow of participants through the Breathing for Life Trial. Adapted
from Murphy et al. (2016).

Baseline measurements for both groups were completed before 23 weeks gestation and
included demographics, height, weight, ethnicity, asthma history, current medications, asthma
symptoms and triggers, self-management skills, education about their asthma, inhaler technique, lung
function (using spirometry), and smoking status (Table 6. 1). Baseline asthma control was assessed
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via the asthma control questionnaire (ACQ; Juniper, O′ Byrne, Guyatt, Ferrie & King, 1999) in the
FENO intervention group only. There was an outcome assessment at birth, and exacerbations and
adverse health events were assessed via phone interview less than 6 weeks postpartum (Table 6. 1).
As part of the postpartum follow-up, infant lung health was assessed at 4-6 weeks, 6 months
and 12 months of age. Lung function assessments occurred during quiet sleep, and included measures
of tidal breathing, fractional exhaled nitric oxide (FENO), multiple-breath washout (MBW), and
forced oscillation technique (FOT). Follow up assessments also measured the infant’s height, weight,
respiratory rate, immunisation and feeding information, and involved a clinical assessment by a
paediatrician. In addition, mothers completed a questionnaire (Strippoli, Silverman, Michel & Kuehni,
2007) that assessed infants’ allergy and asthma symptoms. An allergy/skin prick test, blood test, and
sample collection (buccal (cheek) swab, urine and stool samples) were all optional for the infants.
Adverse perinatal outcome (assessed as a composite of preterm birth, intrauterine growth
restriction, hospitalisation at birth or perinatal mortality) was the primary outcome of the trial and
were assessed by medical record review. The outcome cannot be reported upon prior to the conclusion
of the trial, and the trial is currently ongoing. The proportion of infants with severe respiratory
illnesses was assessed during the infants’ first year of life. A severe respiratory illness, defined as
illness that required hospitalisation or a visit to the emergency department, could include
bronchiolitis, croup, or wheezing. These outcomes were assessed via medical records and parental
questionnaires given at 6 and 12 months postpartum. Maternal prenatal depression data, infant
APGAR scores and birth outcome information were acquired from medical records.

6.3 The Breathing for Life – Infant Development study
The Breathing for Life – Infant Development study was designed to assess the cognitive,
sensory and behavioural development of infants born to mothers with asthma who were participating
in the BLT, and to characterise the general health, mental health, parenting stress and executive
functioning of new mothers with asthma during the postpartum period.
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6.3.1 Participants
The Breathing for Life Trial– Infant Development (BLT-ID) study recruited mother-infant pairs
from BLT during their 6 week, 6 month or 12 month infant follow-up appointment. Participants were
approached by a recruitment officer who explained the study and obtained consent to participate.
Participants recruited at 6 weeks and 6 months were invited to complete the protocol at the remaining
follow-up sessions as well. Hence, participants could complete one, two or three sessions
(approximately 2hrs/session) of the BLT-ID protocol. All participants gave informed consent for
participation and for videotaping on mother-infant interactions. Mothers were reimbursed AU$20.00
per session and given a small gift for their baby (i.e., a bib at 6 weeks and a hat at 6 months and 12
months). Mothers were also provided with an extensive infant development report at 6 and 12 months.
Participants who reported experiencing, or whose scores suggested the presence of, high levels
of psychological distress or suicidal ideation were given a follow-up call by one of the investigators
who was a registered clinical psychologist. During this phone call the mother was offered an initial
assessment by the clinical psychologist and a referral to their local community mental health service
for further support. Infants who were assessed as showing evidence of developmental delay or early
signs of autism were followed up by another investigator who is an occupational therapist. Where
there was evidence of child abuse or neglect, cases were reported to government authorities in
accordance with legislative requirements of mandatory reporting in NSW, Australia.
Ethics approval was obtained through the Hunter New England Research ethics committee
(Reference number: 15/05/20/4.05) the Human Research Ethics Committee (HREC approval number:
HREC/15/HNE/164), and The University of Newcastle Human Ethics Committee (Reference number:
H-2015-0307), while site-specific approval was also sought (Reference number: SSA/15/HNE/196).
6.3.2 Materials
Table 6. 2 lists the questionnaires used to assess a number of domains in the mother and the
infant. Sociodemographic factors were obtained from both the mother and the father of the infant.
Maternal measures assessed adaptive functioning, executive function, mental and physical health,
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post-natal depression, parental stress, and sleep. Executive functioning (i.e., using the BRIEF-Adult
Self-Report) was also assessed in fathers. Infant measures assessed the social-emotional and adaptive
behaviour, temperament, sensory perception, vocabulary, and general behaviour.

Table 6. 2. Questionnaires used in the Breathing for Life Trial – Infant Development and BabyMinds
studies.
Questionnaire
Name
Paternal factors

Abbreviation

Description

Subscales

BRIEF-A-SR

Assesses executive
functioning in the
home environment

Behavioural Regulation (3
scales) metacognition (5
scales), global executive
composite

Assesses a variety of
sociodemographic
information

Education and occupation,
medical and family history

BRIEF- A-SR

Assesses executive
functioning in the
home environment

ASEBA-ASR

Assesses adaptive
and maladaptive
functioning

Edinburgh PostNatal Depression
Scale

EPDS

General Sleep
Disturbance
Scale

Sleep

Screens women for
symptoms of
emotional distress
during pregnancy and
the postnatal period
Assesses the
incidences and nature
of sleep disturbances

Parental Stress
Index – short
form

PSI-SF

Assesses stress
directly associated
with parenting

Asthma Control
Questionnaire*

ACQ

Assesses day- and
night-time symptoms,
activity limitation,
β2-agonist use and
broncho-constriction
Assesses a variety of
sociodemographic
info

Behaviour
Rating Inventory
of Executive
Function – Adult
– Self report*
Sociodemographics
Maternal factors
Behaviour
Rating Inventory
of Executive
Function– Adult
– Self report
Achenbach
System of
Empirically
Based
Assessment –
Adult Self report

Sociodemographics
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Age of baby when
administered
6w
6m
12m
6m

12m

6w

6m revise
d

12m revise
d

Behavioural Regulation (3
scales) metacognition (5
scales), global executive
composite

6w

6m

12m

Adaptive functioning,
Personal Strengths,
empirically based
syndromes, substance use,
Internalizing,
Externalizing, and Total
Problems
N/A

6w

6m

12m

Problems initiating sleep,
waking up during sleep,
waking too early from
sleep, quality and quantity
of sleep, fatigue, alertness,
substance use to help sleep
Total stress, parental
distress, parent child
dysfunctional interaction,
difficult child
N/A

6w

6m

12m

6w

6m

12m

6w

6m

12m

Infant health, education
and occupation, medical

6w

6m

12m

6w

and family history,
substance use history
Infant factors
Carey
Temperament
Scales

CTS

Measures 9
categories of infant
temperament

Activity level, regularity,
adaptability, initial
approach-withdrawal,
intensity, mood,
persistence, sensory
threshold and
distractibility.
Infant/Toddler
ITSP
Measures an infant’s
General Processing,
Sensory Profile
sensory processing
Auditory Processing,
abilities
Visual Processing, Tactile
Processing, Vestibular
Processing, and Oral
Sensory Processing
Bayley SocialSEABQ
Assesses how a child Socio-emotional scale,
Emotional and
interacts and the
Adaptive Behaviour
Adaptive
child’s daily skills
(communication,
Behaviour
community use, functional
Questionnaire
pre-academics, home
living, health and safety,
leisure, self-care, selfdirection, social, motor)
First Year
FYI
General populationSocial communication and
Inventory
screening tool to
sensory regulatory
identify 12-monthfunctions, social orienting
old infants who
and receptive
might be at-risk for
communication, socialautism or related
affective engagement,
developmental
imitation, expressive
disorder
communication, sensory
processing, regulatory
patterns, reactivity, and
repetitive behaviour
Australian
OZI
Assess the
Sound effects and animal
English
development of
sounds, animals, vehicles,
Developmental
lexical skills in
toys, food and drink,
Inventory – OZI
infants and toddlers
clothing, body parts,
household items, furniture
and rooms, outside things,
places to go, people,
games and routines, action
words, descriptive words,
word forms, word endings,
sentences.
*Given in the Breathing for Life Trial – Infant Development study only

6w

6m

12m

6w

6m

12m

6m

12m

6.3.3 Procedure
6 week age appointment
The six-week BLT-ID protocol (Table 6. 3) was completed at the end of the six-week BLT
infant follow-up appointment. Mothers were briefly introduced to the BLT-ID study by a clinical
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12m

12m

research nurse, and if they expressed interest, a BLT-ID researcher provided further information and
collected informed, written consent for participation and videotaping. Mothers were briefed on the
bounds of confidentiality and were forewarned about questions concerning their mental health and
substance use.

Table 6. 3. Protocol for the Breathing for Life Trial - Infant Development and BabyMinds studies.
Item

Appointment

Questionnaires

6w

6m

12m

Filmed interaction
Bayley Scales of Infant and Toddler Development – Third Edition
(BSID-III) Screening Assessment
BSID-III

6w

6m

12m

6m
12m

Test of Sensory Function in Infants (TSFI)

6m

12m

Habituation and Joint Attention (eye tracking)

6m

12m

Mothers were given the questionnaires outlined in Table 6. 2 and were instructed to complete
them during their BLT visit to John Hunter Hospital while their baby completed the lung function
testing. At six weeks, parents were asked to complete a sociodemographic questionnaire, BRIEF,
ASEBA ASR, EPDS, PSI, CTS, and ITSP, which together took approximately 1-2 hours to complete.
After completing the BLT testing, mothers (and partners/fathers, if present) and infants
completed a 15 minute filmed interaction. Parents and infants sat on a play mat in the middle of a
quiet room and instructed to “interact as naturally as you would in your own home”. Four video
cameras in the four corners of the room filmed the 15 minute interaction, and a lapel microphone was
attached to the mother to capture an audio recording. The first half (7.5 minutes) of the parent-child
interaction included no toys, while in the second half an experimenter brought in a set of ageappropriate toys and parents were instructed to use them to interact with their infant as they saw fit.
The four 15 minute video files were then processed through a custom-built Matlab script to make one
15 minute summary video.
6 month age appointment
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When children were approximately 5 months old, the parent received a phone call and gave
verbal consent to participate in the infant development study for the second time. Infants and their
mothers who had not participated at 6 weeks were approached at their 6 month BLT appointment by a
recruitment officer who explained the study and obtained consent to participate. Participants were
given a series of questionnaires (revised socio-demographics, BRIEF, ASEBA ASR, PSI, SEABQ,
CTS, ITSP; see Table 6. 2). The 6mth appointment took approximately 1-1 ½ hours for participants to
complete (Table 6. 3).
Once the infants and their mothers were familiarised with the room, the infant completed a
battery of 2 passive-viewing eye tracking tasks (to be covered in more detail in the following
sections). A filmed interaction was conducted (same procedure as above) and the infant also
completed a BSID-III Screening assessment (Bayley, 2006b) as a measure of development. The
BSID-III Screening assessment examines a child’s established and emerging skills in cognitive,
language (receptive and expressive) and motor (fine and gross) development. The abilities covered by
the different scales include activities that explore problem solving (e.g. finding toys, completing
puzzles), developing play, response to language, manipulating objects and mobility (walking, using
stairs). Performance levels in the BSID-III Screener are determined according to a standardisation
group. Results are presented in risk categories (At risk- child at risk for some delay; Emerging- age
appropriate skills beginning to emerge; Competent- child shows competence in age appropriate tasks).
The BSID-III Screening test took approximately 30-45mins to administer. If an infant showed any
sign of delay in any of the categories, parents were offered the option of completing a full BSID-III
assessment to investigate the delay further, as well as suggestions as to how to improve their child’s
skills in that area (i.e. baby gym, playgroup, imaginative play). Parents were given a brief report of
their child’s results at the conclusion of testing.
At 6 months of age, infants also completed an experimenter-administered Test of Sensory
Function in Infancy assessment (TSFI; DeGangi & Greenspan, 1989). The TSFI is designed to offer
an objective way to determine whether and to what extent an infant has sensory processing deficits. It
can also identify infants with sensory integrative dysfunction, including infants who are at risk for
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developing learning disabilities. The TSFI gives an overall measure of sensory processing and
reactivity, and gives scores in regards to reactivity to tactile deep pressure, visual tactile integration,
adaptive motor function, ocular motor control, and reactivity to vestibular stimulation. If the infant
showed any unusual results on the TSFI, researchers notified a registered occupational therapist who
assessed the infant for any risk present.
12 month age appointment
Infants and their mothers who had not participated at 6 weeks or 6 months were approached at
their 12 month BLT appointment by a recruitment officer who explained the study and obtained
consent to participate. The 12 month assessment was almost identical to the 6mth assessment;
questionnaires, an interaction, eye tracking, TSFI and Bayley assessments were completed (Table 6.
3). However the 12mth appointments took 1-2 hours as a full BSID-III Developmental assessment
was administered with the infants. Parents were given a more detailed report of their child’s results at
the conclusion of testing.

6.4 The BabyMinds study
The BabyMinds study is a longitudinal study of mothers and infants recruited from the general
community. It aimed to profile infant development in the first year of life, and to identify parental and
infant factors that shape development. BabyMinds used a very similar protocol and materials as the
BLT-ID study, and was partly designed to be a control sample of infants born to mothers without
asthma.
6.4.1 Participants
For the BabyMinds study, participants were recruited from the greater community of
Newcastle, Australia. Flyers and information about the study was posted in mother’s groups, at
crèches, play centres, play group, childcare/daycare centres, GP practices and antenatal classes.
Parents from the community registered their interest in participating with a recruitment officer who
then ran the consenting process and ensured the following inclusion and exclusion criteria were met.
114

Participants had to have an infant aged 4-6 weeks, 6 months or 12 months old, and the ability to attend
up to 3 visits at HMRI or the Ourimbah campus of the University of Newcastle. All participants gave
informed consent for participation, videotaping and sharing of photos on social media for recruitment
purposes. Mothers were reimbursed AU$20.00 per session and given a small gift for their baby (i.e., a
bib at 6 weeks and a hat at 6 months and 12 months). Mothers were also provided with an extensive
infant development report at 6 and 12 months. Mothers were also given the opportunity to photograph
their baby in a graduation cap and gown, and received a baby diploma stating their completion of the
study.
Ethics approval was obtained through the Hunter New England Research ethics committee
(Reference number: 17/12/13/4.01) the Human Research Ethics Committee (HREC approval number:
HREC/17/HNE/580), and The University of Newcastle Human Ethics Committee (Reference number:
H-2016-0425), while site-specific approval was also sought (Reference number: SSA/18/HNE/163).
6.4.2 Materials
The majority of questionnaires listed in Table 6. 2 were used at the same time points for
BabyMinds, with the exception of the paternal BRIEF and the Asthma Control Questionnaire which
were not administered to participants of the BabyMinds cohort. Sociodemographic questionnaires
were slightly revised to reflect the aims of the study. The only additional questionnaire added was the
Adult ADHD Self-Report Scale at 6 weeks, 6 months and 12 month visits. It is a symptom checklist,
designed to assess the DSM-IV-TR criteria of ADHD in adults.
6.4.3 Procedure
The 6 week, 6 month and 12 month age appointment procedures for the BabyMinds study was
almost identical to that of the BLT-ID study, less any BLT-related study participation. Participants
were invited to their appointment at HMRI and the questionnaire battery was posted out prior to their
appointment.
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6.5 Eye tracking tasks and analysis
6.5.1 Apparatus
At the ages of 6mths and 12mths, participants of the Breathing for Life Trial – Infant
Development and BabyMinds studies were asked to complete a 15-20 minute (including calibration)
battery of infant-friendly, passive-viewing eye tracking tasks. Two tasks were designed to capture
measures relating to habituation and dishabituation, and joint attention. An Eyelink1000 eye tracker,
using the ‘head free-to-move remote mode’ viewing set-up which allows the child to move their head
freely without restriction, was used for the current studies.
The Eyelink 1000 eye tracker used in remote mode with a desktop mount (see Figure 6. 2,
below) recorded gaze position and eye movements at 500 Hz from the right eye only (monocularly) in
real time. The desktop mount sat below the display on which the participant viewed the stimuli. The
average accuracy of the desktop mount in remote mode is 0.5o, with a spatial resolution of <0.1o root
mean square. It allowed head movements between a 22x18x20cm horizontal x vertical x depth space.

Figure 6. 2. Example of typical eye tracking experiment set-up. The desktop mounted eye tracker is
below the display screen. The participant was positioned so that their eyes were approximately 80cm
from the display, and approximately 55cm from the camera, with a 35○ angle in between the gaze
level and the camera.
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The infant was seated in a baby car seat, or on their caregiver’s lap on an adjustable chair. The
chair was positioned in a darkened cubicle in front of a Windows PC computer monitor, such that the
infant’s eyes were approximately 80cm from the computer screen (Figure 6. 2). Seating was adjusted
to accommodate children or caregivers of different height or posture. The caregiver was instructed to
either stand behind the chair within reach of the infant, or if the infant was seated on their lap, they
were asked to close their eyes. The caregivers were also be asked to remain still and to refrain from
verbally and non-verbally communicating with the child during testing.
Calibration
Before the testing began, we played a children’s ‘Peppa Pig’ video on the screen in order to
relax the child and direct their attention towards the display. A short, 5 point calibration sequence
quickly followed once we had the child’s attention, and once we had adjusted the pupil and corneal
thresholds for that participant. The calibration sequence consisted of dynamic, rotating stimuli and
sound. Attention-getters, consisting of kaleidoscopic images accompanied by sound were triggered
by the experimenter as needed, to help redirect the infant’s attention to the display. A fixation
contingent stimulus (face; see Figure 6. 3, below) was presented before every trial, and if the infant
made a fixation anywhere on the face, this triggered the start of the next trial.

Figure 6. 3. Fixation-contingent screen played before each trial in every task. Once a participant made
a fixation toward anywhere on this face, this triggered the start of the next trial.
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6.5.2 Tasks
Habituation paradigm
As part of the habituation eye tracking task, infants were shown paired presentations of infantfriendly stimuli on the display monitor (see Figure 6. 4A). Each trial consisted of a familiarisation
phase and a test phase (see Figure 6. 4B). During the familiarisation phase, two identical, static
stimuli were presented to the infant and remained on the screen for 20 seconds (for six month olds), or
10 seconds (for 12 month olds; Figure 6. 5). These familiarisation times were based on those of prior
studies (Rose, Feldman & Wallace, 1992). These times also reflected the minimum time infants
needed to familiarise themselves with images of objects, and allowed for the study time to be equated
across infants of both age groups. Immediately following the familiarisation phase of the trial, the test
phase commenced. In the test phase, the familiar target was displayed along with a novel one for 10
seconds. This 10 seconds was standard across both ages. After 5 seconds, the left-right positions of
the stimuli were reversed for the remaining 5 seconds to control for side preferences. The familiar
and novel stimuli were be paired and balanced according to similar attractiveness, colour, contrast and
interest, in order to ensure that higher novelty scores were reflective of visual recognition memory in
the infant, not the infant’s preference for a particular stimuli. Trials were administered in a fixed
order for all participants, in order to avoid procedural variance. Likewise, the specific stimuli used for
novel and familiar in each trial remained the same for all infants.

(A)
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(B)
Figure 6. 4. Habituation/dishabituation paradigm. The familiarisation (A) and test (B) phases are
shown. In the test phase, the left-right position of the novel picture (ladybug) is reversed after 5
seconds to control for side preferences.

Figure 6. 5. Trial sequence for the habituation task.

Joint attention paradigm
The joint attention task was based on the task used in Experiment one of Wu and Kirkham
(2010), and was designed to assess social cueing to relevant stimuli in a noisy environment. Infants
aged 6 and 12 months watched a social cue (woman) turning to two identical multimodal events –
either a cat (see Figure 6. 6A) or a dog (see Figure 6. 6B).
Social cue: The central social attention cue consisted of a videotaped live actress speaking to
the baby and looking in a particular direction. In the present study, the model was a young Caucasian
woman who had her hair pulled back away from her face, and who spoke with an Australian accent.
The woman was wearing a black shirt, was filmed against a black background and thus only her head
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and shoulders were visible to the infant. The social cue began with the woman in a neutral expression,
looking directly into the camera. The woman smiled, and in infant-directed speech said “Hi baby,
look at this!” The woman then turned her head and eyes, and looked to either the bottom left or
bottom right corner of the screen. This social cue lasts for 4000ms, with no other visual stimulus
displayed other than four white squares in the four corners of the screen. The woman remained turned
and smiling for 6000ms while the stimuli appeared and played. The stimuli then disappeared, and the
woman turned to look back at the centre of the screen and changed her expression to neutral.
Stimuli: As seen in Figure 6. 6, below, infants were shown two pairs of audio-visual events
(two identical cartoon cats (A), or two cartoon dogs (B)) which moved in synchrony to two different
sounds during the familiarisation trials. The cats moved to an accompanying tune of “teddy bear’s
picnic” played on a music box whereas the dogs moved to a deeper “funk” rhythm. The
simultaneously presented targets served as a noisy visual environment for the infant. Both targets
were equated in terms of visual appeal and salience. Each pair was presented separately, so that an
infant saw either two dancing cats or two dancing dogs on the screen during any given familiarisation
trial. During one familiarisation trial, for example, an infant saw the two cats in the top left and
bottom right of the screen, and heard the teddy bear’s picnic music. On another familiarisation trial,
the infant would see the two dogs in the bottom right and top left of the screen, and heard the funk
rhythm. As above, the stimuli remained on screen for a total of 6000ms. The social cue always cued a
valid stimuli location. If the face turned to the lower left corner, for example, the stimuli appeared
simultaneously in the bottom left and top right corners of the screen.
During a test trial (Figure 6. 6C), infants were shown only four white blank squares in the
corners of the screen, with no social cue or stimuli present. Infants heard either the teddy bear’s picnic
tune or the funk rhythm, which played for 12000ms. During testing, infants were presented with four
stimuli blocks consisting of six familiarisation and one test trial per block, totalling 24 familiarisation
trials separated by 4 test trials. The 6 familiarisation trials presented the cats 3 times, and the dogs 3
times. The test trials played one of the associated sounds, in order to test the infant’s pairedassociative learning. The four test trials cued the dogs twice, and the cats twice. The infants heard the
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test sound in either the last or second last presentation during the familiarisation trials (e.g. ABABBA,
BAABAB).
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Figure 6. 6. Trial sequence for the joint attention task. During familiarisation trials, infants saw the
social cue which said “Hi baby, look at this!” This was immediately followed by presentation of the
two multimodal events - either a cat (A) or a dog (B) which played in the diagonally opposite corners
of the screen for 6000ms. These stimuli then disappeared from the screen and the woman returned to a
neutral facial expression. Test trials (C) consisted of four blank white frames in the four corners of
the screen on a grey background, while the infant hears either the teddy bear’s picnic tune or the funk
rhythm for 12000ms.

6.5.3 Analysis
Data cleaning and processing
Usable data was defined by the procedures outlined in Navab, Gillespie‐Lynch, Johnson,
Sigman and Hutman (2012). Data was deemed usable if there was at least one fixation toward the
fixation-contingent ‘face’ target (Figure 6. 3) which was displayed prior to every trial, as well as at
least one fixation in any of the interest areas (see Figure 6. 7 and Figure 6. 8 on subsequent pages).
There has been some recent discussions on the importance of, and appropriate way to handle
data loss and to clean messy infant eye tracking data (e.g. Hessels, Andersson, Hooge, Nyström &
Kemner, 2015; Hessels, Niehorster, Kemner & Hooge, 2017; Hooge, Niehorster, Nyström, Andersson
& Hessels, 2017; Wass, Forssman & Leppänen, 2014; Wass et al., 2013). Usually, data loss occurs
when the eye tracker loses the location of the pupil and/or corneal reflections, and may be caused by
artefacts such as tears, movement, improper calibration, or eyelashes. Wass et al. (2014) outline how
the quality of the eye tracking data, which can differ between and within individuals, can influence
outcome variables. Given young infants are squirmy, fidgety and have shorter attention spans than
adults, their eye tracking data is going to be much messier and of lower quality, particularly as the
testing session continues. The authors found that differences seen in gaze behaviour were reflective of
differences in the quality of data recorded, not of differences in an infant’s gaze. They found that
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lower precision data may result in slower reaction times, and may result in an artificial preference to
look at eyes more than the mouth when looking at a face. ‘Flickery’ data (where the infant’s recorded
gaze and fixations are absent for periods of time of variable length) lead to shorter measures of first
look and visit durations when this is not necessarily true. Cleaning the raw eye tracking data has
implications for accuracy and finding real differences between typical and clinical populations or
older and younger children (that are due to differences in gaze behaviour and not fidgetiness or
irritability).
The following procedure was used to clean the eye tracking data of the present thesis, and it is
in line with other dispersal-based algorithms used in the eye tracking literature (e.g. Holmqvist et al.,
2011). A dispersal-based algorithm describes temporal and spatial requirements for detecting events
and accounts for data loss in terms of whether the point of gaze remains below displacement
thresholds. A temporal window is usually a minimum fixation duration, and a spatial requirement is a
minimum degree of visual angle. Dispersal-based algorithm thresholds can involve setting a minimum
fixation duration (e.g. 100ms) and expanding it until the average eye displacement is within a
particular window (e.g. 0.25○ of visual angle). All samples over 100ms that are greater than 0.25○
diameter are considered a fixation. All samples that fall outside of those parameters are excluded. We
applied the following procedure to all participants.
1. We merged nearby fixations
Noisy eye tracking data is characterised by a greater number of shorter fixations (flickery data), with
lots of short saccades interspersed (see Holmqvist, Nyström & Mulvey, 2012). For greater precision,
one can merge short fixations that are near to each other in space. By merging nearby fixations that
occur < .25○ of visual angle away from each other (see point 2 below) and that were < 100ms duration
(see point 3 below), fixations become fewer and longer, with small saccades being merged into a
longer fixation.
2. We set the fixation merging amplitude threshold to .25○ of visual angle
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We set the fixation merging threshold to be .25○ of visual angle, so that if two fixations had an
Euclidean distance (the straight line distance between two points in Euclidean space) of less than
0.25○, and their duration was less than 100ms (see point 3, below) then these two fixations were
merged into one longer fixation (e.g. Holmqvist et al., 2012; Wass et al., 2013).
3. We set the fixation duration threshold to 100ms
While there is some evidence to suggest that adults may make meaningful fixations in under 100ms
(e.g. Nuthmann, Smith, Engbert & Henderson, 2010), we had no need to study fixations under 100ms
in the present study. Fixations under 100ms duration were either merged with nearby fixations if they
were within 0.25○ of each other, or hidden if they were above this fixation merging amplitude
threshold. Hidden fixations were not included in subsequent analyses.
Data analysis
Data analysis of the two eye tracking tasks involved processing the data samples and events
(outlined in Table 6. 4) as part of area of interest (AoI) analyses. An area of interest defines parts of
the stimulus that a researcher is most interested in learning about gaze information, and are used to
spatially segment the stimuli into relevant parts. The analyses for the habituation and joint attention
task used a combination of static and dynamic (can move and/or change form over time) areas of
interest, as the stimuli were both stationary and animated across trials. The AoIs for the habituation
task are described in Figure 6. 7, while the AoIs for the joint attention task are in Figure 6. 8.

Table 6. 4. Variables obtained from the eye tracking tasks for analysis. All variables were averaged
across all available trials in each trial group. Trials were grouped based on their type (e.g.
familiarisation, test trials).
Variable
Fixation count

Fixation duration
Mean
Median
SD

Definition
Average number of fixations in a
trial

How it’s calculated
Total number of fixations in the trial group,
divided by the number of trials in the trial
group

Average duration (ms) of all
fixations in a trial

The duration of all fixations in all trials is
summed and divided by the number of trials
in each trial group

Median duration (ms) of all
fixations in each trial group
Standard deviation (ms) of the
fixation durations in each trial
group
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Run count
Pupil size
Saccade amplitude
Mean
Median
SD
Count
Trial count
Area of interest (AoI)
Dwell time

Average run count across all trials
in the trial group
Average pupil size across all
samples in a trial group

Average number of fixation runs* is averaged
over all trials in the current interest period

Average size (in degrees of visual
angle) of all saccades in a trial
group
Median size (in ○ of visual angle) of
all saccades in a trial group
Standard deviation (in ○ of visual
angle) of the amplitude of all
saccades in a trial group.
Average number of saccades in a
trial

The amplitude of all saccades in a trial group
is summed and divided by the total number of
saccades in a trial group

Total number of valid trials in each
trial group
The sum of the duration across all
fixations in an interest area

Dwell time %

The percentage of trial time spent
on the current interest area

First fixation duration

Duration of the first fixation in an
interest area

First fixation time

The start time of the first fixation in
an interest area

First fixation visited
count

The number of different interest
areas visited before a fixation is
made into the current interest area
Average number of total fixations
in an interest area

Fixation count
Fixation count %

Percentage of all fixations in a trial
falling in an interest area

Run count

The number of times an interest
area was entered and left (runs)

The total number of saccades in a trial group
is divided by the number of trials in the trial
group.

The duration of all fixations for the interest
area is summed, and then divided by the
number of trials using the interest area
All fixation durations in the current interest
area are summed and divided by the total
fixation dwell time of the trials using that
interest area
The duration of the first fixation in an interest
area is averaged across all trials with a
fixation in that particular interest area
The start time of the first fixation in an
interest area is averaged across all trials with
a fixation in the particular interest area
The number of different interest areas visited
is averaged across all trials with a fixation in
the current interest area
The total number of fixations falling in the
current interest area is divided by the number
of trials that use this interest area
The total number of fixations in an interest
area is divided by the total number of
fixations in trials with the current interest area
The sum of the run count from all trials using
an interest area, divided by the number of
trials with the interest area

*A fixation run is defined as two or more consecutive fixations in the same interest area
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Figure 6. 7. The AoIs for the habituation familiarisation (A) and test (B) trials are superimposed on
the screen in green, red, blue and yellow. An overall novelty preference AoI was created by
combining the novel right side and novel left side AoIs. Timing of the onset and offset of the AoIs (in
ms) over the course of the trial are given below their respective labels.
Analysis for the habituation task involved quantifying the infant’s novelty preference. Fixation
and dwell time information was calculated for both sides of stimuli in the familiarisation trials to
determine side preferences. Novelty preference was determined by averaging the fixations and dwell
times toward novel stimuli, and a novelty preference score was computed by computing the fixations
and dwell times toward novel stimuli as compared to fixations and dwell times toward non-novel
stimuli when presented in test trials. Further detail on the calculation of these measures and how the
tasks performed will be provided in Chapter 8.
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Figure 6. 8. The AoIs for the joint attention familiarisation (A) and test trials (B) are superimposed on
the screen in green, red, blue and yellow. Timing of the onset and offset of AoIs (in ms) over the
course of the trial are given below their respective labels. Where there is a temporal and spatial
overlap of AoIs (such as the overlap between gaze path between target and distractor, and the face
during stimuli AoIs), fixations that fell in this overlap area were assigned to both AoIs.
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For the joint attention task, analysis involved quantifying the infant’s ability to use the social
cue to help focus attention in the presence of distractors, and to learn about the target location from
audio information. Data was averaged across cat and dog conditions for each participant, to give
overall data for familiarisation trials. During familiarisation trials, infants were assessed on their
ability to hold their attention to the cued stimuli in the bottom corner, and on how well they inhibit the
tendency to look at the identical stimuli dancing in the diagonally opposite corner. In familiarisation
trials, the infants’ ability to follow gaze was assessed via the number and length of fixations that they
made to the face while it was speaking, and towards the target AoI. Their level of distraction was
measured by fixations and dwell time toward the distractor area. Whether their gaze landed in the
cued location before any stimuli appeared was also used to determine whether joint attention had
occurred. Fixation and dwell time information for the face cue was recorded to assess whether infants
were looking at the cue to guide their attention. In test trials, proportional looking time to the correct
target AOI and face area in each trial will be measured. Further detail on the calculation of these
measures and how the tasks performed will be provided in Chapter 8.
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Chapter 7: Observational study of mental health in asthmatic women
during the prenatal and postnatal periods 2
7.1 Introduction
Asthma is one of the most common medical conditions to affect women during pregnancy
(Mehta, Chen, Hardy & Powrie, 2015). In Australia, approximately 12% of pregnant women
experience symptoms of asthma (Clifton et al., 2009). The global prevalence of asthma during
pregnancy ranges between 4-12% (Kwon et al., 2003; Lundbäck, Backman, Lötvall & Rönmark,
2016; Rey & Boulet, 2007). Pregnant women with asthma are at risk of experiencing higher frequency
and severity of asthma exacerbations, especially amongst more severe asthma cases (Murphy, 2006).
Furthermore, asthma and asthma exacerbations during pregnancy are linked to increased risk of
adverse perinatal outcomes, including pre-eclampsia, preterm birth, low infant birth weight and small
for gestational age, compared to non-asthmatic women (Ali et al., 2016; Murphy et al., 2011a;
Murphy, Jensen & Gibson, 2017; Rejnö et al., 2014). It is important, therefore, to minimise the
occurrence of asthma exacerbations through active asthma management (Bonham, Patterson & Strek,
2018; Murphy et al., 2011a; Murphy, Wang, et al., 2013). However, adherence to asthma control
plans may be affected by mental health, an issue particularly salient for asthmatic women in the
perinatal period (Grzeskowiak et al., 2017).
The risk of depression and anxiety in women increases during prenatal and postpartum periods.
A recent Australian retrospective cohort study reported rates of depression antenatally at 6.2%, and
postnatally at 3.3% (Ogbo et al., 2018). Other Australian studies have reported antenatal depression
rates of 7% (Eastwood et al., 2017), 17% (Leigh & Milgrom, 2008) and almost 30% (Edwards,
Galletly, Semmler-Booth & Dekker, 2008), whereas rates of postnatal depression range from 6% to
12% (Eastwood et al., 2011; Leigh & Milgrom, 2008). In Australia, depression affects approximately
5.1% of women in any given 12 month period (Slade et al., 2009). Worldwide, estimates of
Published as: Whalen, O. M., Campbell, L. E., Murphy, V. E., Lane, A, E., Gibson, P. G., Mattes, J., Collison,
A., Mallise, C. A., Woolard, A., & Karayanidis, F. (2019). Observational study of mental health in asthmatic
women during the prenatal and postnatal periods. Journal of Asthma. doi:
https://doi.org/10.1080/02770903.2019.1621888
2
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postpartum depression are 6.5-12.9% (Gaynes et al., 2005; Howard et al., 2014; Munk-Olsen et al.,
2006).
Many studies report that poor maternal mental health perinatally can have long-term negative
impacts on the infant’s development. Maternal antenatal depression is associated with reduced infant
growth rate and increased risk of diarrhoea (Rahman et al., 2004). Postnatal depression has been
associated with impaired mother-child interactions (Lovejoy et al., 2000), less efficient parenting
(Malphurs et al., 1996) and less attention to infant safety (McLearn et al., 2006), which in turn can
lead to behavioural, cognitive, socio-emotional and health problems in the infant (Beardselee et al.,
1998). Importantly, a recent study indicated that depressive symptoms experienced by mothers during
the first 6 -7 years of their child’s life are associated with increased incidence of childhood asthma,
even when controlling for a history of maternal asthma (Giallo et al., 2015). Taken together, these
findings clearly indicate the clinical importance of understanding the nature and prevalence of
perinatal psychopathology in asthmatic mothers.
Poor mental health has been associated with asthma (Lu et al., 2018). Adults with asthma have
a higher risk of depression and anxiety compared to the general population (Scott, Von Korff, et al.,
2007). Asthmatic individuals who experience psychological distress often have less controlled asthma
and higher rates of hospitalisation (Cluley & Cochrane, 2001a; Di Marco et al., 2010; Eisner et al.,
2005; Lavoie et al., 2005; Pilipenko et al., 2016). However, the association between asthma severity
and anxiety or depression, is not robust. While one study reported that asthma severity was positively
correlated with depressive problems (Eisner et al., 2005), another found no difference in the incidence
of reported depression between those with mild or severe asthma (Chapman, 2005a). It has been
suggested that depressive symptoms such as reduced motivation, energy, and cognitive functioning
may interfere with self-management behaviours, leading to poorer asthma outcomes (Barton et al.,
2003; Cluley & Cochrane, 2001a). A negatively reinforcing cycle may develop: depression may
increase treatment non-adherence, which can exacerbate asthma symptoms, and this, in turn, may
increase depressive symptom severity (DiMatteo et al., 2000; Lehrer, Feldman, Giardino, Song &
Schmaling, 2002).
130

Conversely, the associations between asthma and poor mental health may reflect the complex,
bidirectional interactions between the immune and nervous systems, particularly through the
signalling of G protein-coupled cell surface receptors, receptor tyrosine kinases, cytokines, growth
factors and neuropeptides during inflammation (Foster, Seehus, Woolf & Talbot, 2017). Thoren and
Petermann (Thoren & Petermann, 2000) noted that, in individuals with comorbid asthma and anxiety,
a fear of asthma symptoms would be expected to increase motivation to effectively manage and
control asthma symptoms. However, they argue that intense asthma-related anxiety may trigger
asthma symptoms, which may compromise engagement in self-management behaviours and lead to
reduced quality of life. The higher mortality rates amongst asthmatic adults with a comorbid diagnosis
of depression (Walters et al., 2011) support this notion.
There is a paucity of research on perinatal mental health amongst women with asthma. Recent
studies report that the risk for depression and anxiety in pregnant women ranges from 6.1% (Blais et
al., 2018), to 28% (Zairina et al., 2016) to 45% (Grzeskowiak et al., 2017). Other studies suggest that
the risk of depression during pregnancy may increase with greater asthma severity and associated
exacerbations (Tata et al., 2007), and that anxiety may significantly increase the odds of subsequent
exacerbations during pregnancy (Powell et al., 2013). This is consistent with the findings of a recent
study showing that uncontrolled asthma was more common in asthmatic pregnant women who also
experienced anxiety and depression (Grzeskowiak et al., 2017).
On the other hand, amongst asthmatic adults the use of oral corticosteroids to treat asthma
exacerbations has been associated with depressive symptoms (Price et al., 2018), and depression was
associated with longer duration of oral corticosteroid use (Kullowatz et al., 2007) as well as higher
doses of ICS (e.g. Bonala et al., 2003).
In summary, there is some evidence that pregnant women with asthma have heightened risk of
depression and anxiety, which in turn, may impact asthma exacerbations during pregnancy. However,
the mental health characteristics of asthmatic women in the post-partum period, which is associated
with higher risk of depression and anxiety, have not been well-characterised. The current study has
three primary aims: 1) to examine the prevalence and severity of psychological distress of women
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with asthma in both the prenatal and postnatal periods, 2) to examine whether asthmatic women with
and without mental health problems differ in self-management, medications knowledge, and asthma
symptoms, and 3) to examine whether self-report and objective measures of asthma severity are
related to psychological distress.
7.2 Methods
7.2.1 Participants
Pregnant women at 12-22 weeks gestation were recruited from the greater Newcastle, Australia
area to the current study as part of the Breathing for Life Trial (BLT), a large randomised clinical trial
(RCT) examining the effects of a novel asthma management strategy for pregnant women (Murphy et
al., 2016). The Breathing for Life Trial is registered with the Australian New Zealand Clinical Trials
Registry (Trial ID: ACTRN12613000202763). Participants were included if they were aged over 18
years, had an asthma diagnosis from a physician, had symptoms of and/or treatment for asthma in the
last 12 months, and reported no additional lung disease, no drug or alcohol dependence, and no
requirement for oral corticosteroid use for >14 days in the past 3 months. Participants were
randomised to either a control or intervention group, in a 1:1 ratio with block sizes of four or six.
From June 2015 through to September 2017, 259 BLT participants were invited into the current study,
of which 155 were randomised to the active intervention arm of the RCT. As this RCT is ongoing,
data regarding intervention effects is not yet available. A total of 120 participants (60 from the
intervention arm and 60 from the treat-as-usual arm) consented to participate in the current study
(mean age = 29.8 ± 5.4 years). These participants had been recruited into the BLT study between
November 2014 and March 2017.
7.2.2 Procedure
Consenting participants completed prenatal asthma and mental health measures (described
below) and at 6 weeks postpartum (range 4-8 weeks) participants were asked to complete further
ratings of mental health symptoms along with sociodemographic and medical history questionnaires.
Information collected included maternal country of birth, age, marital status, current breastfeeding
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and/or formula feeding status, primiparity, medical conditions in addition to asthma, personal and
family history of psychopathology (current and past presence of a mental health condition), annual
household income (as an marker of socioeconomic status; SES), medical history, and maternal
education level. Women who reported experiencing high levels of psychological distress were offered
the services of a clinical psychologist.
Participants were reimbursed $20 for expenses. This study was approved by the Hunter New
England Human Research Committee and the University of Newcastle Human Ethics Research
Committee (HREC approval number 15/05/20/4.05).
7.2.3 Measures
Asthma measures
Prenatal data, including body mass index (BMI, kg/m2), smoking status, weeks gestation, age at
asthma diagnosis, as well as hospital admissions, emergency department visits and oral corticosteroid
(OCS) use for asthma in the previous year were collected before participants reached 23 weeks
gestation. Forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) were
measured prenatally using spirometry. Age-adjusted and height-adjusted % predicted FEV1 and FVC
were expressed as a percentage of predicted values (NHANESIII; Hankinson, Odencrantz & Fedan,
1999). Adherence and self-management skills were also assessed prenatally. Adherence to inhaled
corticosteroids was assessed by asking participants “It can be difficult to remember all of your
medicines when things get busy. How many times in the last week have you missed a dose of your
preventer?” Participants who had missed more than 20% of their medication doses were considered to
be non-adherent. Knowledge about preventer and reliever medication was determined by asking
women direct questions about how each medication worked and when they were to use each type, and
responses were scored by trained nurses/midwives. Participants were also asked whether they had a
written action plan (WAP) and to demonstrate correct use of their inhaler, in accordance with the
technique described elsewhere (Murphy, Gibson, Talbot, Kessell & Clifton, 2005). At 6 weeks
postpartum, participants completed the Juniper Asthma Control Questionnaire (ACQ; Juniper et al.,
1999) and women scoring above 1.5 were considered to have uncontrolled asthma (Juniper et al.,
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2006). The list of measures completed by women who consented to participate in this study
(participants) and women who only participated in the larger BLT project (non-participants) is shown
in Table 1.
Asthma severity and control classifications
Prenatally, participants were classified as having mild, moderate or severe asthma using criteria
from the Global Initiative for Asthma guidelines (Global Initiative for Asthma, 2018). In brief, we
used treatment step as a surrogate measure of asthma severity. Women using step 1 (reliever alone) or
step 2 (low dose inhaled corticosteroid; ICS) therapy were considered to have mild asthma. Women
using step 3 (low dose ICS/long-acting beta agonist; LABA or medium/high dose ICS) therapy were
considered to have moderate asthma. Women using step 4 (medium/high dose ICS/LABA) therapy
were considered to have severe asthma.
Asthma control was classified as well controlled, partly controlled or uncontrolled according to
an adaptation of the GINA criteria. Asthma was well controlled if there were none of the following
symptoms in the previous week: night waking, activity limitation, daytime symptoms >2 times per
week, or reliever use >2 times per week. If 1-2 of these symptoms were present, asthma was
considered to be partly controlled, and if 3-4 symptoms were present, was considered to be
uncontrolled.
Mental health measures
Participants completed the Edinburgh Postnatal Depression Scale (EPDS; Cox et al., 1987) at
their first antenatal appointment (2nd trimester of pregnancy) as part of routine antenatal care. At the
postpartum visit, participants completed both the EPDS and the Adult Self Report (ASR) from the
Achenbach System of Empirically Based Assessment (ASEBA; Achenbach & Rescorla, 2003).
The EPDS is a brief, 10-item self-report scale that screens for postpartum depression. Women
are asked to respond in a way that best describes how they have felt in the past week. Apart from one
sleep-related item, the EPDS excludes somatic complaints such as fatigue and appetite variations that
are typical experiences during the pre- and post-natal periods. Scores ≥10 are recommended for
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referral for diagnostic evaluation of postpartum depression. The EPDS has been validated worldwide
and demonstrates high test-retest reliability and internal consistency (Bergant, Nguyen, Heim, Ulmer
& Dapunt, 1998; Cox & Holden, 1994; Cox et al., 1987; Kernot, Olds, Lewis & Maher, 2014;
Teissèdre & Chabrol, 2004). It has also been validated for prenatal depression (Bergink et al., 2011).
The ASEBA ASR is a standardised self-report questionnaire designed for adults aged 18-59
years. The ASEBA ASR assesses adaptive functioning across a range of domains (i.e., friends,
spouse/partner, family, job; education, personal strengths). It generates age and gender normed Tscores across two composite scales (externalising/internalising and total problems) and syndrome
scales (Anxious/Depressed, Withdrawn, Somatic Complaints, Thought Problems, Attention Problems,
Aggressive Behaviour, Rule-breaking Behaviour, and Intrusive problems). It also produces scores for
Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5; American Psychiatric
Association, 2013) oriented scales: depressive, anxiety, somatic, avoidant personality, attention
deficit/hyperactivity and antisocial personality problems. Scores between the 93rd and 97th percentile
are considered borderline clinical, and above the 97th percentile are in the clinical range, both
signalling the need for further assessment and diagnosis.
7.2.4 Analysis
Data were analysed using the Statistical Package for the Social Sciences (SPSS) software for
Windows, with level of significance set to α = .05. To investigate sample bias, demographic, mental
health and asthma data were compared between participants and non-participants. Total scores,
percentile scores, and T-scores for DSM-5 oriented scales and syndrome scales of the ASEBA ASR
were derived and categorised in the normal, borderline, or clinical range for each participant. EPDS
scoring uses clinical brackets: 0-9 is considered low risk, 10-12 is medium risk, and 13-30 is high
risk. Scores from the EPDS and ASEBA ASR were used to characterise the nature of psychological
distress. We used multidimensional χ2 analyses, and phi (φ) to measure the association between
variables (Agresti, 2018). To avoid inflation of type 1 error rate as a result of multiple comparisons,
we used false discovery rate (FDR) corrected p-values. FDR is a well-validated way of controlling for
multiple comparisons and is less conservative than other Bonferroni-type corrections (Benjamini &
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Hochberg, 1995). As many prior studies do not correct for multiple comparisons, we report both
uncorrected and FDR-corrected p-values for comparability. Further associations between asthma and
psychopathology were determined by computing odds ratios for the association between high ASEBA
ASR scores in this sample of asthmatic women, as compared to normative ASEBA ASR data. Given
that prior work has found associations between oral corticosteroid use and depression, we compared
total scores on the EPDS and relevant ASEBA ASR scales between participants who used ICS and
those that did not. Multiple regression was used to determine whether mental health explained any
variance in GINA control or severity classifications. Specifically, total scores from the DSM-5
oriented scales and syndrome scales of the ASEBA ASR, pre- and post-natal EPDS total scores, selfreported presence of mental illness diagnosis (binary yes/no), current psychiatric care (yes/no), past
psychiatric care (yes/no), maternal age at the time of their infant’s birth, and breastfeeding status were
all entered into the model as predictors.
7.3 Results
7.3.1 Sampling bias
First, we examined whether there were any systematic differences between the 120 participants
and 139 non-participants from the larger BLT study. The primary reasons for non-participation
included: loss to follow-up, too busy, not interested, or they did not attend their BLT appointment.
Descriptive measures of mental health and asthma status for participants and non-participants are
presented in Table 7. 1. Participants did not significantly differ from non-participants in age, BMI, or
any asthma-related measures, with the exception that participants had greater knowledge of their
action plan (which was non-significant after FDR correction). Non-participants had higher rates of
current smoking, but this did not remain significant after FDR correction. Information on parity, SES
and GINA asthma severity and control classifications was not available for non-participants.
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Table 7. 1. Prenatal measures for participants and non-participants of the current study. For all of the
chi-squared analyses, some cells had expected counts less than 5 so an exact significance test was
selected for Pearson’s chi square. P values are bolded if significant after FDR correction.
Participants

N
Prenatal EPDS
0-9 (Low risk)
10-12 (Medium risk)
13-30 (High risk)

102
92 (91%)
3 (3.4%)
7 (5.6%)

N
118
85 (70%)
17 (16%)
16 (14%)

63%

61

44%

27

60%

27

103
16

87%
13%

112
7
1

Age

119

Asthma control
questionnairea

60

FEV1FVC %

107

FEV1 %

111

FVC %

108

Smoking status
Current
Ex

N
13
31

Never

74

139
142
67
124
124
124

p<.05
p=.013**
p=.002**

N
36
43

119

30.74
(±7.91)
29.30
(±5.29)
1.46
(±1.00)
81.97
(±7.51)
88.21
(±12.38)
90.84
(±10.98)
(%)
11%
26%

M (±SD)
6.76
(±4.72)

29.83
(±8.54)
29.44
(±5.84)
1.63
(±.97)
81.37
(±7.14)
89.09
(±12.32)
92.47
(±10.43)
(%)
26%
30%

BMI

Adherentb (missed <20% of
ICS dose)
History (times in the past year)
Emergency visits
0
1 or more
Hospital visits
0
1 or more
Missing
Medication type
ICS
ICS/LABA
Other
SABA
Correct Knowledge
Action plan
Preventer
Reliever
Technique
Preventer (Pressurised
metered dose inhaler)
Optimal
Adequate
Inadequate
Missing
Turbuhaler
Optimal
Adequate

M
(±SD)
5.26
(±4.00)

Non-participants

p<.05 after
FDR
correction
p=.091
p=.028*

Effect
size
Partial η2
= .028
Phi φ =
.238
Partial η2

p=.337

p=.786

η2 = .003

p=.845

p=.845

η2 = .000

p=.344

p=.602

η2 = .007

p=.534

p=.748

η2 = .002

p=.588

p=.686

η2 = .001

p=.248

p=.868

η2 = .006
Phi φ

p=.018*

p=.084

φ =.213

53%

p=.465

p=.814

φ =.045

120
22

85%
15%

p=.735

p=.735

φ =.088

93%
6%
1%

134
8
2

93%
6%
1%

p=.539

p=.686

φ =.069

11
34
4
69

9%
29%
3%
59%

18
33
6
8

28%
51%
9%
12%

p=.488

p=.759

φ =.144

12
2
11

48%
8%
44%

4
6
15

16%
24%
60%

p=.013*
p=.076
p=.662

p=.091
p=.266
p=.713

φ =.202
φ =.161
φ =.056

32
7
66
14

27%
6%
55%
12%

22
10
81
27

16%
7%
58%
19%

p=.103

p=.288

φ =.171

20
3

22%
3%

26
4

18%
3%

p=.630

p=.735

φ =.114
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Inadequate
1
1%
5
4%
Missing
68
74%
104
75%
Activity limitation (days/week)
0
78
65%
92
68%
1–5
27
23%
24
18%
6–7
14
12%
20
14%
Mornings
0
48
40%
51
40%
1–5
45
38%
38
29%
6–7
26
22%
40
31%
Nights
0
38
32%
34
29%
1–5
54
45%
44
37%
6–7
27
23%
41
34%
GINA Asthma severity and control classifications (during pregnancy)
Asthma severity
N
(%)
Mild
81
(68.1)
Moderate
10
(8.4)
Severe
28
(23.5)
Asthma control
Uncontrolled
60
(50.4)
Partly controlled
37
(31.1)
Well controlled
22
(18.5)
Asthma severity and control
Mild uncontrolled
36
(30.3)
Mild partly controlled and
45
(37.8)
controlled
Moderate-severe
24
(20.2)
uncontrolled
Moderate-severe controlled
14
(11.8)

p=.510

p=.714

φ =.142

p=.332

p=.664

φ =.176

p=.112

p=.261

φ =.211

Abbreviations: FDR = False discovery rate; N = sample size; M = sample mean; SD = sample
standard deviation; % = percent; p = p-value; FEV1FVC % = Ratio of forced expiratory volume in 1
second and forced vital capacity percentage; FEV1 % = Forced expiratory volume in 1 second
percentage; FVC % = Forced vital capacity percentage; ICS = Inhaled corticosteroid; LABA = Long
acting beta agonist; SABA = Slow acting beta agonist.
*p< 0.05
** p< 0.01

Intervention participants only
Calculated for participants taking ICS/ICS LABA medications only

a

b

The groups also differed in prenatal mental health status. Prenatal EPDS scores were lower
(less mental health risk) in participants than non-participants (t(218) = 2.52, p=.013) but the effect
was not significant after FDR correction (p=.091). A significantly greater percentage of nonparticipants than participants scored in the medium and high-risk categories, (χ2(2, N=220) = 12.50,
p=.002 FDR-corrected: p=.028). The strength of the association between EPDS category and group
was moderate (φ = .238) and participation status accounted for 5.66% of the variance in prenatal
depression scores.
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7.3.2 The current sample
Sociodemographic characteristics of participating women were obtained at 6 weeks postpartum. The majority were: born in Australia (95%), Caucasian (83%), well educated (81% completed
at least the final year of high school), primiparous (52%), in a relationship (93%), and represented a
diverse range of socio-economic status (52% reported an annual household income over $80,001 and
19% under $37,000). Of the infants, 53% were male and 49% were exclusively breastfed. Asthma
status was assessed prenatally. In terms of asthma status, 35% of participants were using ICS or
ICS/LABA (median dose 500µg), 9% were current smokers, 12% had at least 1 emergency hospital
visit in the last year for their asthma, 22.5% were able to demonstrate optimal technique for their
inhaler, and 22.5% were adherent to their asthma medication.
7.3.3 Mental health results
Postnatal EPDS scores, self-reported mental illness diagnoses, psychotropic medications, past
and current mental health care, and alcohol and drug use are reported in Table 7. 2. The percentage of
participants scoring in the medium-high categories of the EPDS (indicating that they should be
referred for evaluation for perinatal depression) rose from 9% prenatally (n=102; Table 7. 1) to 15.5%
postnatally (n=110; Table 7. 1). Total scores for pre- and post-natal depression did not significantly
differ (t=-.691, p=.491). However, there were significant differences in the risk category proportions
between pre- and post-natal depression scores χ2(4, N=92) = 16.42, p=.003. Twenty percent of the
sample reported a mental health diagnosis, with 14% currently receiving mental health care, and 47%
of participants having received mental health care in the past (but did not necessarily receive a
diagnosis of a mental health condition; Table 7. 2). Participants had low rates of current alcohol and
drug use, with 73% reporting that they rarely or never drank alcohol, and 59% reporting that they
have never used non-prescription drugs (Table 7. 2).

Table 7. 2. Postnatal measures for participants of the current study.
Asthma control questionnaire
Postnatal EPDS
0-9 (Low risk)
10-12 (Medium risk)

N
55
110
93 (84.5%)
10 (9.1%)
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M (±SD)
.833 (±1.07)
5.44 (±4.05)

13-30 (High risk)

7 (6.4%)
N
110
6
4
6
2

(%)
Mental health diagnoses
Depression
(5%)
Anxiety
(4%)
Depression and anxiety
(5%)
Bipolar disorder
(2%)
Depression and Borderline
2
(2%)
Personality disorder
Depression, Bipolar disorder and
1
(1%)
anxiety
PTSD and anxiety
1
(1%)
Any mental health diagnosis
22
(20%)
Medicated for mental health issuea
16
(15%)
Mental health careb
Currently in (N=118)
16
(14%)
Past (N=114)
54
(47%)
Alcohol use
117
Rarely/never
81
(69%)
Once a month
19
(16%)
1-2 days/week or more
17
(15%)
Illicit drug use
115
Never
68
(59%)
Past use
43
(37%)
Current usec
4
(4%)
Abbreviations: N = sample size; M = sample mean; SD = sample standard deviation; EPDS = Edinburgh
Postnatal Depression Scale; % = percent; PTSD = Post-traumatic Stress Disorder.
a
Included any reported psychotropic medication used for the purposes of treating a mental illness/mood
disorder. Two participants were taking medication for a mental health issue but did not disclose a diagnosis.
b
Refers to self-reported visits to a psychologist or counsellor for psychotherapy, and does not necessarily reflect
a diagnosis of a mental health disorder.
c
Painkillers were reported for current drug use

Scores from the internalising and externalising problem scales, syndrome scales and the DSM-5
oriented subscales, of the ASEBA ASR are presented in Table 7. 3. On most subscales, the percentage
of women scoring in the borderline or clinical range (above the 93rd percentile) was less than the
expected 7%. However, somewhat higher than expected percentages were found for the Aggressive
Behaviour Syndrome scale (9.5%), as well as the Avoidant Personality and Attention Deficit
Hyperactivity Problems DSM-oriented subscales (8.6% and 7.7%, respectively).
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Table 7. 3. Postnatal ASEBA ASR subscale percentiles for participants, odds ratios and the bivariate

correlation between ASEBA ASR subscale total scores and postnatal asthma control questionnaire mean score.
Correlation with postnatal
asthma control
Odds
Clinical
Odds
Borderline
ratio
(97th –
ratio
rd
th
FDR(93 – 97
CI
100th
CI
p
percentile) Odds
percentile) Odds
corrected
Subscale
n (%)
ratio
n (%)
ratio
Ra
value
p value
DSM-oriented
subscales
Depressive
2 (1.9%)
0.41
0.082 (1.9%)
0.54
0.10.201
.146
.166
problems
2.65
3.73
Anxiety problems
3 (2.9%)
0.61
0.153 (2.9%)
0.83
0.18.075
.589
.589
3.30
4.69
Somatic problems
4 (3.8%)
0.83
0.242 (1.9%)
0.54
0.10.461*
<.001
.009
3.99
3.73
Avoidant
5 (4.8%)
1.04
0.294 (3.8%)
1.12
0.27.272
.047
.073
personality problems
4.33
5.70
Attention Deficit
2 (1.9%)
0.41
0.086 (5.8%)
1.70
0.46.282
.039
.066
Hyperactivity
2.65
7.82
problems
Antisocial
1 (1.0%)
0.20
0.022 (1.9%)
0.54
0.10- .506** <.001
.006
Personality
1.98
3.73
Syndrome scales
Anxious/Depressed
4 (3.9%)
0.83
0.241 (1%)
0.27
0.03.164
.235
.250
3.99
2.95
Withdrawn
2 (1.9%)
0.41
0.083 (2.9%)
0.83
0.18- .490** <.001
.004
2.65
4.69
Somatic complaints
3 (2.9%)
0.61
0.153 (2.9%)
0.83
0.18- .393**
.003
.009
3.30
4.69
Thought problems
2 (1.9%)
0.41
0.084 (3.8%)
1.12
0.27.230
.094
.114
2.65
5.70
Attention problems
4 (3.9%)
0.83
0.242 (1.9%)
0.54
0.10.271
.047
.067
3.99
3.73
Aggressive
6 (5.7%)
1.26
0.374 (3.8%)
1.12
0.27- .407**
.002
.007
behaviour
4.99
5.70
Rule-breaking
1 (1.0%)
0.20
0.020
.232
.092
.120
behaviour
1.98
Intrusive
0
2 (1.9%)
0.54
0.10.389*
.004
.010
3.73
Internalising
1 (1%)
0.20
0.024 (3.8%)
1.12
0.27.324*
.017
.032
problems
1.98
5.70
Externalising
1 (1%)
0.20
0.023 (2.9%)
0.83
0.18.430*
.001
.017
problems
1.98
4.69
Total problems
3 (2.9%)
0.61
0.154 (3.8%)
1.12
0.27.329*
.015
.032
3.30
5.70
Abbreviations: DSM = Diagnostic and statistical manual of mental disorders; N = sample size; % = percent; R =
Pearson correlation coefficient; FDR = False discovery rate.
*p< 0.05
** p< 0.01
a
R values are bolded if significant after FDR correction
No odds ratios were statistically significant
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7.3.4 Mental health and asthma results
Postnatal ACQ scores did not significantly correlate with prenatal or postnatal depression
scores from the EPDS (r = .229, p = 0.14, FDR-corrected p = 1.07, r = .294, p = 0.02, FDR-corrected
p = 0.38). Table 7. 3 also shows the bivariate correlation coefficients between postnatal ACQ scores
and ASEBA ASR-based total scores of mental health. Postnatal asthma control was moderately
correlated with many ASEBA ASR DSM-5 oriented scales, syndrome scales and problem scales.
However, after FDR correction for multiple comparisons, nine scales remained statistically
significant. Specifically, as shown in Table 7. 3, poorer asthma control was more strongly associated
with higher level of Somatic Problems and Antisocial Personality Problems on DSM-5 oriented
scales, higher scores on the Withdrawn, Somatic complaints, Aggressive behaviour and Intrusive
Syndrome scales, and more Internalising, Externalising and Total Problems. The Antisocial
Personality scale and Internalising, Externalising and Total Problems scales may receive contributions
from similar ASEBA ASR items and therefore share variance. Prenatal spirometry or treatment
adherence did not correlate with either prenatal or postnatal EPDS or any ASEBA ASR measures (p
=.24 to p =1.32 FDR corrected). We calculated odds ratios to examine the incidence of poor mental
health in asthmatic women during the postnatal period, as compared to normative healthy women.
There was some indication that asthma raises the odds of having poorer postnatal mental health,
particularly experiencing aggressive behaviour (OR 1.26; 95% CI, 0.35-4.60) and attention
deficit/hyperactivity problems (OR, 1.70; 95% CI, 0.52-6.78). However, while these odd ratios are
highly clinically significant, they were not statistically significant. No significant differences were
found between pre- or post-natal depression scores, or DSM-oriented or Syndrome scale scores
between participants who used ICS and those that did not. Given the association between ICS use and
irritability (among other negative moods; e.g. Patten & Neutel, 2000) we assessed the relationship
between ICS dose and aggressive behaviour. This relationship was not significant (p = .892).
We found significant positive correlations between pre- and post-natal EPDS scores (r=.458,
FDR-corrected p<.01). Additionally, modest, positive correlations were found between prenatal EPDS
scores and total scores from the anxious depressed ASEBA ASR scale (r=.557, p<.01 FDR), as well
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as the DSM-oriented depressive problems scale (r=.471, p<.01 FDR) and the anxiety problems scale
(r=.462, p<.01 FDR). Strong correlations were found between postnatal EPDS scores and the anxious
depressed scale (r=.657, p<.01 FDR), depressive problems (r=.662, p<.01 FDR) and anxiety problems
(r=.495, p<.01 FDR) scales of the ASEBA ASR.
7.3.5 GINA severity and control results
One-hundred and nineteen women were classified as having mild, moderate or severe prenatal
asthma (Table 7. 1). The majority of women had mild asthma (68.1%), while approximately half had
uncontrolled asthma (50.4%) at their baseline pregnancy assessment. Univariate ANOVA analyses
indicated that asthma severity status did not significantly influence pre- or post-natal depression
scores, or total scores on the DSM-5 oriented or syndrome scales of the ASEBA ASR (p =.72 to p
=1.69 FDR corrected). Regression analyses revealed that psychological distress did not account for
any variance in asthma severity and control groupings. Likewise, results from Chi-Square analyses
indicated no differences in asthma severity or asthma control regardless of depression risk level either
prenatally (severity: χ2(4, N=101) = 2.4, p=.664; control: χ2(4, N=101) = 8.6, p=.073) or postnatally
(severity: χ2(4, N=91) = 4.7, p=.326; control: χ2(4, N=91) = 1.8, p=.766). Chi-squared analyses
showed no significant differences in the proportion of asthma severity (χ2(2, N=109) = .248, p=.883)
or asthma control (χ2(2, N=109) = 1.364, p=.506) between participants who reported being diagnosed
with a mental health disorder and those who did not.
7.4 Discussion
The present study aimed to characterise the presence and severity of psychopathology in the
prenatal and postnatal period in asthmatic women, and investigate whether there is a relationship
between psychopathology and severity or control of asthma during and after pregnancy. We found
moderate correlations between poorer postnatal asthma control and elevated psychopathology at 6
weeks post-partum – and especially more somatic complaints, more externalising problems and more
withdrawn behaviours. Thus, women who reported poorer psychological well-being also reported
poorer asthma control. In contrast, prenatal spirometry, or GINA-classified prenatal asthma severity
and control were not associated with prenatal depression or postnatal psychological well-being.
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These findings provide some evidence for a higher incidence of pre- or post-natal
psychopathology in asthmatic women, when compared to non-asthmatic women. Twenty-two women
(20.2%) reported having had a mental health diagnosis and 47% reported receiving mental health care
in the past. Seventeen women (15.5%) scored medium to high levels of postnatal depression on the
EPDS. These figures are within the range of recent estimates (45% (Grzeskowiak et al., 2017), 28%
(Zairina et al., 2016), 6.1% (Blais et al., 2018) of prevalence of self-reported depression among
women with asthma. However, despite elevated incidence of psychopathology in these women as
compared to normative data from the ASEBA ASR, odd ratios did not reach statistical significance.
It is likely that these findings underestimate the relationship between asthma and mental health
concerns, as women from the BLT study who participated in the current study reported fewer mental
illness symptoms than non-participants. Specifically, pre-natal depression scores were significantly
lower in participants than non-participants, and 31% of non-participants reported levels of prenatal
depression that warranted further investigation. This is in line with findings from previous studies
showing that women with asthma are at a somewhat elevated risk of anxiety and depression (e.g.
Scott, Bruffaerts, et al., 2007), including when pregnant (Grzeskowiak et al., 2017; Zairina et al.,
2016).
Previous studies report prevalence estimates of mental health among pregnant women with
asthma, largely based on a self-reported clinical diagnosis. Here, we quantified the mental health
diagnosis using self-report measures of adaptive and maladaptive behaviour derived from the ASEBA
ASR scales, as well as the EPDS. Asthma control was significantly associated with internalising
problems, including withdrawn behaviours (e.g. loneliness and problems interacting with others) and
somatic complaints (e.g. reports of aches, pains and experience of physical health), as well as
externalising problems, including antisocial personality features (e.g. arguing, rule-breaking and
irresponsible behaviour). These factors suggest a unique profile of psychopathology in asthmatic
women, including avoidance and withdrawal from responsibilities during a stressful time in life,
and/or a perceived lack of control over their life and asthma. Thus, a woman’s subjective experience
of asthma control in the early postpartum period appears to be strongly linked to level of postnatal
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psychopathology. While the incidence of poor mental health (specifically aggressive behaviour and
attention/deficit hyperactivity problems) in the sample did not reach statistical significance, the higher
limit of the odds ratios were highly clinically significant. These findings need replication in a larger
sample of asthmatic women to clarify the clinical profiles.
Interestingly, in contrast to earlier findings (e.g. Price et al., 2018), there were no differences in
psychopathology between women using ICS and those that were not, and there was no significant
correlation between asthma symptoms and anxiety or depression levels. Perhaps the EPDS is not
sensitive enough for characterising the distinctive profile of psychopathology in asthmatic women, as
simple anxiety and depression measures were not associated with either self-report or objective
measures of asthma severity or control. An asthma-specific tool may be required.
Although self-report measures of psychopathology were correlated with self-reported asthma
control, they did not correlate with objective measures of asthma severity, including prenatal
spirometry. There are a number of possible reasons for this. First, it could be due to the temporal
delay between recording the objective measures (prior to 23 weeks gestation) and the self-reported
measures of psychopathology (6 weeks post-partum). Second, asthma severity (including spirometry)
does not necessarily directly impact subjective experience of asthma severity (Opolski & Wilson,
2005). Some previous studies have found a relationship between asthma severity and mental health.
For instance, an early study found that in children, severe asthma was associated with more depressive
symptoms (Mrazek, 1992), and another reported that more severe depressive symptoms are seen in
adults with worse asthma, poorer asthma related quality of life and poorer physical health status
(Eisner et al., 2005). However, other studies have reported no association between objective measures
of asthma severity and mental health (Afari et al., 2001; Chapman, 2005a; Janson, Björnsson, Hetta &
Boman, 1994). Yet, consistent with the present findings, studies using subjective measures (e.g., selfreport measures like the ACQ as used here) have found significant associations between perceived
asthma severity and depressive symptoms (Janson-Bjerklie, Ferketich, Benner & Becker, 1992;
Kovács, Stauder & Szedmák, 2003). Thirdly, the majority of women in this study had mild asthma
(68.1%), and therefore their spirometry was typically within the normal range. This suggests that
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FEV1 may be an insensitive measure in this population. Taken together, this suggests that the
subjective perception of one’s level of asthma control may more strongly impact or be impacted by
one’s mental health than the objective level of asthma severity. Mental health problems impact one’s
perception of how they are coping more generally, which may translate into how controlled they
perceive their asthma to be, regardless of whether their asthma is well-controlled or not. How one
perceives their asthma control in the early postnatal period may be more informative in determining
their mental health postnatally. Last, it is also possible that this relationship could be due to
measurement bias. Given that the source of the self-reported asthma control and the self-reported
mental health is the same woman, it is possible that factors including her psychological health status
and perceived life stress (e.g. Garrity, Somes & Marx, 1978) may be impacting both measures.
Overall the current findings, due to sample bias, are likely to underestimate the presence of
mental health concerns in this population. However, the findings highlight the need to extensively
examine the prevalence of psychiatric comorbidities in this vulnerable population of women. It is
thought that the symptoms of depression, including low motivation, low energy and apathy may
reduce health seeking behaviours, the ability to self-manage and adhere to asthma medication, which
may lead to more severe asthma symptoms and exacerbations during the pregnancy. It has been found
that anxiety in asthmatic women can increase the likelihood of asthma exacerbations during
pregnancy (Powell et al., 2013). Future research needs to consider asthma exacerbations in more
detail. The effect of depression and anxiety treatment, either antidepressants or psychotherapy, on
asthma outcomes during pregnancy is yet to be studied, however, there is evidence to suggest that
progressive muscle relaxation can improve lung parameters of asthma, anger and health related
quality of life in asthmatic women during pregnancy (Nickel et al., 2006).
7.5 Conclusion
Mental health screening of women in the perinatal period is becoming more commonplace.
This research points to a need for mental health screening with asthma-sensitive tools and specialised
mental health interventions designed for asthmatic women during this time, as they may be at an
elevated risk of psychopathology.
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Chapter 8: Characterising the constructs of habituation and joint attention,
using eye tracking data, as sensitive measures of infant cognition.
8.1 Introduction
Early cognitive development, especially attentional control development has important
implications for the health and wellbeing of children, adolescents and adults. In childhood, cognitive
development involves changes in problem solving, attention, and memory skills (Diamond, 2013).
Poor cognitive development in early and middle childhood has been shown to impact future life
outcomes, such as health, wealth and criminal behaviour (Moffitt et al., 2011). While cognitive
developmental trajectories have been well characterised from early childhood and beyond, our
understanding of the variability of cognitive development in infancy remains sparse, because it can be
difficult to measure. Assessment of cognitive performance often relies on the ability to understand
complex verbal instructions and participants often need to complete long practice sessions to be able
to learn how to successfully complete the task (for more information such tasks, see Chapter 3).
However, infants cannot understand instructions or focus for extended periods of time. Instead, tasks
used to investigate cognitive development in infancy tend to build on the infant’s innate
predisposition to look at bold, exciting and novel stimuli, with paradigms of this nature usually
incorporating aspects of preferential looking, habituation and joint attention, which tap into the
underlying processes of attentional control.
The Bayley Scales of Infant and Toddler Development – Third Edition (BSID-III) is one of the
gold standards for assessment of child development. Items in the BSID-III assess constructs of
habituation and joint attention, but rely on the experimenter’s real-time assessment of gaze patterns
and responses, and are evaluated with a binary achieved/not achieved judgement. This method does
not allow for the accurate measurement of individual differences in habituation or assessment of the
nuanced components of joint attention. Additionally, the BSID-III has only been validated against
other instruments of intellectual functioning for older children.

147

Eye tracking methodology offers an innovative way to sensitively and accurately assess the
cognitive performance of very young infants by measuring real-time looking behaviour on attentional
control tasks. This paper will examine the attentional control in 6 and 12 month old infants using both
the BSID-III and eye tracking methodology, and will examine whether patterns of performance are
consistent across the two measurement modes.
8.1.1 The Bayley Scales of Infant and Toddler Development – Third Edition (BSID-III)
The BSID-III is a frequently used, standardised measure of assessing infant development in
infants and toddlers aged 1 to 42 months (Bayley, 2006b). While it is not a diagnostic tool, the BSIDIII is commonly used to quantify overall functional development in typically developing samples, as
well as in premature infants (e.g. Spittle, Doyle & Boyd, 2008) and clinical groups (such as infants
with Down syndrome or cerebral palsy). The BSID-III is also used to inform interventions for infants
and children with developmental delay.
The ways in which literature on cognition in infancy has informed the BSID-III are outlined
both in the BSID-III technical manual (Bayley, 2006a), and in the commentary by Albers and Grieve
(2007). Items in the BSID-III stem from early literature on the importance of recognition memory for
information processing in infancy (Bornstein & Sigman, 1986; Fagan III, 1970; Rose, Feldman,
Wallace & McCarton, 1991; Rose, Gottfried, Melloy-Carminar & Bridger, 1982) and are supported
by recent literature (Holmboe, Bonneville‐Roussy, Csibra & Johnson, 2018). Tasks that involve
information processing include habituation, dishabituation, novelty preference and paired
comparisons, memory, reaction time and pattern recognition (for more detailed descriptions of these
tasks, please refer to Table 3. 2 in Chapter 3 of this thesis). These concepts are all assessed in the
BSID-III and are detailed in their technical manual, with particular emphasis given to habituation and
novelty preference tasks. In the cognitive subscale of the BSID-III, habituation is assessed via both
visual and auditory stimuli (Bayley, 2006b). An example of a habituation item in the BSID-III
cognitive scale is the presentation of two identical balloons (familiar stimulus) pictured side by side in
a stimulus book. The balloons are presented for 30 seconds, or until the infant habituates. Then, a
page is turned in the stimulus book to reveal the same balloon on the left hand side next to a beach
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ball on the right (novel stimulus). After 15 seconds, another page is turned to reveal the balloon and
beach ball but with their left-right placements reversed.
While it is well documented that items in the BSID-III tap into constructs that measure
attentional control in infancy (e.g. information processing), the technical manual only offers evidence
of content validity for the cognitive scale. The evidence provided is simply that extensive searches of
the literature and expert reviews were sought to determine relevance of the items to the constructs
they were intended to measure. The developers examined the BSID-III against the Wechsler
Preschool and Primary Scale of Intelligence (WPPSI-III), an intelligence test validated for preschool
and primary school aged children (2yrs, 6mo – 7yrs, 3mo). The BSID-III cognitive and language
subscales were highly correlated with verbal IQ and the Full Scale IQ from the WPPSI-III, while the
motor subscale was moderately correlated with the WPPSI-III subscales (Bayley, 2006a). To our
knowledge, the scales have yet to be validated against eye tracking tasks of habituation and joint
attention in infants.
8.1.2 Eye tracking as a sensitive measure of development
Eye tracking is a non-invasive method that offers the capacity to analyse infant looking
behaviour and attention with great temporal and spatial accuracy (e.g. Wass et al., 2013), in both labbased and semi-naturalistic contexts (e.g. Aslin, 2007). Infant attention, as measured in tasks using
eye tracking methodology, is influenced by the novelty or salience of the stimuli. Early forms of
attentional control include the ability to focus and sustain attention (Holmboe et al., 2008) and to
orient, anticipate and disengage from stimuli (Johnson et al., 1991).
Habituation paradigms
Habitation paradigms provide effective indicators of early information processing abilities in
infants. These tasks involve repeated presentation of one stimulus until the infant habituates, as
indicated by decreased looking time. When the infant stops looking at the stimulus, it is assumed that
they have ‘learned’ the stimulus, and faster habituation speed is assumed to indicate a better ability to
encode the stimulus to memory. This stimulus becomes the familiar stimulus. Then, a novel stimulus
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is presented and looking time toward the novel stimuli is measured. If the infant increases their
looking time to the novel stimulus relative to the familiar stimulus, it is said that they can discriminate
between the two stimuli and have novelty preference. Novelty preference is said to represent the
infant’s innate tendency to explore new, and therefore, more exciting environmental stimuli (Berg &
Sternberg, 1985). Dishabituation refers to an infant’s renewed interest in the familiar stimulus after
having explored the novel stimulus, as if the familiar stimulus were new again. Dishabituation is used
to measure discriminatory recognition memory, as the infant demonstrates their ability to not only
remember the familiar stimulus, but also to compare the novel stimulus with the memory
representation of the familiar stimulus. Stronger dishabituation (operationalised by more looking to
the familiar stimulus) is reflective of highly-developed discriminatory recognition ability (Colombo &
Janowsky, 1998). Eye-tracking measures that are commonly derived from habituation paradigms
include time to habituate, mean and longest fixation duration and number of fixations, and have all
been shown to correlate with measures of intelligence and cognitive ability later in life (Kavšek,
2004).
Cognitive abilities in early infancy show long term continuity into cognition during childhood
and pre-adolescence. Information processing ability, specifically, recognition memory at 6-12 months
has been found to be predictive of adult IQ and academic achievement (Fagan et al., 2007).
Performance on habituation paradigms has also been shown to be predictive of later mental
development. Many studies have confirmed a link between the speed of habituation responses in
infancy and later academic achievement and IQ in adulthood (e.g. Kavšek, 2004; McCall & Carriger,
1993). Hence, individual differences in fixation duration and other looking behavior in habituation
paradigms may be used as a measure of a child’s ability to efficiently regulate and control their
attention, may be sensitive indicators of cognitive control ability and may be predictive of
adaptive/maladaptive outcomes in adulthood.
Joint attention paradigms
Joint attention refers to the ability to follow another’s visual attention to an object, person or
entity. This occurs, for instance, when an infant follows the gaze of another person and attends to the
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object that person is looking at (Hoehl et al., 2008). Often, joint attention is elicited with the help of
verbal and non-verbal cues, such as eye contact, infant-directed speech, head turning or smiling
(Senju & Csibra, 2008). Joint attention tasks can include gaze following, looking, pointing and choice
paradigms (Gliga & Csibra, 2009). Joint attention is a helpful tool that adults and older children use to
highlight important parts of an otherwise noisy environment to infants, as it helps filter events that are
worth attending to from those that are not. Since what an infant attends to can bias what they learn,
infant attention is of critical importance to infant learning.
8.1.3 Aim and hypotheses
While the BSID-III has been used extensively as the gold standard assessment in quantifying
functional development and developmental delay in infants, little is known about how the scales relate
to more sensitive measures of cognition in infancy, such as those provided by measures of eye
tracking during performance of attentional paradigms. We aim to examine the BSID-III in relation to
two closely related and well-established constructs – habituation (Rose et al., 2001) and joint attention
(Wu & Kirkham, 2010). We expect that performance on the habituation and joint attention tasks will
be correlated with BSID-III performance, as the tasks provide more detail on the underlying
cognitive, language and motor processes that should be developed or developing in order for the
infant to be able to successfully complete the BSID-III. We expect that performance on the tasks will
improve with age. Twelve-month old infants are expected to perform better than 6-month old infants
on both the habituation task (as indexed by quicker habituation, higher novelty preference, and higher
dishabituation) and the joint attention task (in measures such as more looking behaviour to the face
and target, less to the distractor, higher target/distractor ratios and quicker orienting to the target).
Regardless of age, given that early information processing is a precursor to cognitive ability
and intelligence (Bornstein & Sigman, 1986; Colombo & Frick, 1999), we expect better performance
on the habituation task (as indexed by quicker habituation, higher novelty preference, and higher
dishabituation) to be associated with higher scores in the cognitive subscale of the BSID-III, which
contains habituation and novelty preference items. Similarly, better social cognition (including more
looking behaviour to the face and target, less to the distractor, higher target/distractor ratios and
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quicker orienting to the target) is expected to be associated with higher scores on the receptive and
expressive language subscales of the BSID-III, as language and social behaviour are assessed in these
subscales. Given the cascading nature of development (i.e. improvements in one developmental
domain shape improvements in others; Masten & Cicchetti, 2010), we also expect that better
performance on the habituation and joint attention tasks will correlate with better performance on all
subscales of the BSID-III. Finally, in infants who completed both tasks, we expect better performance
on the habituation task to be associated with better performance on the joint attention task.
Habituation task
As not all infants completed both tasks, the participant, procedural and analysis information for
each will be discussed in turn.
8.2 Methods
8.2.1 Participants
The habituation task had valid data from 25 6-month old (mean age 6.50 ± .44 months) and 42
12-month old (mean age 12.58 ± .57 months) infants. All participants were unique – no participants
were evaluated twice and none were twins. The numbers of infants with invalid data across both
cohorts and ages are presented in Table 8. 1. Unusable and invalid data was due to equipment
malfunction (N=7), experimenter error (N=2) and infant fussiness (N=31). One infant was excluded
as they had been diagnosed with congenital nystagmus and showed involuntary eye movements.
There were no significant differences in amount of invalid data between age, task or cohort (p = .427
to p = .886). Infants who completed the tasks were compared to infants that had unusable data (due to
fussiness only) on temperament, as measured by the Carey Temperament Scales, and development, as
measured by the BSID-III. Infants who completed the tasks did not differ from those that did not on
any temperament or developmental domain (p = .087 to p = .978).
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Table 8. 1. Number of 6 and 12 month old infants that did not complete the tasks or had invalid data
due to fussiness.
Age
6-months

12-months
Cohort
BLT-ID
9
10
BabyMinds
6
6
Total
15
16
Note. All totals represent unique participants.

19
12
31

Across both age groups, 36 infants were recruited from a sample of mothers with asthma as part
of the Breathing for Life Trial – Infant Development study (BLT-ID). These mothers were recruited
from Newcastle, Australia, and participated in a randomised controlled trial that investigated the
effectiveness of a novel asthma intervention during pregnancy (the Breathing for Life Trial; BLT;
Murphy et al., 2016). BLT study participants were randomised to either an intervention or control
(treatment as usual) group. The remaining 31 participants across both ages were recruited from the
greater Newcastle community as part of the BabyMinds study. See Figure 8, below, for a participant
flow diagram for infants of both cohorts (BLT-ID and BM) and both eye tracking tasks (Habituation
and Joint attention). For further details regarding the joint attention task, please see section 8.4 of this
chapter.

BLT-ID
(n=87)
Habituation
task (n=36)
6 months
(n=13)

12
months
(n=23)

BM
(n=76)
Joint
attention
task (n=36)

6 months
(n=27)

12
months
(n=24)

Habituation
task (n=31)
6 months
(n=11)

12
months
(n=20)

Figure 8. A study flow diagram linking recruitment to parent studies.
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Joint
attention
task (n=45)
6 months
(n=20)

12
months
(n=25)

8.2.2 Measures
At six weeks post-partum, parents completed the sociodemographic questionnaires which
provided information about the maternal country of birth, age, marital status, current breastfeeding
and/or formula feeding status, parity, medical history, socioeconomic status, and education level.
Parents also provided information about the infant’s age, feeding, and general health.
Bayley Scales of Infant and Toddler Development
The Bayley Scales of Infant and Toddler Development (Bayley, 2006b) is comprised of the
cognitive, language (receptive and expressive) and motor (fine and gross) subscales. The cognitive
subscale assesses problem solving and planning abilities. It includes items that measure concept
formation and attention, by assessing the infant’s ability to habituate and dishabituate. The language
subscales measure auditory perception, ability to understand and respond to vocal stimuli, and to
make sounds and words, name pictures and objects, and to communicate. The motor subscale
measures eye movements, perceptual-motor integration skills, and planning and speed of movements.
The habituation task
Infants were shown paired presentations of infant-friendly stimuli (see Figure 8. 1) as part of a
fixed-trials habituation task. Each trial consisted of a familiarisation phase and a test phase. During
the familiarisation phase, two identical, static stimuli were presented and remained on the screen for
20 seconds (for 6-mo), or 10 seconds (for 12-mo). These familiarisation times were based on those of
prior studies (Rose et al., 2001) and are based on the minimum time infants need to familiarise
themselves with images of objects (Fagan III, 1974; Rose & Feldman, 1987), allowing study time to
be equated across infants of both age groups. The stimuli used as familiarisation and test images were
kept constant for all participants, and were delivered in a fixed order. Immediately following the
familiarisation trial, the test phase commenced. In the test phase, the left familiar stimulus was
displayed along with a novel stimulus on the right for 10 seconds for both ages. After 5 seconds, the
left-right positions of the stimuli were reversed for the remaining 5 seconds to control for side
preferences. The familiar and novel stimuli were selected to be paired for attractiveness, colour,
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contrast and interest by the author (OW) and stimuli pairings were discussed with those with expertise
in this area (S. Forbes, personal communication, August 24, 2017). This ensured that higher novelty
scores were reflective of visual object recognition memory, not differential preference for a particular
stimulus. Trials were administered in a fixed order for all participants, in order to avoid procedural
variance. Likewise, the specific stimuli used for novel and familiar in each trial remained the same for
all infants.

Figure 8. 1. Trial sequence for the habituation task. The AoIs for the familiarisation and test trials are
superimposed on the screen in green, blue and yellow squares. The duration of the AoIs were the
same as the duration of the trial sequences.
8.2.3 Procedure
When their infants were 6 weeks of age, parents were asked to complete a brief
sociodemographic questionnaire. At the ages of 6 months and 12 months, participants of the BLT-ID
and BabyMinds studies were asked to complete a 15-20 minute (including calibration) battery of
infant-friendly, passive-viewing eye tracking tasks. After the eye tracking tasks, 6-mo infants
completed a BSID-III Screening assessment, while the 12-mo infants completed the full BSID-III
which were administered by trained examiners. For more details on this methodology, please see
Chapter 6: Methods.
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8.2.4 Analysis
Available demographic, BSID-III and eye tracking data were compared between infants of
mothers with and without asthma. To avoid inflation of type 1 error rate as a result of multiple
comparisons, we used false discovery rate (FDR) corrected p-values.
Scoring of Bayley Scales of Infant and Toddler Development (BSID-III)
The BSID-III and BSID-III Screener were scored by trained examiners. Performance levels in
the BSID-III Screener were determined according to the standardisation group and the infant’s
chronological age (prematurity adjusted where necessary). Results from the BSID-III screener are
presented in risk categories: At risk, indicates that the child is at risk for some delay; Emerging,
indicates that age appropriate skills beginning to emerge; Competent, indicates that the child shows
competence in age appropriate tasks.
For the full BSID-III scoring, each infants’ raw scores on each of the subscales were converted
to scaled scores by taking into account their chronological age (adjusted for prematurity when
necessary). These scaled scores were then converted into composite score equivalents. The scaled
scores from the receptive and expressive language subscales were combined for a language composite
score, and the scaled scores for fine and gross motor subscales were combined for an overall motor
composite score. For all subtests in the BSID-III, normative scaled scores have a mean of 10 (±3) and
composite scores have a mean of 100 (±15). Higher scores are reflective of better developmental
ability.
Eye tracking analysis
Usable trials were defined as having at least one fixation toward the fixation-contingent trial
(i.e., the face that was displayed prior to every experimental trial), as well as at least one fixation in
any of the interest areas outlined previously in Navab et al. (2012). Given the recent discussions on
the importance of, and appropriate ways to clean messy infant eye tracking data (e.g. Hessels et al.,
2015), we used a dispersal-based algorithm to clean the eye tracking data as per Wass et al. (2013).
For further information, please see Chapter 6: Methods.
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Data analysis of the two eye tracking tasks involved processing the data samples and events as
part of area of interest (AoI) analyses, which is a way of spatially segmenting the stimulus into the
relevant or most interesting areas (see Figure 8. 1 for the AoIs in the eye tracking task in green,
yellow and blue overlay). The data samples and events collected from these AoIs are outlined in Table
8. 2 and include dwell time, dwell time percentage, fixation count, fixation count percentage and run
count. In analyses and comparisons between BSID-III and eye tracking performance, we used dwell
time and fixation count percentages to control for differences in raw looking data between 6 and 12
month old infants. The primary variables of interest are outlined in Table 8. 2, and included time to
habituate, novelty preference, and dishabituation. We also computed a laterality bias score for each
participant, to indicate whether the infant displayed any side preferences during the familiarisation
phase of the task.

Table 8. 2. Primary variables of interest in the habituation task.
Variable
Measures
Dwell time
Dwell time %
Fixation count
Fixation count %
Run count
Variables
Laterality bias
Time to habituate
Novelty
preference
Dishabituation

Description

The sum of the duration of all fixations in an AoI
The percentage of trial time spent on the current AoI
Average number of total fixations in an AoI
Percentage of all fixations in a trial that fall within a particular AoI
The number of times an AoI was entered and left (runs are two or more consecutive
fixations in an AoI).
The difference in the dwell time percentage of the left AoI from the right AoI
during the familiarisation phase
The sum of fixation counts to the left and right AoIs during the familiarisation
phase
Dwell time to the novel right AoI, as a percentage of the dwell time to both the left
and right AoIs during the first five seconds of the test phase
Dwell time to the non-novel right AoI, as a percentage of the time spent dwelling
on both sides during the last five seconds of the test phase

8.3 Results
8.3.1 Sample characteristics –BLT-ID and BM cohorts
Table 8. 3 compares maternal demographic information and infant developmental information
between the BLT-ID and BabyMinds cohorts, to confirm that it is appropriate to merge the data across
cohorts. This includes all participants who completed either the habituation or joint attention task

157

(described in the next section) or both. Mothers from the BLT-ID cohort were younger, had lower
income, and lower education than mothers from the BabyMinds cohort, however only the latter effect
survived FDR correction. Only 34% of mothers in the BLT-ID cohort had tertiary education
compared to 82% of mothers without asthma. Infants of mothers with asthma were older at the 12
month session, and had higher raw scores on receptive language and gross motor skills, but only
infant age survived FDR correction. These results, prior to FDR correction, are in the opposite
direction to the expected beneficial effects of differences in parental level of education seen between
the groups. Therefore, on the basis of these results we have grouped infants across the two cohorts for
the remainder of analyses in this thesis.

Table 8. 3. Differences in demographic information for mothers with and without asthma, and
differences in demographic and BSID – III performance between infants of mothers with and without
asthma. Independent samples t tests and chi squared tests were used where appropriate. False
discovery rate (FDR) corrections were used to control for multiple comparisons.
Maternal information
Age (years)
Country of birth
Australia
Other+
Missing
Relationship status
In a relationship
Not in relationship
Missing
Parity
Primiparous
Multiparous#
Missing
Annual income
$0-$18,200
$18,201-$37,000
$37,001-$80,000
$80,001-$180,000
$180,001+over
Missing
Occupation status
Stay at home parent
Student
On maternity leave
Casual
Part time

Asthma
(n=47)
M (±SD)
29.37
(±4.95)
N (%)

No asthma
(n=44)
M (±SD)
31.83
(±3.49)
N (%)

41 (88%)
0
6 (12%)

36 (86%)
6 (14%)
0

43 (91%)
4 (9%)
0

36 (81%)
3 (8%)
5 (11%)

26 (55%)
17 (36%)
4 (9%)

26 (59%)
12 (27%)
6 (14%)

2 (4%)

0

5 (11%)
13 (28%)
24 (51%)
2 (4%)
1 (2%)

2 (5%)
7 (16%)
25 (57%)
10 (22%)
0

9 (19%)
2 (4%)
20 (43%)
1 (2%)
7 (15%)

4 (8%)
0
26 (61%)
4 (8%)
8 (19%)

p

FDR
corrected
p

Effect
size
Phi φ

.011*

.054

φ = .078
Partial η2

Overall
M (±SD)
30.62
(±4.42)
N (%)

.203

.284

η2 =.319

77 (93%)
6 (7%)

.673

.785

η2 =.091

79 (92%)
7 (8%)

.732

.732

η2 =.126

52 (64%)
29 (36%)

2 (2%)
.026*

.083
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.061

.145

η2 =.365

η2 =.362

7 (8%)
20 (22%)
49 (54%)
12 (14%)
13 (16%)
2 (2%)
46 (56%)
5 (6%)
15 (18%)

Full time
1 (2%)
1 (2%)
2 (2%)
Missing
7 (15%)
1 (2%)
Education level
Less than School
1 (1%)
1 (2%)
0
certificate
School certificate
9 (19%)
2 (5%)
11 (14%)
Higher School
10 (21%) 2 (5%)
12 (15%)
.005*
Certificate
.035*
η2 =.460
*
TAFE diploma
7 (15%)
3 (7%)
10 (13%)
Bachelor’s degree
10 (21%) 19 (43%)
29 (37%)
Postgraduate degree
4 (9%)
9 (20%)
13 (17%)
PhD
0
3 (7%)
3 (3%)
Missing
6 (11%)
6 (13%)
Infant information
M (±SD) M (±SD)
p
p
M (±SD)
Age
6 month group
6.50
6.31
6.40
.196
.245
φ = .060
(months) N=47
(±0.39)
(±0.38)
(±0.39)
12 month group
12.84
12.26
<.001
12.52
<.01**
φ = .272
(months) N=49
(±0.60)
(±0.35)
**
(±0.55)
Gender
Male
27 (57%) 18 (43%)
45 (51%)
.379
.487
η2 =.142
Female
20 (43%) 24 (57%)
44 (49%)
Note. PhD: Doctor of Philosophy. Breastfeeding status is unable to be reported due to a high proportion of
missing data (~35%). The performance of each cohort on the eye tracking and BSID-III was compared. Please
see Table 9.1 in Chapter 9 of this thesis for more details.
*p<.05, **p<.01
+ Countries other than Australia included Bosnia, Estonia, Fiji, Germany, Malaysia and South Africa.
# Multiple children included mothers with 2, 3 or 5 children.
i Higher scores are reflective of better developmental ability.

8.3.2 Performance on BSID-III compared to norms at 12 months
Figure 8. 2 compares mean BSID-III scaled and composite scores from the 12-mo infants with
the normative data from the Full BSID-III using one-sample t-tests. Infants scored significantly higher
than the normative sample on the cognitive scale (t = 3.42, df = 43, p =.001), but significantly lower
on receptive language (t = -7.56, df = 42, p<.001) and gross motor (t = -3.46, df = 43, p=.001) scales.
There was no significant difference in performance on the expressive language and fine motor
subscales. This pattern was also reflected in composite scores, with infants scoring significantly
higher than the norm for cognitive (t = 3.42, df = 43, p=.001) but lower for language (t = -4.41, df =
43, p=.001) composite scores (Figure 8. 2). Correlation analyses revealed that BSID-III performance
was not associated with infant chronological age (p = 0.17 to p = 1.00 FDR corrected).
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Figure 8. 2. BSID-III scaled (A) and composite (B) scores and our sample. Normative means (solid
line) and standard deviations (broken lines) are given. One sample t-tests were used to determine
significant differences between the two groups. Significant differences between our sample and the
norms are given as *p<.05, **p<.01.

8.3.3 Habituation task results
Figure 8. 3 shows the frequency distribution of valid trials on the habituation task for 6-mo (A)
and 12-mo (B). As seen in Figure 8. 3, most 6-mo had between 2 and 6 valid trials, and most 12-mo
had between 1 and 8 valid trials in the habituation task. Infants with at least one valid trial per
condition were included as per the extensive data cleaning process (detailed in Chapter 6: Methods).
Trial counts of 12 (N=1 six-month old) and 19 (N=1 twelve-month old) are considered valid as all
familiarisation and test stimuli were unique.
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Figure 8. 3. Frequency distribution of valid familiarisation and test trials in 6-mo and 12-mo infants in
the habituation task.
Table 8. 4 provides descriptive information regarding the mean dwell time percentage, raw
fixation count and run counts (Table 8.2) for each of the interest areas of the habituation task for 6 and
12-month old participants. The primary variables of interest in the habituation task (time to habituate,
novelty preference, and dishabituation; Table 8. 2) are bolded in Table 8. 4. While six-month olds
took longer to habituate, showed less novelty preference and more familiarity preference
(dishabituation) than 12-mo, these differences were not statistically significant (p = .180 - .322).

Table 8. 4. Descriptive information on looking behaviour toward each of the interest areas, for each
age group.
Interest area
Familiarisation phase
Familiar left side
Familiar right side
Time to habituate a
Test phase
Non-novel left side
Novel right side
Novelty preference
(%)b

Dwell time %
6-mo
12-mo
M (±SD)
M (±SD)

Fixation count
6-mo
12-mo
M (±SD)
M (±SD)

Run count
6-mo
M (±SD)

12-mo
M (±SD)

33.90
(±15.26)
32.21
(±19.25)

42.06
(±14.39)
36.64
(±14.51)

4.63
(±1.88)
4.53
(±2.94)
9.16
(±3.80)

4.34
(±2.04)
3.98
(±2.19)
8.32
(±3.61)

2.78
(±1.19)
2.62
(±1.52)

2.61
(±1.06)
2.32
(±1.08)

18.75
(±11.88)
16.33
(±11.99)
45.27
(±25.87)

19.53
(±10.19)
25.14
(±13.57)
54.17
(±19.22)

1.65
(±0.90)
1.47
(±1.08)

2.10
(±1.18)
2.19
(±1.51)

0.87
(±0.77)
0.92
(±0.58)

1.33
(±0.69)
1.24
(±0.65)
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Non-novel right side

18.49
15.14
1.38
1.59
1.02
1.05
(±19.98)
(±9.71)
(±1.09)
(±1.13)
(±0.51)
(±0.68)
Novel left side
14.31
21.26
1.58
1.88
0.84
1.17
(±12.57)
(±12.52)
(±1.38)
(±0.99)
(±0.56)
(±0.56)
Dishabituation (%)c 52.46
40.49
(±33.86)
(±20.94)
Note. Shaded cells refer to the measures used as time to habituate, novelty preference and dishabituation.
a
Time to habituate is calculated by summing the fixation counts to the familiar left and familiar right interest
areas.
b
Greater dwell time percentages to the novel right side, as a percentage of total dwell time spent looking at both
stimuli, is an indication of novelty preference
c
Greater dwell time percentages to the non-novel right side, as a percentage of total time spent looking at both
stimuli, is an indication of dishabituation.

8.3.4 Laterality bias
We computed a laterality bias score for each participant, to explore whether the infant
displayed any side preferences during the familiarisation phase of the task by subtracting the dwell
time percentage of the left AoI from the right AoI. Negative values indicate a left side bias, while
positive values indicate a right side bias. Figure 8. 4A shows ranked laterality bias scores for 6mo and
12mo infants. Both age groups showed a slight left bias (6-mo: M = -1.69, SD =30.44; 12-mo: M = 5.42, SD =24.19), but there was no significant differences in laterality bias between the two groups (t
= -.174, df = 63, p =.862), and neither group’s laterality bias score significantly differed from 0 (t = 1.61, df = 63, p =.112).
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Figure 8. 4. (A) Distribution of laterality bias scores for 6 month and 12 month old participants.
Negative values indicate a left side bias, while positive values indicate a right side bias. (B)
Distribution of novelty preference percentages for 6 and 12 month old participants. Larger values
indicate a preference to look at more novel stimuli, while smaller values indicate less novelty
preference. (C) Distribution of dishabituation percentages for 6 month and 12 month old participants.
Positive values indicate greater dishabituation.

Participants were assigned to a laterality bias group based on their laterality bias score: left bias
(scores between -100 and -20), right bias (scores between 20 and 100) or no side bias (scores between
-20 and 20; Table 8. 5). Grouping participants on laterality bias will allow us to determine what
proportion of infants showed left/right/no biases, and whether novelty preference and dishabituation
differed as a function of laterality bias (Table 8. 5).

Table 8. 5. Bias groupings based on laterality bias scores for each age group.
Age group
6-month olds
12-month olds

Left bias
7 (28%)
12 (12%)

N (%)
No bias
11 (44%)
26 (60%)

Right bias
7 (28%)
5 (28%)

8.3.5 Novelty preference
Novelty preference percentages for each participant were calculated in the first five seconds of
the test period as the percentage of dwell time to the novel right side against the total dwell time for
163

both left and right stimuli. Higher values indicate a preference to look at the novel stimulus, while
values of 50% or less indicate chance or no novelty preference (Figure 8. 4B). Forty-eight percent of
6-mo and 62% of 12-mo infants showed a preference towards the novel stimulus, with average
novelty preferences of 45% (±26%) for 6-mo and 54% (±19%) for 12-mo.
We next examined whether novelty preference significantly differed between the 3 laterality
bias groups (Figure 8. 5). Novelty preference percentage did not significantly vary as a function of
laterality bias for 6-mo (F(2,19) = 2.78, p =.088, partial ɳ2 = .226). For 12-mo however, dwell time
percentage to the novel stimuli differed significantly between laterality groups (F(2,39) = 7.66, p
=.002, partial ɳ2 = .282), with post hoc tests indicating that the right bias group showed significantly
higher dwell time percentages than the no bias (p <.01) and the left bias (p <.01) groups.

**
**

90

Mean Novelty percentage

80
70
60
50
40

6 month olds

30

12 month olds

20
10
0

Left bias

No bias

Right bias

Laterality group

Figure 8. 5. Differences in dwell time percentage to the novel stimuli by laterality group in 6-mo and
12-mo.
*p<.05
**p<.01
8.3.6 Dishabituation
If an infant looks more at the familiar stimulus (as if it appears new again) they are displaying
dishabituation. Dishabituation scores were calculated by estimating the percentage of dwell time to
the non-novel right side, relative to the time spent dwelling on both sides during the last five seconds
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of the test phase. Positive values indicate a preference to look at the familiar stimulus (dishabituation),
while negative values indicate no dishabituation and no familiarity preference (Figure 8. 4C). Sixtyone percent of 6-mo and 33% of 12-mo infants showed dishabituation (or preference for the familiar
stimulus), with average dishabituation percentages of 52.46% (±33.86%) for 6-mo and 40.49%
(±20.94%) for 12-mo.
8.3.7 Relationship between BSID-III and habituation task performance
Table 8. 6 shows correlation coefficients for the relationship between eye tracking
performance on the habituation task and BSID-III scales for 6-mo and 12-mo old infants. In 6-mo,
higher scores on the BSID-III cognitive screener scale were associated with lower novelty preference
and lower dishabituation percentage scores (r = -.411 and -.353, respectively), however, these effects
failed to reach statistical significance, and are in the opposite direction to hypotheses. Weaker and
again, non-significant correlations were found for other BSID-III screener scores. In 12-mo, longer
time to habituate was associated with higher BSID-III cognitive and expressive language scales (r = .335 and -.360, respectively), however, these did not meet FDR correction criteria. Scatter plots were
analysed and revealed no outliers. As neither BSID-III or eye tracking performance was associated
with infant chronological age, infant age was not included in subsequent analyses as a covariate.

Table 8. 6. Correlations between time to habituate, novelty preference and dishabituation scores on
the eye tracking task at 6 and 12 months, and performance on the BSID-III.
6 months
Screener raw scores
Cognitive
Receptive language
Expressive language
Fine motor
Gross motor
12 months
BSID – III raw scores
Cognitive
Language
Receptive
Expressive
Motor
Fine
Gross

Eye tracking performance
Time to habituate
Novelty preference %
(6m)
(6m)
r
r
.145
-.411
-.127
-.076
-.351
-.082
-.002
.296
-.050
-.156
Time to habituate
Novelty preference
(12m)
(12m)
r
r
.335*
.022

Dishabituation %
(6m)
r
-.353
-.269
.103
.101
-.224
Dishabituation
(12m)
r
.047

.069
.360*

-.041
.137

.080
.272

.259
.215

.112
.159

-.092
.178
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*p<.05
**p<.01

Joint attention task
8.4 Methods
8.4.1 Participants
Forty seven 6-mo (mean age 6.50 ± .45 months) and forty nine 12-mo (mean age 12.56 ± .46
months) infants (total N=96) completed and had valid data for the joint attention eye tracking task.
Fifty-one infants (27 = 6-mo and 24 = 12-mo) were sourced from the BLT-ID study, and 45 infants
(20 = 6-mo and 25 = 12-mo) from the BabyMinds study. All participants were unique – no
participants were evaluated twice and none were twins. For more information on social cognition, see
Chapter 3 of this thesis. Of these, 56 participants (20 = 6-mo and 36 = 12-mo) had valid data for both
the habituation and social cognition tasks. All participants are independent. Participant information
and study procedure were largely identical. Below, I outline the participant characteristics of those
who completed the joint attention task, and the design, analysis and results of the joint attention task.

8.4.2 The joint attention task
The joint attention task is a fixed-trials task designed to assess social cueing in a noisy
environment, and is based on the task used in Experiment 1 of Wu and Kirkham (2010). In
familiarisation trials, infants were presented with a social cue, which consisted of a videotaped live
actress making eye contact with the camera, smiling, and speaking to the baby in infant directed
speech. The woman said “Hi baby, look at this!” and turned her head and gaze to either the bottom
left or bottom right corner of the screen. Two pairs of audio-visual stimuli were presented. Two
identical cartoon cats appeared in the bottom left and diagonally opposite top right corners of the
screen on ‘cat’ trials, and danced to ‘teddy bear’s picnic’ music. Two cartoon dogs appeared in the
bottom right and top left corners during ‘dog’ trials, and danced to ‘funk’ music. The cued stimuli
was that which appeared in the bottom corner, while the distractor stimuli was that which appeared in
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the un-cued, top corner. The woman remained turned with her gaze pointing to a bottom corner while
the stimuli were played. After 6000ms, the stimuli disappeared and the woman turned her head and
gaze back to a neutral position in the centre of the screen. In a test trial, no face or stimuli appeared.
The infants were only presented with either the ‘teddy bear’s picnic’ or ‘funk’ music, and four blank
squares.
8.4.3 Eye tracking analysis
Like the habituation task, usable trials were defined as having at least one fixation toward the
fixation-contingent trial (a face) which was displayed prior to every experimental trial, as well as at
least one fixation in any of the interest areas (Figure 8. 6). Data for the joint attention task were
cleaned the same way as data for the habituation task. In this task, analysis involves quantifying the
infant’s ability to use the social cue to focus their attention in an otherwise noisy environment. Data
analysis of the joint attention task involved processing the data samples and events as part of area of
interest (AoI) analyses (see Figure 8. 6 for the AoIs in the joint attention task in green, red, yellow,
and blue overlay). The infant’s ability to follow gaze was assessed via the looking behaviour to the
face while it was speaking, and towards the target AoI. Level of distraction, or the infant’s inability to
inhibit their tendency to look at the stimuli in the top corners, was measured from their looking
behaviour to the distractor area. Whether an infant’s gaze landed in the cued location before stimuli
appeared was also used to determine joint attention. To examine paired associative learning in the test
trials (those with only music, no face or stimuli), looking behaviour to the correct target location was
measured. There was also a face AoI during test trials in the absence of the face to determine if the
baby remembered the location of the face.
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Figure 8. 6. The AoIs for the joint attention familiarisation (A; cat example) and test trials (B; cat
example) are superimposed on the screen in green, red, blue and yellow. Timing of the onset and
offset of AoIs (in ms) over the course of the trial are given below their respective labels. Where there
is a temporal and spatial overlap of AoIs (such as the overlap between gaze path between target and
distractor, and the face during stimuli AoIs), fixations that fell in this overlap area were assigned to
both AoIs. For Figure 8.6 in full, please see Chapter 6: Methods.

Like the habituation task, the data samples and events collected from the AoIs in the joint
attention task included dwell time percentage (the percentage of trial time spent on the current interest
area), fixation count (average number of fixations in an interest area) and run count (the number of
times an interest area was entered and left – runs are two or more consecutive fixations in an interest
area).
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In analyses and comparisons between BSID-III and joint attention performance, we used dwell
time percentage to control for differences in raw looking data between 6-mo and 12-mo infants, like
in the habituation analyses. Our primary variables of interest (Table 8. 7) are dwell time percentage to
each of the areas of interest (AoIs), as well as dwell time percentage, fixation count and run count
target ratios, and first fixation time to target.

Table 8. 7. Primary variables of interest in the joint attention task.
Variable
Dwell time
percentage

Target ratios
First fixation time
to target

Description
To each AoI (face speaking, gaze following area, cued area before target, distractor
area before target, face during stimuli, target, distractor, gaze path between target
and distractor, and end of trial face)
The total looking time to the target (dwell time percentage, fixation count, run
count) divided by the sum of the looking time to the target and distractor (target ÷
(target + distractor) x 100)
Average start time (in ms; relative to the start of the trial) of a fixation to the target
AoI

8.5 Results
8.5.1 Joint attention task results
Figure 8. 7 shows the number of valid trials in the joint attention task for 6-mo (A) and 12-mo
(B), while Table 8. 8 provides descriptive information on valid trial counts for each trial type and age
group. On average, there were significantly more valid cat test trials than dog test trials for both 6-mo
(t(17) = 4.61, p <.001) and 12-mo (t(23) = 3.39, p = .003). This is likely due to the fact that the cat test
trial was presented first, right after 6 familiarisation trials, whereas the dog test trial was presented
after the 12th familiarisation trial. Due to infants fussing out during testing, fewer infants completed
dog test trials. There were no significant differences in number of valid familiarisation trials between
6 and 12 month old infants.
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Table 8. 8. Descriptive information on valid trial counts for familiarisation and test trial types for 6mo and 12-mo participants.
Trial type
Cat
Dog
Test
Cat
Dog

*p<.05
**p<.01

6 month olds
M (±SD)
Median
5.98 (2.96) 6.00
6.23 (3.17
5.50

Range
1-11
1-11

1.29 (0.46)
1.00 (0.00)

1-2
0-1

1.00
1.00

p
.391
<.001**

12 month olds
M (±SD)
Median
6.40 (2.33)
7.00
6.33 (2.37)
6.00

Range
1-10
1-9

1.21 (0.41)
1.00 (0.00)

1-2
0-1

1.00
1.00

p
.584
.003**
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Figure 8. 7. Valid trial counts for 6-mo (A) and 12-mo (B) in the joint attention task.
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Table 8. 9 provides descriptive information regarding the mean dwell time percentage, raw
fixation count and run counts for each AoI in 6-mo and 12-mo participants. Data is given for each of
the trial types (cat and dog, and cat and dog test trials). Both ages showed similar looking behaviour
in each AoI, regardless of trial type (cat/dog). Across both trial types, there was very minimal looking
in the cued and distractor area before target AoIs across both ages.
Table 8. 9. Descriptive information on looking behaviour toward each of the interest areas, for each
age group and each trial type.
Trial
type
Cat

Dwell time %
6m
12m

Interest area

M (±SD)

M (±SD)

Fixation count
6m
12m
M
M (±SD) (±SD)

Face speaking

22.68
(±4.38)
0.77
(±3.13)
0.03
(±0.17)
0.00
(±0.00)
13.29
(±7.78)
13.98
(±10.76)
4.57
(±6.63)
18.31
(±10.78)
16.46
(±5.70)

23.60
(±3.42)
0.09
(±0.24)
0.01
(±0.04)
0.00
(±0.01)
13.14
(±6.31)
16.45
(±8.55)
7.66
(±6.50)
19.98
(±9.02)
17.21
(±2.50)

3.23
(±1.41)
0.12
(±0.32)
0.01
(±0.05)
0.00
(±0.02)
3.13
(±1.32)
2.04
(±1.68)
0.59
(±0.82)
4.02
(±1.86)
2.37
(±1.14)

3.11
(±1.00)
0.04
(±0.09)
0.01
(±0.03)
0.00
(±0.02)
3.38
(±1.27)
1.95
(±0.97)
1.15
(±0.81)
4.75
(±1.76)
2.73
(±0.98)

1.00
(±0.16)
0.10
(±0.22)
0.01
(±0.05)
0.00
(±0.02)
1.90
(±0.64)
1.12
(±0.75)
0.47
(±0.58)
1.96
(±0.77)
0.93
(±0.33)

22.69
(±5.71)
1.60
(±9.60)
0.00
(±0.01)
0.01
(±0.05)
14.77
(±10.68)
3.53
(±5.22)
20.04
(±18.41)
22.37
(±11.49)
14.77
(±5.08)

23.64
(±4.08)
0.11
(±0.3)
0.04
(±0.11)
0.00
(±0.00)
12.47
(±7.47)
4.50
(±5.5)
19.74
(±8.06)
19.48
(±10.04)
14.73
(±4.03)

3.19
(±1.29)
0.27
(±1.41)
0.01
(±0.02)
0.01
(±0.03)
3.63
(±2.32)
0.51
(±0.76)
2.27
(±1.55)
5.02
(±2.67)
2.23
(±1.07)

3.05
(±1.15)
0.07
(±0.15)
0.05
(±0.12)
0.00
(±0.00)
3.13
(±1.53)
0.60
(±0.68)
2.42
(±0.76)
4.68
(±2.10)
2.22
(±0.91)

1.06
(±0.31)
0.11
(±0.48)
0.01
(±0.02)
0.01
(±0.03)
2.05
(±0.87)
0.43
(±0.61)
1.30
(±0.68)
2.20
(±0.86)
0.86
(±0.28)

4.36
(±8.41)

7.95
(±10.2)

0.70
(±1.07)

1.55
(±1.77)

0.51
(±0.72)

Gaze following area
Cued area before target
Distractor area before target
Face during stimuli
Target
Distractor
Gaze path between target
and distractor
End of trial face
Dog

Face speaking
Gaze following area
Cued area before target
Distractor area before target
Face during stimuli
Distractor
Target
Gaze path between target
and distractor
End of trial face

Cat test

Target
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Run count
6m
12m
M
M (±SD) (±SD)

1.03
(±0.14)
0.04
(±0.09)
0.01
(±0.03)
0.00
(±0.02)
2.17
(±0.58)
1.33
(±0.56)
0.77
(±0.49)
2.36
(±0.66)
0.96
(±0.20)
1.00
(±0.11)
0.07
(±0.15)
0.05
(±0.12)
0.00
(±0.00)
2.04
(±0.74)
0.44
(±0.46)
1.62
(±0.45)
2.32
(±0.68)
0.87
(±0.20)
1.21
(±1.33)

Dog test

Face

18.7
(±16.91)

15.88
(±8.67)

2.71
(±1.5)

2.71
(±1.78)

1.97
(±1.06)

2.18
(±1.53)

Target

11.02
(±16.58)
15.71
(±16.43)

11.92
(±20.24)
13.05
(±8.68)

2.16
(±3.01)
2.32
(±1.60)

1.58
(±1.77)
2.33
(±1.93)

1.32
(±1.67)
1.63
(±0.90)

1.08
(±1.25)
1.83
(±1.34)

Face

Table 8. 10, below, shows the distribution of dwell times to each of the interest areas for 6
month and 12 month old infants, averaged across trial type (cat and dog). These averages in looking
behaviour (dwell time percentage, fixation count, run count) between the cat and dog trial types will
be used in subsequent analyses. Figure 8. 8 illustrates the differences in dwell time percentage to each
AoI in the joint attention task for each age. Independent samples t tests showed significant differences
in the way 6-mo and 12-mo completed the task. Specifically, 12 month olds made more fixations to
the cued area before target (t(59.93) = -2.27, p = .027), had higher run counts to the target (t(71.64) =
-2.65, p = .010) and had higher dwell times (t(81) = - 2.19, p = .032) and more fixations (t(81) = 2.64, p = .010) to the distractor than did 6 month olds. Looking behaviour to other AoIs was not
significantly different between 6 and 12 month old infants (p= .052 to p = .993).

Table 8. 10. Descriptive information on looking behaviour toward each of the interest areas, for each
age group averaged across cat and dog trial types.
Interest area
Familiarisation trials
Face speaking
Gaze following area
Cued area before target
Distractor area before
target
Face during stimuli
Target
Distractor
Gaze path between
target and distractor
End of trial face
Test trials

Dwell time %
6m
12m
M (±SD)
M (±SD)

Fixation count
6m
12m
M (±SD)
M (±SD)

Run count
6m
M (±SD)

12m
M (±SD)

22.69
(±3.77)
1.20
(±4.99)
0.01
(±0.08)
0.01
(±0.03)
14.09
(±7.85)
16.95
(±12.09)
4.10
(±4.60)
20.41
(±7.91)
15.57
(±4.45)

3.23
(±1.23)
0.19
(±0.71)
0.01
(±0.03)
0.00
(±0.02)
3.38
(±1.58)
2.15
(±1.21)
0.54
(±0.66)
4.53
(±1.8)
2.29
(±1.00)

1.03
(±0.20)
0.01
(±0.25)
0.01
(±0.03)
0.00
(±0.02)
1.97
(±0.70)
1.20
(±0.55)
0.44
(±0.49)
2.08
(±0.73)
0.89
(±0.23)

1.02
(±0.09)
0.05
(±0.08)
0.03
(±0.06)
0.00
(±0.01)
2.09
(±0.59)
1.48
(±0.39)
0.60
(±0.29)
2.34
(±0.57)
0.91
(±0.17)

23.62
(±2.96)
0.10
(±0.18)
0.02
(±0.06)
0.00
(±0.00)
12.81
(±6.28)
18.09
(±5.39)
6.08
(±3.62)
19.73
(±8.08)
15.97
(±2.57)
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3.08
(±1.04)
0.05
(±0.08)
0.03
(±0.06)
0.00
(±0.01)
3.25
(±1.29)
2.19
(±0.62)
0.87
(±0.47)
4.71
(±1.71)
2.47
(±0.85)

Target
Face

8.71
(±10.87)
16.39
(±11.25)

9.84
(±10.19)
14.43
(±5.99)

1.57
(±1.86)
2.53
(±1.39)

1.57
(±1.27)
2.54
(±1.60)

1.00
(±0.99)
1.92
(±0.86)

1.07
(±0.95)
2.00
(±1.2)
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Figure 8. 8. Differences in dwell time percentage to each AoI in the joint attention task, for 6-mo and
12-mo. Medians are indicated by intersecting black lines. Green lines group AoIs that occur
simultaneously during the trial. i.e., the gaze following area, cued area before target and distractor
area before target AoIs all occur during the same time period in the trial (2800 – 4000ms). The images
above the graph also help to illustrate these AoI times and groupings, and correspond to images
provided in Figure 8.6 previously.
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8.5.2 Distributions of joint attention components
We sought to plot each participant based on the distribution of their attention during the time
that stimuli appeared on the screen during the trial. During this time period, the face during stimuli,
target, distractor and gaze path between target and distractor AoIs were present (Figure 8. 9, below).

Figure 8. 9. A still frame of the 4000–10,000ms trial window. The face during stimuli, distractor,
target, and gaze path between target and distractor appeared during this time period, for 6000ms in
total.

Figure 8. 10 shows the distributions of dwell time to each interest area during this period for 6mo (A) and 12-mo (B), presented in stacked column charts. Percentage of looking time to ‘other’
could reflect looking to the black areas of the display, the empty white squares, or off the display
entirely. Some infants do not look at the target for very long at all, whereas others look towards the
target almost exclusively. In terms of qualitative comments, 12-mo showed somewhat less variability
in their looking behaviour than 6-mo, and appeared to spend more time looking at the AoIs than in
other areas. Six-month olds showed much more variability in looks to the distractor and face AoIs
than 12-mo.
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Figure 8. 10. Distributions of dwell time percentage to each interest area during the time period that
stimuli appeared on screen (4000 – 10,000ms), for 6-month olds (A) and 12-month olds (B). Data are
presented in stacked column graphs, that illustrate the percentage of dwell time to each of the interest
areas, and to other areas (of the display, or off the display entirely). Each column sums to 100%. The
columns arranged in order of increasing age, and then sorted by target, distractor, face during stimuli,
gaze path and other (smallest to largest).

8.5.3 Target ratios
Another primary interest variable for the joint attention task are target ratios (Table 8. 7).
Looking behaviour to the target was plotted during the 4000 – 10,000ms window. We calculated
ratios by dividing the total looking time to the target (dwell time percentage, fixation count, run
count) by the sum of the looking time to the target and distractor (target ÷ (target + distractor) x 100).
While 6-mo infants showed higher mean dwell time (M = 77.49 ± 25.23), fixation count (M = 78.92 ±
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21.59), and run count (M = 75.32 ± 22.71) ratios than 12-mo infants (dwell time: M = 75.43 ± 11.60;
fixation count: M = 72.02 ± 11.58; run count: M = 71.33 ± 10.55), these differences were not
significant (p = .072 – p = .635). The ranked distribution of target ratios in terms of dwell time (Figure
8. 11) is provided below. Distributions of fixation count and run count are provided in Appendix A.
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Figure 8. 11. Distributions of dwell time to the target AoI, as a percentage of total dwell time (to
target and distractor AoIs) during the 6000ms that stimuli were displayed for 6- and 12-month old
participants. The dotted line indicates looking behaviour to the target of 50%. Infants whose dwell
time ratios fell above this line spent more than 50% of their time looking at the target as opposed to
the distractor.

8.5.4 First fixation times to the target
Given that very few infants made fixations toward the cued area before the target appeared, we
looked at the time at which the first fixation occurred to the target location, once the target had
appeared (4000 – 10,000ms). First fixation time is calculated as the average start time (in ms; relative
to the start of the trial) of a fixation to the target AoI, across all trials with the target AoI (Table 8. 11).
Figure 8. 12 shows the distributions of the start time of the first fixation (ms) to the target AoI for 6mo and 12-mo. While 12-month olds made a fixation in the target AoI sooner than 6-mo, this
difference was not significant (t(79) = 1.35, p = .181, Cohen’s d = .299).
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Table 8. 11. 6 month, 12 month and overall means and standard deviations of the first fixation time in
the target AoI. The first fixation time refers to the start time of the first fixation to the target AoI,
relative to the start time of the trial. The target AoI appeared during the 4000 – 10,000ms trial
window.
Interest area
Target

First fixation time (ms)
6m
12m
M (±SD)
M (±SD)
5263.65 (±964.36)
5025.41 (±584.81)

Overall
M (±SD)
5143.06 (±799.21)

10000

First fixation start time (ms)

6 month olds
9000

12 month olds

8000
7000
6000
5000
4000

N

Figure 8. 12. Distributions of the start time of the first fixation (ms) to the target AoI for 6- and 12month olds.
We next examined whether eye tracking performance on the joint attention task varied by age
(as a continuous variable, not a binary 6/12-mo as above). There were no significant effects in either
6- or 12-mo infants between any primary outcome variable from the joint attention task (Table 8. 7)
and infant age. Below, Figure 8. 13 shows the correlation between target dwell time ratio and age for
6- (A) and 12- (B) month olds. Correlations between age and face speaking dwell time %, target dwell
time %, distractor dwell time %, target fixation count ratio, target run count ratio, and first fixation
time to target are presented in the Appendix (Appendix A).
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Figure 8. 13. Distributions of the age and target dwell time ratio for 6 (A) and 12 (B) month olds.
There was no significant association between age and any eye tracking variable for either 6 or 12
month olds.

8.5.5 Relationship between BSID-III performance and joint attention task performance
We examined the relationship between performance on the joint attention task and BSID-III
performance in 6- and 12-month old infants (Table 8. 12). Joint attention performance was indexed by
dwell time % and fixation counts toward the face when speaking, target and distractor AoIs, the target
ratios (target ÷ (target + distractor) x 100) and the first fixation time to the target. Joint attention
performance was largely not associated with performance on most subscales of the BSID-III, but
performance on the expressive subscale was associated with the fixation count target ratio at 6
months, and with dwell time percentages to the face while speaking and Target AoIs at 12 months
(Table 8. 12). At 12 months, performance on the cognitive subscale was significantly associated with
the first fixation time to the target AoI. As neither BSID-III performance or eye tracking performance
was associated with infant chronological age, infant age was not included in subsequent analyses as a
covariate.
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Table 8. 12. Correlations between looking behaviour on the joint attention task at 6 and 12 months,
and performance on the BSID–III. R values are bolded if significant.

6 months
Screener raw
scores
Cognitive
Language
Receptive
Expressive
Motor
Fine
Gross

Raw scores
Cognitive
Language
Receptive
Expressive
Motor
Fine
Gross
*p<.05
**p<.01

Face while
speaking
Dwell
Fix
time % count

Target
Dwell
time %

Fix
count

Distractor
Dwell
Fix
time % count

Target ratios
Dwell
Fix
time % count

Target
1st fix
time

r
.284

r
-.064

r
.025

r
.069

r
.144

r
.201

r
-.075

r
-.135

r
-.034

.233
.247

.097
-.113

-.080
.072

-.051
.288

-.032
-.239

-.014
-.240

.047
.268

.034
.347*

-.133
-.044

.264
.251
.090
-.108
Face while
speaking
Dwell
Fix
time % count
r
r
-.087
.053

-.199
.182

-.094
.210

.120
-.080

.054
-.041

-.209
.147

-.122
.085

-.019
.181

Target
Dwell
time %
r
.248

Fix
count
r
.255

Distractor
Dwell
time %
r
-.039

Fix
count
r
.041

Target ratios
Dwell
Fix
time % count
r
r
.217
.115

Target
1st fix
time
r
-.501**

.082
-.340*

-.043
-.071

.060
.378*

.071
.324

-.126
-.047

-.164
-.092

.134
.235

.230
.260

-.243
-.285

-.055
.001

.020
-.045

.248
.138

.067
.032

-.021
-.067

.076
.043

.222
.119

.002
-.034

-.195
-.111

8.5.6 Relationship between habituation and joint attention task performance
Lastly, we sought to examine whether better performance on the habituation task predicted
better performance on the joint attention task in infants who completed both tasks, regardless of age
(N=56). Results from a bivariate correlation between variables from Table 8. 2 and Table 8. 7
revealed that regardless of infant age, performance on the habituation task was largely not associated
with performance on the joint attention task (Table 8. 13; p = .210 to 1.15).

Table 8. 13. Correlations between looking behaviour on the habituation and joint attention tasks. R
values are bolded if significant after FDR correction.
Joint attention task performance
AoI dwell time percentage
Face speaking
Gaze following
Cued area before target
Distractor area before target
Face during stimuli
Target

Habituation task performance
Time to habituate
Novelty preference ratio

Dishabituation ratio

-.142
.013
.103
-.046
-.030
.365

-.322
.032
-.006
.179
.104
.267

-.089
.055
.042
-.018
.207
-.209
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Distractor
Gaze path between target
and distractor
Face end
First fixation time to target

-.052
.056

-.003
.118

-.243
.099

-.040
-.125

-.022
.303

.199
-.305

8.6 Discussion
The present study aimed to characterise two constructs of infant cognition, habituation and joint
attention, in relation to the Bayley Scales of Infant and Toddler Development – Third Edition (BSIDIII), which is the gold standard of developmental assessment in infancy. In a sample of 6- and 12month old infants, we used eye tracking technology to provide a more objective, sensitive and detailed
measures of individual differences in cognition. We expected habituation and joint attention task
performance to relate to each other and to BSID-III performance, however, these hypotheses were not
supported. We also found very few differences in performance on the habituation and joint attention
tasks between 6- and 12-month old infants.
On the BSID-III, the 12-month sample scored significantly higher than published North
American BSID-III normative data in the cognitive domain, and significantly lower in the receptive
language and gross motor domains. These findings are somewhat in line with recent discussions
regarding the validity of the BSID-III in locations other than the USA. In Australia specifically, the
normative scales are thought to not accurately reflect developmental ability (Anderson, De Luca,
Hutchinson, Roberts & Doyle, 2010; Chinta, Walker, Halliday, Loughran-Fowlds & Badawi, 2014),
with Australian infants scoring significantly higher than the BSID-III norms on the cognitive and
receptive language subscales, but lower on expressive language and gross motor (Walker, Badawi,
Halliday & Laing, 2010). While our results are largely in line with this pattern, our sample’s receptive
language scores were significantly lower than standardised US norms, with no difference in
expressive language. It is unclear why this difference occurred and whether this is of any practical
significance given the discrepancy in performance on the two language subscales. The higher scores
in the cognitive subscale are consistent with the findings of Walker et al. (2010), and may be
explained by Australian children having more experience with the type of puzzles and problem
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solving games used in the assessment, and that the BSID-III under-detects cognitive delay in
Australian samples (Anderson & Burnett, 2017).
In terms of eye tracking performance, our sample sizes for the habituation (N=67) and joint
attention tasks (N=96) far exceeded the sample sizes in the original studies which developed the tasks
(N=30 and N=52, respectively; Rose & Feldman, 1987; Wu & Kirkham, 2010). Parameters of our
fixed-trial habituation task (not contingent upon the infant’s looking behaviour), namely the
familiarisation and test times, were based on those given in Rose et al. (1992) and are consistent with
those used in subsequent studies (Kavšek & Bornstein, 2010; Pascalis & de Haan, 2003). The timing
we chose allowed for infants to habituate at different rates and to capture individual differences in
information processing and looking behaviour (Bornstein & Benasich, 1986), particularly given that it
is possible for long looks to occur later in the familiarisation trial (Colombo & Mitchell, 1990).
Our measure of novelty preference was comparable to previous research (Pascalis & de Haan,
2003), however our sample’s mean novelty preference percentages (45% for 6 mo and 54% for 12
mo) were marginally lower than those found in the infant habituation literature with infants aged 12
months and under (>55%; Fisher‐Thompson, 2017; Rose, Feldman & Jankowski, 2004). Higher
novelty preferences have been found to occur in the first test trial (68.7%) than in the second (51.3%;
Pascalis, 1993, unpublished dissertation. As cited in Pascalis & de Haan, 2003). Given that we
averaged novelty preference across all available test trials, this may explain the discrepancies. Our
sample’s novelty preferences were lower for 6-month than for 12-month olds, which is consistent with
previous research that shows that preference for novelty increases linearly with age in the first year of
life (Rose, Feldman & Jankowski, 2002; Wetherford & Cohen, 1973). Similarly, six-month olds
showed more dishabituation/familiarity preference (53%) than 12-month olds (41%). The level of
encoding may be a factor in whether an infant shows a novelty or familiarity preference. It has been
argued that younger children are more likely to display a familiarity preference as they may not
encode the stimulus appropriately, whereas older children more likely to properly encode the
stimulus, and therefore display a novelty preference (Nelson, 1995; Pascalis & de Haan, 2003; Rose et
al., 1982; Sophian, 1980). These differences may be due to improvements in memory (Rose, Feldman,
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Jankowski & Van Rossem, 2011a), attentional control (de Barbaro, Chiba & Deák, 2011) or neural
maturation (Nakano, Watanabe, Homae & Taga, 2008) that occurs across infancy, and these
improvements may explain the greater familiarity preference seen in 12-month old infants in the
current study.
Parameters of our joint attention paradigm were based on those of experiment 1 in Wu and
Kirkham (2010). In our sample, 6- and 12-month old infants performed quite similarly on the task,
with key indicators of joint attention (e.g. first fixation time to target) relatively equivalent between
the groups. These findings are consistent with previous work using this paradigm, with the original
study finding very little differences in task performance between 4- and 8-month old infants. In our
sample, both age groups looked longer at the cued location (target) than the non-cued location
(distractor) which is consistent with previous findings using this paradigm (Wu & Kirkham, 2010).
There were a few marginal, yet significant differences between 6- and 12-month old task
performance. Twelve-month olds looked significantly more at the cued area before target, the target
and distractor than 6-month olds, indicating that once they had looked in the cued location they
comfortably explored the rest of the multimodal display for the remainder of the trial. However,
further analyses determined that performance was not significantly associated with infant age.
These results are largely in line with the literature on joint attention development in infancy.
Joint attention ability, when paired with social context such as eye contact, smiling and the use of
infant directed speech in addressing the infant, is largely developed by the age of 6 months (Hoehl et
al., 2008; Senju & Csibra, 2008). Therefore, we didn’t necessarily expect performance on this joint
attention task to differ greatly between 6- and 12-month olds.
In our sample, results from the habituation and joint attention tasks did not, meaningfully,
predict performance on the BSID-III subscales for either age. Given that our infants were performing
similarly on the tasks as other infants, and that there were no developmental or temperament
differences between infants who did and did not complete the tasks (Klein-Radukic & Zmyj, 2015),
our sample can be considered representative of the general population, thus providing a basis for
interpreting the lack of association between the tasks and the BSID-III. Prior literature addressing this
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association is lacking. There are general criticisms of the validity of the BSID-III, particularly the
cognitive scale (Greene, Patra, Nelson & Silvestri, 2012; Krogh & Væver, 2018), and it has been
suggested that the BSID-III primarily measures perceptual and motor skills, rather than cognitive
development. The BSID-III is largely yet to be validated against measures of habituation and joint
attention in infancy, with only recent discussions around the benefits of assessing attention and
cognitive control development in infancy with a battery of other tasks and paradigms (Brito et al.,
2019). Our findings indicate that habituation and joint attention ability at 6 or 12 months of age is not
associated with performance on the BSID-III. Therefore, it may be that these tasks are tapping into
different social and attentional skills than those clearly indexed by the BSID-III. In future,
consideration must be given to using the BSID-III alongside other measures of cognitive development
as it is likely that both measures provide unique information on individual differences in social
cognition and development.
The current work has provided further evidence for the importance and value of using other
measures to assess infant cognition in the first year of life. Different skills to those seen in traditional
infant development tests, such as the BSID-III, are used to evaluate intelligence and achievement in
adolescence and adulthood - namely, language, logical reasoning and memory skills. Given that infant
attention and information processing may reflect the development of cognitive skills critical to later
development and intellectual ability (Bornstein et al., 2006; Colombo & Mitchell, 2009; Colombo et
al., 2004; Fagan et al., 2007; Kavšek, 2004; Rose et al., 2004), tasks which evaluate infant attention
may be better predictors of developmental outcome than traditional measures, such as the BSID-III. It
is unlikely that an infant’s (or an adult’s) cognitive function can be classified by a single score.
Therefore, we recommend using other behavioural paradigms that measure attention, memory,
habituation and social cognition alongside a standardised, measure of global development, such as the
BSID-III. Future longitudinal studies should also explore the predictability of eye tracking
performance on later developmental outcomes.
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Chapter 9: Does maternal mental health or asthma affect child cognitive
development?
9.1 Introduction
Factors affecting mothers’ health and wellbeing during pregnancy and during the first year of
their infant’s life, such as substance use, nutrition and various illnesses, are often cited as risk factors
for infant physical and mental development (Mayes & Truman, 2002; Rasmussen, 2012). In this
paper, we examine two such potential risk factors: maternal asthma during pregnancy and maternal
mental health during pregnancy and the first year of the infant’s life.
There is some evidence that maternal asthma during pregnancy may be associated with poor
developmental and behavioural outcomes in childhood. Some studies have reported that maternal
asthma has been linked with an increased risk for autism (Croen et al., 2005) and intellectual
disability (Langridge et al., 2013; Leonard et al., 2006) in children. However, other studies have found
no association (Flannery & Liederman, 1994; Lyall et al., 2014; Micali et al., 2004; Mouridsen et al.,
2007). Importantly, in children of mothers with well-managed asthma during pregnancy, no negative
developmental outcomes were reported and children were shown to have similar developmental
trajectories to children born to healthy mothers (Schatz et al., 2001). In our recent systematic review
(Chapter 4) of these studies, we conclude that the evidence linking maternal asthma to atypical
cognition and behavioural development in children is weak and mostly reliant on studies using
retrospective assessment and epidemiological methods, whereas prospective studies find no
association. There are no studies, however, which examine the specific effects of different asthma
medications, exacerbations or asthma management strategies on child cognitive and behavioural
outcomes.
Poor maternal mental health during and after pregnancy has also been linked with poor
developmental outcomes for children. In the first postnatal year, the first three months sees the highest
incidence of maternal mental health issues, with peak onset occurring around 4-6 weeks postpartum
(Cooper & Murray, 1995). For instance, postpartum depression has been consistently linked with poor
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cognitive, language and socioemotional development in children (Alvarez et al., 2015; Brand &
Brennan, 2009; Grace et al., 2003; Sohr-Preston & Scaramella, 2006; Stein et al., 2014). Good
parental mental health, more broadly, has been shown to be a key determinant of healthy infant
development (Murray, Cooper & Hipwell, 2003). Indeed, interventions aimed at improving motherinfant relationships and maternal mood have been found to result in less child emotional and
behavioural problems and increased maternal sensitivity and receptivity (including greater
receptiveness to their infant’s need for attention, attachment and separation and problems during play;
Murray, Cooper, Wilson & Romaniuk, 2003). However, there is a paucity of research on the influence
of poor maternal mental health on infant cognition, and whether these effects are present in the first
year of an infant’s life.
9.1.2 Aim and hypotheses
In this study, we aimed to compare a broad range of child developmental outcomes in infants
born to mothers with and without asthma. Further, we examine the relationship between infant
developmental outcomes and maternal mental health. The Bayley Scales of Infant and Toddler
Development – Third Edition (BSID–III) was used to look at broad categories of development, and
sensitive eye tracking measures were used to examine specific attentional control processes of child
cognition in terms of two closely related and well-established constructs – habituation (Rose et al.,
2001) and joint attention (Wu & Kirkham, 2010). We hypothesised that infants of mothers with
uncontrolled or more severe asthma would demonstrate poorer performance on the eye tracking and
BSID-III measures, as would infants of mothers with poorer mental health during the pre- and postnatal periods.
In infants of mothers with asthma and whose mothers have poorer asthma control and severity,
we hypothesised: 1) slower habituation, 2) lower novelty preference and 3) lower dishabituation from
the habituation task and 4) shorter dwell times to each area of interest (AoI), 5) smaller target ratios,
6) more delayed first fixation times to target on the joint attention task and 7) poorer performance on
the BSID-III. In infants of mothers with higher pre- and post-natal depression and higher maladaptive
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behaviour, we hypothesised: 1) poorer performance on the eye tracking tasks, as stated above, and 2)
poorer BSID-III performance.
9.2 Methods
9.2.1 Participants
Fifty one participants (N=27 6-mo and N=24 12-mo) were recruited as part of the Breathing for
Life Trial – Infant Development (BLT-ID) study and 45 participants (N=20 6-mo and N=25 12-mo)
were recruited as part of the BabyMinds study. Please see Figure 9, below, for a participant flow
diagram for infants of each age in each cohort. Mothers of infants from the BLT-ID study participated
in an RCT of a novel asthma intervention during pregnancy (the Breathing for Life Trial; BLT;
Murphy et al., 2016). BLT study participants were randomised to either an intervention or control
(treatment as usual) condition. Participants of the BabyMinds study were recruited from the general
community and acted as a control sample of mothers without asthma. Methodological details relevant
only to the interpretation of results are repeated here. More details regarding the eligibility criteria for
the BLT, BLT-ID and BabyMinds studies are provided in Chapter 6: Methods.

Total participants (n=96)
BLT-ID
(n=51)

6 months (n=27)

BM (n=45)

12 months (n=24)

6 months (n=20)

12 months (n=25)

Cohort

Age

Figure 9. A study flow diagram linking infant age to recruitment from parent studies.
9.2.2 Procedure
Briefly, consenting participants from the Breathing for Life Trial completed asthma and mental
health measures during pregnancy (before 23 weeks gestation). When invited to the Breathing for Life
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Trial-Infant Development postnatal follow-up study, participants were asked to complete further
ratings of mental health symptoms along with sociodemographic and medical history questionnaires
at 6 weeks postpartum (±2 weeks). Information collected at this time point included maternal country
of birth, age, relationship status, current breastfeeding and/or formula feeding status, primiparity,
current presence of a mental health condition, annual income, medical history, and education level.
Participants of the BabyMinds studies also completed the same ratings of mental health symptoms,
sociodemographic and medical history at 6 weeks (±2 weeks) postpartum. All participants were
invited to return to complete eye tracking and developmental testing at 6 or 12 months postpartum.
For more procedural information please refer to Chapter 6: Methods.
9.2.3 Measures
Asthma measures
For participants in the Breathing for Life Trial, prenatal data, including body mass index (BMI,
kg/m2), smoking status, hospital admissions, emergency department visits and oral corticosteroid (OCS)
use for asthma in the previous year were collected before participants reached 23 weeks gestation.
Forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) were measured prenatally
using spirometry. Age-adjusted and height-adjusted % predicted FEV1 and FVC were expressed as a
percentage of predicted values (Hankinson et al., 1999). Adherence, self-management skills, and
knowledge about reliever and preventer medication were also assessed prenatally.
Additionally, participants were classified as having mild, moderate or severe asthma using
criteria from the Global Initiative for Asthma guidelines (GINA; Global Initiative for Asthma).
Treatment step was used as a surrogate measure of asthma severity. Symptoms were used to classify
asthma control as well-controlled, partly-controlled or uncontrolled according to an adaptation of the
GINA criteria.
At 6 weeks postpartum, BLT-ID participants completed the Juniper Asthma Control
Questionnaire (ACQ; Juniper et al., 1999). Scores above 1.5 indicate uncontrolled asthma (Juniper et
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al., 2006). For further details of the list of measures completed by participants with asthma, please see
Chapter 6: Methods.
Mental health measures
Participants in the Breathing for Life Trial completed the Edinburgh Postnatal Depression Scale
(EPDS; Cox et al., 1987) at their first antenatal appointment as part of routine antenatal care. At the
postpartum visit, both BLT-ID and BabyMinds participants completed both the EPDS and the Adult
Self Report (ASR) from the Achenbach System of Empirically Based Assessment (ASEBA;
Achenbach & Rescorla, 2003). No prenatal mental health data was available for BabyMinds
participants. For more details, please refer to Chapter 6: Methods.
Eye tracking and developmental testing
When infants reached 6- or 12-months of age, they completed the habituation/dishabituation
and joint attention eye tracking tasks described in Chapter 6: Methods and Chapter 8 of this thesis. At
6 months of age, infants completed The Bayley Scales of Infant and Toddler Development (Bayley,
2006b) screening test, and 12 month old infants completed the full BSID–III developmental
assessment. The BSID–III is comprised of cognitive, language (receptive and expressive) and motor
(fine and gross) subscales. For more information on the BSID–III, please refer to Chapter 6: Methods.
9.2.4 Analysis
Data were analysed using the Statistical Package for the Social Sciences (SPSS Version 24)
software with level of significance set to α=.05. To investigate sample differences, demographic and
mental health data were compared between BLT-ID and BabyMinds participants. Total scores,
percentile scores, and T-scores for DSM-5 oriented scales and syndrome scales of the ASEBA ASR
were derived and categorised in the normal, borderline, or clinical range for each participant. EPDS
scoring uses clinical brackets: 0-9 is considered low risk, 10-12 is medium risk, and 13-30 is high
risk. Scores from the EPDS and ASEBA ASR were used to characterise the nature of psychological
distress.
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9.3 Results
9.3.1 Participant characteristics
Sociodemographic information about the sample is provided in the previous chapter. As before,
mothers in the BLT – ID study did not differ significantly from those in the BabyMinds study in terms
of their country of birth, marital status, primiparity status, annual income, or occupation status, but did
differ significantly in terms of their education level (Table 8. 1– in Chapter 8).
In terms of infant outcomes, infants from each study did not differ in terms of their age at 6
months (Table 8. 1; Chapter 8 of this thesis), but the 12 month old infants of mothers with asthma
were significantly older at the time of testing. The groups did not significantly differ in terms of their
eye tracking performance at 6- or 12-months. Prior to FDR correction, infants of mothers with asthma
performed significantly better than infants of mothers without asthma in terms of their raw receptive
language BSID–III screener scores at 6 months, and their raw receptive language and gross motor
scores at 12 months, but these were not significant after correction (Table 9.1). These results are in the
opposite direction to the expected beneficial effects related to differences in parental level of
education seen between the groups.
Table 9.1 Differences in BSID – III performance between infants of mothers with and without asthma.
Independent samples t tests and chi squared tests were used where appropriate. False discovery rate
(FDR) corrections were used to control for multiple comparisons.
BSID – IIIi
Screener raw scores (N=44)
Cognitive
Receptive language
Expressive language
Fine motor
Gross motor
Full BSID – III (N=43)
Cognitive
Raw
Scaled
Composite
Language
Receptive
Raw
Scaled
Expressive
Raw
Scaled

FDR
corrected

Overall

p
.114
.026*
.321
.319
.518

p
.380
.260
.713
.797
.691

M (±SD)
10.95 (±1.58)
7.7 (±1.21)
6.34 (±1.18)
9.09 (±0.80)
9.18 (±1.74)

42.65 (±3.89)
11.22 (±2.58)
106.09 (±12.88)

.279
.832
.832

.797
.924
.924

43.3 (±4.08)
11.3 (±2.51)
106.48 (±12.56)

13.38 (±2.11)
8.00 (±2.19)

11.95 (±2.04)
6.86 (±2.20)

.029*
.097

.193
.388

12.65 (±2.17)
7.42 (±2.24)

15.62 (±3.56)
10.10 (±2.83)

14.95 (±2.73)
10.05 (±2.06)

.495
.948

.707
.948

15.28 (±3.14)
10.07 (±2.43)

Asthma (n=47)

No asthma (n=44)

M (±SD)
11.27 (±1.61)
8.04 (±1.25)
6.19 (±1.23)
9.19 (±0.90)
9.04 (±1.59)

M (±SD)
10.50 (±1.47)
7.22 (±1.00)
6.56 (±1.10)
8.94 (±0.64)
9.39 (±1.98)

44.00 (±4.25)
11.38 (±2.50)
106.90 (±12.50)
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Language Sum
18.00 (±4.03)
16.91 (±3.44)
.344
Language composite 94.38 (±11.67)
91.18 (±9.91)
.337
Motor
Fine
Raw
29.43 (±2.48)
29.26 (±2.32)
.818
Scaled
9.95 (±2.50)
10.35 (±2.53)
.605
Gross
Raw
42.05 (±3.84)
39.29 (±2.96)
.009**
Scaled
9.43 (±2.77)
8.04 (±2.03)
.064
Motor Sum
19.48 (±4.42)
18.39 (±3.92)
.393
Motor composite
98.52 (±13.33)
95.22 (±11.79)
.388
Note. BSID – III: Bayley Scales of Infant and Toddler Development, 3rd Edition.

.626
.674

17.44 (±3.73)
92.74 (±10.8)

.962
.756

29.34 (±2.37)
10.16 (±2.5)

.180
.320
.605
.647

40.58 (±3.63)
8.7 (±2.48)
18.91 (±4.15)
96.8 (±12.51)

9.3.2 Prenatal mental health and asthma characteristics
We sought to characterise the pre- and post-natal asthma and mental health characteristics of
the sample of mothers whose infants completed the necessary eye tracking and BSID-III testing in the
present study. We also aimed to compare the mental health characteristics of participants of the BLTID (asthma) and BabyMinds (no asthma) cohorts, which we were unable to do in Chapter 7. Table 9.
1 provides details on the prenatal measures for the BLT-ID participants only, as prenatal mental
health and asthma data were not available for BabyMinds participants. Of these participants, 94.6%
scored in the low risk category on the EPDS for prenatal depression. In terms of asthma status, 45%
of participants were using ICS or ICS/LABA (median dose 500µg), 8% were current smokers, 12%
had at least 1 emergency department visit in the last year for their asthma, 24.5% were able to
demonstrate optimal technique for their inhaler, and 27% were adherent to their asthma medication.

Table 9. 2. Prenatal measures for participants with asthma (BLT-ID).
Prenatal EPDS
0-9 (Low risk)
10-12 (Medium risk)
13-30 (High risk)
Height (cm)
Weight (kg)
BMI
Asthma control questionnairea
FEV1/FVC %
FEV1 %
FVC %
Daily dose (ICS µg)
Smoking status
Current
Ex

N
37
35 (94.6%)
0 (0%)
2 (5.4%)
41
41
41
22
45
48
45
46
50
4 (8%)
14 (28%)

Never

32 (64%)
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M (±SD)
5.19 (±3.04)

165.67 (±6.05)
85.25 (±24.14)
30.94 (±7.94)
1.43 (±1.03)
84.32 (±6.28)
90.66 (±13.54)
90.48 (±11.17)
266.30 (417.81)

Adherentb (missed <20% of ICS dose
11 (27%)
in past week)
Non adherent
30 (73%)
History (times in the past year)
Emergency visits
0
36 (87.8%)
1 or more
5 (12.2%)
Hospital visits
0
41 (82%)
1 or more
0
Missing
9 (18%)
Medication type
48
ICS
5 (10.4%)
ICS/LABA
17 (35.4%)
SABA
26 (54.2%)
Correct Knowledge
40
Action plan
2 (4%)
Preventer
1 (2%
Reliever
4 (9%)
Technique
Preventer (Pressurised metered dose
41
inhaler)
Optimal
10 (24.5%)
Adequate
5 (12%)
Inadequate
21 (51.5%)
Missing
5 (12%)
Turbuhaler
41
Optimal
6 (14.6%)
Adequate
1 (2.5%)
Inadequate
11 (26.8%)
Missingc
23 (56.1%)
Activity limitation (days/week)
41
0
26 (63.4%)
1–5
10 (24.4%)
6–7
5 (12.2%)
Morning Symptoms (days/week)
41
0
14 (34.2%)
1–5
20 (48.7%)
6–7
7 (17.1%)
Night symptoms (days/week)
41
0
9 (22%)
1–5
23 (56%)
6–7
9 (22%)
Asthma severity
51
Mild
30 (58.8%)
Moderate
6 (11.8%)
Severe
15 (29.4%)
Asthma control
51
Uncontrolled
19 (37.3%)
Partly controlled
24 (47%)
Well controlled
8 (15.7%)
Combined severity and control groups
51
Mild uncontrolled
9 (17.6%)
Mild partly controlled and controlled
21 (41.3%)
Moderate-severe uncontrolled
9 (17.6%)
Moderate-severe controlled
12 (23.5%)
Note. All asthma data was collected at baseline (i.e. before the women reached 23 weeks gestation).
Abbreviations: EPDS = Edinburgh Post-Natal Depression Scale; FEV1FVC % = Ratio of forced expiratory
volume in 1 second and forced vital capacity percentage; FEV1 % = Forced expiratory volume in 1 second
percent of predicted; FVC % = Forced vital capacity percent of predicted; ICS = Inhaled corticosteroid; LABA
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= Long acting beta agonist; SABA = Short acting beta agonist.
*p< 0.05
** p< 0.01
a
Intervention participants only
b
Calculated for participants taking ICS/ICS LABA medications only
c
Missing data is likely because the participant did not use a turbuhaler and therefore technique was not assessed
at baseline

9.3.3 Postnatal mental health characteristics
Postnatal EPDS scores, self-reported mental illness diagnoses, medications used to treat
psychological illnesses, past and current utilisation of mental health care, and alcohol and drug use are
reported in Table 9. 2. For participants with asthma, 18% scored in the medium-high categories of the
EPDS (indicating that they should be referred for evaluation for perinatal depression; Table 9. 2). This
rose from 5% prenatally (Table 9. 1). Within participants who had data for pre- and post-natal
depression, total scores on the EPDS did not significantly differ (t(22) = -1.67, p = .109), but the risk
category proportions between pre- and post-natal depression scores were significantly different, with
more participants scoring in the medium and high risk categories post-birth: χ2(2, N=23) = 10.98,
p=.004.
Table 9. 1. Postnatal measures for BLT-ID (Asthma) and BabyMinds (No asthma) participants of the
current study. Chi-squared and t tests were used where appropriate to examine differences between
the groups.
Postnatal EPDS
0-9 (Low risk)
10-12 (Medium risk)
13-30 (High risk)
Mental health diagnoses
Depression
Anxiety
Depression and anxiety
Bipolar disorder
Depression, anxiety, OCD
Any mental health diagnosis
Medicated for mental health issuea
Mental health careb
Currently in
Past
Alcohol use
Rarely/never
Once a month
1-2 days/week or more
Illicit drug use

Asthma
N
M (±SD)
33
5.82 (±4.22)
N
(%)
27
82%
4
12%
2
6%
37
4
11%
0
0
2
5%
2
5%
1
3%
9
24%
6
16%

No asthma
N
M (±SD)
30
6.30 (±4.37)
N
(%)
23
77%
3
10%
4
13%
31
0
0
2
7%
0
0
0
0
0
0
2
7%
1
3%

6
21
38
27
8
3
37

5
10
33
13
10
10
33

16%
57%
71%
21%
8%
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p
.658
p
.610

.058
.046*
.073

16%
32%

.788
.101

40%
30%
30%

.059

Never
24
65%
21
64%
Past use
11
30%
11
33%
.986
Current usec
2
5%
1
3%
Abbreviations: EPDS = Edinburgh Postnatal Depression Scale; OCD: Obsessive compulsive disorder; PTSD =
Post-traumatic Stress Disorder.
a
Included any reported psychotropic medication used for the purposes of treating a mental illness/mood
disorder.
b
Refers to self-reported visits to a psychologist or counsellor for psychotherapy, and does not necessarily reflect
a diagnosis of a mental health disorder.
c
Painkillers were reported for current drug use
*p< 0.05
**p< 0.01

For participants with asthma, 24% reported a mental health diagnosis, 16% currently received
mental health care, while 57% of participants received mental health care in the past (Table 9. 2).
Participants with asthma had low rates of current alcohol and drug use, with 71% reporting that they
rarely or never drank alcohol, and 65% reporting that they have never used non-prescription drugs
(Table 9. 2). For participants without asthma, 16% reported currently receiving mental health care,
while 32% reported having received it in the past. They reported marginally higher rates of alcohol
use, with 30% reporting that they drink alcohol once to twice a week or more, but this difference was
not significant (p = .059). Their rate of non-prescription drug use was comparable, with 64% reporting
that they have never used non-prescription drugs.
We further sought to examine differences in mental health and lifestyle behaviours between
participants with asthma and those without. The groups did not differ on any mental health measure,
other than participants with asthma reported more mental health diagnoses than did participants
without asthma (χ2 = 3.97, df = 1, p = .046), with 24% (N=9) of participants with asthma reporting a
diagnosis of a mental illness, while only 7% (N=2) of participants without asthma reported a
diagnosis of a mental illness.
To further characterise our sample’s mental health and adaptive functioning, we compared
scores from the internalising and externalising problem scales, syndrome scales and the DSM-5
oriented subscales of the ASEBA ASR between participants with and without asthma (Table 9. 3). On
most subscales, the percentage of women scoring in the borderline or clinical range (above the 93rd
percentile) was less than the expected 7%. However, somewhat higher than expected percentages
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were found for the Aggressive Behaviour Syndrome scale (9.5%), as well as the Avoidant Personality
and Attention Deficit Hyperactivity Problems DSM-oriented subscales (8.6% and 7.7%, respectively).
Table 9. 2. Postnatal ASEBA ASR subscale percentiles for participants with asthma and those without. Chisquared analyses were used to compare differences across groups.
Asthma (N=35)
No asthma (N=11)
Borderline a
Clinical b
Borderline a
Clinical b
Subscale
N (%)
N (%)
N (%)
N (%)
p
DSM-oriented subscales
Depressive problems
0
1 (3%)
1 (9%)
0
.460
Anxiety problems
0
1 (3%)
0
0
.651
Somatic problems
2 (6%)
1 (3%)
0
0
.404
Avoidant personality
3 (9%)
0
2 (18%)
0
.205
problems
Attention Deficit
0
2 (6%)
0
1 (9%)
.197
Hyperactivity problems
Antisocial Personality
0
0
0
0
.146
Syndrome scales
Anxious/Depressed
1 (3%)
1 (3%)
0
1 (9%)
.694
Withdrawn
1 (3%)
1 (3%)
0
0
.475
Somatic complaints
1 (3%)
1 (3%)
0
0
.582
Thought problems
0
1 (3%)
0
0
.227
Attention problems
0
1 (3%)
1 (9%)
0
.176
Aggressive behaviour
1 (3%)
1 (3%)
1 (9%)
0
.433
Rule-breaking behaviour 0
0
0
0
.467
Intrusive
0
0
0
0
.752
Internalising problems
1 (3%)
1 (3%)
0
0
.330
Externalising problems
1 (3%)
0
0
0
.714
Total problems
1 (3%)
1 (3%)
0
0
.385
Abbreviations: DSM = Diagnostic and statistical manual of mental disorders.
a
Borderline – 93rd – 97th percentile
b
Clinical – 97th – 100th percentile
*p< 0.05
** p< 0.01

9.3.4 Does infant cognition and development vary as a function of maternal asthma status?
Independent samples t tests were used to compare differences in eye tracking performance
between the infants of mothers with and without asthma. As outlined in the previous chapter, the
groups did not differ in their performance on the habituation task (as indexed by time to habituate,
novelty preference, dishabituation and laterality bias scores; p =.753 to 2.79 FDR corrected) nor in
their performance on the joint attention task (as indexed by dwell time % to each AoI, target ratios,
and first fixation time to target; p =.810 to 1.12 FDR corrected).
In terms of infant development, as before, infants of mothers with asthma performed better than
infants of mothers without asthma in terms of their raw receptive BISD-III screener scores at 6
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months (p = .199 FDR corrected), and in their raw receptive language (p = .167 FDR corrected) and
gross motor (p = .207 FDR corrected) scores at 12 months. However, these did not remain significant
after FDR correction.
We next examined whether infant cognition or development varied as a function of maternal
asthma severity or control during pregnancy. Results from a oneway ANOVA revealed that there
were no significant differences in BSID–III raw subscale scores at either 6 months (Figure 9. 1A) or
12 months (Figure 9. 1B) between infants of mothers with mild, moderate or severe asthma (p =.894
to 1.36 FDR corrected) or between 6 (Figure 9. 2A) or 12 month old (Figure 9. 2B) infants of mothers
with uncontrolled, partly controlled or well-controlled asthma during pregnancy (p =.812 to 1.99 FDR
corrected).

Mean raw score

A.

B.
14

60

12

50

10

40

8

30

6

Mild

20

4
2

10

0

0

Moderate
Severe

BSID - III domain

BSID - III Screener domain

Figure 9. 1. Raw screener subscale scores at 6 months (A) and full BSID – III subscale raw scores at
12 months (B) grouped by maternal asthma severity (mild, moderate and severe). The discrepancy in
the Y axes scales for A and B corresponds to the differences in total scores that are able to be obtained
in the screener vs the full BSID–III. There were no significant differences in 6 or 12 month BSID–III
performance of infants born to mothers with mild, moderate or severe asthma during pregnancy.
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A.

B.
14

60

Mean raw score

12

50

10

Uncontrolled

40

8

30

6
4

20

2

10

0

0

Partly
controlled
Well
controlled

BSID - III Sreener domain

BSID - III domain

Figure 9. 2. Raw screener subscale scores at 6 months (A) and full BSID – III subscale raw scores at
12 months (B) grouped by maternal asthma control (uncontrolled, partly controlled, well controlled).
The discrepancy in the Y axes scales for A and B corresponds to the differences in total scores that are
able to be obtained in the screener vs the full BSID–III. There were no significant differences in 6 or
12 month BSID–III performance of infants born to mothers with uncontrolled, partly controlled or
well controlled asthma during pregnancy.
Similar, non-significant results were found for eye tracking performance. Specifically, we
examined whether performance on the habituation task (time to habituate, novelty preference,
dishabituation and laterality bias) and on the joint attention task (dwell time % to each AoI, target
ratios, and first fixation time to target) varied by maternal asthma severity and control during
pregnancy. Oneway ANOVA analyses revealed that eye tracking performance on either task did not
vary significantly as a function of maternal asthma severity (p =.395 to 1.32 FDR corrected) or
control (p =.093 to .950 FDR corrected) during pregnancy.
9.3.5 Does infant cognition and development vary as a function of maternal mental health
status?
We sought to examine whether infant cognition or development varied as a function of
maternal mental health status during and after pregnancy, regardless of asthma status. Results from
bivariate correlations revealed that infant BSID–III raw subscale scores at either 6 months or 12
months were not significantly associated with prenatal (p =.150 to .988 FDR corrected) or postnatal
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EPDS total scores (p =.885 to 1.47 FDR corrected). Infant BSID–III performance was also not
associated with maternal DSM-oriented or syndrome scale total scores from the ASEBA ASR (p
=.680 to 1.46 FDR corrected). Further results from bivariate correlations revealed that infant eye
tracking performance at either 6 or 12 months of age was also not related to prenatal (p =.665 to 1.55
FDR corrected) or postnatal EPDS (p =.690 to 1.26 FDR corrected), or DSM-oriented (p =.890 to
2.54 FDR corrected) or syndrome scale (p =.640 to 1.94 FDR corrected) total scores from the ASEBA
ASR.
We next examined whether infant eye tracking or developmental performance differed between
infants of mothers with and without a diagnosis of a mental illness (binary yes/no). Independent
samples t tests revealed that infant eye tracking performance did not differ between infants of mothers
with or without a mental illness (p =.490 to 1.13 FDR corrected), and raw scores on each subscale of
the BSID–III at either 6 or 12 months did not differ significantly between infants of mothers with or
without a mental illness (p =.237 to 1.24 FDR corrected; Figure 9. 3).
B.

Mean total score

A.
14

60

None

12

50

Mental illness

10

40

8

30

6

20

4
2

10

0

0

BSID - III subscale

BSID - III Screener subscale

Figure 9. 3. Raw screener subscale scores at 6 months (A) and full BSID–III subscale raw scores at
12 months (B) grouped by maternal mental illness diagnosis (binary yes = 1, no = 0). There were no
significant differences in 6 or 12 month BSID–III performance of infants born to mothers with or
without a mental illness.
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9.4 Discussion
The present study aimed to compare the patterns of development in infants from mothers with
well-managed and treatment-as-usual asthma during pregnancy, to infants of mothers without asthma.
We also examined whether variability in mental health characteristics of these mothers, regardless of
asthma status, was associated with different developmental patterns in their infants. While we
expected that infants of mothers with uncontrolled or more severe asthma would demonstrate poorer
performance on the eye tracking and BSID-III measures, this hypothesis was not supported. We also
found that infants of mothers with poorer mental health during the pre- and post-natal periods did not
differ in developmental or cognitive performance to infants of healthy mothers.
It has been well-established that asthma during pregnancy is associated with a range of
congenital conditions and birth complications (Murphy, Wang, et al., 2013). For further reading,
please see Chapter 2 of this thesis. To our knowledge, this study is the first to determine that infants of
mothers with asthma (with participants with well managed and treatment as usual asthma grouped
together) have cognitive and global developmental outcomes in the first year of life that are equivalent
to infants of mothers without asthma. This study was also the first to find that infant developmental
outcomes did not vary as a function of asthma severity, control or management status. These findings
are consistent with those of other prospective studies, which have found no evidence to suggest that
well-managed asthma during pregnancy is associated with atypical developmental outcomes in
children in the first few years of life (Schatz et al., 2001) and are consistent with the conclusions of a
recent systematic review on the subject (Whalen et al., 2018).
Importantly, we cannot comment on whether infants of mothers with asthma are at an increased
risk of autism, intellectual disability or other behavioural and temperament differences as that was not
within the scope of the current study. It is possible that developmental effects do not manifest until the
child is older, hence it is important to follow up this cohort. It’s also important to consider that
mothers enrolled in this study may not have had typical ‘treatment-as-usual’ asthma, given that the
control group received at least a prenatal asthma assessment and self-management education. In
Australia more generally, women are less likely to continue to have a health professional manage their
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asthma during pregnancy than they were before they got pregnant, and a woman is more likely to use
asthma medications during pregnancy on the sole advice of her doctor (Sawicki et al., 2012). Asthma
education during pregnancy has been shown to reduce the woman’s perception of the teratogenic
effects of medications used to treat asthma, and results in visible improvements in a woman’s inhaler
technique (Robijn et al., 2018). Therefore, the control group receiving an asthma assessment and selfmanagement education during pregnancy may have changed their ‘as-usual’ behaviour as compared
to pregnant, asthmatic women not enrolled in the RCT. For future studies, it would be interesting to
see the effect of intervention status (FENO-based asthma management vs. usual care) on child
developmental outcomes, as we were unable to address this as the RCT is ongoing.
Our results suggest that poor mental health during and in the first few weeks post-pregnancy
does not appear to be associated with adverse global and cognitive developmental outcomes in the
first year of life. This is in line with the only other study that has assessed infant developmental
outcomes in the first year of life in relation to maternal depression, which found that the BSID-III
performance of 10-month old infants exposed to maternal depression pre- and post-pregnancy do not
differ from unexposed infants (Hanley, Brain & Oberlander, 2013). This result is inconsistent,
however with other literature which has reported consistent effects of maternal depression on
behavioural problems (Van den Bergh & Marcoen, 2004) and developmental outcomes (Cornish et
al., 2005) in later childhood. The results of this study suggest that these developmental concerns are
not apparent at 12 months of age when assessed using the BSID-III and habituation and joint attention
eye tracking tasks. It is possible that other early developmental features, e.g. temperament and social
affect, may be more sensitive to these emerging effects. Again, it would be beneficial for future
research to track these infants over time, utilising a broad range of developmental measures to chart
the emergence of developmental differences over the child’s lifespan.
It is likely that we sampled mothers with high adaptive functioning skills, as reflected in the
lack of variability in ASEBA ASR subscale scores in Table 9. 3. It is therefore possible that infants
that were lost-to-follow up may have had mothers with higher levels of psychopathology than those
who participated all the way through to 12 months post-partum. If this is the case, it is possible that
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these conclusions are understated. There was also a low sample size and lack of variability in the
ASEBA data of the mothers in the control cohort (n=11), with only 2 mothers scoring in the
borderline/clinical thresholds. Given this sampling bias of mothers with low levels of
psychopathology in the control cohort, these conclusions must be interpreted with caution.
These conclusions send a positive message about the implications of asthma and poor mental
health during pregnancy on infant developmental outcomes in the first year of life. The findings of our
study indicate that general development, habituation and joint attention do not appear to be impacted
in the first year of life in infants of mothers with asthma and/or mental health concerns. However
questions still remain as to the long term outcomes of these infants, and whether interventions should
be implemented during the first postnatal year, where deficits are not yet apparent, to hopefully negate
future risk. We were also underpowered to study the effects of maternal asthma and poor mental
health in the same woman on their child’s development and cognitive outcomes. Thus, the current
work promotes a new direction for research exploring these effects.
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Chapter 10: General Discussion
10.1 Overview
While it is becoming increasingly evident that our mental and physical health and immune
system are all interrelated, the implications that maternal physical and mental health have for child
development were yet to be explored in great detail. There is still much that is unknown regarding the
effects of the prenatal environment and maternal health during the first postnatal year on infants’
learning, perceptual, cognitive, language and motor development. Across four studies, this thesis
provides new support for the notion that asthma and mental health during pregnancy are more
connected than we first thought, but whether these maternal health conditions have adverse
implications for child development in the first year of life is less clear. In the following sections, I will
first discuss methodological considerations, including biases and representativeness of the participants
sampled, as well as the effectiveness and suitability of the measures. This is followed by a detailed
synthesis of the evidence supporting the interconnections between maternal asthma and mental health
during pregnancy, followed by a discussion of their relationships with infant cognitive, linguistic and
motor development in the first year of life.
Overall this thesis has three main conclusions. Firstly, mental health conditions may be more
common in women with asthma, and pregnancy and new motherhood presents a vulnerable time for
the onset of mood disorders in women with asthma. Secondly, maternal asthma during pregnancy is
not associated with atypical child cognitive, language or motor developmental outcomes in the first
year of life. More specifically, prospective studies find no evidence to suggest that asthma during
pregnancy (regardless of severity, control or management status) is associated with adverse cognitive,
linguistic or motor developmental outcomes in children in the first few years of life. Thirdly, poor
mental health during and in the first few weeks post-pregnancy does not appear to be associated with
atypical developmental outcomes in the first year of life. Overall, this thesis goes beyond the previous
research into asthma, mental health and child development by integrating the three areas of research
and examining how they are interrelated during and post-pregnancy.
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While our original hypotheses were based on prior literature, our findings support the failure to
reject the null hypothesis – suggesting that maternal asthma during pregnancy and poor mental health
during and post-pregnancy have no adverse implications for child cognitive, linguistic or motor
development in the first year of life. Nevertheless, across each of the studies presented in the current
thesis, it is important to examine whether there were any methodological limitations of this research
that may weaken the strength of the conclusions drawn. Below, we examine potential methodological
and power issues associated with the Bayley Scales of Infant and Toddler Development (Third
Edition) and the sample size.
10.2 Effectiveness and suitability of the Bayley Scales of Infant and Toddler Development
This section will firstly address the psychometric properties of the Bayley Scales of Infant and
Toddler Development (BSID-III) and how our data compare to the standardisation sample. While
there is no perfect measure of infant development (Aylward, 2009; Johnson & Marlow, 2006) the
BSID-III was utilised as the scales provide a standardised, global measure of development in the
domains of cognitive, language and motor development in children aged between 16 days to 42
months (Bayley, 2006a). Even though the BSID-III is not a diagnostic tool, the scales can screen for
delay, quantify overall functional development in typical and clinical groups of infants and can inform
interventions. The latest version (BSID-III) has been widely used in clinics and research settings since
2006 and shows good internal consistency for the five subscales (cognitive, expressive/receptive
language and fine/gross motor) across all age groups (average reliability coefficients: .94 - .98) and
acceptable test-retest reliability across the five subscales for infants aged 9-13 months, with
correlation coefficients (corrected for age) ranging from .77 to .86 (Bayley, 2006a). Intercorrelations
of subtest and composite scores provide evidence for good convergent and discriminant validity for
each subscale in the BSID-III, however content validity is harder to determine. The technical manual
states that literature reviews and expert consultations were used to establish content validity, and
items were designed to tap into skills that the literature determined to be developed by each age, such
as those which assess memory and processing speed (e.g. habituation), problem solving (e.g.
retrieving a hidden object), number concepts (e.g. counting and cardinality), auditory acuity (e.g.
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responding to and localising sounds), word comprehension, vocalising ability (e.g. vowel
sounds/cooing), as well as movement and locomotion (e.g. reaching, grasping and crawling). The
BSID-III Screening test aims to identify infants at risk of delay and those who would benefit from a
full BSID-III evaluation in a much shorter timeframe (20-30 minutes). Items forming the BSID-III
Screener were all derived from the full BSID-III, with special consideration given to items with good
content and psychometric properties and those that were able to differentiate high and low performing
children (clinical sensitivity). The BSID-III Screener has good test-retest reliability across all ages
(average reliability coefficients: .80 - .83). Both the full BSID-III and Screener were normed against a
nationally representative USA sample, however the screener is a much cruder version of the full
BSID-III and is not expected to have the same accuracy as a full assessment.
In terms of mean scaled scores, our 12 month sample scored significantly higher than published
American BSID-III normative data in the cognitive domain, and significantly lower in the receptive
language and gross motor domains (Figure 8. 2; Chapter 8). There has been some recent discussion
regarding the validity of the BSID-III in locations other than the USA. In Australia, it is thought that
the scales underestimate developmental delay by overestimating development (Anderson et al., 2010;
Chinta et al., 2014). In one Australian study, typically developing 12 month old infants scored
significantly higher than the BSID-III norms on the cognitive and receptive language subscales, but
lower on expressive language and gross motor (Walker et al., 2010). While our results are largely in
line with this pattern, our sample’s receptive language scores were significantly lower than
standardised norms, with no difference in expressive language. It is unclear why this difference
occurred and whether this is of any practical significance given the discrepancy in performance on the
two language subscales, but may be due to sample composition or administration bias. All examiners
in the current study were trained in BSID-III administration either by the Pearson Clinical Assessment
team or by experienced examiners, and all had completed either a psychology or occupational therapy
undergraduate degree. All were familiar with childhood assessment practices and experienced in
testing young children, and achieved interrater reliabilities ranging from .83 - .99 for the five
subscales. We double scored many assessments and reached scoring consensus, and recalibrated
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scoring between examiners over time using videotaped assessments of participants. It may be that our
examiners were slightly less experienced in scoring language development given that none came from
a speech and language background, however this does not explain the non-significant difference on
the expressive scale, so administration bias is unlikely.
Our 12 month old sample scored higher than standardised norms on the cognitive subscale of
the BSID-III, consistent with the findings of Walker et al. (2010). The authors suggested that such a
finding may be explained, in part, by the fact that Australian children may have more experience with
the type of puzzles and problem solving games used in the BSID-III cognitive assessment than the
American children that were sampled. It is unclear why this is the case. It is therefore possible that the
BSID-III under-detects cognitive delay in Australian samples (Anderson & Burnett, 2017). Our
sample also scored significantly lower in the gross motor subscale, which is also consistent with the
Walker et al. (2010) study. One can speculate that Australian children’s motor skills may be affected
by them sleeping on their backs, to reduce the risk of sudden infant death syndrome. Infants who sleep
in supine (on their back) or who are not exposed to prone (on their tummy) position during play may
not have as well-developed stability on their hands, all fours or sitting (Kuo, Liao, Chen, Hsieh &
Hwang, 2008) and score more poorly on measures of motor skills (Jennings, Sarbaugh & Payne,
2005; Majnemer & Barr, 2006). Additionally, the common use of mobile infant walkers (‘baby
walkers’), which are popular in Australia, have been associated with delays in gross motor
development (Badihian, Adihian & Yaghini, 2017; Shafeek & El-Negmy, 2016). However, it is
difficult to find data to support such speculations. Again, given the discrepancy between the fine and
gross motor performance of our sample, it is unclear whether this finding is of practical significance.
There have been recent discussions on the benefits of using other experimental measures to assess
development in infancy and childhood alongside standardised tasks such as the BSID-III (Addyman &
Mason, 2016). Therefore, it was important that we selected alternative ways of measuring early
cognitive developmental status in these infants. Hence, we included two well-established measures of
infant cognitive development – habituation and joint attention
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10.3 Sample characteristics and ascertainment bias
This section will address potential ascertainment bias in the maternal and infant samples of the
studies that make up this thesis. In Chapter 7, we reported on a clear ascertainment bias in the women
with asthma who consented for the follow-up study on mental health and child development. Given
that we were able to access prenatal mental health data from hospital records, we compared the
prenatal mental health of participants and non-participants of the postnatal follow up, and found that a
significantly greater percentage of non-participants (31%) scored in the medium and high-risk
categories of the depression measure than participants, indicating more mental health risk and a
greater need for follow up. This bias is likely to have persisted into the sample with asthma used for
Chapter 9, as we may have sampled a homogenous group of mothers with lower incidence of mental
health conditions while those with more mental health conditions or psychiatric distress were less
likely to consent or continue participating, particularly at the 6 and 12 month follow ups. Thus, our
conclusions regarding a higher incidence of pre- and post-natal psychopathology in women with
asthma compared to those without are likely to be understated. If all women participated in the follow
up study, the relationships between asthma control and psychopathology may have been stronger.
Additionally, whilst almost 60% of women with asthma in the final study (Chapter 9) reported
receiving psychiatric care in the past, only 16% were currently in psychiatric care and 24% selfreported a diagnosis of a mental illness. Even though a large proportion of participants received
treatment for psychological ill-health in the past, it is possible that we have sampled those with
transient mental health conditions, but not those experiencing long term distress or severe mental
health conditions during the gestational or postnatal periods. This was also reflected in the lack of
variability in adaptive and maladaptive functioning as measured by the ASEBA ASR scores in
Chapter 9. It is also likely that those with mental health conditions in the past sought out effective
treatment for their condition, as indicated by the high rates of past psychiatric care, and these helpseeking behaviours may offer protective benefits to the development of their children.
Additionally, mothers enrolled in the randomised controlled trial during pregnancy may not
have had ‘treatment as usual’ asthma. While approximately half of mothers in the trial were
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randomised to the FENO intervention group and received a case-by-case treatment adjusted based on
their eosinophilic airway inflammation, those in the control group still received an asthma assessment
and self-management education. This may have made them more aware of the importance of asthma
control and management during pregnancy than if they weren’t enrolled in the study, and may
indicate that they received more medical advice and management than the general population of
pregnant women with asthma. However, as the RCT is still ongoing, we were not able to access
randomisation information in order to determine if there were any differences in asthma severity,
control, mental health or infant developmental outcomes between the intervention and control
groupings. This is definitely an avenue for future research.
This ascertainment bias has implications for the representativeness of the infants sampled in
Chapter 8 and Chapter 9. Given the lack of variability in mental health and the potential for bias in
‘treatment as usual’ asthma of the mothers, we likely sampled infants of mothers with high adaptive
functioning skills and help-seeking behaviours that may not be representative of the general
population. While we did have reasonably even proportions of mothers with mild, moderate or severe
asthma and those with uncontrolled, partly controlled or well controlled asthma, when severity and
control were grouped together, 41% of our sample had mild asthma that was partly or well controlled.
It is possible that infants lost to follow up may have mothers with more psychological distress or
poorer asthma control and more severe asthma, who were not able or willing to participate in the
study requirements. Certainly, the RCT specifically excluded women with very severe asthma (those
with a recent history of severe exacerbations requiring oral corticosteroid use). These infants may
have been at greater risk of adverse maladaptive outcomes and in need of follow-up care and
intervention. Alternatively, these infants could have had higher needs or more challenging behaviours,
which resulted in their mothers declining participation or withdrawing from the study. Therefore, our
conclusions regarding the lack of association between adverse child developmental outcomes in the
first year of life and poor maternal mental health and asthma during and after pregnancy should be
interpreted with caution.
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We can however, conclude that infants who completed all the necessary testing are
representative of a normal population. Another bias that could have inadvertently been introduced is
selection bias in participants who were less likely to complete the eye tracking tasks due to internal
characteristics. However, infants who did and did not complete the habituation and joint attention
tasks did not differ on developmental or temperament measures in the present study. This reduced the
likelihood of selection bias. This is in line with previous studies that have shown that dropout from
infant eye tracking tasks is not affected by temperament, cognitive development (as measured by the
BSID-III), habituation speed or novelty preference (Klein-Radukic & Zmyj, 2015). Additionally, our
sample sizes for the habituation (N=67) and joint attention (N=96) tasks far exceeded the sample sizes
in the original studies which developed the tasks. In previous studies, this habituation task was first
used with 30 infants (Rose & Feldman, 1987), and the joint attention task was used with 52 infants
(Wu & Kirkham, 2010). Whilst this does not eliminate the possibility of selection bias, it is unlikely
that null effects were found due to a Type II error.
We conducted a power analysis to detect a clinically significant difference in BSID-III scores at
12 months of age. To identify a difference in BSID-III cognitive scale score (SD=15) at 12 months,
using a two-tailed test, at 5% significance and 80% power we aimed to recruit approximately 250
infants. While we assumed an attrition rate up to 20% and aimed to recruit 300 infants over 5 years,
the present study examines data from 96 infants obtained within the time parameters of a PhD, who
had valid eye tracking data. It is therefore possible that we may not have detected a clinically
significant difference due to a low sample size and a lack of power. In terms of future research,
recruitment is still ongoing and we expect to feasibly achieve a sample size of 300 mother-infant
dyads based on the projected recruitment targets of the BLT study (expected recruitment 500 mother
infant-dyads in Newcastle) and further analyses are likely to detect a difference in BSID-III
performance between infants of mothers in the intervention and control groups. As we are likely to
have a high sampling probability, inverse probability weighting (i.e. using the inverse of the sampling
probability to weight observations; Seaman & White, 2013) is a possible avenue for future research.
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This method may reduce the bias introduced by excluding infants who were not able to complete the
eye tracking tasks.

10.4 Infant attentional abilities as a proxy for early cognitive development
It has been argued that attention and information processing abilities may better reflect the
cognitive skills that are critical to later development and intellectual ability than traditional measures,
such as the BSID-III (Bornstein et al., 2006; Colombo & Mitchell, 2009; Colombo et al., 2004; Fagan
et al., 2007; Kavšek, 2004; Rose et al., 2004). In fact, there has been a recent push for a standardised
toolkit of tasks and paradigms for researchers and clinicians to use to assess attention, information
processing, memory, executive functioning, language and social/emotional development domains in
young infants (Brito et al., 2019). Therefore, we included an infant habituation and joint attention task
to provide more nuanced information on individual differences in infant cognitive development. This
section will provide an overview and interpretation of how the design of the tasks and the
performance of the participants compares to the literature. In addition, the relationship (or lack
thereof) between performance on the eye tracking tasks and the BSID-III will be discussed.
10.4.1 Habituation task
Habituation is a well-established construct of early information processing in infancy, and has
been measured in various forms over the past 30 years (Bornstein & Benasich, 1986; Colombo &
Mitchell, 2009; Kavšek, 2004). Parameters of our fixed-trial (not contingent upon the infant’s looking
behaviour) habituation task, namely the times given for infants to familiarise with the stimuli (20
seconds for 12 month olds and 10 seconds for 6 month olds) and the test time (10 seconds) were based
on well-replicated tasks originally developed by Rose et al. (1992). These times were consistent with
those provided in other studies – depending on the complexity of stimuli, the familiarisation times
provided for infants in fixed-trial habituation paradigms typically range from 5-20 seconds, with 1020 seconds given for test phases (Colombo, Frick & Gorman, 1997; Rose, Feldman, McCarton &
Wolfson, 1988). The timing we chose allowed for infants to habituate at different rates and to capture
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individual differences in information processing and looking behaviour (Bornstein & Benasich, 1986).
In only 60% of cases the longest look during the habituation phase is the first look and it is possible
for long looks to occur later in the familiarisation trial (Colombo & Mitchell, 1990). Therefore, the
familiarisation times used in the paradigm here allowed for differences in looking behaviour.
Our measure of novelty preference was comparable to previous research as well, as we
calculated it as the percentage of time spent looking at the novel stimulus as compared to the familiar
stimulus (Pascalis & de Haan, 2003). While there is no empirical evidence to suggest that a novelty
preference of 65% is better than 55% (Colombo, Richman, Shaddy, Follmer Greenhoot & Maikranz,
2001), our mean novelty preference percentages (45% for 6-month olds and 54% for 12-month olds)
were marginally lower than those found in the infant habituation literature (>55%; Fisher‐Thompson,
2017; Rose et al., 2004). Higher novelty preferences have been found to occur in the first test trial
(68.7%) than in the second (51.3% Pascalis, 1993, unpublished dissertation. As cited in Pascalis & de
Haan, 2003). As we averaged novelty preference across all available test trials, this may account for
the discrepancies in novelty preference percentages. Our sample’s novelty preferences were lower for
6 month than for 12 month olds, which is consistent with previous research that shows that preference
for novelty increases linearly with age in the first year of life (Rose et al., 2002; Wetherford & Cohen,
1973).
In our sample, six month olds showed more dishabituation/familiarity preference (53%) than 12
month olds (41%). This is consistent with the developmental trajectory of task performance, as
younger infants are more likely to show a familiarity preference due to poorer encoding of stimuli
compared to older infants, although shorter familiarisation times and stimuli that are too complex can
also result in familiarity over novelty preferences (Nelson, 1995; Pascalis & de Haan, 2003; Rose et
al., 1982; Sophian, 1980). These differences in preferential looking patterns are likely due to
improvements in memory (Rose et al., 2011a), attentional control (de Barbaro et al., 2011) or neural
maturation (Nakano et al., 2008) that occurs across infancy.
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10.4.2 Joint attention task
Parameters of our joint attention paradigm were based on those of experiment 1 in Wu and
Kirkham (2010). In our sample, 6 and 12 month old infants performed quite similarly on the task,
with key indicators of joint attention (e.g. first fixation time to target) relatively equivalent between
the groups. However, 12 month olds looked more at the cued area before target, the target and
distractor than 6 month olds, indicating that once they looked in the cued location, they comfortably
explored the rest of the multimodal display during each trial. These findings are consistent with
previous work using this paradigm, with the original authors finding very little differences in task
performance and the ability to follow the social cue (joint attention ability) between 4 and 8 month old
infants, indicating that joint attention ability is largely developed by the age of 4 months. In our
sample, both ages looked longer at the cued location (target) than the non-cued location (distractor)
which is consistent with previous findings using this paradigm (Wu & Kirkham, 2010). Consistently,
in the present study, further analyses found that performance was not significantly associated with
infant age when chronological age was entered into a correlation analysis.
These results are largely in line with the literature on joint attention development in infancy.
Gaze following ability develops within the first week of life (Farroni, Massaccesi, Pividori &
Johnson, 2004). For the most part, the ability to respond to joint attention that is paired with social
context such as eye contact, smiling and the use of infant directed speech in addressing the infant, is
developed by the age of 6 months (Hoehl et al., 2008; Senju & Csibra, 2008). Therefore, we didn’t
necessarily expect performance on this joint attention task to differ greatly between 6 and 12 month
olds given that the foundations of joint attention that are assessed in the current study are largely
developed by 6 months of age. Given that our sample of infants were performing similarly on the
habituation and joint attention tasks as infants of previous studies, this provided a basis for
interpreting the relationships between performance on the tasks and the BSID-III.
10.4.3 The relationship between the habituation and joint attention tasks and the BSID-III
We expected that performance on the habituation and joint attention tasks would relate to
BSID-III performance, particularly on the cognitive and language subscales, given that the underlying
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attentional, information processing and language skills need to be developed or developing in order to
complete both the BSID-III and the eye tracking tasks. However the data did not support this
association. This may not be unexpected, given that the past literature offers contradictory information
regarding the validity of the BSID-III. Early work suggests the predictive validity of the BSID and
other developmental testing, particularly for cognitive development, is low (Bornstein, Slater, Brown,
Roberts & Barrett, 1997; Fagan & Singer, 1983). This is supported by recent studies of the BSID-III,
showing that the cognitive scale shows only moderate predictive validity (Greene et al., 2012; Krogh
& Væver, 2018). One possible explanation for this is that developmental tests primarily measure
perceptual and motor development, rather than cognitive processes (Slater, 1997). It was a strength of
this thesis to incorporate behavioural (BSID-III) and eye tracking (habituation and joint attention
tasks) measurement modes, as an infant’s cognitive ability is unlikely to be fully characterised by a
single score.
In a paradigm combining habituation and joint attention ability, 4-13 month old infants were
familiarised with either a speaker of infant- (IDS) or adult-directed speech (ADS) for 1 minute and
were given an immediate paired comparison test with a still image of the familiarised speaker’s face
paired with a novel face (Kaplan et al., 2018). It was found that higher familiarity preference ratios for
the faces of IDS, not ADS face preference ratios, were predictive of cognitive subscale scores on the
BSID-III even after controlling for demographic factors, but not predictive of receptive or expressive
language subscale scores (Kaplan et al., 2018). While our habituation stimuli were not faces, we did
not find any significant associations between novelty or familiarisation ratios and BSID-III
performance here. Perhaps effects would be stronger had we used face stimuli over objects and
animals, given the strong preferences infants show for faces.
However, although joint attention ability in infancy has been extensively linked to measures of
learning, social, cognitive and language development in childhood, it has not necessarily been
associated with the BSID-III (Adamson, Bakeman & Deckner, 2004; Dawson et al., 2002; Delgado et
al., 2002; Kristen, Sodian, Thoermer & Perst, 2011; Morales, Mundy, Crowson, Neal & Delgado,
2005; Nelson, Adamson & Bakeman, 2008; Striano, Chen, Cleveland & Bradshaw, 2006; Tomasello,
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Carpenter, Call, Behne & Moll, 2005). The literature also emphasises that it is important to appreciate
and explore individual differences in joint attention ability, including within and between infants and
in varying social contexts, to contribute to more comprehensive models of social cognition (e.g.
Mundy et al., 2007). Taken together, the literature supports a reasonable continuity between joint
attention ability in infancy and later development of intellectual ability and social skills, however our
data did not support this association with the BSID-III within the first year of life. Our findings are
more in line with those of Mundy et al. (2007), however, who found that infant joint attention at 9
months was not associated with performance on the Mental Development Index of the BSID–II
(Bayley, 1993) at 18 months of age.
The BSID-III is graded by difficulty and is designed to provide information in defining typical
development. The habituation and joint attention tasks provide more nuanced information on
individual differences in cognitive development. While we expected both measurement modes (BSIDIII and eye tracking) to relate to each other, it may be reasonable to conclude that they are measuring
distinct constructs and offer equally valid and reliable information on infant development.
10.5 Women with asthma may be at greater risk of poorer mental health during and after
pregnancy
The presence and severity of psychopathology in asthmatic women during the prenatal and
postnatal periods was characterised in Chapter 7, and we also investigated whether asthma severity or
control was related to psychopathology during and soon after pregnancy. We found that women who
reported poorer asthma control also reported poorer psychological wellbeing – specifically more
somatic complaints, externalising problems and withdrawn behaviours. Interestingly, objective
measurements of asthma, including spirometry and GINA-classified asthma severity and control were
not associated with measures of psychopathology. For more detailed results, please see Chapter 7 of
this thesis.
This study provides support for the notion that women with asthma may be at a higher risk of
psychopathology during and after pregnancy when compared to women without asthma, and
contributes novel data to extend knowledge in this field. The high proportions of women with
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diagnosed mental health conditions and those who received mental health care in the past highlights
the need for follow-up care in this population, especially given that the presence of mental illness
during pregnancy is an independent risk factor for poor perinatal outcomes, regardless of asthma
status (Bonari et al., 2004; Glover, 2014). Our findings also showed that women with asthma may
show a unique profile of psychopathology during and after pregnancy which may not be captured by
the EPDS alone. It may be that psychological symptoms, such as withdrawing and externalising
behaviours may contribute to a woman’s perceived lack of control over her life and her asthma
symptoms during what can be already be a stressful period in her life. While the Hospital Anxiety and
Depression Scale (Zigmond & Snaith, 1983) appears to be the most commonly used mental health
measure in populations with asthma (e.g. Di Marco et al., 2010; Labor et al., 2017), an asthmaspecific questionnaire may be better suited for screening this population.
Psychosocial factors can affect how well a patient follows guidelines on medication taking and
treatment (Horne et al., 2005). Asthma medication adherence can be affected by psychosocial factors
(Bosley, Fosbury & Cochrane, 1995; Nordeng, Ystrøm & Einarson, 2010; Powell et al., 2013; Smith
et al., 2006) and it has been found that individuals with mild asthma (Barr, Somers, Speizer &
Camargo, 2002) who benefit the most from appropriate treatment are less likely to adhere (Belanger,
Hellenbrand, Holford & Bracken, 2010). Given the role of psychosocial factors (such as depression
and anxiety) in adherence, a negatively reinforcing cycle may arise – in which the symptoms of
depression may reduce help-seeking behaviours and the ability to self-manage asthma symptoms,
which may lead to more severe symptoms and exacerbations during pregnancy.
Surprisingly, psychopathology was not associated with objective measures of asthma
(spirometry or GINA-classified severity and control). Instead, we found that the subjective perception
of one’s level of asthma control was more strongly related to mental health. That is, how controlled
one perceives their asthma to be may be influenced by their overall coping, regardless of whether their
asthma is well-controlled. Consistent with the present findings, self-report measures of asthma
severity and control have been shown to be significantly associated with depression in pregnant
(Grzeskowiak et al., 2017) and non-pregnant samples (Janson-Bjerklie et al., 1992; Kovács et al.,
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2003), while there is no such association with objective measures (Afari et al., 2001; Chapman,
2005a; Janson et al., 1994). Given that the association between psychological status and poor asthma
control continues into and after pregnancy, a woman’s mental health is likely to have an overarching
influence over a woman’s general health and health conditions, such as asthma. This must be
considered in the provision of antenatal care to at-risk asthmatic women, as the multidisciplinary
management of comorbidities is recommended (Murphy et al., 2017).
These associations between mental health and asthma status are further supported by studies
which investigate quality of life in people with asthma. Individuals with mild asthma (as determined
by medication use and symptom presence and frequency) have been shown to have poorer healthrelated quality of life (Fuhlbrigge et al., 2002), poorer mental health (Viramontes & O’Brien, 1994)
and equivalent levels of depression, sadness and frustration (Abdulwadud, Abramson, Light, Thien &
Walters, 1999) compared to those with moderate and severe asthma. How well a pregnant woman
with asthma perceives her asthma control to be early in the postnatal period may be more informative
in determining their mental health and adaptive functioning during this time. This may be a factor of
negativity bias, as they feel bad about themselves and are more likely to feel bad about their asthma.
Thus, these findings highlight the need for the ongoing assessment and monitoring of asthma
and mental health during the course of pregnancy by a health professional. This is particularly
important as more generally, asthma is less likely to be managed by a health professional during
pregnancy (even despite worsening symptoms), and that around a third of pregnant women cease
using their asthma medication during pregnancy, often without consulting their treating health
professional (Sawicki et al., 2012). To ensure adequate mental health screening of women with
asthma during pregnancy, efforts should focus on quantifying a woman’s perception on her asthma
control, rather than basing her risk for mental health issues on objective measures of severity.
While there is no perfect, universally-adopted method to classify asthma severity in clinical and
research samples, many studies which assess the relationships between psychosocial factors, quality
of life and asthma use one or a combination of: medication use or dosage (Abdulwadud et al., 1999;
Leone et al., 1999; Van Ganse et al., 2002), symptom presence or frequency (Erickson, Christian Jr,
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Kirking & Halman, 2002; Fuhlbrigge et al., 2002), hospitalisations (Taylor, Auble, Calhoun &
Mosesso Jr, 1999), ICS dose (Godard, Chanez, Siraudin, Nicoloyannis & Duru, 2002; Katz, Yelin,
Eisner & Blanc, 2002; Vermetten, Boermans, Luiten, Mulder & Vermue, 1999), exacerbations
(Eisner, Katz, Yelin, Shiboski & Blanc, 2000; Hartert et al., 2000) or spirometry (Ritva, Pekka &
Harri, 2000). Asthma management guidelines (such as the GINA guidelines used here) often
incorporate a number of different measures to quantify asthma severity and control (Global Initiative
for Asthma, 2018). Given that we case-confirmed doctor-diagnosed asthma with spirometry and used
the GINA guidelines to quantify asthma severity and control, it is likely that we have objectively
quantified asthma severity and control appropriately. However, given that the majority of women
sampled had mild asthma, their spirometry was likely to be within normal parameters. Therefore,
spirometry may not be a sensitive enough measure in women with mild asthma. It was a strength of
our study to include a self-report measure of asthma control (the Asthma Control Questionnaire) as
this was the only asthma-related measure found to be associated with mental health in our sample.
In sum, these findings may be interpreted in a number of ways. Low mood contributes to low
self-ratings of asthma control, and mood has nothing to do with objective measures of asthma control
or severity. Likewise, the low self-rating of asthma is more sensitive in this population than
spirometry, and a better predictor of mental health status in this population. The associations may be
explained by a number of factors, such as impairments or dysregulation of underlying immune
function or adaptive impairments and limitations related to mental ill-health (such as pain, disability,
smoking or diet; Grieger, Grzeskowiak, Wood & Clifton, 2016; Murphy et al., 2010) as outlined in
Chapter 1 of this thesis. Taken together, these findings provide cause to extensively assess and
monitor the prevalence of psychiatric comorbidities in pregnant women with asthma, to ensure that
they receive appropriate and timely support.
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10.6 Maternal asthma during pregnancy is not associated with atypical infant cognitive,
linguistic or developmental outcomes in the first year of life
While it has been well-established that asthma during pregnancy is associated with an increased
risk of a range of infant congenital conditions and birth complications (Murphy et al., 2011a), we
sought to examine whether asthma severity and control were associated with negative developmental
outcomes for infants in the first year of life. While our systematic review (Chapter 4) concluded that
the association between maternal asthma during pregnancy and child cognitive and behavioural
development was weak, to our knowledge, Chapter 9 of this thesis is the first to determine that infants
of mothers with well managed and treatment as usual asthma have equivalent cognitive and global
developmental outcomes in the first year of life to infants of mothers without asthma.
The mixed findings of the systematic review revealed a slightly increased incidence of asthma
in the mothers of children with an autism spectrum disorder (ASD) diagnosis (Croen et al., 2005;
Langridge et al., 2013) but this associated disappeared when sociodemographic factors were
accounted for. Similar results were found in the population-based registry study by Spann et al. (2019)
which was published after the review and therefore not included. The authors showed that maternal
asthma was associated with increased incidence of ASD diagnosis in children, among a range of other
maternal autoimmune conditions, even after adjustment for other maternal factors such as age,
socioeconomic status and psychiatric illness. Our review also noted that the presence of asthma and/or
allergy in the mother was found to be associated with more severe symptoms of ASD in some social
symptom measures (Patel et al., 2018) but not others, with increased odds of developmental delay
(DD), ASD and ASD+DD (Lyall et al., 2014) and with increased risk for mild to moderate intellectual
disability (ID) in children (Langridge et al., 2013; Leonard et al., 2006). Other studies found no
association between asthma in the mother and diagnoses or risks for autism (Mouridsen et al., 2007),
neurodevelopmental disorders (Flannery & Liederman, 1994) or pervasive developmental disorder
(Micali et al., 2004). The only prospective study found that the developmental outcomes of 15-month
old children of mothers with well-managed asthma during pregnancy did not differ from those of
mothers without asthma (Schatz et al., 2001). These discrepancies may be due to differences in
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diagnostic procedures, sample size, asthma severity and treatment status, inclusion of a range of
autoimmune conditions in addition to asthma, and discrepancies in the classification and diagnosis of
allergy, ASD and other illnesses/disorders. Taken together, these findings suggest that there is little
evidence suggesting an adverse effect of maternal asthma on child cognitive and behavioural
development, especially in cohorts where asthma is well managed or closely monitored.
Meta-analyses have revealed that studies which report active management of asthma during
pregnancy find no risk of adverse perinatal outcomes, such as premature birth and neonatal
hospitalisation, whereas statistically significant increased risks are found in studies which do not
report active asthma management (Murphy et al., 2011a; Murphy, Wang, et al., 2013). This was found
to be true for child developmental outcomes as well (Schatz et al., 2001). This indicates that active
medical management of asthma during pregnancy may be a modifiable way to improve perinatal
outcomes of children born to mothers with asthma. Recently, concerns have been raised regarding
health professionals’ knowledge about asthma management and control during pregnancy (Namazy &
Schatz, 2017), and the lack of asthma-specific management recommendations in Australian antenatal
care guidelines (McLaughlin, Foureur, Jensen & Murphy, 2018; Robijn, Murphy & Gibson, 2019). In
Australia, pregnant women with asthma are less likely to have their asthma managed by a health
professional during pregnancy than before pregnancy, but a woman is more likely to use asthma
medications during pregnancy if her asthma is managed by a health professional (Sawicki et al.,
2012). Current guidelines recommend assessing asthma control every month during pregnancy via a
range of methods, including self-report (McLaughlin et al., 2018) and lung function (Amaral, Martins
& Coimbra, 2018). Pregnant women with asthma routinely request self-management methods for their
asthma control (Williamson, O’Connor & Kayleigh, 2017) in spite of an existing lack of knowledge
and skills (Robijn et al., 2018). This is important to consider as our data in Chapter 9 confirmed the
suboptimal management of asthma during pregnancy, with 73% of pregnant women reported to be
non-adherent and only 24.5% showed optimal technique of their inhaler, with this reducing to 14% for
optimal turbuhaler technique (Table 9. 1). Monthly assessments would provide the opportunity for
individually-tailored asthma support, education and care, which may have positive implications for
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the development outcomes of children but is likely to influence the mental health status of the mother,
as discussed above. Asthma education during pregnancy results in an increase in knowledge about
asthma medications, including a reduction in the perceived teratogenic effects of asthma medication
during pregnancy, as well as improvements in inhaler technique (Robijn et al., 2018). Forty percent of
women have indicated that they would continue using asthma medication during pregnancy solely on
the advice of their doctor (Baribeau, Beauchesne, Rey, Forget & Blais, 2016). Given that negative
pregnancy and perinatal outcomes are more likely to occur when asthma is poorly controlled
(Enriquez et al., 2007), more severe (Dombrowski et al., 2004) or when the mother is experiencing
exacerbations (Murphy, 2006), these recommendations are of great clinical importance.
No conclusions were able to be drawn in the systematic review for the effect of maternal
asthma medication, treatment status, severity or control during pregnancy on child developmental
outcomes. This was addressed in Chapter 8 and Chapter 9 of this thesis. The only prospective study to
assess the developmental outcomes of infants born to mothers with asthma exclusively sampled
infants of mothers with well-managed asthma (Schatz et al., 2001). This study is explained in more
detail in Chapter 4. Less was known about the outcomes of infants born to mothers with poorlymanaged or treatment-as-usual asthma during pregnancy, which was a possibility with our sample as
we assessed infants of mothers involved in a randomised controlled trial during pregnancy. Although
we were unable to look at the effects of the intervention, we found that there were no negative
developmental or cognitive outcomes of infants in the combined sample. Neither did child
developmental outcomes vary as a function of maternal asthma severity and control. Hence, it is
possible that effects for infants of mothers in the treatment-as-usual arm of the RCT may be masked
by grouping all infants together. Neither did we have the power or exacerbation information to see if
the timing of exacerbations or changes in asthma severity and control over the course of pregnancy
influenced infant developmental outcomes. Given that infant developmental outcomes did not vary by
asthma severity or control, we did not investigate whether they differed between mothers who were
using ICS medication and those who were not.
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Another important consideration is that we can only conclude that there are no adverse
developmental outcomes of infants born to mothers with asthma, as measured by the BSID-III and
habituation and joint attention tasks, during the first year of life. This is not to say that infants of
mothers with asthma are not at greater risk of perinatal and congenital complications as outlined
previously, or in later childhood, autism (Marchezan, 2019) or intellectual disability (Leonard et al.,
2006). Effects may emerge as the child gets older, and may manifest in terms of an increased risk of
suffering asthma and other atopic disease (Brunst et al., 2017; Martel et al., 2009), or the resulting
complications of low birth weight, hospitalisations and congenital defects (Clifton et al., 2012).
Studies which have assessed the longitudinal effects of asthma on child outcomes (Gordon et al.,
1970; Schatz et al., 2001) have not followed up infants beyond age 2, which leaves an important
avenue for future research on risk for disease and developmental/behavioural outcomes of children
and adults exposed to asthma in utero.
10.7 Poorer maternal mental health is not associated with atypical infant cognitive, linguistic or
motor developmental outcomes in the first year of life
Just as maternal asthma did not confer an increased risk to infant developmental and cognitive
outcomes, the presence and severity of mental health issues during and after pregnancy in mothers,
regardless of asthma status, was not associated with adverse child developmental outcomes in the first
year of life. Performance on the habituation and joint attention tasks and scores from the Bayley
Scales were not associated with prenatal or postnatal depression scores from the EPDS, or with
maternal DSM-oriented or syndrome scale total scores from the ASEBA ASR, a measure of adaptive
and maladaptive functioning. Infant developmental and cognitive outcomes did not differ between
infants of mothers with or without a diagnosis of mental illness. These findings were surprising,
given the public emphasis on the significant impact of poor mental health on infant outcomes.
However, studies which have looked at the effect of maternal depression on infant
developmental outcomes during the first year of life show mixed results. In line with our findings, it
has been found elsewhere that 10-month old infants exposed to pre- and post-natal depression do not
differ from unexposed infants on any subscales of the BSID-III, (Hanley et al., 2013). Importantly,
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effects were only found for antidepressant use, with exposed infants scoring significantly lower on
gross motor, social–emotional and adaptive behaviour subscales than unexposed infants (Hanley et
al., 2013). Another found that maternal depression does not influence cognitive developmental
performance at 4 years (Kurstjens & Wolke, 2001) and further, there is some evidence to suggest mild
to moderate levels of maternal depression is associated with more advanced infant motor development
at age 2 (DiPietro, Novak, Costigan, Atella & Reusing, 2006). These results, indicating that mild
maternal pre- and post-natal psychological illness does not always lead to problematic infant
outcomes, are rarely discussed in the literature.
Possible explanations for the lack of association between maternal depression and atypical
infant outcomes have included beneficial effects of hypoxia and adaptive responses of the fetus. Mild
perinatal hypoxia has been positively linked with child physical development as early as 1957
(Graham, Caldwell, Ernhart, Pennoyer & Hartmann Sr, 1957), and likewise, psychological stress
associated with pregnancy complications can accelerate organ growth and neural maturation in the
fetus, as its way of adapting to a sub-optimal uterine environment (Allen & Donohue, 2002). This
may confer benefits post birth, as infants of mothers with more emotional difficulties during
pregnancy score higher on the APGAR (Ponirakis, Susman & Stifter, 1998). Elsewhere, it has been
postulated that mild-to-moderate maternal depression creates a sufficient, but not excessive amount of
postnatal psychological stress that the infant brain benefits from in the form of synaptic growth and
neural connectivity (Hüther, 1998). Given that the majority of mothers in the present study were not
suffering from severe mental health issues, it is possible that these explanations might clarify the lack
of association between maternal mental health and atypical infant outcomes found here.
As we only sampled infants during their first year of life, it is possible that we did not capture
effects that emerge after the age of 12 months. This is consistently reported in the literature. One
study found that while maternal depression was not related to infant behavioural problems at 14
months of age, it was predictive of behavioural problems at 27 and 42 months of age (Ghodsian,
Zajicek & Wolkind, 1984), indicating that the risks that poor maternal mental health confers may not
be observable until the infant is older. This is reflected in studies which show that children of mothers
221

with depression score more poorly on the BSID-II at 14-19 months (Bergman, Sarkar, O'Connor,
Modi & Glover, 2007), 18 months (Conroy et al., 2012) and 2 years of age (Cornish et al., 2005) and
in the results of a recent meta-analysis, which concluded that infants exposed to maternal depression
have lower cognitive scores in early childhood, but not necessarily during the first year of life. (Liu et
al., 2017). For future research, it would be interesting to see if these effects emerge over the child’s
lifespan.
It’s important to note that we did not detect group level differences as measured by the BSIDIII and cognitive eye tracking tasks in the first year of life. Again, that is not to say that risk may
emerge on an individual level, or that risks will not manifest during the rest of the childhood,
adolescent and adult years in other domains not assessed here, such as in interactions and attachment
(discussed below), temperament (Austin, Hadzi-Pavlovic, Leader, Saint & Parker, 2005) behaviour
(Van den Bergh & Marcoen, 2004), sleep (O'Connor et al., 2007) and mental health (Rice et al.,
2010). Negative mother-infant interactions (Korja et al., 2008) and patterns of infant avoidant and
disorganised attachment (Martins & Gaffan, 2000) in the first year of life have been associated with
maternal depression, and these interactions directly contribute to behaviour problems during the
toddler years (Madigan, Moran, Schuengel, Pederson & Otten, 2007). Infants of depressed mothers
show more internalising and externalising behaviours by preschool (Trapolini, McMahon & Ungerer,
2007) and in childhood (Bagner, Pettit, Lewinsohn & Seeley, 2010), show more conduct problems in
adolescence (Beck, 1999), are more at risk of suffering from depression themselves by adolescence
(Murray et al., 2011).
It is also possible that other factors may be mediating the relationship between poor maternal
mental health and child development in the first year of life. While not controlled for here, proposed
mediators can include socioeconomic status, maternal sensitivity, which has been implicated in
behaviour problems at ages 2 and 3 (Leerkes, Blankson & O’Brien, 2009), or genetic and biological
mechanisms which have been shown to have a stronger effect during adolescence, particularly in
females (Silberg et al., 1999). Given the multiple sources of variability in assessing maternal
psychological illness and child development, further work should elucidate these in more detail.
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However, we have extended the current literature by assessing cognitive, linguistic and motor
developmental outcomes of infants in the first year of life and the associations with maternal mental
health. The present finding, that maternal mental health during and post-pregnancy is not associated
with atypical infant development or cognition in the first year of life, is reassuring for mothers and
health professionals. To our knowledge, there has been no studies which have followed up the long
term outcomes of children born to mothers participating in interventions designed to reduce pre- and
post-natal depression, anxiety or stress.

10.8 Future directions
The aim of this thesis was to identify the relationships between maternal asthma and mental
health during and post pregnancy, and to examine whether either health condition was associated with
adverse developmental outcomes in children. The current work has provided further evidence that
while women with asthma may be at a heightened risk of mental health conditions during and soon
after pregnancy, neither condition has an observable impact on child developmental or cognitive
outcomes in the first year of life.
While this conclusion sends a positive message about the implications of asthma and poor
mental health during pregnancy on child developmental outcomes, questions still remain as to the
effect of depression and anxiety treatments, including antidepressants and psychotherapy, on asthma
outcomes during pregnancy. Future research in a higher powered sample should investigate these
links more closely, as well as whether two combined ‘hits’ of maternal asthma and poor mental health
in the same woman lead to atypical developmental outcomes. We did not have the power to
investigate these links, nor the influence of timing of asthma exacerbations during pregnancy
(sensitive periods) on child developmental outcomes.
It would also be interesting to look at whether other cognitive or developmental domains are
impaired by maternal asthma or poor mental health, such as infant memory, language/vocabulary and
social emotional development. Likewise, stratified samples would be useful to investigate the
mediating and moderating influences of other adverse outcomes associated with asthma, such as
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prematurity and low birth weight, on child cognitive and developmental outcomes. Following these
children over the next few years would allow us to look at the impact of child wheeze on
developmental outcomes, as well as to see if any behavioural, emotional, temperament or attachment
issues arose in children of mothers with asthma or those with mental health issues, like the literature
suggests. Thus, the current work promotes new directions for research to explore these topics.
In terms of knowledge transfer, research in this thesis has made an impact in the field of asthma
in pregnancy. The first systematic review to address the effects of maternal asthma during pregnancy
on child cognitive and behavioural development (Chapter 4 of this thesis) has been cited twice,
including once in the asthma chapter of the book Asthma, Allergic and Immunologic Diseases during
Pregnancy: A Guide to Management (Namazy & Schatz, 2019). This book is designed to assist
primary care providers (such as GPs, emergency care doctors and nurses) and specialists who treat
asthmatic women during pregnancy in understanding asthma and other allergic and immunologic
diseases, in order for them to plan for and manage their patients more effectively and to know when to
consult specialists. Likewise, Chapter 7 found that it was a woman’s self-reported perception of
poorer asthma control that was associated with elevated psychopathology, rather than objective
measures of her asthma, such as spirometry or GINA-classified prenatal asthma severity and control.
As mental health screening of women in the perinatal period is becoming more commonplace, this
finding points to a need for GPs and other medical professionals to screen women with asthmasensitive tools and to deliver specialised mental health interventions designed for asthmatic women
during this time. Together, these published findings hope to give readers confidence in providing
optimal gestational care management to women with asthma during pregnancy.

Conclusion
It is becoming more apparent that our mental and physical health are closely related, but the
implications that physical and mental health issues have for child development in the first year of life
were yet to be explored. Findings from this thesis support the notion that during pregnancy, asthma
and mental health are closely connected. Mental health conditions may be more common in women
with asthma, and pregnancy and new motherhood presents a vulnerable time for the onset of mood
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disorders in women with asthma. However, neither of these health conditions appear to have any
observable implications for child cognitive and global development in the first year of life. There is
little evidence to suggest that asthma during pregnancy (regardless of severity, control or management
status) is associated with atypical cognitive, linguistic or motor developmental outcomes in children
in the first few years of life. Similarly, poor mental health during and in the first six weeks postpregnancy does not appear to be associated with atypical developmental outcomes in infants during
their first postnatal year. Overall, this thesis has broken new ground in the areas of asthma, mental
health and child development, and integrates all three areas of research. While I definitely found this
challenging, all in all I am excited to have made a contribution towards understanding the
implications these health conditions have on child development, particularly as the worldwide
prevalence of asthma and mental health conditions are increasing. I hope that these findings will help
give women, particularly women struggling with asthma or poor mental health, one less thing to
worry about when pregnant or parenting a newborn.
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Appendix
Appendix A
Supplementary Materials – Chapter 8: Characterising the eye tracking tasks as sensitive
measures of cognition
Section 1. Correlations between performance on the joint attention task and age.
While we examined whether eye tracking performance on the joint attention task varied by age, there
were no significant effects in either 6 or 12 month old infants. We kept correlations between target
dwell time ratio and age in the main text. Other variables are presented here.
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Section 2. Ranked distributions of target ratios for fixation count and run count.
A primary interest variable for the joint attention task were target ratios (Table 7). Target
ratios were plotted during the 4000 – 10 000ms window, by dividing the total looking time to the
target (dwell time percentage, fixation count, run count) by the sum of the looking time to the target
and distractor (target ÷ (target + distractor) x 100). We kept the ranked distribution of the dwell time
target ratio in the main text (Figure 3.11). Distributions of fixation count and run count are provided
here.
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Figure 1. Distributions of fixations to the target AoI, as a percentage of total fixations (to target and
distractor AoIs) during the 6000ms that stimuli were displayed for 6 and 12 month old participants.
The dotted line indicates looking behaviour to the target of 50%. Infants whose fixation count ratios
fell above this line recorded more than 50% of their fixations toward the target as opposed to the
distractor.
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Figure 2. Distributions of run counts to the target AoI, as a percentage of total run counts (to target
and distractor AoIs) during the 6000ms that stimuli were displayed for 6 and 12 month old
participants. The dotted line indicates looking behaviour to the target of 50%. Infants whose run count
ratios fell above this made more than 50% of their runs on the target as opposed to the distractor.
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