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Abstract 

 

Background: Greater levels of internalising symptoms during childhood and 

adolescence increase the risk of developing depression later in life. As such, investigating 

risk factors for depression in young people is important for understanding the aetiology 

of the disorder and for informing prevention strategies. Whilst it is known that extreme 

forms of childhood adversities, such as childhood trauma and abuse, represent a risk 

factor for depression, less has been done in investigating the effect of parenting 

behaviour. Emerging research suggests that negative parenting practices (e.g., parental 

rejection), as well as the lack of positive parental behaviours, increase the risk of 

internalising symptoms during childhood and adolescence. One of the proposed 

mechanisms linking poor parenting practices and depression is the effect of parenting 

behaviour on brain function and brain structure, particularly in regions involved in 

processing and regulating responses to emotional stimuli, such as the amygdala, 

prefrontal cortex and hippocampus. Animal studies suggest that parenting may affect the 

brain via effects on the hypothalamic-pituitary-adrenal (HPA) axis, which has a central 

role in the response to stress. Genetic factors are also likely to play a role, whereby 

genetic variants in HPA axis genes may contribute to the regulation/dysregulation of the 

system. To date, however, there is a lack of research focusing on genes related to HPA 

axis function, and their interaction with environmental factors (including parenting) in 

predicting internalising symptoms. Further, no research has investigated the neural 

mechanisms by which parenting behaviours, HPA genes, and their interaction, exert their 

influence on internalising symptoms. The aim of this thesis was to investigate a) whether 

parenting behaviour interacts with HPA genes to influence internalising symptoms in 

children/adolescents, and b) whether brain structure/function of regions involved in 

emotion processing (particularly the amygdala and hippocampus) mediates this link. 

Method: Data from two longitudinal studies were used in this thesis: the 

Adolescent Development Study (ADS) and the Families and Childhood Transitions Study 

(FACTS), to explore aims across three experimental chapters. The first study included 98 

adolescents from the ADS, for whom hippocampal structural development was measured 

from magnetic resonance imaging (MRI) scans performed across three waves (W): W1 
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(mean age =12.6 years), W2 (mean age=16.5 years), W3 (mean age =18.8 years). 

Maternal negative behaviour was measured at W1 from an observed interaction task. 

Adolescents’ depressive symptom severity was measured at W1 and W3 with self-

reported questionnaires, and genetic risk was calculated using a composite HPA genetic 

risk score. The second and third studies included 86 (mean age=10.1 years) and 80 (mean 

age=10.0 years) children, respectively, from FACTS. Observational measures of maternal 

parenting behaviour were collected during mother-child interactions. Children underwent 

functional MRI (fMRI) while performing an implicit emotion-processing task. Self-

reported and parent-reported measures of child internalising symptoms were also 

collected. HPA genetic risk was calculated in a similar fashion to the first study. 

Results: Across both studies, neither HPA genetic risk score nor the interaction 

between HPA genetic risk score parenting behaviour predicted internalising symptoms in 

children/adolescents. For study 1, we did not find support for a mediating role of 

hippocampal structure in the relationship between parenting behaviour and internalising 

symptoms. Rather, we found a moderation effect such that negative maternal parenting 

behaviour predicted depressive symptoms longitudinally in adolescents with flattened 

hippocampal growth and HPA genetic risk.  While maternal behaviour was not associated 

with hippocampal development, in study 2 it was associated with activity/connectivity in 

brain regions involved in emotion processing. In particular, maternal negative behaviour 

during a problem-solving interaction was associated with increased amygdala reactivity 

and connectivity with parietal cortex in children. Maternal negative behaviour during an 

event-planning interaction was associated with decreased activity in the lingual gyrus in 

girls. Maternal communicative behaviour was associated with increased medial 

orbitofrontal cortex activity. These parenting-related neural findings were not associated 

with child internalising symptoms. In study 3, HPA genetic risk predicted increased 

amygdala-precuneus connectivity, which in turn was associated with greater internalising 

symptoms in children. Moreover, HPA genetic risk interacted with negative maternal 

parenting behaviour to predict increased connectivity between amygdala and superior 

frontal gyrus, anterior cingulate cortex and parietal cortex.  

Conclusion: These results suggest that there is a complex interplay between 

neurobiological, environmental and genetic factors in predicting internalising symptoms 
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in children and adolescents. Neurobiological factors (e.g., hippocampal development) 

may act as an independent risk factor for depressive symptom severity, but they may also 

be influenced by environmental and genetic factors. Parenting behaviour, particularly 

maternal negative and communicative behaviour, may influence brain activity and 

connectivity in regions involved in emotion processing. The lack of association with 

internalising symptoms hampers our ability to draw conclusions on the significance of the 

parenting-related neural findings for children’s mental health. However, given that 

depression is characterised by impaired emotion processing, including increased 

sensitivity towards negative stimuli, we speculate that differences associated with 

negative parenting behaviour, such as amygdala heightened reactivity to negative stimuli, 

may represent a risk factor for the disorder. HPA genetic variants may moderate the 

effect of parenting behaviour on these circuits (particularly the frontoamygdala circuitry), 

such that not all children are sensitive to parenting effects on neurobiology, and may 

confer risk for depression via altering corticolimbic connectivity. This study highlights 

the importance of parenting behaviour for children emotional neurocircuitry development 

and demonstrates the moderating role of genetic factors. 
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1 Major depressive disorder – genetic and environmental etiological 

factors in children and adolescents 

 

Major Depressive Disorder (MDD) is a depressive disorder characterised by 

depressive episodes that last at least two weeks. Key symptoms include depressed mood, 

diminished interest or pleasure in all or almost all activities, fatigue or loss of energy, 

feelings of worthlessness or excessive or inappropriate guilt, recurrent thought of death or 

suicidal ideation or attempt (APA, 2013). In Australia, the National Survey of Mental 

Health and Wellbeing (SMHWB) reported that mood disorders, including MDD, affect 

6.2% of the population aged 16-85 years (Australian Bureau of Statistics, 2009). There 

are remarkable differences between genders, with women being more likely to experience 

depression compared to men (7.1% of women vs. 5.3% of men), and age group, with a 

higher rate for those aged 16−44 years (7.6%) compared to those aged 55−85 years 

(3.3%).  

 

1.1 Depression in childhood 
 

Depression during childhood is rarer than in adolescence or adulthood, with 

estimates of prevalence around 0.4-2.5% for children and around 0.4%-8.3% for 

adolescents (Cicchetti & Toth, 1998). In child psychiatry, the term “internalising 

disorders” have been used to identify morbid conditions related to mood or emotions 

(Kovacs & Devlin, 1998). Children with these diagnoses tend to have problems in 

multiple areas and to show impairment in important areas of functioning (Kovacs & 

Devlin, 1998). Children express depressive symptoms differently than adults: they may 

express somatic complaints, psychomotor agitation and separation anxiety (Zahn-Waxler, 

Klimes-Dougan, & Slattery, 2000). Experiencing depressive or anxiety symptoms in the 

early years is related to risk of further episodes later in life. Depressed children are more 

at risk of being depressed adolescent and depressed young adults, supporting the 

predictive validity of internalising disorders in childhood (Kovacs & Devlin, 1998). As 
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such, identifying young people most at risk for depression is essential for preventing or 

intervening early to lessen the burden associated with this mental illness. 

 

1.2 Early experiences and depression 
 

While it is recognised that MDD has a heredity component (e.g., hereditability 

has been estimated to be 40% (APA, 2013)), causes are likely complex, and most 

recognise that environmental factors are also likely to be important. Early adverse 

experiences represent a risk factor that increases the chance of developing depression 

(Anda et al., 2002; Chapman et al., 2004; Pirkola et al., 2005). Extreme forms of 

dysfunctional parenting, such as those that involve child physical abuse and neglect 

(Kessler et al., 2010) and emotional abuse (Chapman et al., 2004), have been most 

consistently implicated in the literature on depression risk. However, non-optimal 

caregiving that might be classified in the normal range of parenting has also been recently 

pointed out as critical (Belsky & De Haan, 2011).  

 

1.2.1 Parenting behaviour 
 

The idea that individual differences in parenting behaviour may impact childhood 

mental health is quite intuitive. Research has provided insight into which specific 

parenting variables are particularly relevant. Recent meta-analyses of 45 (McLeod, 

Weisz, & Wood, 2007) and 50 (Yap & Jorm, 2015) studies suggest that one of the key 

parenting variables associated with childhood depression is parental rejection (i.e. 

excessive disapproval, criticism and lack of contact) and in particular, parental 

aversiveness (i.e. parental hostility towards the child) (McLeod, Weisz, & Wood, 2007; 

Yap & Jorm, 2015). On the other hand, a lack of positive behaviour also seems relevant: 

lower levels of parental warmth and higher levels of parental withdrawal (i.e. lack of 

involvement between parent and child, lack of interest toward child’s activities, lack of 

emotional support), have also been associated with higher levels of childhood depression 

(McLeod et al., 2007). One of the only longitudinal studies available to date found that 

higher rates of maternal aggressive behaviour during a problem-solving task and lower 
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rates of positive behaviours during the planning of a pleasant situation increased the risk 

for depression across adolescence (Schwartz et al., 2014). An important limitation of 

much of the work on parenting and child depression relates to the use of self-report of 

parenting behaviours. Such measures may be influenced by subjective biases. There is a 

relative paucity of studies that have used observational measures. Given that self-report 

measures have significant weaknesses (e.g., social desirability bias), observational 

measures can be considered the gold standard due to their objective nature.  

 

1.3 Genes and depression 
 

1.3.1 Genetic factors 
 

Different polymorphisms1 of candidate genes have been examined regarding risk 

factors for the development of depression. Although some work has been done to 

discover genes associated with depression from genome-wide association studies (Bosker 

et al., 2010; Wray et al., 2010) (GWAS, which scans the genome looking for common 

genetic variation differences between large samples of cases and controls), a large body 

of work performed to identify risk genes for depression has used a candidate genes 

approach. The candidate gene approach is based on the investigation of genes selected a 

priori for theoretical reasons. For example, several studies have focused on the genes 

associated with the serotonin system, largely due to the therapeutic effects of selective 

serotonin reuptake inhibitors (SSRIs) in depression. There have been some positive 

findings for the genes encoding for the serotonin transporter (SLC6A4), and in particular 

a polymorphism in the promoter region (5-HTTLPR) (Collier, 1996), however, this 

finding has not always been replicated (e.g., (Mendlewicz et al., 2004)). Other mixed 

findings have been reported for the serotonin receptors, leading to the conclusion that 

there is still a lack of certainty about the significant association between serotonin 

receptor and serotonin transporter genes and depression (Anguelova, Benkelfat, & 

Turecki, 2003). Other work has been done finding a direct link between depression and 

the dopamine receptor D4 (DRD4) (Manki et al., 1996), the catechol-O-methyltransferase 
                                                
1 Polymorphism involves one of two or more variants of a particular DNA sequence (NIH, 2016) 
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enzyme (COMT) (Massat et al., 2005), and the brain derived neurothropic factor (BDNF) 

(Lavebratt, Åberg, Sjöholm, & Forsell, 2010) genes, but again, results have been mixed 

(Antypa, Drago, & Serretti, 2013; Cole et al., 2011; Kato, 2007; López León et al., 2005). 

Another system that has started to be investigated in genetic studies is the 

biological system involved in the stress response, the hypothalamic–pituitary–adrenal 

(HPA) axis. This is not surprising considering the link between stress and depression. 

Indeed, as discussed above, experiencing early life stressors that range from childhood 

abuse to non-optimal caregiving increases the risk of developing depression. Moreover, 

dysregulation of the HPA axis seems to be a quite robust finding in depression (Pariante 

& Lightman, 2008).  

 

1.3.2 Hypothalamic–pituitary–adrenal (HPA) axis  
 

Understanding individual differences in response to adverse environments (i.e., 

stress) requires first an understanding of the underlying biological systems. Human 

beings, like other animals, aim to maintain a stable internal environment that is optimal 

for their functioning. This stable condition is called “homeostasis”. However, changes in 

the external environment continually challenge this homeostasis. The body, and in 

particular the nervous system, respond to these changes. Allostasis is the bodily process 

that tries to achieve the homeostasis responding to daily stressors (McEwen, 2007). The 

main neurobiological stress system is the hypothalamic-pituitary-adrenal (HPA) axis. 

HPA activity is regulated by corticotrophin-releasing hormone (CRH) and vasopressin 

(AVP), which are the first hormones released by parvocellular neurons of the 

paraventricular nucleus of the hypothalamus (PVN), the major container of CRH 

neurons, in response to stress. This acts at CRH receptor 1 (CRHC1) that leads to the 

secretion of adrenocorticotrophic hormone (ACTH) from the pituitary and in turn triggers 

the release of glucocorticoids (cortisol in humans) from the adrenal cortex. CRH-

containing neurons are widely present not only in the PVN, but also in the neocortex, 

especially in the prefrontal cortex and in the cingulate cortex, and in other regions such as 

amygdala, hippocampus, nucleus accumbens, posteromedial thalamic nuclei, substantia 

nigra, locus coeruleus and raphe nuclei. Glucocorticoids are responsible for feedback 
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inhibition on CRH and AVP from the hypothalamus and the hippocampus and on ACTH 

from the pituitary. Endogenous glucocorticoids mediate this inhibition through the 

activation of their receptor (NC3R1). Glucocorticoids also exert positive feedback on 

CRH expression in limbic brain regions, such as amygdala and hippocampus, and this has 

been associated with the activation of behaviours relevant for an adequate stress 

response, such as contextual fear learning (McEwen, 2003).  

Cortisol is the human glucocorticoid hormone, released by the adrenal cortex after 

stimulation of the HPA axis (Staufenbiel, Penninx, Spijker, Elzinga, & van Rossum, 

2013). It’s fundamental for different basal processes, for instance fat metabolism, 

inflammatory and immune response. We can distinguish two classes of stress responses: 

acute and chronic. During the acute stress reaction, the hormones that are released are the 

catecholamines (noradrenaline and adrenaline), preparing the body for the flight-or-fight 

response, that includes increased muscle strength, increased memory function, and 

decreased sensitivity to pain. Catecholamines are released within seconds and work via 

the nervous system, while glucocorticoids (cortisol) are released within minutes to hours 

and work via the hormonal route. An effective response includes not only the activation 

of this system but also the return to basal condition when the stressor ends. This is done 

by the negative feedback-loop that involves cortisol itself. Exposure to chronic stress 

(i.e., when the stressor is present for an extended period of time) has been associated with 

an initial response of the HPA axis; however, over time, the activity of the HPA axis 

diminishes and the cortisol response rebounds below normal levels (Miller, Chen, & 

Zhou, 2007). 

 

1.3.3 HPA axis development  
 

There is evidence that HPA axis functioning is shaped by early experiences and 

especially by the early caregiving environment. Most evidence comes from animal 

studies. Probably the best known studies are those conducted on rats in relation to 

maternal care. Researchers have studied the effect of the variability that is naturally 

present in the amount of licking, grooming (LG) and arched-back nursing (ABN) posture 

provided by dams towards their pups (Caldji et al., 1998). A series of studies (Meaney, 
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2001) demonstrated that as adults, offspring of high LG-ABN mothers showed decreased 

plasma ACTH and corticosterone responses to restraint stress, and increased sensitivity to 

the inhibitory effect of glucocorticoid receptors (D. Liu et al., 1997). The authors also 

found a positive correlation between glucocorticoid receptors mRNA expression in 

hippocampus and the frequency of maternal licking and grooming. These differences 

were reflected in behaviour: pups from high LG-ABN mothers showed significantly 

increased exploration when placed in an unknown open field, shorter latency to begin 

eating when placed in a novel environment and more time spent eating, whereas no 

differences were present between the two groups when the animals were placed in the 

home cage (Caldji et al., 1998). These results suggest that the differences in maternal care 

impact on the biological stress response and this in turn influences the behavioural 

responses to emotional situations, such as being placed in a novel environment.  

In humans, while there is a large body of literature on the effect of severe trauma 

on HPA axis regulation, especially retrospectively on adults (Heim et al., 2000; Heim, 

Newport, Bonsall, Miller, & Nemeroff, 2001), studies that have evaluated the enduring 

effect of variation in early normative caregiving experiences on HPA axis development 

are still scarce. Addressing this gap might be particularly important to understand how 

early experiences, and parenting in particular, influences HPA axis development. Indeed, 

there is evidence that exposure to more severe forms of trauma might have different 

consequences on the HPA axis. In particular, although there are some inconsistences, 

there is evidence that children exposed to abuse and neglect show elevated ACTH 

response but lower basal levels of glucocorticoids (Gunnar & Donzella, 2002; Tarullo & 

Gunnar, 2006) that might reflect compensatory mechanisms of down-regulation of the 

HPA axis (Lupien, McEwen, Gunnar, & Heim, 2009). Low waking cortisol levels 

(hypocortisolism) following exposure to maltreatment was found in a recent meta-

analysis, although the association was significant only for studies using an external 

(objective) source of assessment of maltreatment and not self-report (Bernard, Frost, 

Bennett, & Lindhiem, 2017). A few studies have investigated the effects of attachment 

and normative parenting behaviours on HPA axis function. Quality of parental care 

seems to moderate the relationship between exposure to stressful situations such as the 

Strange Situation and cortisol elevation in toddlers (Gunnar & Donzella, 2002; Tarullo & 
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Gunnar, 2006). Further, sensitive and non-intrusive maternal behaviours have been found 

to predict better recovery from the cortisol reaction after a mild everyday stressor 

(Albers, Marianne Riksen-Walraven, Sweep, & Weerth, 2008). Research in older aged 

children also supports a link between parenting behaviours and HPA axis function. 

Maternal dysphoric behaviour has been associated with a greater growth of pituitary 

gland volume (PVG), which is thought to reflect HPA axis hyperactivity/hyper-reactivity 

(Ganella et al., 2015). As such, there is accumulating evidence that parent’s caregiving 

behaviour may serve as an external regulator for the development of their child’s HPA 

axis function (Albers et al., 2008).  

That early stress may cause HPA dysregulation is particularly relevant, because it 

might represent a vulnerability factor for the development of depression. Indeed, 

hyperactivity of the HPA axis is one of the most consistent findings in depression 

(Pariante & Miller, 2001). Higher levels of cortisol in depressed patients have been 

detected in saliva, urine, plasma (Nemeroff & Vale, 2005), and in hair (Spijker & van 

Rossum, 2012). Also, there are findings of increased size of the pituitary and adrenal 

glands in depression (Nemeroff & Vale, 2005), which are associated with alterations in 

cortisol regulation. 

 

1.3.3.1 The effect of stress on the brain 
 

While short term exposure to stress produces a cascade of events in the brain, 

mediated by stress hormones such as glucocorticoids, beneficial and adaptive for 

survival, prolonged exposure to stress (“allostatic load”) is associated with increased risk 

of damage to the brain (McEwen, 2003). In animal models, repeated exposure to 

glucocorticoids lead to remodelling (retraction and simplification) of apical dendrites in 

the CA3 region of the hippocampus via a mechanism that involves activation of 

excitatory amino acid and serotonin release (McEwen, 2000). The prefrontal cortex 

(particularly medial prefrontal cortex) and amygdala also contain glucocorticoids 

receptors and there is also evidence for an effect on dendrites shape in these regions 

(McEwen, 2007; Vyas, Mitra, Shankaranarayana Rao, & Chattarji, 2002). However, 

exposure to glucocorticoids seems to lead to hypertrophy, rather than hypotrophy, of 
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dendrites in the amygdala (Vyas et al., 2002). The hypertrophy of the dendrites in the 

amygdala also appear not to recover even after the stress has ceased, contrary to the 

hippocampal changes that show partial recovery (Vyas, Pillai, & Chattarji, 2004).  It has 

been hypothesised that different regions of the brain, such as the prefrontal cortex, the 

amygdala, and the hippocampus, may be particularly sensitive to the damaging effect of 

stress during childhood and adolescence (Lupien et al., 2009). These periods of increased 

plasticity are suggested to be crucial for development, but may also increase the 

sensitivity of the region to the negative effects of environmental stress (Heim & Binder, 

2012). Imaging studies conducted in humans suggest that a history of adverse childhood 

experiences is associated with alteration of these structures intrinsically connected with 

the HPA axis. In particular, there are robust findings for increased amygdala reactivity to 

negative emotional stimuli (Dannlowski et al., 2012, 2013; van Harmelen et al., 2013), 

disrupted amygdala-medial prefrontal cortex connectivity (Gee, Humphreys, et al., 2013) 

and decreased hippocampal volume (Teicher & Samson, 2016) in these individuals. The 

evidence for the impact of stress on brain function (particularly amygdala) and structure 

(particularly hippocampus) will be discussed in detail in section 2.3.2 and 2.3.3. 

 

1.3.4 Genetics of the HPA axis 
 

Genetic variations in genes associated with HPA-axis function have been 

investigated for their association with response to environmental stress. The candidate 

genes within the HPA axis that have been the focus of most research to date are the 

corticotrophin-releasing hormone receptor 1 (CRHR1), the FK506 binding protein 5 

(FKBP5) and the glucocorticoid receptor gene (NR3C1).  

 

1.3.4.1 FKBP5 
 

FKBP5 is a gene located on the short arm of chromosome 6 (chromosome 6p21), 

constituted by 10 exons. This gene codes for FK506-binding protein 51, a protein that 

works jointly with chaperone proteins. This constitutes a machinery that is critical for 

processes such as proper folding, maturation and translocation of the glucocorticoid 
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receptor (GR) to the nucleus and DNA binding of the receptor (see in Binder & 

Nemeroff, 2010). It is a negative regulator of glucocorticoid action because it reduces the 

binding affinity of the glucocorticoid receptor for cortisol and there is evidence that 

specific variants of this gene have an effect on GR function (Ising et al., 2008). Subjects 

homozygous for the “high-induction” alleles (minor alleles2 of single nucleotide 

polymorphisms (SNPs)3 rs1360780, rs4713916, rs3800373) showed an impaired 

normalisation of cortisol levels (recovery phase) after a task that elicited stress (Ising et 

al., 2008). Impaired recovery after a stressful task in rs1360780-T allele carriers was 

independently confirmed by another study (Buchmann et al., 2014), who found that 

carriers of the T allele also displayed a more pronounced cortisol response to the task 

than CC carriers. Another study found that rs1360780-C allele carriers showed stronger 

suppression of cortisol after the administration of a synthetic glucocorticoids 

(dexamethasone) (Touma et al., 2011). These results suggest that individuals carrying 

these “high-induction” variants, and especially the rs1360780-T allele, are at risk of 

displaying chronically elevated cortisol levels after prolonged stress exposure due to 

impairment in the recovery (negative feedback) response. However, others failed to 

replicate the association between rs1360780 and dexamethasone suppression (Ferrer et 

al., 2018). Interestingly, there is evidence of an effect of this polymorphism in response 

to antidepressant treatment and remission in depressed patients: individuals homozygote 

for the rs1360780-T allele had an accelerated response to antidepressant treatment but 

also experienced more than twice the number of depressive episodes than others (Binder 

et al., 2004). Furthermore, the  rs1360780-T allele was more frequent in depressed 

individuals compared to controls (Lavebratt et al., 2010; Lekman et al., 2008). 

rs4713916-A has been associated with remission (Binder et al., 2004; Lekman et al., 

2008) and response (Binder et al., 2004) after treatment with antidepressants, but also 

with the diagnosis of unipolar depression together with rs3800373-C in another study 

(Zobel et al., 2010). Finally, the rs3800373-C allele has also been associated with 

                                                
2 Alleles are forms of the same gene with small differences in their sequence of DNA bases (NIH, 
2019). Carrier may refer to an individual who carries a particular allele”. 
 
3 A single nucleotide polymorphism (SNP) represents a type of genetic variation among people, a 
type of polymorphism involving variation of a single base pair (NIH, 2016).  
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antidepressant response and remission (Binder et al., 2004). Together, these findings 

suggest FKBP5 “high-induction” alleles (i.e., related to a more reactive HPA profile), 

especially the rs1360780-T allele, are associated with depressive episodes and 

antidepressant response (as well as elevated cortisol levels). 

 

1.3.4.2 CRHR1 
 

The corticotrophin-releasing hormone receptor 1 directly influences the HPA axis, 

because the CRH1 receptor mediates CRH release, which mediates the effect on the 

pituitary and in turn the release of cortisol. Dysregulation of CRH release will result in 

dysregulation of the HPA axis. The functional role played by genetic variants in CRHR1 

has yet to be fully explored, but there is some evidence for their role in depression. For 

example, one study found a significant association between number of copies of a G-A-G 

haplotype4 (rs1876828-rs242939-rs242941) and treatment response to antidepressants in 

depressed patients with high anxiety (Licinio et al., 2004). Another study found SNP 

rs242939-G and a three-marker haplotype (G-G-T, rs1876828-rs242939-rs242941) were 

significantly more present in depressed patients compared to controls (Z. Liu et al., 

2006).  

 

1.3.4.3 NR3C1 
 

NR3C1 is the gene encoding for the glucocorticoid receptor. As discussed before, 

glucocorticoids are responsible for feedback inhibition on CRH and AVP from the 

hypothalamus and on ACTH from the pituitary. In depression, this glucocorticoid- 

mediated feedback inhibition is thought to be impaired, leading to an increased activity of 

the HPA axis (Pariante & Miller, 2001). The most studied NR3C1 polymorphisms are 

BclI (rs41423247), N363S (rs6195) ER22/23EK (rs6189/rs6190) and Tth111I 

(rs10052957). Wüst and colleagues (2004) first demonstrated the impact of NR3C1 gene 

polymorphisms on cortisol response to a psychosocial stress test (TSST). 363S allele 
                                                
4 A haplotype is set of DNA variations, or polymorphisms, that tend to be inherited together 
(NIH, 2016). 
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carriers (rs41423247 CC and N363S AG or GG) showed significantly larger cortisol 

response compared to wild type (rs41423247 CC grouped with N363S AA) and 

rs41423247 GG. rs41423247 GG carriers showed the smallest cortisol response. The 

groups did not differ in baseline cortisol levels. The authors also found a difference in 

onset of peak level of cortisol, with 363S carriers having a later onset compared with the 

other genotypes (Wüst et al., 2004). The authors concluded that different genotypes 

might impact the cortisol stress response; in particular 363S seems to be associated with 

increased responses whereas the rs41423247 GG genotype seems to be associated with a 

relatively attenuated response. A few studies have been done comparing NR3C1 genetic 

variation between patients with depression and healthy controls. Different genotypic 

distribution of rs41423247 GG carriers have been found between healthy controls (9.9%) 

and depressed patients (15.5%) and also in recurrent depressed patients (16.5%) (Van 

Rossum et al., 2006). Van Rossum and collegues also found a significant ER22/23EK 

genotypic effect on response to treatment: carriers of the ER22/23EK polymorphism 

(Koper et al., 1997) remitted from depressive symptoms on average five days faster than 

non-carriers. 22/23EK, and rs41423247-G carriers were more prevalent in a group of 

subjects with recurrent depressive symptoms compared to healthy controls (Bet et al., 

2009). Another study found that the minor alleles of SNPs rs10052957-G and rs1866388-

A were more frequent among patients with recurrent unipolar depression compared to 

controls (Zobel et al., 2008). Finally, the rs6195 polymorphism was associated with 

MDD in women but not in men in another study (Sarubin et al., 2017). 

 

In summary, there is evidence both from animal and human studies, that maternal 

behaviours influence HPA axis development. Further, dysregulation of the HPA system 

is one of the key features of depression. As such, genetic variations on this system might 

be important to consider in investigations of environmental risk factors for depression in 

young people. In particular, a few HPA-related genes have been related to a more 

reactive stress profile (e.g. increased cortisol response and impaired recovery after stress). 

While there is some indication for genotype distribution differences between patients 

with MDD and controls, single SNPs tend to explain only a small proportion of the 

overall variance. Indeed, in genomic research it has become clear that majority of the 
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variants associated to complex phenotype (such as depression) confer a very small risk 

each. Instead, combining many genes with small effect may have more predictive power, 

compared to examining each variant alone (Bogdan, Pagliaccio, Baranger, & Hariri, 

2016). This approach is called cumulative genetic risk and involves calculating a genetic 

risk score by combining several SNPs within genes associated with depression and stress 

response. Polygenic risk scores have been used in investigating depression and alcohol 

dependence (A. M. Andersen et al., 2019), depression and early life stress (Arnau-soler et 

al., 2019), schizophrenia (Neilson et al., 2019), PTSD (Misganaw et al., 2019), as well as 

other psychiatric disorders. Investigating how these genotypes interact with 

environmental risk factors may be more informative than investigating genetic and 

environmental factors in isolation.  

 

1.4 Genetic by environment (GxE) interactions 
 

It’s important to distinguish between causality and correlation when considering 

the association between genes and the environment. A genetic by environment interaction 

(i.e., GxE) refers to a causal mechanism where both genetic and environmental factors act 

in the same individual influencing his or her sensitivity to environmental exposure (Uher 

et al., 2014), while a gene environment correlation refers to when genes influence the 

probability of being exposed to some environmental conditions (e.g., enhanced sensitivity 

to stress). In the current thesis, GxE models are of primary interest. 

 

1.4.1 Current GxE paradigms 
 
 

1.4.1.1 Diathesis-stress/dual risk model  
 

The dominant paradigm in the field of psychiatric genetics was traditionally the 

diathesis-stress/dual risk model (B. J. Ellis, Boyce, Belsky, Bakermans-Kranenburg, & 

van Ijzendoorn, 2011). Central to this model is the view that some individuals are more 

likely to be affected adversely by environmental stressors due to some sort of behavioural 
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(e.g. a kind of temperament) or biological (e.g. an allele of a certain gene) 

“vulnerability”. The dual risk concept refers to the importance of the interaction between 

“vulnerability factors” carried by the individual and environmental factors in conferring 

risk for poor psychiatric outcomes, such as mood disorders. Thus, some individuals will 

not develop mental disorders when exposed to stressful environmental conditions, while 

others will.  

 

1.4.1.2 Differential susceptibility and biological sensitivity to context theories 
 

The classical diathesis-stress model considers resilience as a fundamental concept 

defined by “better outcomes” in worse conditions. However, another way to think about 

resilience is reduced environmental sensitivity. More recently, researchers have proposed 

new theories that conceptualise individual differences in response to the environment in 

an adaptive development framework that goes beyond diathesis-stress: the “differential 

susceptibility” (DST) hypothesis (Belsky et al., 2009) and the “biological sensitivity to 

context” (BSC) theory (Boyce & Ellis, 2005). While the DST hypothesis brought more 

focus on the role of nature (genetic) and the BSTC on the role of the nurture 

(environment), the two theories share many points and were later integrated in one 

“differential susceptibility” paradigm (B. J. Ellis & Boyce, 2011). Unlike the sole focus 

on the presence of stressful environments (as per classical diathesis-stress model), the 

differential susceptibility paradigm also looks at individuals’ outcome in “good” 

environmental conditions, which may be defined by the presence of positive 

environments and/or the absence of stressors. The diathesis-stress model has the implicit 

assumption that in a good environment the populations of “resilient” and “not-resilient” 

individuals will develop similarly and that differences will present only under stress 

conditions. In the differential susceptibility view, instead, the individuals labelled as 

“non-resilient” may actually be more reactive (because, for instance, of 

genetic/neurobiological underpinnings). As such, they would be more sensitive to both 

positive and negative environment, showing a better or worse outcome, respectively. 

Individuals with a lower reactivity (“fixed”), instead, would display a more homogenous 

ability to perform across different environmental conditions.  
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1.4.1.3 Match/mismatch hypothesis and 3-hit model 
 

In the classical diathesis-stress model the focus is on “cumulative stress”: if stress 

accumulates above a certain threshold, then there is an increased risk of psychopathology 

development in “at-risk subjects”. However, in an evolutionary prospective, changes due 

to early life experience can occur to respond adaptively to the environment. The 

developmental match/mismatch hypothesis states that increased risk of psychopathology 

occurs when the outcome of these adaptive changes does not match the requirements of 

the current environment (Daskalakis et al., 2013). The match/mismatch hypothesis shares 

with the DST the idea that the sensitivity could be contextually driven (“for-better-and-

for-worse”), and it differs from the classical diathesis-stress view because it considers 

moderate stress as potentially advantageous. Indeed, moderate stress can induce in the 

subject an increased coping ability and in turn resilience. The three-hit concept of 

vulnerability and resilience postulates that there is an interaction between a genetic factor 

(predisposition) (hit-1) and early-life environmental factor (hit-2). This interaction may 

result in endocrine and epigenetic modifications and may program, during brain 

development, gene expression patterns relevant for the outcome phenotype. This 

phenotype will be exposed to later-life environmental factors (hit-3) and depending on 

the quality, adverse or not, they will promote vulnerability or resilience respectively.  

 

Although in this thesis, I do not explicitly aim to test the above-described 

models/theoretical frameworks, they all provide unique perspectives for thinking about 

and interpreting findings involving GxE analyses. Differential susceptibility/biological 

sensitivity to context models are hypothesised to be particularly important to consider 

when studying the interaction of the early environment and genes in the prediction of 

depression. Indeed, there is evidence from some studies that the same genetic variants are 

associated with both risk of depression but also increased response to treatment (Binder 

et al., 2004). Therefore, these genetic variants might be better conceptualised as 

sensitivity rather than risk genes, where outcomes will be shaped by both positive and 

negative conditions of the environment. The 3-hit model offers a framework to test 
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whether multiple factors (genetic, environmental, and possibly neurodevelopmental, as 

discussed further in Chapter 5) may interact to constitute risk or protective factors for 

psychopathology. Considering that the focus of this thesis is the interaction between 

genes and environment (parenting), these models will be considered when framing the 

interpretation of the results. 

 

1.4.2 GxE of HPA axis in depression 
 

Genetic differences are one of the reasons why individuals differ in their response 

to the environment (Belsky & Pluess, 2009). As such, much research has been done in 

investigating the interaction between environment and genetic variants of different 

relevant biological systems in the prediction of depression. Although much work has 

focused on interactions between environmental factors and genes related to serotonin 

transmission, emerging work has investigated how environmental factors interact with 

key HPA axis genes (i.e., CRHR1, FKBP5, NR3C1). Regarding the CRHR1 HPA gene 

and depression, six studies have been performed to the author’s knowledge. Two SNPs 

have shown a protective effect in the prediction of depression: those homozygous for the 

rare allele of two SNPs (rs7209436-T, rs110402-A) showed significantly lower Beck 

Depression Inventory (BDI) scores compared to those heterozygous or homozygous for 

the common allele despite the presence of child abuse (Bradley et al., 2008). The authors 

also found that the number of copies of haplotypes rs7209436-T, rs110402-A, rs242924-

T (TAT) and rs7209436-T, rs4792887-C, rs110402-A (TCA) were associated with lower 

BDI in those with a history of child abuse (Bradley et al., 2008). A replication study 

found a significant interaction between the number of copies of the TAT haplotype and 

maltreatment in predicting past-year and recurrent MDD (Polanczyk et al., 2009). Zero 

copies of the haplotype where associated with increased risk of having depression. 

However, TAT-haplotype interacted with physical neglect in increasing BDI scores in 

another sample (Grabe et al., 2010). Another study found an interaction between numbers 

of A alleles of rs110402 carried, early stress and chronic stress in predicting depressive 

symptoms (Starr, Hammen, Conway, Raposa, & Brennan, 2014). Among rs110402 AA 

carriers, early stress potentiated the effect of recent stressors on BDI scores while no 
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interaction were found for rs110402 GG carriers (Starr et al., 2014). Finally, the T allele 

of SNP rs4792887 was over represented among depressed individuals that reported some 

level of life stress (Wasserman, Sokolowski, Rozanov, & Wasserman, 2007).  

 

Two studies have been done on the interaction between FKBP5 and 

environmental factors in the prediction of depression (Appel et al., 2011; Zimmermann et 

al., 2011) and one on suicide (A. Roy, Gorodetsky, Yuan, Goldman, & Enoch, 2010). All 

involved maltreatment/trauma specifically. In one study, the FKBP5 rs1360780-T allele 

interacted with child physical abuse to predict depressive symptoms severity and rates of 

lifetime depression (Appel et al., 2011). Another study found a significant interaction 

between several SNPs of the FKBP5 gene, including rs1360780, and childhood trauma in 

the prediction of subsequent incidence of first episode of MDD (Zimmermann et al., 

2011). In particular, the rs3800373-C and rs4713916-A alleles showed the strongest 

interaction with all traumatic events. Interestingly, the rs3800373 CC and rs4713916 AA 

genotypes were both risk and protective: individuals with these genotypes had the lowest 

risk for first occurrence MDD if they were not exposed to trauma, but the highest risk if 

conversely exposed (Zimmermann et al., 2011). The interaction between rs1360780-T 

allele and childhood trauma in predicting depression was replicated also in an 

independent sample (Zimmerman et al., 2011). Finally, SNPs rs3800373 and rs1360780 

interacted with childhood maltreatment in predicting suicide attempts in substance 

abusers (A. Roy et al., 2010).  

 

Last, a couple of studies have investigated the interaction between NR3C1 

polymorphisms and environmental factors on depression. One study did not find a 

significant interaction between genotypes and childhood trauma or life stress on 

depression (Hardeveld et al., 2015). In another study, the NR3C1 rs41423247-C allele 

moderated the association between prenatal maternal psychological symptoms and child 

emotional (anxious-depressed) and behavioural (aggressive) problems: the risk of 

problems increased in C allele carriers (Velders et al., 2012).  

 

In summary, there is some evidence for an interaction between genetic variants 
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and early adverse experiences in increasing the risk of depression. In particular, there is 

evidence for an interaction of the CRHR1 TAT (rs7209436-T, rs110402-A, rs242924T) 

haplotype and different types of trauma on symptoms severity (Bradley et al., 2008; 

Grabe et al., 2010; Polanczyk et al., 2009). The FKBP5 rs1360780-T allele has been 

shown to interact with child abuse and trauma in predicting depression (Appel et al., 

2011; Zimmermann et al., 2011) The rs1360780-T allele has also been implicated in 

depression (Lavebratt et al., 2010) and has been related to increased cortisol response 

(Buchmann et al., 2014; Ising et al., 2008; Luijk et al., 2010; Touma et al., 2011) but also 

accelerated response to antidepressant treatment (Binder et al., 2004). Interestingly, the 

rs1360780-T allele was shown to interact with quality of attachment to predict higher 

cortisol reactivity following the Strange Situation in infants (Luijk et al., 2010) and with 

childhood trauma questionnaires (CTQ) scores to predict slower cortisol recovery after a 

stressful task in adults (Buchmann et al., 2014). Also, the FKBP5 rs4713916-A allele has 

been shown to interact with adverse events in a complex way, so that it was both a risk 

and a protective factor for depression depending on exposure to trauma (Zimmermann et 

al., 2011). Interestingly, this same allele has been associated with impaired normalisation 

of cortisol level after stress (Ising et al., 2008) but also with clinical response to treatment 

and remission in depressed patients (Binder et al., 2004; Lavebratt et al., 2010). Finally, 

the NR3C1 rs41423247 GG genotype has been found to be more prevalent in depressed 

patients (Bet et al., 2009; Van Rossum et al., 2006) but seems also to be associated with a 

relatively attenuated cortisol response (Wüst et al., 2004). 

 

These studies support the hypothesis that specific genetic variants may be 

associated with variability in HPA reactivity and that, if they interact with adverse 

environmental conditions, can lead to the development of depression. However, the 

mechanism of action from GxE to depression is not clear. Moreover, while previous 

studies have focused on childhood trauma, none of these studies have investigated the 

interaction between genetic variants and parenting behaviour in predicting 

depression/depressive symptoms. In the following sections, evidence will be presented 

that supports the importance of investigating emotional brain function in order to 

understand the mechanisms by which genes, environments and GxE might influence risk 
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for depression. 

 

1.4.3 Biomarkers and endophenotypes 
 

As outlined above, it is clear that early experiences, and in particular parental 

care, influence regulation of the stress response system. Genetic variants appear to be 

important in moderating the relationship between the early experiences and depression. 

Indeed, GxE might be important in influencing the development of depression via 

alterations in HPA axis function. However, little empirical work has been done to 

investigate this pathway. One fruitful way forward is to investigate brain function and 

structure. There is a wealth of evidence that stress can have detrimental effects on the 

brain (McEwen, 2000, 2005). While an acute stress response is adaptive, chronic 

exposure to stress, as discussed above, might have harmful consequences on the brain 

(Lupien et al., 2009), particularly the hippocampus, amygdala and medial prefrontal 

cortex (McEwen, 2000; Vyas et al., 2002).  

 

Investigating brain function/structure as a mechanism linking GxE to depression 

is consistent with calls for more research to guide classification of mental illness on the 

basis of objective neurobiological markers rather than exclusively on behavioural signs 

and symptoms (Insel et al., 2010). Moving towards this kind of classification means 

moving attention from signs and symptoms – that are considered as “distal” phenotypes – 

to focus on biomarkers and endophenotypes. These terms have been used interchangeably 

in psychiatry research, but they have different meanings and so they should be considered 

as separate concepts (Lenzenweger, 2013). A biomarker may be any measurable indicator 

of disease. An endophenotype, on the other hand, reflects the concept of an intermediate 

step between the genotype (genetic variations) and the phenotype (the disease). Some 

authors have provided an even more strict definition of an endophenotype, which 

includes heritability, stability over time and increased expression in unaffected relatives 

(Gottesman & Gould, 2003). The difference between endophenotype and biomarker is 

essentially related to genetics. Having clarified that there is a distinction, and although 

the strict criteria proposed for the term “endophenotype” cannot be satisfied, in this thesis 
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the term endophenotypes will be used when referring directly to genetic studies, and 

biomarker otherwise.  

A potential biomarker that might underlie the association between GxE effects 

and depression is abnormalities in corticolimbic structure and function, particularly 

amygdala, hippocampus and prefrontal cortex (Bogdan et al., 2016). These regions, and 

the corticolimbic circuits they comprise are involved in processing and regulating the 

response to emotional stimuli (Phillips, Drevets, Rauch, & Lane, 2003a). In the section 

below, the normal and pathological neural basis of emotion processing will be presented. 

Following, the evidence for an effect of environmental and genetic factors, as well as 

their interaction, on these emotional circuits will be reviewed. 

 

2 Normal neural mechanisms of emotion processing and in major depressive disorder 
– environmental and genetic factors 

 
 

Currently, to make a diagnosis of a psychiatric disorder, such as major depressive 

disorder, clinicians and researchers use the DSM or ICD, instruments that help to reach 

reliable diagnosis across the world. However, they both suffer from limitations related to 

being based exclusively on behavioural signs and symptoms. Unlike other areas of 

medicine, in the psychiatry field we still lack more objective diagnostic tools, such as 

those based on (neuro)biology. This reflects the current status of our knowledge about the 

pathophysiological mechanisms underlying mental disorders; they are still uncertain and 

this ultimately affects the development of specifically targeted treatments.  

Research in neuroscience, neuropsychology, and related fields has produced a 

wealth of findings about possible brain dysfunction associated with depression. However, 

to date, neurobiological findings have been relatively inconsistent and non-specific. 

Although current knowledge is not developed enough to inform a neuroscience-based 

classification of depression, research is moving towards this goal. For example, the 

Research Domain Criteria (RDoC) is a project developed by the National Institute of 

Mental Health and is intended as a new classification framework of mental illness that 

can guide future research and development of detection, prevention and intervention 
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strategies. Instead of looking at symptoms, the RDoC classification aims to investigate 

brain circuits underlying domains of emotion, cognition and social relations. These are 

fundamental processes for human functioning and are thought to be impaired in 

depression and other mental disorders.  

Negative affect is a core symptom of depression (APA, 2000), and encompasses 

the experience of negative emotions in addition to other aspects of negative emotion 

processing. Emotion processing in depression has been extensively studied. Much 

evidence suggests that depression is characterised by increased attention and sensitivity 

towards negative emotional stimuli, particularly faces (Gotlib & Joormann, 2010; Gotlib, 

Krasnoperova, Neubauer, & Joormann, 2004; Joormann & Gotlib, 2006, 2007), in 

addition to impaired stress regulation (Teicher, Samson, Anderson, & Ohashi, 2016). 

Such sensitivity to negative stimuli may play a role in the development of depression 

(Beck, 2008).  

 

It is worth highlighting again that depression in childhood is less frequent than in 

adolescence or adulthood, nevertheless high levels of internalising symptoms during 

childhood/adolescence predict greater risk of developing depression later in life. As such, 

it is conceivable that similar mechanisms of impaired emotions processing and stress 

regulation underlying depressive disorders in adults, may underlie internalising 

symptoms in young people (particularly as measured with questionnaires that largely tap 

into depressive symptoms as per DSM/ICD guidelines). In the next section, neural 

mechanisms underlying normal emotion processing and stress regulation will be 

reviewed, followed by their implication in depression. 

 

2.1 Neural mechanism of emotion processing and stress regulation 
 

The amygdala is a key component of the brain mechanisms of emotion 

processing, and in particular, emotional appraisal (LeDoux, 1992). This key role is 

largely dependent on the reception of sensory inputs. Many of the sensory projections 

from the sensory cortex and the thalamus terminate in the lateral amygdaloid nucleus. 

According to LeDoux (LeDoux, 1992; Phelps & LeDoux, 2005), animal studies have 
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shown the existence of two pathways for emotion processing: a direct but crude one 

(“low road”), that allows a quick response involving the projections from the sensory 

thalamus to lateral nucleus of the amygdala (AL), and an higher one, slower but able to 

produce a more veridical representation of the stimuli, through the projections from the 

thalamus to primary and association cortical areas. The cortical pathway makes a 

complex stimulus representation, later modulating the affective response to make it 

appropriate to the context. The thalamic-amygdala connection on the other hand rapidly 

activates the amygdala, making a primitive sensory representation, and this might play a 

role in early emotion processing steps.  It has been hypothesised that the amygdala 

mediates the levels of vigilance and attention to an emotional stimulus, which occurs 

through projections from the central nucleus of amygdala (ACE) to the cortex mediated 

by cholinergic neurons. After the amygdala detects a salient stimulus, its projections to 

the sensory cortex facilitate attention and perception. This is supported by the fact that 

amygdala activation to negative stimuli does not require subject awareness or focus of 

attention perceived (Dannlowski et al., 2013; Morris, Ohman, & Dolan, 1998; Victor, 

Furey, & Fromm, 2010). The amygdala is intrinsically connected to the stress system 

(Ledoux, 2000). Indeed the central nucleus exerts excitatory effect on the HPA axis 

thorough an effect on the PVN (Herman & Cullinan, 1997). On the other hand, CRH 

expression in the amygdala is regulated by feedback mechanism exerted by 

glucocorticoids and CRH receptor are widely present there.  

 

Beyond the amygdala, emotion processing involves a network of regions. The 

main processes of emotion perception are appraisal and identification of the emotional 

stimulus, followed by production of a affective state and regulation of the affective state 

(Phillips et al., 2003a). Phillips and colleagues (Phillips et al., 2003a) proposed that the 

ventral neural system, which includes the amygdala, the insula, the ventral striatum, the 

ventral regions of the anterior cingulate cortex, the ventromedial prefrontal cortex and the 

orbitofrontal cortex, is deputised to the identification and appraisal of emotionally salient 

stimuli. The dorsal system (hippocampus, dorsal region of anterior cingulate cortex and 

prefrontal cortex), on the other hand, is thought to be responsible for higher-order 

cognitive processes and voluntary regulation of emotional states. Regions of the dorsal 
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system are also related to the stress system: in particular hippocampus, prefrontal cortex 

and amygdala have an important role in regulating the HPA axis through processes of 

feedback inhibition (Lupien et al., 2009). The hippocampus plays an inhibitory role on 

HPA responses to stress by inhibiting cortocoirds secretion and may also be involved in 

terminating the response to stress (Herman et al., 2003). In contrast, amygdala activates 

HPA functioning and promotes glucocorticoids and ACTH secretion (Herman et al., 

2003). It follows that abnormalities in these structures (that may involve reduced 

hippocampal inhibitory and enhanced amygdala excitatory roles) may led to 

dysregulation of the HPA axis system which may result in prolonged release of 

glucocorticoids (Lupien et al., 2009). 

 

More recently, this model has been expanded and emotion regulation divided into 

voluntary and automatic. These subprocesses might operate in parallel and together with 

emotion appraisal (Phillips, Ladoucer, & Drevets, 2008). In particular, bilateral 

orbitofrontal cortex, anterior cingulate cortex and hippocampus, besides having a role in 

the appraisal of salient stimuli, might play a role in automatic regulation of emotional 

behaviour and disengagement of attention from emotional stimuli. These structures 

together with amygdala and medial dorsal prefrontal cortex would constitute 

“feedforward” (bottom-up) and “feedback” (top-down) pathways. The (positive) 

“feedforward” pathway includes projections from the amygdala to the medial prefrontal 

cortical system, including orbitofrontal cortex, anterior cingulate cortex and 

hippocampus, provides information about the salience of a stimulus, and would be 

associated with the automatic processing of emotional stimuli. On the other hand the 

(negative) “feedback” pathway from cortical and subcortical areas to the amygdala may 

be associated with awareness of threat and might regulate engagement of subcortical 

structures to salient stimuli. 

 

2.2 Neuroimaging of emotion processing and stress regulation in depression 
 

Although literature documents neural abnormalities across a number of aspects of 

emotion processing and stress regulation in depression (Phillips, Drevets, Rauch, & Lane, 
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2003b), given the use of an emotional appraisal fMRI task in the current thesis, we focus 

here on functional activation and connectivity findings relevant to emotional appraisal. 

We focus on the amygdala given its central role in emotional appraisal. We also touch on 

hippocampal structure given the key role of the hippocampus in stress regulation, and 

consistent findings of hippocampal structural abnormalities in depression. 

 

2.2.1 Functional magnetic resonance imaging (fMRI) studies 
 

Much research has investigated the neural correlates of emotional appraisal and 

other aspects of emotion processing in depression. Despite some variability and 

inconsistencies between studies, there is common consensus about a hypothetical model 

of emotion processing in depression that involves increased reactivity to negative 

emotional stimuli in regions underlying emotion appraisal and production of affective 

states (i.e. amygdala, ventrolateral prefrontal cortex, striatum, insula) leading to enhanced 

negative bias, coupled with decreased reactivity of those areas involved in emotion 

regulation, such as the dorsal anterior cingulate cortex, dorsomedial and dorsolateral 

prefrontal cortex (Phillips et al., 2003b). Despite some inconsistent findings, amygdala 

hyperactivity in response to negative emotional stimuli seems to be one of the most 

robust findings in depression. 

By far the most common paradigms used in studies of depression are those 

involving processing of emotional faces, unsurprising given that interpreting and 

understanding facial emotions is an essential component of social interactions, which 

depressed individuals have particular difficulties with. 

 

2.2.1.1 fMRI findings 
 

A recent review summarised the neuroimaging findings on facial emotion 

processing in major depression (Stuhrmann, Suslow, & Dannlowski, 2011). Half of the 

20 studies reviewed reported differences in amygdala activation between depressed 

patients and controls during emotional facial processing. Other structures highlighted in 

the review include the insula and the parahippocampal gyrus, which have been found to 
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be hyperactive to sad facial stimuli and hypoactive to happy faces in depression, and the 

putamen, caudate nucleus and fusiform gyrus, which appear to be hyperactive in 

depressed patients in response to negative emotional faces. On the other hand, the dorsal 

region of the anterior cingulate cortex, and orbitofrontal cortex appear to be hypoactive in 

depressed individuals during exposure to negative emotional facial stimuli. Other meta-

analyses of neuroimaging studies using emotional stimuli in depression have also been 

published (Groenewold, Opmeer, de Jonge, Aleman, & Costafreda, 2013; Hamilton et al., 

2012), although the stimuli used in the included studies were not limited to emotional 

faces. Hamilton and colleagues (Hamilton et al., 2012) focused on PET, SPECT and 

fMRI studies, and found that subjects with major depressive disorder had greater 

response to negative stimuli in amygdala, dorsal anterior cingulate cortex, insula/superior 

temporal gyrus, precentral and middle temporal gyri, compared to controls. Patients also 

showed lower response in the right dorsolateral prefrontal cortex. Groenewold et al., 

(2013) performed a more recent meta-analytic analysis of 44 studies, including studies 

that used both facial and non-facial emotional stimuli. Patients with major depression 

showed increased activity to negative stimuli in bilateral temporal areas, including 

amygdala, cingulate gyrus, right cerebellum, left putamen and left fusiform gyrus, and 

decreased activity in dorsolateral prefrontal cortex compared to healthy controls. 

Although there is less work, adolescent and youth major depressive disorder seems to be 

characterised by the same neural underpinnings of adult patients. For example, in youth 

populations there is considerable evidence for increased amygdala reactivity to 

threatening faces (angry and fearful) in depression (Kerestes, Davey, Stephanou, Whittle, 

& Harrison, 2013 for a review).  

 

As is evident by the reviewed literature, there is evidence for differences between 

patients and controls in brain activity during appraisal of negative emotional stimuli, with 

one of the most replicated findings being increased amygdala activity in patients. 

However, weather amygdala hyperreactivity to negative stimuli represents trait-related 

characteristic of individuals at risk or a state marker of depression is still a matter of 

debate. Evidence for this abnormality as a state marker of depression comes from 

findings of reduced amygdala activity after pharmacological treatment in patients with 
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MDD, including adolescents (Fu et al., 2004; Sheline et al., 2001; Tao et al., 2012). In 

these studies, amygdala activation was evaluated in response to emotional faces and its 

reduction after treatment has been interpreted as a sign of normalisation. Another study 

compared amygdala activity to sad facial expression pre and post cognitive behavioural 

therapy (CBT) and found decreased amygdala-hippocampal reactivity after CBT (Fu et 

al., 2008). On the other hand, studies with subjects at high-risk for depression support the 

hypothesis that enhanced amygdala reactivity might represent a trait or vulnerability 

factor. For example, one study found increased amygdala reactivity in adolescents at 

high-risk for depression (due to having a parent with MDD) compared to those at low-

risk in response to angry faces (Monk et al., 2008). Further, pre-school children with 

persistent elevated negative affect, considered a risk for later internalising disorders, 

show heightened amygdala reactivity to sad faces (Gaffrey, Barch, & Luby, 2017). 

 

2.2.1.2 Functional connectivity 
 

Functional connectivity is a method used to understand how disparate brain 

regions coordinate to respond to an emotional stimulus. Studying such connectivity might 

help for instance to clarify if amygdala hyperactivity in depression reflects impaired 

regulatory activity of other regions. Indeed, imbalance of the top-down system, involving 

prefrontal cortex-amygdala connections, might be responsible for heightened prolonged 

response to threatening stimuli, due to impaired regulatory modulation.  

Evidence from imaging studies supports the notion that regulation of negative 

affect may be impaired in depression. A recent review suggests that cortical top-down 

control of the limbic system (and particularly the amygdala) is dysfunctional in 

depression and may sustain ineffective emotion regulatory strategies (Li et al., 2018). 

Adult patients with depression showed a positive correlation between prefrontal cortex 

and amygdala activity when down-regulating their emotional response, while healthy 

controls showed a negative correlation, suggested to reflect adaptive prefrontal 

modulation or inhibition of amygdala reactivity (Johnstone, van Reekum, Urry, Kalin, & 

Davidson, 2007). Reduced negative amygdala–prefrontal cortex connectivity when 

viewing fearful faces has been found to predict internalising symptoms longitudinally in a 
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community sample of young men (Gard et al., 2018). This pattern of reduced negative 

connectivity associated with depression and internalising symptoms may represent a 

failure in recruiting the prefrontal cortex to down-regulate amygdala activity (Li et al., 

2018). Others however, found that increased amygdala-prefrontal cortex coupling was 

associated with successful emotion regulation (i.e., reduced negative affect) in healthy 

subjects (Banks, Eddy, Angstadt, Nathan, & Phan, 2007), suggesting that the 

interpretation of connectivity findings are not straightforward. Studies that have 

investigated resting state connectivity also provide divergent evidence: for instance, the 

strength of amygdala-prefrontal cortex connectivity predicted resilience in a group of 

female adolescents at high risk for depression (Fischer, Camacho, Ho, Whitfield-Gabrieli, 

& Gotlib, 2018), whilst children with childhood depression showed reduced amygdala-

prefrontal cortex connectivity, which correlated negatively with the ability to regulate 

feelings of sadness (Luking et al., 2012). It is possible that amygdala-prefrontal cortex 

connectivity at rest and during an emotional task may differ, which may explain the 

difference in directionality of the findings. Nevertheless, together these results suggest 

that impaired functioning of cortico-limbic circuitry may sustain negative affect in 

depression via dysfunctional affective regulation processes.  

 

2.2.2 Structural magnetic resonance imaging (sMRI) studies 
 

As mentioned above, we focus on the hippocampus here given its role in stress 

regulation. Given its projection to the hypothalamus, the hippocampus contributes to the 

regulation of the stress response (De Kloet, Joëls, & Holsboer, 2005). It also plays a key 

role in forming emotional memories and can influence amygdala response to emotional 

stimuli (Phelps, 2004). Indeed, episodic memories formed by the hippocampus in relation 

to particular events may carry emotional significance (e.g., fear of dogs because having 

witnessed someone being bitten) that may influence the amygdala response when similar 

situations or stimuli are encountered. Although it has not been widely implicated in 

functional studies, hippocampal structural abnormalities are a robust finding in depressed 

patients (Videbech & Ravnkilde, 2004). Indeed, a recent large meta-analysis on 1728 

MDD patients found that patients had smaller hippocampal volume relative to control, an 
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effect driven by recurrency of MDD (Schmaal et al., 2016). Data are less consistent in the 

youth population, where age seems to contribute to the volumetric reduction (Jaworska et 

al., 2016), supporting the hypothesis of a delayed effect of stress (including stress 

represented by depression) on hippocampus (S. L. Andersen & Teicher, 2004). It has 

been suggested that smaller hippocampal volume may represent a risk factor for the 

disorder (U. Rao et al., 2011). Hippocampal volume may be further affected over the 

course of the illness due to the toxic effect of prolonged stress (Macqueen & Frodl, 

2010). There is evidence that attenuated hippocampal development (and not hippocampal 

volume cross-sectionally) during adolescence prospectively predicts depression onset 

(Whittle, Lichter, et al., 2014), suggesting that longitudinal rather than cross-sectional 

measures of brain structure may be particularly important to understand risk factors for 

depression in developing samples. 

 

2.2.3 Corticolimbic circuits in depression – a putative biomarker 
 

Despite some variability between studies and their findings, there is clear 

evidence and support for altered brain corticolimbic circuits involved in emotion 

processing and stress regulation in patients with MDD. One finding in the fMRI literature 

seems to be quite consistent, that is amygdala hyperactivity during appraisal of negative 

stimuli. Connectivity models provide a broader context, suggesting that abnormal 

amygdala response may be partly related to a failure of cognitive control structures (i.e., 

prefrontal cortex) in regulating automatic appraisal of an emotional stimulus. This may 

result in an increased sensitivity to negative stimuli, or bias towards negativity. 

Therefore, abnormal brain response to negative emotional stimuli has been proposed as a 

potential biomarker of depression (Goodman, New, Triebwasser, Collins, & Siever, 

2010; Hasler, Drevets, Manji, & Charney, 2004; Sauder, Hejcak, Angstadt, & Phan, 

2013; Stuhrmann et al., 2011). Studies with subjects at high-risk for depression support 

the hypothesis that enhanced amygdala reactivity might represent a vulnerability factor 

and not just a state marker for depression (Monk et al., 2008). Indeed, there is increasing 

evidence that adverse environments also affect amygdala reactivity to negative emotional 

stimuli, and suggestion that this neural dysfunction might be one of the key mechanisms 
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linking adverse environments to depression risk. Further, abnormalities in hippocampal 

volume in patients with MDD have also been consistently reported (Videbech & 

Ravnkilde, 2004), which may be associated with stress-related neurotoxicity. Similarly to 

amygdala findings, it has been suggested that small hippocampal volume may precede 

the onset of depression and may be a function of early adverse experiences rather than 

just a consequence of the disorder (U. Rao et al., 2011). 

 

In the following section, evidence for the impact of adversity on emotional brain 

function and hippocampal structure will be reviewed. Given that there is very little in the 

literature about the effect of normative variations in parental care on brain 

structure/function, studies that have looked at more extreme forms on environmental 

adversity in children and then the enduring effect in adults will also be presented. 

 

2.3 Environmental adversity and emotional neural circuits 
 

2.3.1 Mechanisms linking early adversities and brain alterations  
 

Animal studies have suggested that early experiences have an effect on HPA axis 

development and evidence support the hypothesis that humans undergo similar processes 

(Heim, Newport, Mletzko, Miller, & Nemeroff, 2008). It has been suggested that early 

adversities are associated with sensitisation of the HPA axis (Heim et al., 2008). In the 

brain, key structures for emotion processing and stress regulation, such as the prefrontal 

cortex, amygdala and hippocampus, are rich of glucocorticoids receptors, and 

glucocorticoid elevation as a function of HPA activity is associated with increased 

activity in these regions (Tottenham, 2012). As already discussed, the effect of prolonged 

exposure to stress hormones has a remodelling effect on the brain, leading to potential 

lasting consequences on brain structure and function. In a traditional diathesis-stress 

prospective, these changes have been considered as essentially disruptive (Teicher et al., 

2003). More recently, some work has been done in trying to understand the adaptive role 

of these changes. It has been hypothesised that early life stress alters brain development 

in an experience-dependent manner, to facilitate the survival of the individual in a hostile 
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environment (Teicher et al., 2016). This does not exclude the fact that some experiences 

can be very severe and damage the brain, but aims to point out the adaptive role of 

plasticity (Teicher et al., 2016). Similarly, the theory of latent vulnerability 

conceptualises the brain changes associated with childhood maltreatment as a tentative 

calibration to the adverse environment. These changes would have a beneficial effect in 

the short term (e.g. increased amygdala reactivity to threat) but a long-term cost (e.g., 

long lasting sensitivity hypervigilance), resulting in a vulnerability of the individual to 

later psychopathology (McCrory, Gerin, & Viding, 2017). For example, maternal 

deprivation (which is considered to be a potent stressor) particularly during childhood has 

been associated with alterations to frontoamygdala functional connectivity that have been 

suggested to reflect accelerated development (Gee, 2016). This accelerated development 

may promote more “mature” emotion regulations strategies (top-down), which would be 

functional for the survival on the individual, at least in the short-term (Gee, 2016). In this 

context, the timing of exposure, in term of developmental stage, and the type of stressor 

experienced, would impact different systems in the brain (S. L. Andersen & Teicher, 

2008; Teicher et al., 2016). 

 

There is a growing literature about the effect of early stress on brain development 

in child populations (Swartz, Williamson, & Hariri, 2015). Studies have investigated the 

neural correlates of emotion processing in children exposed to early stress, although they 

are still few in number compared to adult studies. Moreover, there is a lack of studies that 

have investigated a more normal range of parenting, although, as discussed earlier, 

normative parenting behaviours likely profoundly shape the development of the brain 

(Belsky & De Haan, 2011). 

 

2.3.2 sMRI studies 
 

Relatively more work has been done on the link between adversity and brain 

structure (as opposed to function), summarised in a recent review on the effect of 

childhood abuse and neglect on the brain (Teicher & Samson, 2016). The hippocampus 

and the amygdala are included amongst the regions that show most consistent 
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morphological changes, together with prefrontal regions (Teicher & Samson, 2016). The 

hippocampus has generally been found to be smaller in adults with a history of childhood 

maltreatment (e.g., Chaney et al., 2014; Dannlowski et al., 2012; Teicher, Anderson, & 

Polcari, 2012). In children results are more mixed, and some studies failed to detect 

smaller hippocampal volume in children as a function of early stress (De Bellis et al., 

2002; Mehta et al., 2009). Others found an association between maltreatment and larger 

hippocampal volume in early adolescence, but attenuated growth during adolescence 

(Whittle et al., 2013). It has been suggested that stress may have a delayed effect on 

hippocampal structure, and as such it may not be detectable in children (S. L. Andersen & 

Teicher, 2004). Moreover, it is possible that, at least in developing samples, looking at 

longitudinal measures (i.e., measures of changes) may be more informative than looking 

at single time points (Whittle, Lichter, et al., 2014). Timing of maltreatment may also 

play a role; middle childhood seems to be a particularly sensitive period (Riem, Alink, 

Out, Van Ijzendoorn, & Bakermans-Kranenburg, 2015). Findings regarding amygdala 

structure have also been mixed, with some studies on adults exposed to maltreatment 

reporting no effect (S. L. Andersen et al., 2008; Dannlowski et al., 2012). In children, 

enlarged amygdala volume has been associated with institutionalisation (Mehta et al., 

2009; Tottenham et al., 2010) and exposure to maternal depression (Lupien et al., 2011). 

Amygdala development seems to be particularly sensitive to the absence of the caregiver, 

possibly via early dysregulation of the HPA axis (Tottenham, 2012), which, as already 

discussed, is intrinsically connected to the amygdala (Ledoux, 2000). 

 

Fewer studies have investigated parenting, again with mixed findings. One study 

found a negative association between parental nurturance, which included measures of 

warmth and availability of parental care, and left hippocampal volume in children (H. 

Rao et al., 2010). Another study, in young adults, did not find association between 

parental bonding and brain volumes (Narita et al., 2012). Maternal sensitivity (measured 

with an observational task) predicted hippocampal volume and interacted with depression 

- such that the effect was greater in non-depressed children (Luby et al., 2012). Another 

study found that higher levels of parental sensitivity (measured as the combination of 

parental sensitivity and cooperation, supportive presence and intrusiveness showed 
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during different interaction tasks) predicted larger total grey matter volume and thicker 

cortex in the left precentral gyrus, postcentral gyrus, and caudal middle frontal gyrus 

(Kok et al., 2015). Positive maternal behaviour was also found to predict attenuated 

volumetric changes of the right amygdala, and accelerated cortical thinning in the right 

anterior cingulate and bilateral orbitofrontal cortices from early to late adolescence 

(Whittle, Simmons, et al., 2014).  

 

Taken together, these results suggest that early adversity, including both 

maltreatment and not-optimal caregiving, has an effect on the structure of limbic regions 

that may vary upon type of maltreatment and age of exposure. Amygdala development in 

children seems to be particularly sensitive to the absence of the caregiver (Tottenham, 

2012). While evidence for an effect of adversity on hippocampal morphology are quite 

robust in adults exposed to maltreatment, findings are more mixed in children, possibly 

because of a delayed effect of stress on this region (S. L. Andersen & Teicher, 2004). 

 

2.3.3 fMRI studies 
 

Given the key role of the amygdala in emotion processing (as discussed in section 

2.1), it is not surprising that several studies have reported abnormal amygdala reactivity 

in responses to emotional faces both in children and adults exposed to early adverse 

experiences. Amygdala hypereactivity in response to emotional faces in adults with 

history of childhood maltreatment has been found in several studies (Dannlowski et al., 

2012, 2013; van Harmelen et al., 2013) and also was confirmed in a recent meta-analysis 

(Hein & Monk, 2017). However, one study found amygdala hypoactivity in adults from 

‘risky families’, which was accompanied by ventrolateral prefrontal cortex hyperactivity 

(Taylor, Eisenberger, Saxbe, Lehman, & Lieberman, 2006). Findings are more consistent 

in children, with general evidence of amygdala hyperactivity as a function of adverse 

rearing condition. For instance, a study of previously institutionalised (PI) children found 

increased amygdala activity in PI compared to control children in response to fearful 

faces, and that this increase was negatively correlated with social competence (Tottenham 

et al., 2011). Another study found that children exposed to trauma showed greater 
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bilateral amygdala activity than a non-exposed group in a conflict-interference condition, 

and greater left dorsolateral prefrontal cortex activity in the emotional-conflict regulation 

condition (Marusak, Martin, Etkin, & Thomason, 2014). In another study, children 

exposed to family violence showed increased right amygdala and bilateral anterior insula 

activation to angry versus neutral faces during an implicit emotional face task (McCrory 

et al., 2011). Others have evaluated the developmental trajectory of amygdala function in 

adolescents experiencing various levels of stress and neglect. For example, using 

emotional face stimuli, Swartz and colleagues (2015) found that adolescents exposed to 

high levels of stress showed increased amygdala reactivity to negative faces over time 

(Swartz, Williamson, et al., 2015).  

 

Only two studies to my knowledge have looked specifically at parenting and 

amygdala reactivity, with mixed findings: either no association between amygdala and 

parenting behaviour (positive or negative), and negative association with maternal 

warmth. One study (in a sample of adolescents) found a negative correlation between 

maternal warmth and support and left amygdala activation in response to fearful faces, 

and no association with parental psychological pressure, demands and control (Romund 

et al., 2016). Another study found no association with either positive (care) or negative 

(psychological control) parenting behaviour and amygdala reactivity in children 

(Marusak, Thomason, Sala-Hamrick, Crespo, & Rabinak, 2017). Different measures of 

parenting behaviours (e.g., different self-report questionnaires) may partially explain the 

variability of the findings. 

 

2.3.3.1 Functional connectivity 
 

A few studies have investigated the effects of early adversity on amygdala 

connectivity during an emotion processing task, and have found alterations in prefrontal-

subcortical circuits, which, as discussed in section 2.1, are involved in the processing of 

salient stimuli and regulation of emotional response. Two studies have focused on youth 

populations. Parental care is thought to particularly affect the frontoamygdala circuit 

during this stage of life, possibly because of its influence on emotion regulation and fear 
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learning processes, which are mediated by the activation of the HPA axis that is 

intrinsically connected with these regions (Gee, 2016). One study evaluated the effect of 

maternal separation in previously institutionalised (PI) youth on amygdala connectivity, 

and found that PI youth showed increased amygdala reactivity and negative medial 

amygdala-prefrontal coupling to fear faces (Gee, Gabard-durnam, et al., 2013). This 

result is important in light of a body of work from the same group that shows that 

amygdala-prefrontal cortex connectivity undergoes a switch from positive to negative 

during childhood, around the age of 10, suggested to represent a switch to more “mature” 

(top-down) strategies of emotion regulation (Gee, Humphreys, et al., 2013). As such, it 

was suggested that PI youth may have experienced accelerated maturation of amygdala-

prefrontal connectivity. Interestingly, negative coupling in PI youth was associated with 

relatively lower anxiety, and the authors suggest that negative coupling may be adaptive 

in this group. A second study found that, in contrast to Gee and colleagues (2013), trauma 

exposed youth showed positive amygdala-pregenual cingulate connectivity, compared to 

the no trauma exposed group (who showed negative connectivity), during emotional 

conflict regulation (Marusak, Etkin, & Thomason, 2015). It is unclear why these two 

studies found contradictory results, however type of adversity, or methodological factors 

such as task type, may be important. In particular, while the task adopted by Gee and 

collegues is designed to tap into early stage of emotion processing, the confict task used 

in Marusak and colleagues’ study is likely to recruit higher-order processes necessary 

when selecting the relevant stimuli for the task while ignoring the distractors. 

 

Finally, another study investigated amygdala connectivity in adults with a past 

history of maltreatment. Comparison between the group with positive history of 

maltreatment and the group without provided evidence for altered connectivity between 

bilateral amygdala and several frontal regions, such as the inferior frontal gyrus and 

medial frontal gyrus. The maltreated group showed positive connectivity between the 

amygdala and these regions while the control group negative connectivity (Jedd et al., 

2015). These findings were similar to those by Marusak and colleagues, and the authors 

suggested that positive connectivity might reflect an “upregulation” of frontal regions, or 

may reflect increased neural response to threat and increased vigilance to negative stimuli 
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(faces) in maltreated individuals.  

 

No studies have investigated the association between parenting behaviour and 

amygdala connectivity during emotion processing. Two studies, however, have 

investigated parenting behaviour in relation to amygdala connectivity at rest. One study 

found that maternal aggressive behaviour was associated with increased amygdala 

connectivity with temporal and insula cortices. Importantly, these patterns of connectivity 

were associated with adolescent onset of depression longitudinally (Callaghan et al., 

2017). Another study found that parental sensitivity modulated the relation between age 

and amygdala–medial prefrontal cortex connectivity. Specifically, children with less 

sensitive parents, showed an increased amygdala-medial prefrontal cortex connectivity 

with age (Thijssen et al., 2017). 

 

Despite some inconsistencies in results, these studies highlight the short and long-

term negative effects of maltreatment on mental health and the possibility that abnormal 

brain structure (particularly of the hippocampus) and functioning of the amygdala and 

associated neural networks may partly explain this association. The effect of adverse 

caregiving may impact brain development via modification of the HPA system, where 

one of the most affected systems involve frontoamygdala circuits (Callaghan & 

Tottenham, 2015), especially during childhood (Gee, 2016). However, once again is 

important to point out that not all individuals exposed to the same trauma develop 

neurobiological abnormalities and in turn mental health problems like depression. 

Genetic components have been investigated to understand if they account for differences 

between individuals. This field, called “imaging genetics”, aims to understand if potential 

imaging biomarkers such as amygdala hyperreactivity, may be also “endophenotypes”: 

markers with a genetic basis. 

 

2.4 Genetics of emotional appraisal and stress regulation 
 

As introduced in Chapter 1, since depression has a hereditability estimated to be 

40% (APA, 2013), it stands to reason that neurobiological abnormalities associated with 
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depression, such as amygdala hyperactivity during emotion appraisal, or hippocampal 

volumes, may be under genetic influence. The first functional imaging study in this field 

was conducted by Hariri and colleagues, who showed that the short allele of the 5-

HTLLPR polymorphism of the serotonin transport gene (SCL6A4) was associated with 

increased amygdala activation to angry and fearful faces compared to the long allele 

variant (Hariri et al., 2002). This finding has been replicated by further study from the 

same group (Hariri, 2005) but also by others that have adopted emotional faces as stimuli 

(Savitz & Drevets, 2009). This has stimulated an increasing number of studies, with the 

exploration of other genes and alleles such as the COMT rs4680-A (Met) allele, which 

appeared to influence amygdala, hippocampus, parahippocampal gyrus and cingulate 

gyrus response to negative emotional stimuli (Smolka et al., 2007).  

 

On the other hand, genetic variants within the HPA system (which is intrinsically 

connected with amygdala, hippocampus and PFC) have been associated, as discussed 

previously, with different cortisol response to stressors and with depression. While it is 

intuitive that these gene polymorphisms might influence neural function during the 

appraisal of negative (i.e. stressful) stimuli, very little work has been done in this space to 

date. Indeed, only four studies have been performed, and all except one in healthy adult 

populations.  

 

The T allele of SNP rs1360780 in the FKBP5 gene has been associated with 

depression and differences in stress response, as previously discussed. One study found 

an effect of rs1360780-T on amygdala reactivity: healthy controls homozygous for the T 

allele showed higher activation compared to the homozygous for the alternative (C) allele 

when looking at threating faces. This FKBP5 SNP also influenced the coupling between 

amygdala and hippocampus, with subjects homozygous for the T allele showing 

increased positive connectivity while viewing angry and fearful faces between left 

amygdala and hippocampus compared to carriers of the C allele (Holz et al., 2014). A 

few other studies have used different paradigms, such as a dot probe task with threating, 

happy and neutral faces to measure attention bias to threat. Carriers of the T allele of 

rs1360780 in FKBP5 showed an attention bias to threat and increased activation in the 
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hippocampi compared to individuals homozygous for the C allele in threat probe-

incongruent (i.e. the cue appeared on the opposite side of the threatening expression) 

versus threat probe-congruent faces (i.e. the cue appeared on the same side of the 

threatening expression) (Fani et al., 2013). Moreover, the same study found that carriers 

of the T allele show alteration in the morphology of the hippocampus, although they did 

not show differences in total grey matter volume (Fani et al., 2013). However, one other 

study failed to find a main HPA-axis-related genetic effect on hippocampal volume or 

amygdala reactivity to negative emotional faces, but they found an effect in interaction 

with pubertal status (Pagliaccio et al., 2015b). Finally, another study found an effect of T 

allele of rs1360780 in FKBP5 on amygdala recativity only in interaction with emotional 

neglect (White et al., 2012).  

 

In summary, a few studies suggest that, the FKBP5 rs1360780-T allele may be a 

“susceptible” allele, associated with enhanced amygdala reactivity to negative emotional 

stimuli. This may constitute an “endophenotype” that might increase the risk of 

developing depression, since amygdala hyperreactivity is considered a vulnerability 

factor for the disorder. However, others failed to find a main genetic effect on amygdala 

reactivity. As discussed earlier, the effect of carrying particular variants might have 

different outcomes, in term of mental health, depending on specific environmental 

conditions. Moreover, given that adverse early experiences have been demonstrated to 

affect brain function and structure, it follows that study of the interaction between genetic 

variants and early experience in predicting brain function is crucial for understanding risk 

for depression. 

 

2.4.1 GxE effects on emotional circuits 
 

The effect of such interactions has been investigated on brain responses to 

emotional stimuli in four studies in healthy controls. The rs1360780 SNP in FKBP5 

interacted with emotional neglect to predict amygdala response to emotional faces (Holz 

et al., 2014). In individuals with a rs1360780 CC genotype, emotional neglect was 

negatively correlated with amygdala activity, while in T carriers, neglect was positively 



 

 
 
 

37 

correlated with amygdala activity (Holz et al., 2014). Another study (White et al., 2012) 

has explored a larger number of FKBP5 polymorphisms, including SNPs rs3800373 and 

rs1360780. First, they found a positive effect of emotional neglect on right ventral and 

dorsal amygdala reactivity. Moreover, they found that emotional neglect interacted with 

FKBP5 genotypes in predicting heightened dorsal amygdala reactivity to emotional faces 

(White et al., 2012). Other groups adopted a different approach from the analysis of 

individual SNPs, in which they combined different SNPs from different genes in order to 

create a “risky” genetic profile (Iorio et al., 2017; Pagliaccio et al., 2015b). In one study, 

the authors combined 10 SNPs from 4 genes related to the HPA axis, namely FKBP5 

(rs1360780), CRHR1 (rs4792887, rs110402, rs242941, rs242939, rs1876828), NR3C2 

(rs5522) and NRC31 (rs41423247, rs10482605, rs10052957) and investigated 

interactions with sex, pubertal status and stressful life events in chidren (Pagliaccio et al., 

2015b). A previous study from the same group showed that the genetic profile scores 

positively predicted stress-related cortisol levels, particularly in female participants, 

validating the use of this genetic profile (Pagliaccio et al., 2014). Confirming previous 

findings, the number of stressful and traumatic life events predicted left amygdala 

response to fearful compared to neutral faces. Genetic profile score alone did not predict 

amygdala activity, but it interacted with both sex and pubertal status in predicting 

amygdala and hippocampus reactivity to fearful faces (Pagliaccio et al., 2015b). Although 

they did not find a genetic by stressful life events interaction on amygdala reactivity, they 

found that the interaction predicted greater left hippocampal volume, particularly the 

CA2/3 and CA4/dentate gyrus volumes (Pagliaccio et al., 2014). The other study 

investigated the interaction of a profile score made by combining two SNPS (FKBP5 

rs1360780 and CRHR1 rs110402) and one haplotype (NR3C2 rs5522/NR3C2 rs4635799) 

and childhood maltreatment in the prediction of amygdala reactivity to threat in a sample 

of young adults. The authors found that early life stress was associated with amygdala 

reactivity only in individuals with a high genetic risk score (Iorio et al., 2017).  

 

These studies support the hypothesis of a moderating role of HPA axis genetic 

variation on the association between environmental adversity and functioning of 

emotional circuits. Despite the importance of negative caregiving for child mental health, 
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the majority of studies have focused on severe forms of trauma, and only one study 

evaluated HPA axis-related genetic by environment effects on the neural correlates of 

appraisal of emotional stimulus and stress regulation in children.   

 

2.5 Conclusion 
 

While early stress increases the risk of developing depression, the mechanisms 

underlying this link are still unclear. The system designed to respond to stress, the HPA 

axis, shows abnormalities in depression and it seems that both early stressful experiences 

and genetic variants might contribute to HPA axis regulation/dysregulation. Due to the 

presence of glucocorticoid receptors, the HPA system is intrinsically connected with the 

corticolimbic system, and in particular with the prefrontal cortex, the hippocampus and 

the amygdala, regions that are important for emotion processing and learning processes. 

Exposure to stress hormones is thought to be associated with changes in the structure and 

function of these regions, which also show abnormalities in depression. There is limited 

but emerging evidence that genes influencing HPA axis function may interact with 

adverse environmental exposure to influence corticolimbic circuits, and that this might 

represent a biomarker linking HPA genes and adverse environments to risk for 

depression. However, very little has been done to investigate whether and how genes and 

environmental factors alter brain function and structure associated with emotional 

appraisal and stress regulation, and in turn influence risk for depressive and internalising 

symptoms in children. Moreover, whilst some work has been done on more extreme 

forms of childhood adversities, no studies have investigated the effect of parenting 

behaviour, despite evidence that parenting behaviours have the potential to induce 

profound changes on brain and behaviour. Further work in this area, and especially with 

young populations, is critical to better understand the risk factors and mechanisms 

influencing the development of depression. 
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3 Overview of the current thesis 
 

 

This thesis aims to expand the current literature on the association between 

genetic by environment (GxE) interactions and the risk for depression via the emotion 

processing and stress regulation neural systems and structures. Indeed, imaging studies 

providing validity for such a model are scarce, particularly in children and adolescents. 

Further, the majority of research to date has focused on severe forms of early stress. 

Finally, no studies have examined the moderating/interacting role of genetic variants of 

the HPA axis on this association. Therefore, this thesis aims to examine whether 

variations of parenting behaviour are associated with brain structure and function, and in 

turn depressive/internalising symptoms. Secondly, it aims to understand if genetic 

variants of the system designed to respond to stress, the HPA axis, might have an effect 

on increasing the sensitivity of some individuals to parenting behaviour. 

 

As described in Chapter 4, data from two studies were used in this thesis. An 

adolescent cohort was used to address aims relating to hippocampal structural 

development. A child cohort was used to address aims relating to affective brain function. 

The adolescent study could not be used for affective brain function aims because a 

relevant fMRI sequence was not acquired.  

 

The main aims of this thesis were to:  

1) In adolescents, investigate associations between parenting behaviour, 

structural development of the hippocampus, and HPA genetic profile in the 

prediction of depressive symptoms (Chapter 5). 

2) In children, investigate how parenting behaviour is associated with the 

activity and connectivity of the neural system involved in the appraisal of 

emotional stimuli (particularly amygdala and prefrontal cortex), and to investigate 

if alterations in these regions correlate with internalising symptoms (Chapter 6). 

3) Investigate if HPA genetic profiles moderate the associations described in 

Aim 2 (Chapter 7). 
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These main hypotheses were formulated: 

1. Negative parenting practices have been associated with increased levels of 

internalising symptoms in young people (Yap & Jorm, 2015). Although this direct 

effect was not a core aim, it was tested in all models. Accordingly, I hypothesise 

that increased levels of negative (and lower level of positive) parenting behaviour 

will be associated with increased levels of depressive/internalising symptoms 

during childhood and adolescence. 

2. There is evidence that adults with a history of maltreatment have reduced 

hippocampal volume (Mccrory, De Brito, & Viding, 2010), which may constitute 

a risk factor for depression (McCrory & Viding, 2015). However, studies with 

developing samples failed to find an effect on environmental factors on 

hippocampal volume (De Bellis et al., 2002; Mehta et al., 2009). It has been 

suggested that, at least in children/adolescents, longitudinal measures of structural 

brain development may be more informative than cross-sectional measures 

(Whittle, Lichter, et al., 2014). As such, I hypothesise that increased levels of 

negative parenting behaviour will be associated with reduced (attenuated) 

hippocampal volume growth. 

3. Increased levels of negative parenting (and lower level of positive 

parenting behaviour) will be associated with increased amygdala reactivity, 

consistent with the literature that has found heightened amygdala reactivity in 

relation to adverse childhood experiences (including low levels of maternal 

warmth) (Marusak et al., 2014; Romund et al., 2016; Stuhrmann et al., 2011; 

Tottenham et al., 2011). Increased corticolimbic connectivity has been found in 

children exposed to maltreatment (Jedd et al., 2015; Marusak et al., 2015) and is 

thought to represent an upregulated response of regions involved in cognitive 

control (ineffiencient top-down regulation of amygdala reactivity) (Jedd et al., 

2015). This pattern of increased positive amygdala-prefrontal cortex connectivity 

has been associated with depression (Johnstone et al., 2007), and as such it may 

represent a risk factor for the disorder. I hypothesise that increased levels of 

negative parenting behaviour will be associated with increased connectivity 

between the amygdala and prefrontal cortex during an emotional face task. The 
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medial prefrontal cortex (mPFC) may be a region of particular interest (Gee, 

Gabard-durnam, et al., 2013), although I will conduct ROI (amygdala)-whole 

brain analysis. Given the scarcity of literature on parenting, I did not have specific 

a priori hypotheses about the involvement of other brain regions during emotion 

processing. As such, I conducted exploratory analysis. 

4. Genetic variants in HPA axis genes will moderate the associations 

between parenting behaviour and 1) internalising symptoms, 2) brain structure 

and 3) brain function/connectivity, given evidence that higher HPA genetic risk 

may contribute to dysregulation of corticolimbic circuits (Bogdan et al., 2016). A 

higher genetic risk score will be associated with higher symptoms, lower 

hippocampal volume (attenuated growth), enhanced amygdala reactivity and 

greater amygdala-prefrontal cortex connectivity in the context of high levels of 

negative parenting behaviour. 

5. Parenting behaviours may increase the risk of depression and internalising 

symptoms via shaping the neural circuitry underlying children’s processing of 

emotion (Gee, 2016). As such, I hypothesise that the parenting behaviour-related 

neural findings will correlate with levels of depressive/internalising symptoms 

and will partially mediate the association between GxE and 

depressive/internalising symptoms. 
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4 Methodology 
 

 

Data from two cohorts were used for this study: the Orygen Adolescent 

Development Study (ADS) (for the analysis presented in Chapter 5), and the Family and 

Childhood Transition Study (FACTS) (for the analysis presented in Chapter 6 and 

Chapter 7). Given that the ADS has been widely published on, and that data from this 

study comprised a smaller portion of analyses in this thesis, fewer methodological details 

are provided (as they can be readily found elsewhere). 

 

4.1 The Orygen Adolescent Development Study (ADS) 
 

The Orygen Adolescent Development Study (ADS) was a longitudinal study 

conducted between 2003 and 2012 by Orygen, the National Centre of Excellence in 

Youth Mental Health (formerly Orygen Youth Health Research Centre) and The 

University of Melbourne, Melbourne, Australia, that aimed to investigate the relationship 

between adolescent temperament, brain development, and risk factors for 

psychopathology (Whittle et al., 2008). The ADS consisted of five phases. In the first 

phase, participants were selected according to criteria based on temperament traits (see 

below, ‘Sample selection procedure’). Selected adolescents participated in an interview 

(the Schedule for Affective Disorders and Schizophrenia for School-Age Children, 

Present and Lifetime version (K-SADS-PL) (Kaufman et al., 1997)), to assess current or 

lifetime history of diagnoses of Axis I disorders. Participants were invited to participate 

in the subsequent four waves of data collection (W1, W2, W3, W4), which included (but 

were not limited to) a Family Interaction Task (at W1), Magnetic Resonance Imaging 

(MRI) assessments (at W1, W3 and W4) and interview assessments (at all time points). 

 

4.1.1 Sample selection procedure 
 

Adolescents and their families were recruited from primary schools. Primary 

schools were randomly chosen across the metropolitan area of Melbourne, Australia. The 
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probability of being selected was proportional to the number of adolescents in the target 

population of the schools. Schools were defined as Government, Catholic and 

Independent Private, consistent with the framework used by the Victorian Department of 

Education. The schools were selected for the ADS based on the relative contributions of 

each sector to total school enrolments, which were: 65% for Government Schools, 22.5% 

for Catholic Schools and 12.5% for Independent Private Schools. 175 schools were 

approached (90 Government schools, 44 Catholic schools, and 24 Independent Private 

schools), and 56% of those agreed to participate in the study. Adolescents were 

approached through the schools when they were aged 10-12 (grade 6). Consent to 

participate was collected from the parent/guardian and from the student themselves, after 

a copy of the plain language statement about the ADS was sent home (See Appendix A). 

2,479 students completed the revised Early Adolescent Temperament Questionnaire 

Revised (EATQ-R) (Capaldi, 1992) in the classroom (i.e., groups of 18-25 students). The 

EATQ-R is 65 items questionnaire aimed to assess temperament and self-regulation. 

Participants were selected on the basis of their scores on dimensions that are thought to 

confer risk for affective disorder: Negative Affectivity and Effortful Control (L. Ellis & 

Rothbart, 2001). An equal number of female and male adolescents were selected to 

represent the following groups of scores: 0-1, 1-2, 2-2.5 and >2.5 SD above/below the 

mean, resulting in a sample of 414 students in total (53.5% of the total sampling 

population; 52% female, 48% male; mean age = 11.62 years). These participants were 

invited to complete further (W1) intensive assessments. Of those invited, 245 consented 

and completed the Schedule for Affective Disorders and Schizophrenia for School-Age 

Children, Present and Lifetime version (K-SADS-PL) (Kaufman et al., 1997). At W1, 

there were some participants that met for disorders: n = 2 subjects with a depressive 

disorder not otherwise specified; n = 6 subjects with simple phobia; n = 3 subjects with 

social phobia; n =1 subjects with post-traumatic stress disorder; n = 1 subjects with 

obsessive-compulsive disorder; n = 2 subjects with oppositional defiant disorder; n = 1 

subjects with attention deficit disorder. Although the aim of the study was to investigate 

mechanisms underlying the development of depression in a longitudinal fashion, given 

the small number of participants with depressive disorder diagnoses, they were not 

excluded. The remainder of the intensive W1 assessment phase included a magnetic 
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resonance imaging (MRI) scan and/or a family-interaction task (in addition to a 

psychophysiology assessment, which is not of relevance to this thesis). 195 families (95 

with female adolescents and 100 with males) took part in the family-interaction task 

(described in more detail below). 160 were mother-adolescent dyads and 35 father-

adolescent dyads. Given the lower rates of fathers, only the mother-child dyads were 

considered for analysis. The MRI assessment was completed by 155 participants at W1 

(age 11.5-13.9), 140 at W3 (age 15.2-18.3) and 115 at W4 (age 17.5-20.3). 

 

4.1.2 Assessment 
 

The MRI assessments were conducted at the Brain Research Institute (BRI), 

Austin and Repatriation Medical Centre, Heidelberg (at W1) and at the Royal Children’s 

Hospital, Melbourne, Australia (at W3 and W4). Interviews and questionnaires were 

administered either at home or at the MRI scanning location. To maintain confidentiality, 

participants were assigned an ID number used to identify their data. 

 

4.1.2.1 Neuroimaging 
 

4.1.2.1.1 Mock MRI 
 

Before the scan, participants were provided with a DVD with information about 

the MRI procedure and about having a MRI scan. At the assessment, they were offered 

the possibility to undertake a practice MRI scan in a life-size replica of a scanner, where 

the different sounds were also played.  

4.1.2.1.2 Image acquisition 
 

Structural MRI scans (sMRI) were performed at W1, W2 and W3. See Chapter 5 

for further detail on the structural image acquisition parameters. Other imaging data, not 

discussed here, were acquired as part of the ADS. Details have been provided elsewhere: 

see (Dwyer et al., 2014) for information on the task-based functional MRI (fMRI) and 
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resting state functional MRI (rsfMRI) and (R. Ellis et al., 2017) for information on the 

diffusion weighted images (DWI). 

4.1.2.1.3 Inter-scanner reliability  
 

Given that different scanners were used between the first and the other time-

points, a reliability study was undertaken to investigate consistency between the scans 

(Dennison et al., 2013). For this purpose, four adult subjects were scanned within a two-

week period both at the BRI and at the RCH scanners. At each scanner, identical sMRI 

sequences to those in the ADS (see Chapter 5) were acquired. All images were processed 

using the same pipeline (i.e., FreeSurfer) used in the ADS to extract ROI (from standard 

FreeSurfer parcellations) structural measures. Test-retest reproducibility errors for 

cortical thickness/subcortical volume estimations and 95% confidence intervals for each 

ROI were calculated and compared to the estimates of within-scanner variability that 

have been reported in the literature (Han et al., 2006; Sowell, 2004). The estimates 

showed that the change of scanner for all ROIs but one (right pallidum) was associated 

with similar reproducibility errors to within-scanner estimates. The reliability analysis did 

not suggest systematic bias as a result of changing scanners as the confidence intervals 

for reproducibility errors contained zero for all ROIs (Dennison et al., 2013). 

 

4.1.2.2 Psychosocial measures 
 

At each of the four waves of data collection of the ADS, parents and adolescents 

completed several self-report questionnaires and a diagnostic interview (KSADS). Only 

measures pertinent to the study (i.e., the Centre for Epidemiological Studies Depression 

Scale – Revised CES-D-R (Radloff, 1977)) will be described. See for instance (Whittle et 

al., 2008) for details about other measures. 

4.1.2.2.1 Centre for Epidemiological Studies Depression Scale – Revised 
 

Both mother and adolescent depressive symptoms were assessed at W1, W2, W3 

and W4 using The Centre for Epidemiological Studies Depression Scale – Revised (CES-
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D-R (Radloff, 1977)). The CES-D-R is a self-report measure originally developed to 

study the epidemiology of current depressive symptomatology in the general population. 

The 20 items can be grouped to represent the major components of depression as defined 

by the literature, such as depressed mood, loss of interest (anhedonia), loss of appetite, 

sleep disturbance, feelings of guilt and worthlessness and psychomotor retardation. The 

total score ranges from 0-60 and a higher score indicates greater symptomatology. A 

widely adopted clinical cut-off is a total score equal to or above 16. Validation studies 

showed that the scale has good reliability and validity properties (Radloff, 1977).  

 

4.1.2.3 Family Interaction Task (FIT) 
 

The families took part in the FIT at W1. The FIT included two 20-minute 

interaction tasks that were video-recorded. The event planning interaction (EPI) was 

completed first, followed by the problem-solving interaction (PSI). The PSI is designed 

to elicit negative behaviours and as such it was conducted second so as to not influence 

the EPI (Gilboa & Revelle, 1994), which instead is designed to elicit positive behaviours. 

During the EPI the mother and the adolescent were asked to plan together a pleasant 

activity, such as a party or a holiday, selected from a list of items on the Pleasant Events 

Schedule (D. MacPhillamy & Lewinsohn, 1976). In the PSI the dyad were asked to 

discuss one or more conflictual topic such as fighting with siblings or doing homework 

relevant for each dyad based on items endorsed on the Issues Checklist (Prinz, Sharon, 

Ronald, & O’Leary, 1979). 

 

4.1.2.4 Living in Family Environments (LIFE) coding system 
 

The Living in Family Environments (LIFE) coding system (H. Hops, Biglan, 

Tolman, Arthur, & Longoria, 1995) was used to code the video-recorded interactions. 

The LIFE is an observational micro-coding system developed to examine the affect and 

behaviour both within the individual and between individuals during an interaction. The 

LIFE consists of 10 affect codes and 27 verbal content codes. Extensively trained 

observers, blind to hypotheses and participant characteristics viewed the videotaped 
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interactions in real-time. All coding was carried out at the Oregon Research Institute 

(OR, USA), under the direction of one of the study investigator, Dr Lisa Sheeber. On the 

basis of data obtained from the LIFE coding of the family interactions a number of 

variables indicative of affect regulation during the interaction were derived, including 

average duration of affective episodes, frequency of behaviours (rate per minute), 

conditional probability of affective behaviour and trajectories of affect across the 

interaction. For this study, frequency of a composite aggressive behaviour score was 

used, which includes codes with dysphoric, anxious, or whining affect, as well as 

complaints and self-derogatory comments with neutral affect. Frequency of maternal 

aggressive behaviour in this study (in particular during the EPI) has been shown to be 

particularly relevant in predicting adolescent mental health (Schwartz et al., 2014). 

 

4.1.2.5 Saliva samples 
 

Saliva samples were collected approximately at W2. The samples were collected 

at home, with the supervision of research staff. Saliva samples were collected on two 

consecutive days. On each day, four samples (5 x 3ml) were collected across the day: at 

waking (T0), after 30 min from waking (T1), after 60 min (T2) and during the evening, 

around 8pm (T3). Following collection, samples were frozen in participant’s freezers 

until collected.  

 

4.1.2.6 Genetic 
 

Saliva, via passive drool, was collected from participants for genetic analysis 

using Oragene DNA saliva collection kits (www.dnagenotek.com), between W2 and W4. 

Oragene kits contain a preservative which keeps specimens stable at ambient 

temperatures for at least 2-years. They have a median DNA yield of 110µg. Samples 

were subsequently shipped, within 24 months, to Genetic Repositories Australia for 

extraction and long-term storage. 
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4.2 The Family and Childhood Transition study (FACTS) 
 

 

The Family and Childhood Transition study was a longitudinal study conducted 

In Melbourne, Australia, between 2013 and 2017.  The broad aim of the study was to 

investigate the association between positive and negative parenting, neurobiological 

factors (brain structure and function, hormonal stress reactivity) and 

internalising/externalising symptoms during late childhood, in the context of social 

disadvantage. FACTS consisted of three phases: a first recruitment phase and two waves 

of data collection. At Wave 1 (baseline) the families participated in two assessments: the 

Family Interaction Task (FIT) and the MRI assessment. Wave 2 assessment was designed 

to be scheduled 18 months after the first appointment and included an MRI (i.e., the FIT 

was not repeated at Wave 2). Questionnaires were administered at both time-points. 

 

4.2.1 Sample selection procedure 
 

The target developmental period of the study was late childhood: children were recruited 

when they were between 8 and 9.25 years old. Only mothers were included in the study, 

due to budget constraints. Social disadvantage increases the risk of experience negative 

life events and stressors and pose challenges for parenting practices (McLoyd, 1998). To 

enrich the variance of parenting characteristics, participants were recruited from 

metropolitan areas of Melbourne falling within the lower tertile of socioeconomic 

disadvantage (according to Australian Bureau of Statistics: Canberra, 2013). Participants 

were recruited through booths at shopping centre, flyer and brochure in community 

centres, and presentations at primary schools. An “opt-in” procedure was adopted: 

families (i.e. the primary caregiver) provided their contact details if they were interested 

to participate or would like more information. Interested families were then contacted via 

a phone call where a research assistant explained in detail the study and checked 

eligibility criteria. Following the phone call, a copy of the plain language statement and a 

copy of the consent form (see Appendix B) were sent to the family. A follow-up call was 

made approximately 2 weeks after sending the information sheets. If the family decided 
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to participate, consent was recorded over the phone and the assessments were scheduled. 

609 families expressed interest in the study. 320 decided to not participate and 126 were 

excluded based upon eligibility criteria. 163 children and their mothers completed W1. 

Of those, 156 completed the Family Interaction Task. One of the families did complete 

the interactions as per instructions and could not be coded, leaving 155 mother-child 

interactions that could be used for analysis  (children mean age = 8.44; SD= 0.34 years). 

 

4.2.1.1 18 months follow procedure 
 

Wave 2 assessment was designed to be scheduled 18 months after the first 

appointment. Families were contacted over the phone approximately 2 months before the 

due date. A copy of W2 plain language statement and a copy of the consent form were 

sent via the preferred contact option indicated by the family (email or mail). As the 

family had already provided their consent to participate to the study, verbal consent was 

not recorded again. However, participants provided their written consent to participate to 

W2 at the assessment. 128 participants completed the MRI assessment at W2 (mean age= 

9.98; SD= 3.53). 

 

4.2.2 Assessment 
 

The FIT and MRI assessments were conducted at the Royal Children’s Hospital, 

in Melbourne, Australia. A 30 minutes home visit was scheduled if participants were not 

able to complete all the questionnaires/measures during the assessment. Before starting 

the assessment, the parent and the child provided respectively their written and verbal 

consent to participate. To maintain confidentiality, participants were assigned to an ID 

number used to identify their data.  

 

4.2.2.1 Neuroimaging 
 

4.2.2.1.1 Mock 
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The children underwent a practice session before the scan, both at W1 and W2. 

During the practice session (mock MRI) the child looked at pictures of the machine, 

received information about the procedure and practiced staying still in a life-size replica 

of an MRI scanner. Levels of anxiety where recorded with a visual analogue scale (VAS) 

(see Appendix C) and concerns about the procedure were addressed before starting the 

scan. 

4.2.2.1.2 Image acquisition 
 

The sMRI and fMRI parameters are reported in Chapter 6 and 7. Other sequences 

that were collected as part of FACTS but not used in this thesis included resting state 

functional images and diffusion weighted images. See (Simmons et al., 2017) for details 

regarding these sequence parameters. 

4.2.2.1.3 Affective faces fMRI task  
 

The fMRI task was included at W2. We used one a widely used paradigm to 

investigate facial emotion processing in neuroimaging, which was originally developed 

by Hariri and colleagues (Hariri, Ca, & Mazziotta, 2000), using emotional faces selected 

from the set created by Ekman (Ekman, P., & Friesen, W. V. 1976). Each stimulus 

presented usually consists in three faces, one target and two non-target faces, with the 

target face expressing the same emotion as one of the non-target faces. This task and its 

variants typically do not cause changes in the emotional state of the subject (Elliott, Zahn, 

Deakin, & Anderson, 2010), therefore it is likely that it taps into early stages of emotion 

processing (including appraisal). Two different versions of the paradigm are commonly 

used. In the explicit paradigm the subject is required to pay attention to the emotion 

displayed, matching the emotional expression of the target face to one of the two non-

target faces. In the implicit paradigm attention is focused on something else, such as the 

gender or the age of the faces. The explicit and implicit paradigms seem to recruit 

different brain areas that reflect different aspects of emotion processing. The explicit task 

requires constrained attention and therefore might result in the engagement of structures 

involved in higher cognitive processes and conscious regulation of early emotional 

responses, coupled with subsequent suppression of the amygdala (Hariri et al., 2000; 
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Monk et al., 2008; Taylor, Lerner, Sage, Lehman, & Seeman, 2004). The implicit task on 

the other hand robustly activates the amygdala (Fu et al., 2008; Surguladze et al., 2005; 

Tao et al., 2012).  Using the implicit version might help to detect the early brain 

responses to emotional stimuli, and it might be particularly relevant to study automatic 

emotion appraisal. Indeed the instinctual response to emotional stimuli of the amygdala 

appears to be dissociable from a conscious explicit appraisal and it is more likely to be 

relevant for depression (Critchley et al., 2000).  

A trio of faces were displayed on the screen, where the target face was displayed 

on the top and two probe faces on the bottom. Children were instructed to choose one of 

the probe faces (left or right) to match the gender of the target face. The trio of faces were 

either angry or fearful. To indicate their choice, children had to press a button on the 

correspondent side of a button box. In the control condition a trio of shapes were instead 

displayed, and participants were instructed to match the shapes that were identical. 

 

 
Figure 4-1. Example of the stimuli used in the Affective faces fMRI task. 
 
Left: Faces-matching  

Right: Shape-matching 

The presented faces were from the NimStim Set of Facial Expressions (Tottenham et al., 

2009). 

4.2.2.1.4 fMRI data processing - motion correction 
 

All details about fMRI data processing are provided in Chapters 6 and 7. 

However, given that a number of methods may be applied to deal with both motion 
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correction and connectivity in fMRI analysis, further discussion of these issues are 

provided below. 

Motion in functional MRI affects the quality of the data and may introduce 

artefacts. This can be particularly problematic in task-based fMRI, where movements 

correlated with the experimental task could introduce confounds that are hard to 

distinguish from the neuronal effects (Caballero-Gaudes & Reynolds, 2017). In the 

context of functional connectivity analyses, head motion has been shown to introduce 

spurious correlations between brain regions (Power, Barnes, Snyder, Schlaggar, & 

Petersen, 2012) and to have different effects on different networks (i.e. reduced 

connectivity in large-scale distributed networks and increased local functional 

connectivity)  (van Dijk, Sabuncu, & Buckner, 2012). It follows that it is fundamental to 

apply techniques to estimate and reduce the amount of motions in the data, especially 

considering that paediatric populations (such the one included in this thesis) are at higher 

risk of motion than adults (Greene, Black, & Schlaggar, 2016). Two main components of 

motion are usually estimated: absolute displacement and relative displacement. The 

absolute value refers to the displacement of each volume from a fixed position. Six 

absolute displacement parameters (rotational: pitch, yaw, roll; translational: X, Y, Z) are 

usually estimated from applying rigid body realignment transformation of every volume 

in relation to the original position of the head. The realignment parameters calculated 

after the rigid body spatial transformation are typically included as nuisance regressors in 

the general linear model (Friston, Frith, Frackowiak, & Turner, 1995). These parameters 

can be also combined in a single value. Subjects above a certain threshold on one or more 

(typically all) of the 6 parameters (2 or 3 mm, 2 or 3 degrees) may be excluded (Power et 

al., 2012) (e.g., 2 or 3 mm). The relative displacement instead considers the amount of 

movement from one volume to the next (scan-to-scan). This type of displacement has 

been called framewise displacement (FD) (Power et al., 2014). Different methods (albeit 

similar) have been proposed to calculate this measure, which is essentially a single value 

derived from the rigid body realignment parameters from scan to scan (Power, Schlaggar, 

& Petersen, 2015). For instance, the FD measure proposed by Power is “the sum of the 

absolute values of the first derivatives of the 6 realignment parameters, after converting 

the rotational parameters to translational displacements on a sphere of radius 50 mm” 
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(Power et al., 2014), while the Artifact Detection Tools (ART) 

(https://www.nitrc.org/projects/artifact_detect/) “composite motion measure” or ART-

derived framewise motion used in this thesis estimates the maximum voxel displacement 

resulting from the combined effect of the individual translation and rotation displacement 

measures.  

  Although excluding subjects with absolute/relative movements above a certain 

threshold may be necessary, other techniques have been developed to reduce the noise in 

the data (“denoising”). For instance, “censoring” or  “scrubbing”, refers to a technique 

where frames that exceed a pre-defined FD threshold (such as 0.9mm (Siegel et al., 2014) 

or 0.2mm  (Power et al., 2014)) are flagged to form a temporal mask and are not included 

in the connectivity parameter estimation (Power et al., 2015; Siegel et al., 2014). The 

adoption of different thresholds reflects a more liberal or conservative approach that 

researchers can take towards motion. This is usually chosen in consideration of different 

factors such as the number of subjects in the study and the particular population the data 

were collected from. For example, a clinical population, children or adult healthy 

controls, may all perform differently when required to lie motionless in the scanner. 

Within CONN (Whitfield-Gabrieli & Nieto-Castanon, 2012) the conservative settings 

(95th percentiles in normative sample) have a subject-motion threshold of 0.5mm, while 

the intermediate settings (97th percentiles in normative sample) a subject-motion 

threshold of 0.9mm. To identify outlier scans in resting state fMRI, Power has also 

suggested the use of the “VARiance over voxelS” (DVARS), which is calculated from 

the root mean square change in BOLD signal across all the voxels from scan to scan 

(Power et al., 2012). However, the use of DVARS has been discouraged in task fMRI 

where the BOLD signal will change at a particular time point in relation to the task and 

that change could be targeted as outlier (Siegel et al., 2014). Some concerns have been 

raised regarding censoring, such the introduction of biases in subjects with higher levels 

of movement, due to the reduction of degrees of freedom in those subjects (Power et al., 

2015) or the introduction of temporal discontinuities (Caballero-Gaudes & Reynolds, 

2017). Therefore, it has been recommended to exclude subjects if censoring is applied to 

a large amount of time-points and no sufficient trials or minutes per subject (i.e., less than 

4 minutes) remain (Siegel et al., 2014). Another method of denoising is based on 
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principal component analysis (PCA). This method relies on the identification of 

similarities of different sources of signal in the brain to isolate non-grey matter signal and 

model them as confounds. An example is aCompCor, which uses PCA to identify voxels 

of no interest that come from white matter and CSF (Behzadi, Restom, Liau, & Liu, 

2007).  Although there is still no consensus on the best strategy (or the combination of 

more than one) for reduction of the noise in fMRI data (and for functional connectivity 

analysis), there is agreement that denoising methods such as scrubbing and regression can 

help to improve the quality of the data and, as such, their implementation in 

preprocessing pipelines is recommended (Caballero-Gaudes & Reynolds, 2017; 

Muschelli et al., 2014; Power et al., 2015). For our connectivity fMRI analyses, we 

adopted a combination of aCompCor and scrubbing, as performed by ART 

(https://www.nitrc.org/projects/artifact_detect/), and recommended in the CONN toolbox 

(Whitfield-Gabrieli & Nieto-Castanon, 2012) (see Chapter 7 for details).   

Of note, motion can be particularly challenging in certain population, including 

children. None of the strategies currently available to reduce motion can replace high-

quality data or overcome the bad quality of the data. As such, it is important that 

researchers have in places strategies to ensure that the data collected are usable. With 

children, during data collection for my PhD I found that such strategies include verabal 

explanation of the importance of being still in the scanner, which should be reinforced 

when checking on the child during the scanner, the use of pictures that show how the 

brain looks if one moves or not in the scanner, and most of all the use of the practice 

session (mock scan) where the children can practice lying still and can indicate whether 

they are ready to undergo the MRI or not. 

 

4.2.2.2 Psychosocial measures 
 

Table 4-1 lists the measures collected at baseline (W1) and 18-month follow up 

(W2). Only the questionnaires relevant to this study are described below. See (Simmons 

et al., 2017) for more details. 
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Table 4-1. Summary information on measures collected at baseline and 18-month follow 

up.  

Adapted from (Simmons et al., 2017). 
 
Measure 

 

Baseline 

(W1) 

Follow-up 

(W2) 

Report 

on 

Direct measure    

MRI brain scan – structural ✓ ✓ C 

MRI brain scan – functional  ✓ C 

Family Interaction Task (mother and child)  ✓  C/M 

Anthropometry  ✓ ✓ C 

Saliva samples  ✓ ✓ C 

Hair samples  ✓ ✓ C 

Child questionnaires    

Wechsler Intelligence Scale for Children (WISC-IV)  ✓ ✓ C 

Silent films task   ✓ C 

Attachment Questionnaire for Children (AQC)  ✓ ✓ C 

Brief Multidimensional Student’s Life Satisfaction Scale (B-

MSLSS) 

 ✓ C 

Children’s Depression Inventory (CDI-2)  ✓ ✓ C 

Children’s Rejection Sensitivity Questionnaire (CRSQ)  ✓ ✓ C 

Edinburgh Handedness Inventory (EHI)  ✓ ✓ C 

Empathy Questionnaire (EQ)   ✓ C 

Kern’s Security Scale (KSS)  ✓ ✓ C 

Spence Children's Anxiety Scale (SCAS) ✓ ✓ C 

Parent questionnaires    

Alabama Parenting Questionnaire (APQ)  ✓ ✓ M 

Adult Rejection Sensitivity Questionnaire (ARSQ)  ✓ ✓ M 

Alcohol, Smoking and Substance Involvement Screening Test 

(ASSIST)  

✓ ✓ 

 

M 

 

Beck Anxiety Inventory (BAI)  ✓ ✓ M 

Composite Abuse Scale (CAS)  ✓ ✓ M 

Child Behaviour Checklist (CBCL) 6-18 ✓ ✓ C 

Conflict Behaviour Questionnaire (CBQ) ✓ ✓ C/M 

Coping with Children’s Negative Emotions Scale (CCNES)  ✓ ✓ M 
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C = child 

M = mother 

4.2.2.2.1 Children’s Depression Inventory (CDI-2)  
 

The CDI-2 self-report is a 28 items questionnaire aimed to assess depressive 

symptoms in youth aged 7 to 17 years (Kovacs, 1992). It provides a total score, two scale 

scores (Emotional Problems and Functional Problems), and four subscale scores 

(Negative Mood, Negative Self-Esteem, Ineffectiveness, Interpersonal Problems). For 

each item 3 responses are provided. The responses are scored from 0 to 2, where 0 means 

that there are no symptoms, 1 the symptoms are present and mild and 2 symptoms are 

present and marked. Participants are asked to respond about their symptoms over the past 

two weeks. The CDI-2 has normative data in the relevant age range, as well as solid 

evidence for reliability and validity (Saylor, Spirito, & Bennett, 1984).  

4.2.2.2.2 Spence Children's Anxiety Scale (SCAS) 
 

The SCAS is a 44 items self-report questionnaire that assesses severity of anxiety 

symptoms in 6 domains of anxiety in line with the DSM-IV (Spence, 1998). The domains 

correspond to subscales and measure separation anxiety, social phobia, obsessive-

compulsive problems, panic/agoraphobia, generalized anxiety and fear of physical injury. 

Children’s Depression Inventory – Parent (CDI-2-P) ✓ ✓ C 

Centre for Epidemiologic Studies Depression Scale (CESD)  ✓ ✓ M 

Child Health Questionnaire (CHQ) ✓ ✓ C 

Children’s Report of Parental Behaviour Inventory – Parent 

Report (CRPBI-PR)  

✓ 

 

✓ 

 

M 

Lifetime Incidence of Traumatic Events (LITE)  ✓ ✓ C 

Multidimensional Neglectful Behaviour Scale (MNBS)  ✓ 

 

✓ 

 

M 

Parental Reactions to Children’s Positive Emotions Scale 

(PRCPS)  

✓ 

 

✓ 

 

M 

Pubertal Development Scale (PDS) ✓ ✓ C 

Sexual Maturity Scale (SMS)  ✓ ✓ C 

Teacher questionnaires    

Social Skills Improvement Scale (SSIS)   ✓ C 
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A total score is also provided. Children are asked to rate on a Likert scale from never (0), 

sometimes (1), often (2), and always (3) a range of different things that can scare them 

(e.g. I am scared of spiders) or that can happen to them (e.g. I feel afraid). Of the 44 

items, 6 are positive (e.g. I am a good person) to reduce negative response bias. The 

SCAS has been shown to have good validity and reliability properties and has normative 

data available for age and gender (Essau, Sasagawa, Anastassiou-Hadjicharalambous, 

Guzmán, & Ollendick, 2011). 

4.2.2.2.3 Child Behaviour Checklist (CBCL)/6-18 
 

The CBCL for age 6-18 is a parent-report questionnaire aimed to identify a range 

of behavioural and emotional problems common in children (Achenbach, 1991). The first 

part collects information about the child’s activities, their academic functioning and 

social competences. The second part comprises 112 items that list a range of common 

behavioural and emotional problems. Responses are presented on a Likert scale ranging 

from 0 = Not True, 1 = Somewhat or Sometimes True, 2 = Very True or Often True. The 

scale includes the subscales Aggressive Behaviour, Anxious/Depressed, Attention 

Problems, Rule-Breaking Behaviour, Somatic Complaints, Social Problems, Thought 

Problems, Withdrawn/Depressed. An Externalising Symptoms total score is calculated by 

summing Aggressive Behaviour, Attention Problems and Rule-Breaking Behaviour 

subscale scores. An Internalising Symptoms score is calculated by summing 

Anxious/Depressed, Somatic Complaints and Withdrawn/Depressed subscale scores. 

4.2.2.2.4 Centre for Epidemiologic Studies Depression Scale (CES-D) 
 

The CESD has been described in the ADS section 4.1.2.2.1. 

 

4.2.2.3 Family Interaction Task (FIT) 
 

The family interaction task was conducted at W1. The procedure was identical to 

that described in the ADS, except that the Event Planning Interaction (EPI) and Problem 

Solving Interaction (PSI) tasks were 15 (rather than 20) minutes each.  
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4.2.2.4 Family Interaction Macro-coding System (FIMS) 
 

The interaction tasks performed at baseline were coded using the Family 

Interaction Macro-coding System (Holmbeck, Zebracki, Johnson, Belvedere, & 

Hommeyer, 2007). The FIMS is a macro (or global) coding system, where one rating is 

given per code for the entire length of the interaction. Coders viewed each video and 

rated each code on a 5-point Likert scale. For instance, the code “involvement in the 

task” refers to the extent to which the participant showed active and enthusiastic 

participation in the task based on both verbal and non-verbal signals. Codes are rated on a 

scale from 1 to 5, where 1 correspond to Not at All (e.g. the participant looks tired and 

bored, does not interact, looks very unenthusiastic) to 5 – Very Often (e.g. the participant 

follows conversation, looks attentive, enthusiastic)(Holmbeck et al., 2007). The FIMS 

includes behaviour codes and family systems codes. Behaviour codes are grouped under 

interaction style, conflict, affect, control, parental behaviours and collaborative problem 

solving. There are 115 codes in total. Two post-graduate students were trained by 

experienced coders from the laboratory of Professor Grayson N. Holmbeck at Loyola 

University of Chicago. By the end of the training, coders were required to reach a 90% 

agreement between codes. At the completion of all coding, reliability was calculated 

again and the coders achieved a 95% agreement between codes. The codes from both 

raters were averaged for subsequent analysis. 

4.2.2.4.1 Modified version of the FIMS 
 

The FIMS includes separate codes for the child, the mother, and the father 

(Holmbeck et al., 2007). As fathers did not participate in the study, codes for the fathers 

were excluded. Further, two other codes were excluded because they were originally 

included for use in pediatric illness: “active catering to the child” and “parental behaviour 

that infantilises the child” (e.g. Holmbeck, Coakley, Hommeyer, Shapera, & Westhoven, 

2002) and were not relevant for typically developing children. Seven family systems 

codes were excluded because they were intended for triadic interactions. Only the family 

code “the family is able to reach agreement or resolution” was included because none of 
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the dyadic items captured this behavior. It has been suggested that both the frequency and 

intensity of positive, aggressive, and dysphoric parental affect is important for child 

emotional development (Eisenberg, Cumberland, & Spinrad, 1998). The FIMS did not 

have distinct codes for dysphoric and aggressive affect, but rather a global negative affect 

code. Moreover, it did not separate frequency and intensity neither for negative nor for 

positive affect. Therefore, five additional codes were added: 1) intensity for positive 

affect 2) intensity for aggressive affect 3) intensity for dysphoric affect 4) frequency for 

aggressive affect 5) frequency for dysphoric affect. The list of codes is provided in Table 

4-2. Further details about how FIMS data were utilised in analyses are provided in the 

empirical Chapters 6 and 7. 

 

Table 4-2. List of the FIMS coded included in FACTS. 
I. INTERACTION STYLE 

 

A. Involvement in the task 

B. Clarity of thought/idea expression  

C. Confidence in stating opinions  

D. Provides explanations for positions 

E. Requests input from other family members  

F. Listens to others 

G. Off-task behavior  

H. Receptive to statements made by others  

I. Attunement  

J. Mutuality 

K. Positive Escalation  

L. Maturity  

M. Child is Needy  

N. Eye Contact  

O. Physical Contact  

 

II. CONFLICT 

 

P. Level of conflict within dyads  

Q. Tolerates differences and disagreements  
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R. Withdrawal from conflict  

S. Negative Escalation  

T. Attempted resolution of issues  

 

III. AFFECT 

 

U. Intensity of positive affect expression/emotionality (note: includes frequency and intensity) 

UA. FACTS CODE Positive - exclude frequency for intensity 

V. Frequency of positive affect  

W. Intensity of negative affect expression/emotionality  

WA. FACTS CODE Intensity of aggressive affect expression/emotionality 

WB. FACTS CODE Intensity of dysphoric or sad affect expression/emotionality 

X. Frequency of negative affect  

XA. FACTS CODE Frequency of aggressive affect 

XB. FACTS CODE Frequency of dysphoric affect 

Y. Warmth  

 Z. Supportiveness  

AA. Humor and laughter 

AB. Anger  

 

IV. CONTROL 

 

AC. Dominance  

AD. Pressures others to agree  

AE. Parents present a united front 

 

V. PARENTAL BEHAVIORS AND COLLABORATIVE PROBLEM SOLVING 

  

AF. Parental promotion of dialogue and collaboration  

AG. Parental structuring of task  

AH. Parent Promotes Autonomy in Child 

AI. Active Catering to the Child - EXCLUDED 

AJ. Parental Behavior that Infantilizes the Child - EXCLUDED 

 

VI. SUMMARY FAMILY MEASURES  
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AK. Degree of family impairment - EXCLUDED 

AL. General family atmosphere  

 

4.2.2.5 Saliva sample 
 

Participants (mothers) were instructed about the saliva collection procedure over 

the phone. The kit for collection was sent home about one week before the MRI 

assessment. Participants (children) were asked to provide two 2.5ml samples: one the day 

before the assessment and one the day of the assessment. The families were instructed to 

collect the sample right after waking, avoiding eating, drinking, or brushing teeth prior to 

sample collection. The tubes were kept frozen and transported to MCRI in a freezer bag 

were they were stored in a − 30 °C freezer until time of assay. 

 

4.2.2.6 Genetics 
 

DNA was extracted from baseline saliva samples using standard procedures at the 

Murdoch Children’s Research Institute. Genotyping was carried out at Australian Genetic 

Repositories Australia. All DNA samples (10 ng/µl) were transferred into 384 well PCR 

plates for genotyping. The genotyping analysis was performed as recommended by the 

manufacturer with reagents included in the iPLEX Gold SNP genotyping kit (Agena) and 

the software and equipment provided with the MassARRAY platform (Agena). Samples 

were amplified from a 5 µl final PCR volume composed of 1×PCR buffer, 2 mM MgCl2, 

500 µM deoxynucleotide triphosphates (dNTPs), 0.1 µM each PCR primer, 0.5 U of 

HotStarTaq enzyme, and 1 µl DNA. The thermal cycling conditions consisted of a first 

denaturation step at 95°C for 2 min, followed by 45 cycles of denaturation at 95°C for 30 

s, annealing at 56°C for 30 s, and extension at 72°C for 1 min, with a final extension step 

at 72°C for 5 min. To neutralize unincorporated dNTPs, PCR products were treated with 

0.5 U shrimp alkaline phosphatase by incubation at 37°C for 40 min, followed by enzyme 

inactivation by heating at 85°C for 5 min. By adding 2 µl of an iPLEX Gold extension 

reaction cocktail to the purified PCR products, the extension reaction was carried out in a 

final volume of 9 µl containing 0.222×iPLEX buffer, 1×iPLEX termination mix, 
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1×iPLEX enzyme, and the SBE primer mix of extension primers. The iPLEX extension 

reaction was performed under the following thermal conditions: an initial denaturation 

step at 94°C for 30 s, followed by 40 cycles of a denaturation step at 94°C for 5 s, 5 

cycles of annealing at 52°C for 5 s and extension at 80°C for 5 s and a final extension 

step at 72°C for 3 min. After desalting of the products by using SpectroCLEAN resins 

following the manufacturer’s protocol, cleaned extension products were dispensed onto a 

384 SpectroCHIP array using an RS1000 Nanodispenser, and finally, the array was 

introduced into a MassARRAY Compact mass spectrometer. Spectra were acquired using 

SpectroAcquire software, and data analysis, including automated allele calling, was done 

using MassARRAY Typer software, version 4.0.5. 

 

4.3 Statistical analysis 
 

4.3.1 Mediation, moderation and moderated mediation 
 

In this thesis both moderation and mediations models were tested. Moderation 

occurs when a third variable affects the strength of the relationship between two variables 

(X à Y). The third variable is called moderator (W) (Figure 4-2).  

 

 
Figure 4-2. Moderation of W on the relationship between X and Y. 

 

An extension of moderation is moderated moderation or three-way interaction. 

This occurs when there is a two-way interaction (as the one described above) that varies 

across levels of a third variable (W). 



 

 
 
 

63 

 

Mediation occurs when a variable (X) influences another variable (Y) through an 

effect on a mediator (M). Because Y is influenced by M, which is influenced by X (X à 

M à Y), the effect of X on Y is called an indirect effect (Preacher, Rucker, & Hayes, 

2007). Different methods to test the significance of the indirect effect have been 

proposed, with the ‘casual steps’ approach being the most popular in the psychological 

literature (MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002). The causal steps 

approach, originally described by Judd and Kenny and extended by Baron and Kenny 

(Baron & Kenny, 1986), requires a series of steps be tested in a logical sequence in order 

to establish the statistical significance of the mediator variable. Baron and Kelly define 

the following steps: 

1. Given an significant relationship between an independent variable (X) and 

a dependent variable (Y) – total effect or path c (Figure 4-3); 

2. X significantly predicts the mediator (M) – path a; 

3. M significantly predicts Y, controlling for X – path b; 

4. When M is controlled for, the relationship between X and Y (direct effect 

or path c’) is no longer significant (Figure 4-4). 

 

 
 

Figure 4-3. Direct effect or path c. 
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Figure 4-4. Mediation effect of X on Y through M. 
 

Complete mediation would occur when path c’=0. Partial mediation occurs when 

c’<c but ≠ 0. While this method provides a framework to establish the conditions for 

mediation, it does not provide a formal test for the indirect effect of X on Y through M 

(MacKinnon et al., 2002). It is also important to mention that an indirect effect is distinct 

from a mediation effect. A mediation effect implies a pre-existing significant relationship 

between X and Y  (X à Y), which is not assumed for an indirect effect (Preacher & 

Hayes, 2004). It is possible to find an indirect effect in the absence of direct effect 

(Preacher & Hayes, 2004).  In a simple mediation model, the indirect effect is measured 

as the product of X à M (path a) and M à Y (path B), that is a x b. For the purpose of 

formally testing the indirect effect, other methods have been proposed, such as the Sobel 

test, and bootstrapping. The Sobel test is simply a test of a x b as described above. 

Bootstrapping is a re-sampling with replacement technique that Preacher (Preacher & 

Hayes, 2004) proposed to apply to the distribution of the indirect effect. This method 

involves repeatedly and randomly resampling a dataset with replacement a certain 

amount of times (at the discretion of the researcher, e.g., 500 or 10000). The indirect 

effect is computed over the number of resamples chosen and this provides an estimation 

of the sampling distribution. With the distribution, a confidence interval and a standard 

error can be determined.  Usually, the 95% Confidence Interval (CI) is used (i.e., through 

repeated samples, 95 out of 100 confidence intervals would be expected to contain the 

true mean). If the confidence interval includes zero, the effect is deemed insignificant. 

Bootstrapping presents a series of technical advantages, such as the fact that it is a non-

parametric approach and therefore it does not make assumptions about the shape of the 

sampling distribution or the distribution of the variables. This is important as the product 

of a x b is almost never normally distributed (Preacher & Hayes, 2004). Moreover, 

bootstrapping provides increased power to detect indirect effects, making it suitable for 

small samples (Preacher et al., 2007). Thus, bootstrapping overcomes the limitations 

imposed by the Sobel-test (normality of the distribution and large sample sized) (Preacher 

& Hayes, 2004). Mediation and moderation can be integrated together in what is called 

“moderated mediation”. Moderated mediation occurs when the strength of an indirect 



 

 
 
 

65 

effect (XàMàY) is affected by the value of a fourth variable, the moderator (W) 

(Preacher et al., 2007) (Figure 4-5).  

 

 
 

Figure 4-5. Moderated mediation.  

The moderator W moderates the relationship between X and M. The moderator W could 

also moderate the relationship between X and Y (not represented here). 

 

Moderated mediation is different from “mediated moderation” (term introduced 

by Baron and Kenny (Baron & Kenny, 1986)) in the sense that in mediated moderation 

models the focus is on the interaction effects of X and Y on M and on Y separately and 

do not require to probing of the indirect effect (Preacher et al., 2007). For moderated 

mediation models, Hayes (Hayes, 2015) introduced the term “index of moderated 

mediation”, defined as a “direct quantification of the linear association between the 

indirect effect and the putative moderator of that effect”. In Chapter 5, I adopted a 

moderated mediation model to test the association between the indirect effect of maternal 

aggressive behaviour (X) on depressive symptoms (Y) through hippocampal 

development (M) and HPA axis genetic score (W). Hayes recommends using 

bootstrapped confidence interval for inference of the regression coefficients. In his paper 

(Hayes, 2015), he provides codes to implement bootstraped confidence intervals for the 

index of mediation and moderated mediation for SPSS, SAS and Mplus. SPSS and SAS 

require the activation of the PROCESS macro. Mplus allows applying bootstrapping 

technique not only to the direct and indirect effects but also to simple slope analysis. 

Given that bootstrapping is thought to be robust to non-normally distributed variables and 

outliers, this approach has been preferred in the analyses included in Chapter 5 and 7 
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(considering also the small sample size analysed in Chapter 5). To probe the interaction, 

we analysed the statistically significance of the simple slope of Y on X for chosen values 

of the moderator W (the mean and 1 SD above and below the mean of W), following a 

pick-a-point approach (Rogosa, 1980). W moderates the relationship between X and Y 

for values of W where the confidence interval does not contain 0 (Preacher et al., 2007). 

 

4.3.2 PsychoPhysiological Interaction (PPI) and generalised PsychoPhysiological 
Interaction (gPPI) 
 

In fMRI, it is possible to investigate both the functional integration of the brain 

(connectivity) and the functional specialization (activation). In the context of 

connectivity, the types of analyses that can be applied are traditionally grouped under 

effective connectivity and functional connectivity. Effective connectivity models, such as 

Dynamic Causal Modeling (Friston, Harrison, & Penny, 2003), aim to investigate the 

influence of one brain region on another, assuming therefore a flow of direction 

(causality) (Friston, 2011). These models are usually hypothesis driven and confirmatory 

(Friston, 2011). Functional connectivity models, on the other hand, limit their aim to 

investigate the temporal correlation between brain areas, without implying any direction 

(Friston, 2011). Psychophysiological interaction (PPI) (Friston et al., 1997) is a type of 

functional connectivity analysis, and as such, does no make inference about causality. 

However, it relies on the formulation of some hypotheses (O’Reilly, Woolrich, Behrens, 

Smith, & Johansen-Berg, 2012). PPI is applied to task fMRI and aims to identify which 

voxels in the brain change their relationship with a seed region of interest (defined a 

priori – therefore hypothesis driven) in a given context (task). In PPI, the psychological 

factor corresponds to the behavioural task (e.g., viewing emotional faces) and the 

physiological factors correspond to the time-course of a region of interest (seed region). 

If there is a change in the relationship between the seed region and another region in the 

brain during the condition of interest but not in another condition, we can assume that 

there is a context-specific interaction between the two areas (O’Reilly et al., 2012). 

Standard PPI (Friston et al., 1997) was developed for block-designed studies. In standard 

PPI (implemented in SPM) the physiological time-course and therefore the interaction are 
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modelled at the level of the BOLD signal, which is an indirect measure of neuronal 

activity. More recent developments of PPI, which arised from necessity related to event-

related designs, have introduced an additional deconvolution step (Gitelman, Penny, 

Ashburner, & Friston, 2003), which aims to estimate the interaction at the neural level 

instead of at the BOLD level. This is the approach implemented in FSL. Moreover, 

standard PPI allow modelling only two experimental conditions. However, it has been 

shown that flexible PPI models, that allow modelling multiple conditions, perform better 

with tasks with more than two conditions, even when the third conditions is the rest 

condition (e.g., fixation cross), because they takes into account the fact each every 

neuronal states may be different from the others. This approach is called generalised 

psychophysiological interaction (gPPI) (Mclaren, Ries, Xu, & Johnson, 2012). In the 

context of the emotional faces tasks used in this thesis, PPI is a good approach to explore 

the connectivity between the amygdala (which is hypothesised a priori to be an important 

seed region for emotion processing) and the rest of the brain. Given that the task includes 

three conditions (faces, shapes and rest) gPPI has been chosen in the analysis reported in 

Chapter 7. 

 

4.4 The thesis 
 

The general aim of this thesis was to investigate whether parenting behaviour, 

moderated by genetic variants, is associated with differences in brain regions underlying 

emotion processing, and whether these changes are associated with internalising 

symptoms (Figure 4-6).  
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Figure 4-6. Outline of the model investigated in the study. 
 

The analyses are presented in three chapters. Chapter 5 (formatted for 

publication), using data from the ADS, investigates the relation between an observational 

measure of maternal aggressive behaviour during early adolescence (W1), hippocampal 

structural development from W1 to W4 and HPA genetic variants in the prediction of 

depressive symptoms during late adolescence (W4). In this longitudinal study, different 

models were tested to investigate whether hippocampal development would mediate or 

moderate the association between parenting by HPA genetic risk interaction and late 

adolescent depressive symptoms. Chapter 6 (formatted and accepted for publication), 

using data from FACTS, investigates the association between observational measures of 

maternal parenting behaviours at W1 and brain activity (amygdala and whole brain) 

during emotion processing in children at W2, and in turn internalising symptoms at W2. 

Chapter 7 (formatted for publication, currently under review) investigates the association 

between HPA axis genetic risk in interaction with maternal parenting behavior and 

amygdala reactivity/connectivity, and in turn internalising symptoms at W2.  
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5 Hypothalamic–pituitary–adrenal axis genetic variation interacts with 
hippocampal development and parenting behaviour to predict depression in 

adolescence 
 
 

5.1 Abstract 
 

Objectives: adolescence depression has been associated with aggressive parenting and 

genetic risk, but it is unclear if neurobiological factors act as mediators or moderators of 

these associations. We investigated whether genetic variants within the HPA axis 

interacted with aggressive parenting in predicting depressive symptoms during 

adolescence, and whether hippocampal development acted as a mediator (intermediate 

phenotype) or moderator (effect modifier) of these associations. Methods: participants 

were 98 adolescents in whom hippocampal structural development was measured from 

MRI scans performed across three times: W1 (M=12.6 years), W2 (M=16.5 years), W3 

(M=18.8 years). We measured aggressive maternal behaviour at W1 from an observed 

interaction task, depressive symptoms at W1, W3, and HPA genetic risk using a genetic 

risk score. Results: maternal aggressive behaviour interacted with HPA genetic risk score 

and hippocampal development in predicting depressive symptoms at W3. Higher rates of 

maternal aggression were associated with increased depressive symptoms only for 

individuals with greater HPA genetic risk score and reduced hippocampal growth. 

Conclusions: this study provides evidence for a complex model of depression risk in 

adolescents, and supports the hypothesis that individual differences in hippocampal 

development may act as independent factor that interacts with genetic and environment 

risk factors to influence the development of depression. 

 

5.2 Introduction 
 

Adolescence represents an important peak of onset of depression (McGorry, 

Purcell, Goldstone, & Amminger, 2011). Moreover, experiencing elevated depressive 

symptoms during adolescence increases the risk of developing depression and suicidal 

ideation later on (Fergusson, Horwood, Ridder, & Beautrais, 2005). Several factors are 
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likely to play a role in the aetiology of adolescent depression and depressive symptoms. 

While exposure to extreme adverse rearing conditions, such as childhood abuse 

(Chapman et al., 2004), is an established risk factor, recent research has highlighted an 

important role of rearing experiences that fall in a more ‘normal’ range (Belsky & De 

Haan, 2011). In this context, normative variations in specific parenting behaviours, such 

as parental aggression, appear to be particularly relevant for depression (Yap & Jorm, 

2015).  

Genetic factors are also likely to be important in depression risk. Dysregulation of 

the hypothalamic–pituitary–adrenal (HPA) axis in depressed patients is a robust finding 

(Pariante & Lightman, 2008), and as such, candidate genes that influence the HPA axis 

are likely to be important (Binder et al., 2004; Lekman et al., 2008). Moreover, the 

interaction between environmental and genetic factors may be more important in 

predicting depression risk than either factor in isolation. Indeed, some studies have 

detected an effect of HPA genotypes on depression only in interaction with adverse 

experiences (e.g. Appel et al., 2011; Bradley et al., 2008; Grabe et al., 2010). More 

recently, a study on HPA-related genes found that the accumulation, rather than the 

presence of any specific ‘risk’ allele, interacted with environmental adversity to predict 

biological stress responsivity, which is known to be affected in depression (Pagliaccio et 

al., 2014).  

Within gene-environment interaction frameworks, the investigation of 

neurobiology has been suggested as critical to understanding psychopathology (Hyde, 

2015). In the context of depression, hippocampal volume is a particularly relevant aspect 

of neurobiology, with robust evidence for abnormalities in those with depression 

(Videbech & Ravnkilde, 2004). There is evidence that hippocampal changes are present 

before depression (U. Rao et al., 2011), and thus may represent a pre-existing risk factor. 

We have previously found that and attenuated hippocampal development during 

adolescence prospectively predicts depression onset (Whittle, Lichter, et al., 2014), and 

suggest that the assessment of hippocampal development (i.e., change over time) may be 

more important than cross-sectional measures in understanding depression vulnerability 

in developing samples. Whether hippocampal development might mediate or moderate 

gene-environment interactions in the prediction of adolescent depression is unknown.  
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On one hand, it is possible that altered hippocampal development falls in the 

causal chain between genotype (and its interaction with the environment) and phenotype 

(i.e., depression). We previously found that smaller (cross-sectional) hippocampal 

volume mediated the link between variations in the serotonin transporter gene and 

depression onset, in the context of lower positive parenting (Little et al., 2015). 

Regarding HPA genes, an emerging literature provides evidence for the interaction 

between adverse environments and candidate polymorphisms within the HPA axis in 

predicting brain structure and/or function, with some evidence that brain 

structure/function mediates associations with psychopathology outcomes (Bogdan et al., 

2016)  One study to date has found that stressful life events interact with HPA genetic 

risk score to predict hippocampal volume in children, although depression outcomes were 

not assessed (Pagliaccio et al., 2014).  

On the other hand, consistent with a recently proposed model (Hyde, 2015), 

altered hippocampal development may interact with genetic and environmental factors to 

influence depression, and as such, act as effect modifier.  We have previously shown that 

hippocampal volumes interact with aggressive parenting behaviours to predict depressive 

symptoms in adolescence (Whittle et al., 2011) and there is evidence that small 

hippocampal volume may be an independent biological risk factor that is present in some 

individuals preceding environmental adversity (Gilbertson et al., 2002). To our 

knowledge, no study has investigated hippocampal development as an independent risk 

factor that acts as a moderator of gene-environment interactions in depression.  

In this longitudinal study, we first aimed to examine whether an observational 

measure of maternal aggressive behaviour (during early adolescence) interacted with 

HPA axis genetic risk score in predicting depressive symptoms approximately six years 

later, in a sample of adolescents recruited from the general population. Second, we aimed 

to explore if hippocampal development from early to late adolescence would mediate or 

moderate the association between parenting by HPA genetic risk score interaction and 

late adolescent depressive symptoms. Given the above literature we did not hypothesize 

support for one model over the other. However, we hypothesized that hippocampal 

development would act either as a mediator or moderator of these associations such that 

higher genetic risk score combined with higher levels of maternal aggressive behaviour 
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would be associated with increased depressive symptoms via attenuated hippocampal 

development (i.e., mediation), or only in those adolescents with attenuated hippocampal 

development (i.e., moderation). 

 

5.3 Material and Methods 
 

5.3.1 Participants 
 

The sample consisted of 98 adolescents (48 female), recruited from metropolitan 

Melbourne, taking part in a longitudinal study (the Orygen Adolescent Development 

Study), described in more detail elsewhere (e.g. Schwartz et al., 2012). Relevant to the 

current analysis, at baseline (W1, mean age 12.6 years) mother-child dyads took part in 

interaction tasks, which were video recorded. MRI was performed at three waves (W1, 

W2 [mean age 16.5] and W3 [mean age 18.8]). Questionnaires and diagnostic interviews 

were administered at each wave. During the study, saliva was collected and used for 

genetic analyses. Socioeconomic status (SES) was assessed based on parental occupation, 

coded using the Australian National University Four (ANU4) scale (Jones & Mcmillan, 

2001). See Table 5-1 for demographic details and Supplementary Material Table 5-S1 for 

correlations between variables. 

 

Table 5-1. Sample characteristics. 
 N Mean SD Range 

Age W1 98 (F:48 M:50) 12.6 0.7 11.4-13.6 

Age W2 76 (F:36 M:40) 16.5 0.5 15-18.1 

Age W3 68 (F:33 M:35) 18.8 0.4 17.8-19.8 

Mother aggressive behaviour W1 98 0.541 0.389 0-1.79 

Child CESD W1 98 31.5 9.5 20-75 

Child CESD W3 98 38.2 9.1 28-69 

HPA profile score 98 4.076 1.3 1-7.5 

SES (ANU scale) 97 61.01 20.426 14-100 

Left hippocampus slope W1 to W3 81 -0.138 1.738 -4.458-3.351 
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Right hippocampus slope W1 to W3 81 0.510 0.049 -0.14-0.15 

Note: There were no significant sex differences for any variable (all p values > 0.05). Note that 23 out of 

98 participants received a diagnosis of major depressive disorder between W1 and W3. 

The sample of 98 participants included in the analysis did not differ from the broader sample of 202 

individuals that participated in the family interaction task for gender distribution, depressive symptoms at 

baseline (CESD) (p>0.05) but it differed for maternal aggressive behaviour (p=0.07), which was lower in 

the included sample (M=0.541; SD=0.389) compared to the rest of the sample (M= 0.725; SD=0.462), and 

SES (p=0.045), which was higher in the included group (M=61.010; SD=20.426 versus M= 54.747; SD= 

21.574) (please note that we controlled for SES in the analysis) 

W= wave 

Child CESD= Centre for Epidemiologic Studies Depression Scale (CESD) (Radloff, 1977) 

SES= Social Economic Status, measured with the Australian National University Four (ANU4) scale (Jones 

and Mcmillan, 2001) 

 

5.3.2 Measures 
 

5.3.2.1 Clinical symptoms  
 
 

Both parental and adolescent depressive symptoms were assessed using the Centre for 

Epidemiologic Studies Depression Scale (CESD) (Radloff, 1977), a self-report scale 

developed to measure depressive symptoms in the general population. 

 

5.3.2.2 Parenting style  
 

An Event Planning Interaction (EPI) was performed at W1. This was a lab-based 20 

minute interaction where mother-child dyads were asked to plan enjoyable activities, 

chosen from the Pleasant Events Checklist, a modified version of the Pleasant Event 

Schedule (D. J. MacPhillamy & Lewinsohn, 1982). Extensively trained observers 

(bachelor level research assistants) coded the video recorded interactions for different 

aspects of emotional behaviour using a real-time micro-coding system, the Living in 

Family Environments (LIFE (Hyman Hops, Davis, & Longoria, 1995)) system. The LIFE 

consists of 10 affect codes and 27 verbal content codes. A code is entered each time the 
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affect or the content of the interaction between the participants changes. An aggressive 

maternal behaviour construct was derived, which included codes with contemptuous, 

angry, and belligerent affect, as well as disapproving, threatening, or argumentative 

statements with neutral affect. A measure of frequency was calculated as the rate per 

minute of aggressive behaviour.  We have previously found that higher rates of maternal 

aggressive behaviour during the EPI increases the risk for depression across adolescence 

(Schwartz et al., 2014). 

 

5.3.3 Genetics  
 

DNA was recovered from stabilized saliva samples. Ten single nucleotide 

polymorphisms (SNPs) in four genes (Table 5-2) as well as 60 unlinked ancestry 

informative markers (AIMs; Supplementary Table 5-S2) were genotyped with the 

Sequenom MassARRAY MALDI-TOF genotyping system (Sequenom Inc., San Diego, 

CA) by the Australian Genome Research Facility, Ltd. These SNPs were selected based 

on previous findings in the literature on stress and depression (e.g. Binder et al., 2004; 

Lekman et al., 2008; Zobel et al., 2010). A ‘risk’ allele was designated for each SNP and 

an unweighted HPA polygenic score was calculated by summing the number of ‘risk’ 

alleles present (valid range 0 – 10) for each participant (see Table 5-2 for scoring details). 

This HPA polygenic score has previously been shown to positively predict cortisol levels 

in relation to a stressful task in children (Pagliaccio et al., 2014). See Supplementary 

Material for evidence of a marginal association between the polygenic score and basal 

HPA axis function from a subsample of participants. PLINK (Purcell et al., 2007) was 

used to detect departures from Hardy Weinberg Equilibrium (HWE) and determine minor 

allele frequency (MAF). No significant deviations from HWE were observed. To 

estimate the presence of population stratification, the 60 AIMs were used to assign each 

participant to the HapMap ancestral group (Northern/Western European, Han Chinese 

and Yoruba in Nigeria) for which they carried the greatest proportion of that population’s 

AIMs. The participants included in analyses were from the same ancestral group 

(Northern/Western European); five participants with Han Chinese ancestry were 

excluded to reduce issues related to population stratification. 
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Table 5-2. Single nucleotide polymorphisms included in the HPA genetic risk score.  
Gene SNP Alleles MAF HWE p Reliability^ Scoring* 

CRHR1 rs4792887 C>T 0.11 >0.05 100% TT=1,TC=0.5,CC=0 

CRHR1 rs110402 C>T 0.45 >0.05 100% TT=1,CT=0,CC=0 

CRHR1 rs242941 G>T 0.27 >0.05 100% AA=1,CA=1,CC=0 

CRHR1 rs242939          A>G 0.07 >0.05 100% CC=1,CT=1,TT=0 

CRHR1 rs1876828 G>A 0.25 >0.05 100% CC=1,TC=1,TT=0 

NR3C2 rs5522 A>G 0.09 >0.05 100% GG=1,AG=1,AA=0 

NR3C1 rs41423247 G>C 0.35 >0.05 100% GG=1,CG=1,CC=0 

NR3C1 rs10482605 T>C 0.15 >0.05 100% AA=1,AG=0,GG=0 

NR3C1 rs10052957 G>A 0.26 >0.05 100% AA=1,GA=0,GG=0 

FKBP5 rs1360780 C>T 0.28 >0.05 100% TT=1,CT=1,CC=0 

^Calculated by re-genotyping a random 10% of the sample  

*according to Pagliaccio et al, 2014 

Alleles = Alleles present in current sample (major>minor) 

MAF = Minor allele frequency for current sample 

HWE = Hardy-Weinberg equilibrium 

 

5.3.4 Neuroimaging 
 

At W1, MRI scans were performed on a 3Tesla GE (spin echo sequence) scanner at the 

Brain Research Institute, Austin and Repatriation Medical Centre, Melbourne, Australia, 

with the following parameters: repetition time=36msec; echo time=9msec; flip 

angle=35°, field of view=20cm, 124 T1-weighted contiguous coronal slices (voxel 

dimensions=0.4883x0.4883x1.5mm). At W2 and W3, all participants underwent MRI 

scans on a 3Tesla Siemens scanner at the Royal Children’s Hospital, Melbourne, 

Australia, and a high-resolution structural T1 scan (3D SPGR) with the following 

parameters was obtained: repetition time=1900msec; echo time=2.24msec; flip angle=9°, 

field of view=23cm; 176 T1-weighted contiguous sagittal slices (voxel 

dimensions=0.9mm3). 

Images were transferred to an SGI/Linux workstation for analysis at the 

Melbourne Neuropsychiatry Centre, Melbourne, Australia. Images were processed using 
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the FreeSurfer image analysis suite (http://surfer.nmr.mgh.harvard.edu/). Subcortical 

volumes were estimated using an automated subcortical segmentation procedure that 

involves the assignment of a neuroanatomical label to each voxel in a MRI volume using 

a probabilistic atlas and Bayesian classification rule for label assignment. Subcortical 

segmentation output was visually inspected for accuracy by an individual trained in 

neuroanatomy. None of the subjects was excluded after inspection. Images were 

processed through the longitudinal stream of FreeSurfer 5.3 (Reuter, Schmansky, Rosas, 

& Fischl, 2012), which creates a within-subject unbiased template space and average 

image from all time points using robust, inverse consistent registration. The template is 

used as an estimate to initialize subsequent segmentation processes in the longitudinal 

stream for each time point, providing common information regarding anatomical 

structures, and has been found to significantly increase reliability and statistical power 

(Reuter & Fischl, 2011). 

Given that different scanners were used at W1 vs. W2 and W3, a reliability 

analysis was undertaken to address concerns that changes in subcortical volume over time 

may be due to measurement bias from the different scanner platforms and acquisition 

parameters. This analysis, involving an independent sample of adults who were scanned 

at both sites, indicated that changing scanners between W1 and W2 did not produce a 

systematic bias. Further detail about the reliability analysis of the subcortical volumes 

(including the hippocampus) has been outlined in a previous paper with the cohort 

(Dennison et al., 2013).  

In order to measure hippocampal development across the full adolescent period 

for all participants, and to account for missing data (see below), for each individual a 

development/change score was calculated in the statistics package R as the random slope 

estimate from linear mixed models (see Supplementary Material for further information). 

This method has been previously validated against a measure of change calculated for 

individuals with only two time points (Vijayakumar, Allen, et al., 2017).  

 

5.3.5 Statistical analysis  
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All analyses were conducted using Mplus version 7.2. Linear regressions were 

used to test mediation and moderation models. Depressive symptoms at W3 and maternal 

aggressive behaviour were the dependent and independent variables, respectively, for all 

the models. First, we tested a moderation model including HPA axis polygenic score as a 

moderator. Second, we tested a moderated-mediation model, using the approach outlined 

by Hayes (Hayes, 2015), with hippocampal slope as the mediator. In this model, HPA 

score was included as a moderator of the relationship between maternal aggressive 

behaviour and hippocampal slope, as well as between maternal aggressive behaviour and 

depressive symptoms (see Supplementary Material for further details). Finally, we tested 

a moderated-moderation model whereby HPA score and hippocampal slope were 

moderators of the relationship between maternal aggressive behaviour and depressive 

symptoms. To probe significant moderation effects, tests of simple slopes adopting a 

“pick-a-point” approach (Rogosa, 1980), in which a few values of the moderator are 

chosen a priori, and the significance of the effect is investigated at those fixed points. 

Here the tests were performed at high (1SD above the mean), mean and low (1SD below 

the mean) levels of the moderators. See Figure 5-1 for a summary of models tested.  

Gender, age at W1, adolescent depressive symptoms at W1, maternal depressive 

symptoms at W1 and SES were entered as covariates in all models. We did not control 

for whole brain volume given the complexity involved in interpreting findings and 

potential for violations of allometric scaling principals (Vijayakumar, Mills, Alexander-

Bloch, Tamnes, & Whittle, 2017). Given that previous GxE studies found a lateralized 

effect (Grabe et al., 2016; Pagliaccio et al., 2014), separate analyses were conducted for 

left and right hippocampus. All variables involved in moderation models were mean 

centred prior to creating interaction terms, and these mean centred variables were 

included in analyses. A maximum likelihood estimator (ML in Mplus) was used for all 

analyses, with all inferential tests based on bootstrapped (10000 resamples) standard 

errors and associated p-values. However, we supplemented the test of indirect effects 

through the use of the bias corrected bootstrapped CI as recommended by Hayes (Hayes, 

2015).  
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Note that we also conducted mediation and moderation analyses using cross-

sectional hippocampal volume measures from each time point (i.e., W1, W2, W3). The 

results of these analyses revealed no significant mediation or moderation. 

Alpha level was set to 0.05 for all models. We did not correct for multiple testing, 

however, as noted above, bootstrapping was used, which gives more conservative 

estimates of p values. 

 

5.3.5.1 Missing data 
 

The final sample of 98 individuals included 81 participants with MRI data (4 

individuals with 1 scan, 29 with 2 scans and 48 with 3 scans). Slopes for these 

participants were estimated using linear mixed models as explained above.  

17 participants were missing MRI data and 1 participant was missing SES data. 

There was no other missing data. There were no significant differences between the 

subjects with or without MRI/SES data for any of the variables included in the analyses 

(all p > 0.05). Missing data for these participants were accounted for through Full 

Information Maximum Likelihood estimation (FIML). FIML, compared to imputation 

methods, does not impute any missing data but estimates parameters using all the 

information that is already contained in the data set (Dong & Peng, 2013). Note that we 

also ran analyses with the 80 participants with no missing data. The pattern of significant 

and non-significant mediation and moderation effects was identical (see Supplementary 

Table 5-S3).  

 

5.4 Results 
 

5.4.1 Moderation model: maternal aggressive behaviour x HPA polygenic score 
 

Neither maternal aggressive behaviour nor the HPA score showed a significant 

main effect on adolescent depressive symptoms at W3 (p’s>0.05 – see Supplementary 

Table 5-S3 for the full regression results). The interaction between the HPA score and 
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maternal aggressive behaviour was also not significant in predicting depressive 

symptoms at W3 (b=3.534, SE=1. 966, p=0.072) (see Supplementary Material, Figure 5-

S1).  Note that while maternal aggressive behaviour did not predict depressive symptoms 

in this model, it was associated with depressive symptoms when assessed with bivariate 

correlations (see Supplementary Material Table 5-S1). The lack of association in the 

regression model was thus due to the inclusion of other predictors. 

 

5.4.2 Moderated mediation model 
 

Reduced left hippocampal slope (i.e., attenuated growth over time) significantly 

predicted higher depressive symptoms at W3 (b=-1.256, SE=0.579, p=0.030) after 

controlling for predictors and covariates (i.e., dependent variable path). There was no 

significant interaction between HPA score and maternal aggressive behaviour in 

predicting left hippocampal slope (b=-0.562, SE=0.342, p=0.101). There was no 

moderated mediation effect involving the left hippocampus (indirect b= 0.706, SE=0. 

579, p=0.223; 95% bias corrected bootstrapped CI:  -0.027, 2.475).  

There was no effect found for right hippocampal slope in predicting depressive 

symptoms at W3 (p>.05). HPA score positively predicted right hippocampal slope 

(b=0.095, SE=0.048, p=0.046), but there was no main effect for maternal aggressive 

behaviour (p>0.05). There was no interaction between HPA score and maternal 

aggressive behaviour in predicting right hippocampal slope (b=0.103, SE=0.119, 

p=0.386). There was no moderated mediation effect involving the right hippocampus 

(indirect b=-0.076, SE=0.310, p=0.807; 95% bias corrected bootstrapped CI: -1.173, 

0.298).  

 

5.4.3 Moderated moderation models  
 

The 3-way interaction between left hippocampal slope, HPA polygenic score and 

maternal aggressive behaviour significantly predicted depressive symptoms (b=-4.615, 

SE=1.913, p=0.016). Exploring the 3-way interaction, maternal aggressive behaviour was 

found to positively predict depressive symptoms at W3 but only for those with a high 



 

 
 
 

80 

HPA genetic risk score (+1SD) coupled with small (-1SD) or average left hippocampal 

slope (See Figure 5-2, panel C) (1SD below the mean: b=17.644, SE=6.367, p=0.006; 

average: b=8.741, SE=3.082; p=0.005).  

The 3-way interaction was not significant for the right hippocampal slope (b=-

7.106. SE=4.070, p=0.081) (see Supplementary Material, Figure 5-S2). 

 

5.5 Discussion 
 

In this study, we investigated how observed measures of maternal aggressive 

behaviour, HPA genetic risk score and hippocampal growth interplayed in predicting 

depressive symptomatology in a longitudinal study of 98 adolescents. While we did not 

find evidence to support hippocampal development as a mediator of the association 

between a genetic risk by parenting interaction and depressive symptoms, we found 

support for a 3-way interaction between maternal aggressive behaviour, hippocampal 

growth and HPA axis genetic risk score score in predicting depression.  

Our hypothesis that HPA genetic risk score would interact with maternal 

behaviour to predict depressive symptoms was not supported. This finding is inconsistent 

with other gene-environment research in depression that has focused on HPA genes (e.g. 

Appel et al., 2011; Bradley et al., 2008; Zimmermann et al., 2011). However, most of the 

previous studies have investigated SNPs in a single gene, such as FKBP5 or CRHR, in 

adult samples (Appel et al., 2011; Bradley et al., 2008; Zimmermann et al., 2011), 

whereas studies that have investigated genetic risk score in children and young adults 

have not investigated depressive symptoms as an outcome (Pagliaccio et al., 2014, 

2015a). Of note, one study of adults did not find a significant interactive effect of HPA 

genetic risk score and adverse environmental exposure on depressive symptoms, 

consistent with our null finding (Iorio et al., 2017). 

We also hypothesized that hippocampal growth would mediate the interaction 

effect between HPA genetic risk score and aggressive maternal behaviour on depression. 

However, we found no support for a mediation hypothesis. This null finding may be due 

to the fact that the measure of maternal aggressive behaviour was not ‘severe’ enough to 

elicit an interaction with HPA genetic ‘risk’ that was sufficient to influence hippocampal 
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development. The previous studies with positive findings for HPA genetic risk have 

focused on more extreme adverse events such as childhood abuse (Grabe et al., 2016) and 

number of stressful life events (Pagliaccio et al., 2014). Further, the interaction effect of 

maternal aggression and HPA genetic risk score on hippocampal volume/development 

may be dependent on the age of participants or age of experienced adversity (S. L. 

Andersen et al., 2008). Moreover, the evidence of reduced hippocampal volume as a 

function of stressful experiences is generally less consistent in younger populations (De 

Bellis et al., 2002; Mehta et al., 2009).  

Although we did not explicitly hypothesize about the direct effects in our models, 

it is of note that we found no main effect of maternal aggressive behaviour on 

hippocampal development. This finding is inconsistent with some research investigating 

links between parenting and hippocampal development (Luby, Belden, Harms, Tillman, 

& Barch, 2016), although this latter study investigated maternal support and not 

aggression. While we did not find main or interactive effects of HPA genetic risk score 

and maternal aggressive behaviour on hippocampal development, we did find that 

attenuated hippocampal development predicted higher depressive symptoms 

longitudinally, consistent with our previous work in this sample on hippocampal 

development and onset of depressive disorder (Whittle et al., 2014). 

Our results supported hippocampal development as an effect modifier of the 

interaction between HPA genetic risk and aggressive maternal behaviour in predicting 

depressive symptoms. Thus, our results support a complex interaction model suggesting 

that attenuated hippocampal development acts as an independent vulnerability factor that 

interacts with genetic and environmental factors to confer risk for depression. Thus, it is 

possible that some individuals may have inherent hippocampal growth differences that 

may increase their vulnerability to stress, and this vulnerability might only manifest in 

those with particular genetic signatures that confer greater HPA system reactivity. This 

finding is consistent with a ‘vulnerability hypothesis’ that postulates that a smaller 

hippocampal volume is a risk factor that is present in some individuals regardless of the 

exposure to stress (Mccrory et al., 2010), and as such functions as an independent risk 

factor (U. Rao et al., 2011). This is consistent, for example, with a study of monozygotic 

twins showing that smaller hippocampal size was a pre-existing vulnerability factor in 
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combat veterans who later developed PTSD (Gilbertson et al., 2002). Although the two 

studies are notably different, our finding extends this hypothesis contextually suggesting 

that attenuated hippocampal development (rather than cross-sectional volume) may be an 

independent risk factor, at least in our adolescent sample. 

To the best of our knowledge, there are currently no other GxE studies that have 

investigated neurobiological factors as independent risk factors, or ‘effect modifiers’ (i.e., 

as per the vulnerability hypothesis), as opposed to mediators, in explaining the aetiology 

of depression, despite recent suggestion that such models should be tested (Hyde, 2015). 

Other ‘multi-hit’ risk models have received attention. For example, the three-hit concept 

of vulnerability (Daskalakis, Bagot, Parker, Vinkers, & De Kloet, 2013) views 

psychopathology as the result of a mismatch between a sensitive genetic makeup (hit 1) 

and early and late-life events (hits 2 and 3). We found evidence for an alternative multi-

hit model whereby hippocampal development, HPA genetic risk score and maternal 

aggressive behaviour interacted in predicting depressive symptoms. In particular, those 

with greater HPA score, higher rates of maternal aggressive behaviour, and reduced 

hippocampal growth, were at risk of elevated depressive symptoms longitudinally. 

Interestingly, we found that while greater HPA genetic risk score and reduced 

hippocampal growth were associated with elevated depressive symptoms longitudinally 

in those exposed to higher rates of maternal aggressive behaviour, this 

genetic/neurodevelopmental profile was associated with low levels of depressive 

symptoms in the context of low rates of maternal aggressive behaviour (see Figure 5-2). 

Traditionally, the concept of “genetic risk” has been viewed within a diathesis-stress 

framework, which considers variations in certain “risk” genes as predispositional 

vulnerability to adverse environments. More recently, researchers have proposed that it is 

possible that those genes labelled as ‘risk’ in diathesis-stress models may be better 

described as ‘sensitivity’ or ‘susceptibility’ genes (B. J. Ellis et al., 2011). This means 

that individuals with the same genetic makeup will show different outcomes, ‘for better 

and for worse’, depending on the environmental conditions they are exposed to. Our 

findings fit with this latter view. Namely, we found that individuals with greater HPA 

score and attenuated hippocampal development showed low levels of symptoms if they 

were exposed to low rates of maternal aggressive behaviour. This finding suggests that 
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HPA genetic risk might be better described as HPA genetic ‘sensitivity’ or 

‘susceptibility’. Given our findings, future research should investigate HPA genes and 

their interaction with environmental (and other neurobiological factors) in a ‘for better or 

worse’ framework whereby an individual’s genetic makeup may be described as 

susceptible (rather than merely vulnerable) to environmental influences.  

Of note, we found a significant effect for the left but not right hippocampus. 

Previous research has found a greater reduction of hippocampal volume in the left 

hemisphere in patients with MDD and positive history of childhood abuse (Frodl, 

Reinhold, Koutsouleris, Reiser, & Meisenzahl, 2010). It has been hypothesized that 

hippocampal volume reductions caused by stress might begin in the left hippocampus 

(Frodl et al., 2002), but the mechanisms of this lateralized effect are still not understood. 

Although only the left hippocampal slope 3-way interaction model was significant, left 

and right hippocampal slopes showed similar patterns in interacting with HPA genetic 

score and maternal aggressive behaviour in predicting depressive symptoms (i.e., similar 

direction and magnitude of the effects), suggesting that laterality may not be particularly 

important here. 

This study is not without limitations. The polygenic score was calculated in an 

unweighted manner by summing the different SNPs. Although this unweighted scoring 

procedure was adopted from previous studies (Pagliaccio et al., 2014), it is unlikely that 

each of the SNPs included are contributing equally. Future studies with sufficiently large 

samples should consider developing weights for these SNPs in a discovery sample and 

then test them in a validation sample. While we focused on the HPA axis for theoretical 

reasons, we did not examine the contribution of other polymorphisms that may play a 

role in risk/susceptibility to depression. Our results suggested the presence of differential 

susceptibility, therefore future studies should consider including measures of positive 

environmental exposures in order to better differentiate between risk versus ‘sensitive’ 

genetic profiles. Moreover, our study only included measures of maternal behaviour, and 

future studies may benefit from investigating the role played by fathers (and indeed, other 

types of environmental stressors). The individuals with cortisol assessment were a small 

percentage of the sample used in the main analyses so we could not include 

measurements of HPA axis functioning in the main analyses. Moreover, whereas 
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previous studies have found an association between the HPA axis score and cortisol 

levels (Pagliaccio et al., 2014), we could not replicate this finding in our subsample. 

Further studies are required to establish the proximity of the polygenic score with HPA 

functioning. Despite the fact that we assessed symptoms longitudinally (controlling for 

baseline symptoms), we can only speculate about the direction of the relationships 

between parenting, hippocampal growth and depression, and can thus not comment on 

cause and effect. Of note, as discussed in Supplementary Material, we examined only 

linear developmental trajectories of the hippocampus, but it is likely that this structure 

undergoes more complex non-linear age-related volume changes. Finally, complex 

analyses were conducted with a relatively small sample size and we did not correct for 

multiple comparisons. However, to the best of our knowledge, no previous studies have 

investigated the effect of hippocampal development as independent risk factor in the 

context of GxE. In a context of paucity of research, we contend that it is valuable to 

present new findings that we hope will stimulate future work in the area. However, we 

emphasize that findings are preliminary and need to be replicated before any strong 

conclusions can be made. 

In conclusion, this longitudinal study investigated the effect of genetics, 

hippocampus and parenting behaviour on depression in a community sample of 

adolescents. Our findings support the hypothesis that hippocampal development may 

constitute a risk factor for depression, that, if combined with a sensitive genetic makeup 

and exposure to higher rates of maternal aggression, may increase the risk of the 

individual developing depression. Disentangling the complex relationship between these 

different risk/sensitivity factors will ultimately help to identify individuals at greater risk 

and prevent the development of the disorder. Specifically, better understanding of how 

various biological factors promote sensitivity to environmental factors may help to 

increase the ‘match’ between more sensitive individuals and specific environments in 

such a way that enrichment is promoted against psychopathology.  
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Figure 5-1. Summary of the models tested in the study. 
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Figure 5-2. Interaction between maternal aggressive behaviour, HPA genetic score and 

left hippocampal development (slope) in predicting late adolescent (W3) depressive 

symptoms.  

Lower hippocampal development (slope) values indicate relatively attenuated growth 

over time. The effect of maternal aggressive behaviour was significant for individuals 
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with greater HPA genetic score (1SD above the mean) and lower/average left 

hippocampal slope. Maternal aggressive behaviour had no effect for those with average 

or lower HPA genetic score, for any (lower/mean/greater) hippocampal slope (panels A 

and B).  

 

5.6 Supplementary Material 
 

5.6.1 HPA axis function 
 

We investigated the validity of the HPA axis genetic score as an index of HPA 

axis activity on a subsample of ADS participants with biological data obtained at 

approximately age 15 (M= 15.51, SD= 0.35 years). We tested two different cortisol 

measures calculated from six points of saliva collection (3 measures averaged across two 

days [AM0=time at the awakening; AM1=30 minutes after awakening; PM=before going 

to bed]): the cortisol diurnal slope (DSL=AM0-PM/time between these samples) and the 

cortisol awakening response (CAR=AM1-AM0) on 53 and 63 individuals, respectively. 

A rise of cortisol level after 30-45 minutes from awakening has been considered a 

physiological response of the HPA system and it has been used as an index of HPA axis 

activity (Wilhelm, Born, Kudielka, Schlotz, & Wüst, 2007). The DSL represents the trend 

of cortisol levels throughout the day, which typically declines towards the evening 

(Rotenberg, McGrath, Roy-Gagnon, & Tu, 2012).  

 

Linear regression conducted in IBM SPSS v22 showed that the HPA genetics 

score (at a trend level) positively predicted the DSL (β=0.269, t=1.998, p=0.051) and 

negatively predicted the CAR (β=-0.220, t=-1.764, p=0.083). Thus, consistent with 

previous studies, these results suggest that the genetics of the HPA does have 

implications for HPA axis function (Ising et al., 2008; Pagliaccio et al., 2014; Schatzberg 

et al., 2014; Wüst et al., 2004). Because only a small percentage of participants with data 
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on other key variables had CAR and DSL data (35 and 33 participants respectively), we 

did not include these variables in any other analyses. 

 

5.6.2 Measurement of hippocampal development 
 

In order to measure hippocampal development across the full adolescent period 

for all participants, and to account for the unbalanced nature of the dataset (only 44% 

participants had 3 MRI scans), for each individual a development/change score was 

calculated in R as the random slope estimate from linear mixed models. Random slopes 

combine information about the individual with that from the rest of the sample, thus 

allowing us to use all available data for the individual (i.e., one to three scans) to obtain a 

random slope or change variable. Note that only 4 participants had just 1 scan, while 29 

had 2 scans and 48 had 3 scans. Change scores were calculated following the 

identification of best-fitting models, undertaken using a model selection procedure that 

compared the null model (Y = Intercept + di + d(age)i + eik) with the age-alone (Y = 

Intercept + di + d(age)i + β1(age) + eik), age-plus-sex Y = Intercept + di + d(age)i + β1(age) 

+ β2(sex) + eik) and age-by-sex (Y = Intercept + di + d(age)i + β1(age) + β2(sex) + 

β3(age*sex) + eik ) models. The di and d(age)i terms represent the random effect of the 

intercept and age-slope for each ith subject, the eik represents the residual error term, and β 

represents the parameter estimates of fixed effects (sex, mean-centred age). A more 

complex model (i.e., more fixed effects) was chosen if p<0.05 for the additional 

parameter and the AIC indicated better model fit (value smaller than two or more). 

Individual random slope estimates for age were then extracted from the best-fitting model 

(age-by-sex for the left hippocampus, age-plus-sex for the right hippocampus). For 

analyses only linear developmental trajectories were examined, as opposed to higher 

order (quadratic/cubic) functions, given the risk of over-fitting data to more complex 

trajectories when there is a maximum of three data points for each individual, along with 

limited age variance at each time point (Vijayakumar et al., 2017). 
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5.6.3 Moderated mediation analysis 
 

For moderated mediation analyses, a bootstrap sampling method (b = 10000) with 

bias corrected confidence intervals was used to test the significance of the indirect path. 

The bootstrap method does not assume a normally distributed parameter estimate, which 

is important given that distributions of indirect effect estimates repeatedly have been 

found to be positively skewed (MacKinnon et al., 2002; Shrout & Bolger, 2002). As 

such, when assuming normality, the resulting confidence intervals produce asymmetric 

error rates, thereby decreasing the power necessary to detect the indirect effect 

(MacKinnon et al., 2002). Because bootstrap methodology does not assume a normal 

distribution, it is a more powerful test than traditional multi-step approaches, and is 

recommended for small to moderate sample sizes (Shrout & Bolger, 2002). 

 

Table 5-S1. Bivariate correlations between the variables included in the  

Analysis. 
  1. 2. 3. 4. 5. 6. 7. 8. 9. 

1. Child age  

W1 
1 -0.184 0.011 0.056 0.173 0.093 0.033 0.015 -0.123 

2. SES -0.184 1 -.210* -0.018 -0.142 -0.158 -.201* -0.205 -0.031 

3. Maternal  

agg EPI 
  -.210* 1 0.16 .269** .211* 0.163 0.127 -0.138 

4. Child  

CESD W1 
  -0.018 0 1 .291** 0.038 -0.12 -0.109 0.039 

5. Child  

CESD W3 
  -0.142 **   1 0.057 -0.158 -0.218 -0.114 

6. Parent CESD    -0.158 *     1 .250* 0.06 -0.097 

7. HPA Score   -.201*   -0.12 -0.158   1 0.152 0.148 

8. L Hippo  

Slope 
  -0.205   -0.109 -0.218     1 -0.056 

9. R Hippo  

Slope 
-0.123 -0.031 -0.138   -0.114 -0.097 . -0.056 1 
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Maternal agg EPI = maternal aggressive behaviour during EPI 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

W= wave 

CESD= Centre for Epidemiologic Studies Depression Scale (CESD) (Radloff, 1977) 

SES= Social Economic Status, measured with the Australian National University Four (ANU4) scale (Jones and Mcmillan, 2001) 

 

Table 5-S2. Ancestry Informative Markers by HapMap Population. 
CEU CHB YRI 

rs1402851 rs10488619 rs1368928 

rs16877243 rs11098964 rs1446959 

rs1698042 rs11184898 rs1494962 

rs2930125 rs11203006 rs1563382 

rs2934193 rs1347201 rs2388511 

rs3912537 rs1488299 rs1885167 

rs679832 rs1519260 rs7158302 

rs4653130 rs1538956 rs10933921 

rs4721415 rs315280 rs1444893 

rs6510332 rs36110 rs1716167 

rs1001484 rs5753625 rs1811510 

rs10420077 rs6595142 rs1823778 

rs1002587 rs12595448 rs1827950 

rs2102727 rs12644851 rs1894450 

rs4824001 rs2416504 rs2220128 

rs12678324 rs4841401 rs2416791 

rs1986420 rs2927385 rs2948905 

rs2759281 rs4240793 rs4737761 

rs326626 rs4265409 rs6785846 

rs6141319 rs590614 rs692713 

CEU, Northern and Western European in Utah 

CHB, Han Chinese in Beijing 

YRI, Yoruba in Ibadan, Nigeria 
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Table 5-S3. Regression results partial sample (80) 
Effect on child CESD W3  b S.E. p Standardized 

Estimate 

 Maternal agg. behaviour 5.823 3.415 0.088 0.236 

 HPA axis score -1.684  0.973  0.083 -0.231 

 Maternal agg. behaviour x HPA axis score 1.482 2.248  0.510 0.087 

A. GxE 

Effect on child CESD W3  b S.E. p Standardized 

Estimate 

 Maternal agg. behaviour 6.851 3.340 0.040 0.278 

 HPA axis score -1.519  0.907  0.094 -0.209 

 Maternal agg. behaviour x HPA 

axis score 

0.849 2.132 0.691 0.050 

 Left hippocampal slope -1.338 0.604 0.027 -0.248 

Effect on left hippocampal 

slope 

     

 Maternal agg. behaviour 0.769 0.665 0.248 0.168 

 HPA axis score 0.123 0.149 0.409 0.091 

 Maternal agg. behaviour x HPA 

axis score 

-0.473 0.355 0.182 -0.150 

B. Moderated mediation - left hippocampal slope 

Effect on child CESD W3  b S.E. p Standardized 

Estimate 

 Maternal agg. behaviour 5.731 3.520 0.104 0.233 

 HPA axis score -1.652 0.995 0.097 -0.227 

 Maternal agg. behaviour x HPA 

axis score 

1.527 2.283 0.504 0.090 

 Right hippocampal slope -0.287 1.977 0.884 -0.016 

Effect on right hippocampal 

slope 

     

 Maternal agg. behaviour -0.320 0.207 0.122 -0.239 

 HPA axis score 0.111  0.047 0.019 0.282 

 Maternal agg. behaviour x HPA 

axis score 

0.157 0.122 0.199 0.170 

C. Moderated mediation - right hippocampal slope 
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Effect on child CESD W3  b S.E. p Standardized 

Estimate 

 Maternal agg. behaviour 6.434 3.160 0.042 0.265 

 HPA axis score -1.175 0.935 0.209 -0.163 

 Left hippocampal slope  -0.602 0.700 0.390 -0.114 

 Maternal agg. behaviour x HPA axis 

score 

1.514 2.123 0.476 0.090 

 Maternal agg. behaviour x left 

hippocampal slope 

0.746 2.152 0.729 0.048 

 HPA axis score x left hippocampal 

slope 

-0.465 0.810 0.566 -0.098 

 Maternal agg. behaviour x HPA axis 

score x left hippocampal slope 

-4.842 2.159 0.025 -0.338 

D. Moderated moderation - left hippocampal slope 

Effect on child CESD W3  b S.E. p Standardized 

Estimate 

 Maternal agg. behaviour 6.440 3.831 0.093 0.258 

 HPA axis score -1.873 1.082 0.084 -0.254 

 Right hippocampal slope  -0.944 2.305 0.682 -0.051 

 Maternal agg. behaviour x HPA axis score 1.638 2.635 0.534 0.095 

 Maternal agg. behaviour x right 

hippocampal slope 

2.350 6.442 0.715 0.050 

 HPA axis score x right hippocampal slope 2.029 2.355 0.389 0.125 

 Maternal agg. behaviour x HPA axis score x 

right hippocampal slope 

-6.224 5.059 0.219 -0.177 

E. Moderated moderation - right hippocampal slope 

Note 

W= wave 

Child CESD= Centre for Epidemiologic Studies Depression Scale (CESD) (Radloff, 1977) 

SES= Social Economic Status, measured with the Australian National University Four (ANU4) scale (Jones 

and Mcmillan, 2001) 

Gender, age at W1, adolescent depressive symptoms at W1, maternal depressive symptoms at W1 and SES 

were entered as covariates in all models. 

 

Table 5-S4. Regression results full sample (98) 
Effect on child CESD  b SE p Standardized 
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W3 Estimate 

 Maternal agg. behaviour 3.557 2.699 0.187 0.153 

 HPA score -1.186 0.807 0.142 -0.170 

 Maternal agg. behaviour x 

HPA score 

3.534 1.966 0.072 0.215 

A. GxE 

Effect on child CESD 

W3 

 b S.E. p Standardized 

Estimate 

 Maternal agg. behaviour 4.682 2.688 0.081 0.201 

 HPA axis score -1.057 0.758 0.163 -0.152 

 Maternal agg. behaviour x HPA 

axis score 

2.826 1.879 0.133 0.172 

 Left hippocampal slope -1.256 0.579 0.030 -0.241 

Effect on left 

hippocampal slope 

     

 Maternal agg. behaviour 0.898 0.651 0.168 0.201 

 HPA axis score 0.103 0.139 0.456 0.077 

 Maternal agg. behaviour x HPA 

axis score 

-0.562 0.342 0.101 -0.178 

B. Moderated mediation - left hippocampal slope 

Effect on child CESD 

W3 

 b S.E. p Standardized 

Estimate 

 Maternal agg. behaviour 3.319 2.840 0.242 0.143 

 HPA axis score -1.113 0.835 0.182 -0.160 

 Maternal agg. behaviour x HPA axis score 3.614 1.993 0.070 0.220 

 Right hippocampal slope -0.733 1.903 0.700 -0.042 

Effect on right 

hippocampal slope 

     

 Maternal agg. behaviour -0.333 0.208 0.109 -0.253 

 HPA axis score 0.095  0.048 0.046 0.241 

 Maternal agg. behaviour x HPA axis score 0.103 0.119 0.386 0.111 

C. Moderated mediation – right hippocampal slope 

Effect on child CESD 

W3 

 b S.E. p Standardized 

Estimate 

 Maternal agg. behaviour 4.209 2.506 0.093 0.182 

 HPA axis score -0.829 0.783 0.290 -0.120 
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 Left hippocampal slope  -0.494 0.644 0.443 -0.095 

 Maternal agg. behaviour x HPA axis score 3.487 1.828 0.056 0.214 

 Maternal agg. behaviour x left hippocampal 

slope 

0.882 1.928 0.647 0.058 

 HPA axis score x left hippocampal slope -0.468 0.745 0.530 -0.100 

 Maternal agg. behaviour x HPA axis score x 

left hippocampal slope 

-4.615 1.913 0.016 -0.327 

D. Moderated moderation - left hippocampal slope 

Effect on child CESD 

W3 

 b S.E. p Standardized 

Estimate 

 Maternal agg. behaviour 4.078 2.877 0.156 0.173 

 HPA axis score -1.385 0.865 0.109 -0.197 

 Right hippocampal slope  -1.500 2.068 0.468 -0.084 

 Maternal agg. behaviour x HPA axis score 3.442 2.113 0.103 0.207 

 Maternal agg. behaviour x right 

hippocampal slope 

2.701 5.394 0.617 0.061 

 HPA axis score x right hippocampal slope 1.765 1.991 0.375 0.117 

 Maternal agg. behaviour x HPA axis score 

x right hippocampal slope 

-7.106 4.070 0.081 -0.232 

E. Moderated moderation - right hippocampal slope 

Note 

W= wave 

Child CESD= Centre for Epidemiologic Studies Depression Scale (CESD) (Radloff, 1977) 

SES= Social Economic Status, measured with the Australian National University Four (ANU4) scale (Jones 

and Mcmillan, 2001) 

Gender, age at W1, adolescent depressive symptoms at W1, maternal depressive symptoms at W1 and SES 

were entered as covariates in all models. 
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Figure 5-S1. Interaction between maternal aggressive behaviour and HPA genetic score 

in predicting late adolescent (W3) depressive symptoms. 
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Figure 5-S2. Interaction between maternal aggressive behaviour, HPA genetic score and 

right hippocampal development (slope) in predicting late adolescent (W3) depressive 

symptoms.  
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6 The influence of maternal parenting behaviors on the neural correlates of 
emotion processing in children 

 

6.1 Abstract 
 

Objective The importance of parenting in influencing mental health outcomes, 

particularly depression, during childhood and adolescence is well known. However, the 

mechanisms are unclear. Emotion processing impairments in children are thought to be 

both influenced by negative parenting behaviors, and fundamental to depression. As such, 

investigating the association between parenting behavior and the neural underpinnings of 

emotion processing in children may provide fundamental clues as to the link between 

parenting and depression. Method 86 children (49 girls, mean age=10.1 years) part of a 

longitudinal study participated. Observational measures of maternal behavior were 

collected during two mother-child interactions. Children underwent functional magnetic 

resonance imaging while performing an implicit emotion-processing task, and measures 

of child internalizing symptoms were collected. Results Maternal negative behavior 

exhibited during an event-planning interaction was associated with decreased activation 

in the lingual gyrus in girls, while maternal negative behavior during a problem-solving 

interaction was associated with increased amygdala activation in the whole sample, 

during processing of angry and fearful faces. Maternal communicative behavior during 

both mother-child interactions was associated with increased activity in the bilateral 

middle orbitofrontal cortex in the whole sample. Finally, negative behavior during the 

problem-solving interaction was associated with connectivity between the amygdala and 

superior parietal lobe. Brain activity/connectivity was not related to internalizing 

symptoms. Conclusion Results suggest that, in children, maternal behavior may be 

associated with activity in brain regions involved in emotion processing. However, more 

research is needed to elucidate the link between parenting, emotion processing and 

depressive symptoms in young people. 

 

6.2 Introduction 
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Parent-child interactions have important implications for development and 

wellbeing across childhood and adolescence. Negative parenting practices, such as 

parental rejection and aggression, as well as the absence of positive interactional 

behaviors, have been associated with increased levels of depression and internalizing 

symptoms in young people (Yap & Jorm, 2015). High levels of internalizing symptoms 

during childhood have been associated with increased risk of onset of depression later in 

life (Kovacs & Devlin, 1998). As such, understanding the mechanisms linking adverse 

parenting and internalizing symptoms during childhood is important for understanding 

risk processes for depression. One suggested link is through the effect of parenting 

behaviors on shaping neural circuitry underlying children’s processing of emotion (Gee, 

2016). Parental behaviors may shape neural circuitry via enhancing or buffering 

children’s neurobiological response to stressful stimuli (Gee, 2016), or via emotion 

socialization processes (Callaghan et al., 2017). 

Surprisingly little research has been performed to investigate links between 

individual differences in normative parenting behaviors and child neurobiology. On the 

other hand, research on more extreme form of adverse childhood environment, such as 

exposure to violence or institutionalization, has consistently found associations between 

adversity and altered neural reactivity to negative faces (Marusak et al., 2014; McCrory 

et al., 2011; Tottenham et al., 2011). Heightened amygdala activity has been particularly 

implicated, consistent with the role of this region in responding to threat (Ledoux, 2003). 

While some research has investigated associations between normative variations in 

maternal parenting behaviors and neural response to reward (Morgan, Shaw, & Forbes, 

2014) and peer evaluation processes (Guyer et al., 2015; Tan et al., 2014), only two 

studies, to our knowledge, have focused on the effects of parenting on emotional face 

processing in children/adolescents (Marusak et al., 2017; Romund et al., 2016). In these 

studies, the amygdala has been inconsistently implicated, with reports of increased 

activity being associated with low levels of positive maternal behavior (warmth and 

support) in one study (Romund et al., 2016), but no association with either positive (care) 

or negative (psychological control) parenting reported in another (Marusak et al., 2017). 

Further, while other research has shown that parenting (specifically, parental sensitivity) 

is related to offspring’s functional connectivity between the amygdala and the medial 
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prefrontal cortex (mPFC) at rest (Thijssen et al., 2017), no studies to date have 

investigated the influence of maternal behavior on amygdala connectivity during emotion 

processing.  

Investigating associations between maternal parenting behavior, and brain 

function and connectivity during emotion processing may be particularly important for 

understanding links with internalizing symptoms and depression, considering that altered 

brain function during emotion processing, particularly increased amygdala activity to 

negative stimuli, is a robust finding in depression (Stuhrmann et al., 2011) and that 

depression has been associated with increased sensitivity towards negative emotional 

stimuli, particularly faces (Gotlib et al., 2004). 

Given the scarcity of current literature, and inconsistent results to date, further 

investigation of the association between normative variations in maternal behavior and 

neural response during emotion processing is warranted. This study therefore aimed to 

examine the association between observed measures of maternal parenting behaviors and 

the neural correlates of implicit emotion processing in a large cohort of healthy children. 

The use of observational measures has particular methodological advantages because 

they objectively quantify actual interactional behaviors, which can be more free of biases 

related to (for example) parents’ mood and expectations, when compared to self-report 

data (Aspland & Gardner, 2003), as well as being better able to capture non-verbal 

expressions of affect . Based on the existing literature, including prior work on adverse 

environmental experiences (Marusak et al., 2014; McCrory et al., 2011; Tottenham et al., 

2011), we expected that higher negative and lower positive maternal parenting behaviors 

would be prospectively associated with increasing amygdala reactivity, and decreasing 

connectivity between the amygdala and the PFC, during implicit processing of negative 

emotional faces. Given the paucity of previous studies, we did not have specific a priori 

hypotheses about the involvement of other brain regions; however, we conducted whole 

brain analyses to uncover other potentially important mechanisms. Finally, we expected 

that higher negative and lower positive maternal parenting behavior-related neural 

activation and connectivity would be associated with higher internalizing symptoms in 

children. 
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6.3 Method 
 

6.3.1 Sample and study design 
 

The sample consisted of 86 participants taking part in a longitudinal study, named 

Family and Childhood Transition Study (FACTS), who were recruited from low 

socioeconomic areas in Melbourne, Australia, as described in detail elsewhere (Simmons 

et al., 2017). The study involved two waves of data collection. Exclusion criteria, applied 

at both waves, included MRI contraindications, history of head trauma or loss of 

consciousness, history of clinically significant developmental or intellectual disorder and 

use of psychotropic medication. During Wave 1, 155 children aged 8-9 years participated 

in two lab-based interactions with their mothers, described in more detail below. From 

Wave 1, there was 8.4% attrition (i.e., 13 children dropped out) and as such 142 children 

participated in Wave 2, which occurred approximately 18 months after Wave 1 and 

included a magnetic resonance imaging (MRI) scan of the brain that included a functional 

task. Of those 142 children, 17 did not successfully complete the fMRI scan, and 

parenting data was not available for 5 participants, which led to a reduced sample size of 

N=120. This sample of 120 differed from the original Wave 1 sample (i.e., N=155) on 

maternal communicative behavior, which was lower in those that dropped out (p=0.002). 

However, they did not differ on socioeconomic status or Wave 1 clinical symptom scale 

scores. 

A further 34 participants were excluded after performing quality control on the 

MRI data (see section 2.4.3 Image preprocessing). The final sample thus included 86 

children with their mothers (49 girls; mean age at MRI=10.01 years, SD=0.36) with 

complete MRI and parenting data. The included participants (n=86), and those excluded 

after MRI data quality control (n=34), did not differ on any of the maternal behavior 

behaviors (all p’s>0.05), however, they differ on the Child Behavior Checklist 

(Achenbach, 2001) Somatic Complain subscale (p=0.015) and the Children’s Depression 

Inventory(Kovacs, 1992) total score (p=0.049), whereby the excluded group had higher 

scores. The excluded group also had lower socioeconomic status (measured by the 
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SEIFA Index of Relative Socio-Economic Disadvantage scale (Australian Bureau of 

Statistics: Canberra, 2013)) (p=0.009).  

During Wave 2, mothers were asked to identify their children’s ethnicity, defined 

as cultural group of identification. Of the sample included in the analyses, 68 mothers 

(79%) identified their child as Australian/Anglo-Saxon/European. Six children were 

identified as Australian/Asian and 4 as Australian/Other (2 as Australian/South 

American, 1 as Australia/Mauritian and 1 as Australia/Aboriginal). Five children were 

identified as Asian. Three mothers did not provide this information. 

 

6.3.2 Parenting behaviors: the Family Interaction Task (FIT) 
 

Two 15-minute mother-child interactions were performed and video recorded. 

The first, an Event-Planning Interaction (EPI), involved planning together two or three 

pleasant activities, selected from a list of possible parent-child activities from the 

Pleasant Event Schedule (D. MacPhillamy & Lewinsohn, 1976). The second, a Problem-

Solving Interaction (PSI), involved discussing conflictual topics relevant for each specific 

dyad, chosen from the Issue Checklist (Prinz et al., 1979). The PSI is designed to elicit 

negative behavior and was conducted after the EPI for all participants, so as to avoid 

negative affect carrying over into the EPI (Gilboa & Revelle, 1994), which is designed to 

elicit positive behavior. We included both ‘positive’ and a ‘negative’ interaction tasks 

because previous research has showed that context is important in determining the 

significance of maternal behavior for child mental health (Schwartz et al., 2014). Two 

extensively trained graduate students independently coded the recorded behaviors during 

each of the mother-child interactions using a modified version of the Family Interaction 

Macro-coding System (FIMS) (Holmbeck et al., 2007). Fifty-nine codes were included 

covering a range of mother and child behaviors that were rated on 5-point Likert scales. 

More details on the FIMS coding system are provided in Supplement 1, available online. 

A multiple factorial analysis, described in detail elsewhere (Richmond et al., 2018) and 

summarized in Supplement 1, available online, was performed on the FIMS code data in 

order to obtain empirically-derived parenting components. Four such components were 

identified: maternal negative behavior (e.g. frequency and intensity of aggressive and 
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dysphoric affect, anger) during the EPI, maternal negative behavior during the PSI, 

maternal positive behavior (e.g., frequency and intensity of positive affect, humor, 

laughter) across both tasks, and maternal communicative behavior (e.g., listening, clarity 

of thought, providing explanations) across both tasks. For a list of the codes included in 

each component and correlations between components see Supplement 6-1 and Table 6-

S2, S3). Factor scores from each of the four components were used in analyses, and are 

referred to as ‘maternal negative behavior during the EPI’, ‘maternal negative behavior 

during the PSI’, ‘maternal positive behavior’ and ‘maternal communicative behavior’, 

respectively. 

 

6.3.3 Clinical measures 
 

Child and parent-report of child internalizing symptoms were collected at Wave 2. 

These included the self-report Children’s Depression Inventory 2 (CDI-2) (Kovacs, 1992) 

and Spence Children’s Anxiety Scale (SCAS) (Spence, 1998) total scores, and the 

internalizing scales (Anxious/Depressed, Withdrawn, Somatic Complaints) of the parent-

report Child Behavior Checklist for Ages 6-18 (CBCL/6-18) (Achenbach, 2001). Two 

children were missing CBCL data.  

 

6.3.4  MRI 
 

Neuroimaging data were acquired on a 3 Tesla Siemens TIM Trio scanner 

(Siemens, Erlangen, Germany) at the Murdoch Children’s Research Institute in 

Melbourne, Australia. Participants lay supine in a 32-channel head coil.  

 

6.3.4.1 MRI parameters 
 

Structural T1-weighted images were acquired as follows: MPRAGE MoCo, 

repetition time = 2530 msec; echo time1 = 1.74 msec, echo time2 = 3.6 msec, echo time3 

= 5.46 msec, echo time4 = 7.32 msec; flip angle = 7°, field of view = 256 × 256 mm2, 
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producing 176 contiguous sagittal slices with 1.0 mm3 voxel dimensions. Functional Scan 

parameters included 136 whole-brain T2*- weighted echo-planar images (TR = 3000 ms, 

TE = 35 ms, flip angle = 85°) within a field of view of 216 x 216mm2, with a voxel size 

of 3mm3.  Forty interleaved transversal slices were acquired.  

 

6.3.4.2 Affective faces fMRI task 
 

Participants underwent a widely used modified version of the emotional face-

matching task originally reported by Hariri (Hariri et al., 2000), designed to tap implicit 

emotion processing, and consistently found to engage the amygdala (e.g. Fu et al., 2008). 

 Participants were instructed to either match the gender of one of two faces 

(presented at bottom of screen) to a target face above (face condition), or match shapes in 

a similar fashion (control condition). Each block consisted of six consecutive trials 

containing angry or fearful faces, or circular shapes. Three 24000ms blocks for each 

emotional face condition (6 stimuli of 4000ms each) and six 24000ms blocks (6 stimuli 

of 4000ms each) for the control condition were presented. A fixation cross (rest condition 

– 10s) separated each block. The total length of the task was about 7 minutes. Two 

versions on the task were randomly administered; one displaying angry faces first and 

one displaying fearful faces first. Prior to the scan, participants completed a short practice 

version of the task on an iPad. The face task was the only functional task included in the 

scan. 

 

6.3.4.3 Image preprocessing 
 

All analyses were performed using statistical parametric mapping software 

(SPM8; Wellcome Trust Centre for NeuroImaging, University College, London). The 

processing steps included tissue segmentation, slice time correction, motion correction 

(via affine transformation to the first image), coregistration of functional images with 

subjects anatomical scans (which were concurrently normalized to the SPM-T1 

template), application of the spatial normalization parameters to the functional data, high 

pass filtering and smoothing using 8 mm FWHM kernel (See Supplement 2).  
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The ART Artifact Detection Toolbox (www.nitrc.org/projects/artifact_detect/) 

was used to identify outlier volumes for each subject based on the following thresholds: a 

global-signal change of 5 z-value, and scan-to-scan displacement (maximum voxel 

displacement resulting from the combined effect of the individual translation and rotation 

displacement measures) of 0.9 mm. 23 participants were excluded from analysis due to 

having ≥ 20% outlier volumes (consistent with previous research (Garrett et al., 2014)). 

An additional 11 participants were excluded due to maximal amplitude of translational or 

rotational displacements (x, y, z) >3 mm and 3°, respectively. This approach was adopted 

to account for different types of subject movement that can introduce artifacts in the data, 

such as large and/or rapid motion (Power et al., 2012). 

 

6.3.4.4 Image analysis  
 

At the first level, the smoothed images resulting from preprocessing were entered 

into a general linear model (GLM) that included the timing parameters for each condition 

(rest, angry faces, fearful faces, shapes). Given that we did not have a priori hypotheses 

about effects for specific emotions, contrast images were generated for each subject for 

the two emotional conditions (angry and fear faces) combined versus the control 

condition. Motion parameters were not included at this stage because motion as 

accounted for during pre-processing (see Supplement 2). The resulting subject-specific 

contrast images were entered into a second-level GLM.  

6.3.4.4.1 Whole brain analysis 
 

The four maternal behavior scores were entered as covariates of interest into four 

different full-factorial models that included sex as a factor. The maternal behavior 

variables were mean centered at the group level prior to the analysis. Main effects of 

maternal behavior, in addition to maternal behavior by sex interactions were explored. 

Result maps were thresholded at the cluster level using a p<0.05 Family Wise Error 

(FWE) correction, with a voxel level threshold of p<0.001 using Gaussian Random-field 

theory as implemented in SPM.  
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6.3.4.4.2 Region of Interests (ROIs) analysis 
 

Given our a priori hypotheses we also performed Region of Interests (ROIs) 

analysis for the amygdala. We applied an initial voxel-level p<0.001 threshold 

(uncorrected) to the statistical parametric maps from the whole brain analysis and then 

small volume corrections with pFWE<0.05 within the left and right amygdala masks 

created from the Automated Anatomical Labeling (AAL) atlas implemented in the 

Pickatlas toolbox (Maldjian, Laurienti, Kraft, & Burdette, 2003). 

 

6.3.4.5 Psychophysiological Interaction (PPI) connectivity analysis   
 

The PPI analysis steps included the time-series extraction from the seed regions 

(amygdala left and right) for each subject (from the resulting map of the emotional faces 

> shapes contrast) and the creation of the PPI interaction term by multiplying the 

extracted time-series by the experimental condition (emotional faces > shapes). The PPI 

interaction term, the extracted time-series and the task contrast were then entered into a 

first level analysis. The resulting contrast images for each participant were finally entered 

into four subsequent second level GLMs (one for each parenting behavior). As above, we 

examined the effects of maternal behavior and maternal behavior by sex on amygdala 

connectivity at the whole-brain level, applying a pFWE<0.05 cluster correction with a 

voxel level threshold of p<0.001.  

 

6.3.4.6 Association with symptoms 
 

In order to understand the potential significance of parenting associations with 

brain activation/connectivity, we extracted the time-series (first eigenvariate of the time-

series across all voxels within a 6mm sphere around the cluster peak) from all regions 

where activation or connectivity from the whole brain and ROIs analyses showed 

significant associations with parenting. We then calculated Pearson’s correlations 

between these time-series and internalizing symptoms.  
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6.3.4.7 Covariates of no interest 
 

Age of participants was purposefully restricted by design, and as such age was not 

included as a covariate (note that re-running the analysis including age as a covariate of 

no interest did not affect the results). Maternal depressive symptoms were assessed with 

the Centre for Epidemiologic Studies Depression Scale (CESD) (Radloff, 1977) at Wave 

1 and Wave 2. Maternal depressive symptoms and Socioeconomic status (measured with 

the Socio-Economic Indexes for Areas Index of Relative Socio-Economic Disadvantage 

scale, SEIFA (Australian Bureau of Statistics: Canberra, 2013)) were not correlated with 

any parenting behaviors (p’s > 0.05) but were included in all the models to rule out their 

possible confounding effects. Note that maternal depressive symptoms at Wave 2 was 

included as a covariate of no interest, being concurrent to the functional task, but we also 

ran analyses with maternal depressive symptoms at Wave 1 (see Table 6-S4). One subject 

was missing SEIFA data and two were missing maternal depressive symptoms data at 

Wave 2. A single imputation procedure with the Expectation-Maximization algorithm 

was used in SPSS to handle the missing data.  

 

6.4 Results 
 

See Table 6-1 for demographics and descriptive information for the sample. 

 

Table 6-1. Characteristics of the sample.  

 

 Total sample 

(N=86) 

Boys  

(n=37) 

Girls  

(n=49) 

 Mean SD Range Mean SD Mean SD 

Age 10.1 0.36 9.4-10.8 10.03 0.4 10 0.3 

SES 44.35 25.08 1-95 45.39 26.342 43.59 24.359 

Child CDI total W2 6.518 5.779 0-25 6.297 5.920 6.696 5.723 

Child SCAS total W2 24.131 14.531 1-78 20.108 12.884 27.298 15.094 
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Child CBCL anx/dep  W2 2.738 2.648 0-11 2.840 2.871 2.651 2.477 

Child CBCL withdrawn W2 1.111 1.643 0-8 1.162 1.833 1.068 1.485 

Child CBCL somatic co W2 1.879 2.009 0-11 2.216 2.451 1.595 1.516 

Parent CESD W1 8.293 8.281 0-42 8.757 8.594 7.928 8.102 

Parent CESD W2 9.653 9.605 0-47 10.639 10.324 8.913 9.069 

 
Note: there were no sex differences for any of the variables, including parenting behaviors not listed here 

(p’s>0.05), except for the SCAS total score (p=0.023), which was higher in girls. 

CDI = Children’s Depression Inventory; CBCL anx/dep = CBCL anxious and depressed subscale; CBCL 

withdrawn = CBCL withdrawn/depressed; CBCL somatic co = CBCL somatic complaints; CESD = Centre 

for Epidemiologic Studies Depression Scale; SCAS = Spence Children’s Anxiety Scale; SES = 

Socioeconomic status measured with the SEIFA Index of Relative Socio-Economic Disadvantage 

scale,(Australian Bureau of Statistics: Canberra, 2013) expressed as a percent; SD = Standard Deviation; 

W1 = Wave 1, W2 = Wave 2. 
 

6.4.1 Whole group task effects 
 

Viewing of emotional faces versus shapes was associated with activation in the 

visual cortex (-24 -100 -4, k=63205, pFWE < 0.05 cluster correction), in the cerebellum 

(20 -38 -42, pFWE < 0.05 cluster correction, peak-level) and the superior parietal lobule (-

32 -66 48, pFWE < 0.05 cluster correction, peak-level). See Table 6-S5, for the results.  

 

6.4.2 Parenting associations 
 

6.4.2.1 Whole brain 
 

Maternal negative behavior during the EPI interacted with child sex, such that it 

was associated with greater activity in boys compared to girls in the right 

precuneus/lingual gyrus (see Table 6-2; Figure 6-1). Analyses by sex revealed that the 

effect was driven by a negative effect of maternal negative behavior during the EPI in 

girls in the right lingual gyrus. Maternal negative behavior during the PSI and maternal 



 

 
 
 

108 

positive behavior were not associated with activity in any region. Maternal 

communicative behavior was associated with increased activity in the gyrus rectus (i.e. 

medial orbitofrontal cortex (OFC)), bilaterally  (see Table 6-2; Figure 6-2).  

 

3.2.2 ROI analysis 

 

Negative maternal behavior during the PSI was associated with increased right 

amygdala reactivity to emotional faces versus shapes (22 -4 -12, k=21, psvc-FWE=0.002). 

We did not find any significant results for the left amygdala, or for the right amygdala 

and other maternal behaviors. 

 

 

3.3 PPI analysis 

 

A total of 80 and 77 participants showed activation above a (voxel level) threshold of 

p=0.1 for the right and left amygdala, respectively, and were thus included in the PPI 

analyses. Using such a threshold is consistent with previous research, to ensure robust 

time-series (Trujillo et al., 2015). There were no clinical differences between included 

and excluded participants, except for the SCAS total score, which was higher in the 6 

participants excluded from the right amygdala PPI analysis (p=0.046) (see Supplement 

2). 

Maternal negative behavior during the PSI interacted with sex such that it 

predicted increased connectivity in boys compared to girls between the left amygdala and 

right superior parietal lobule (see Table 6-2 and Figure 6-S1). However, analyses in each 

sex did not reveal a significant effect in either group. We did not find any results for the 

right amygdala, or for the left amygdala and other maternal behaviors.  

 

Table 6-2. Summary of the results of the whole brain functional magnetic resonance 

imaging and Psycho-Physiological Interaction analysis (left amygdala) 

 Cluster level Ke Peak level T MNI Region 
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FWE, p<0.05 FWE, p<0.05 coord. 

Whole brain       

Maternal negative (EPI)       

Boys>girls 0.003 748 0.354 4.23 16 -46 6 R Precuneus/Lingual  

Girls only 0.006 635 0.289 4.31 16 -78 -4 R Lingual  

Maternal communicative 0.072 326 0.025 5.12 -12 30 -14 L Rectus 

 0.022 467 0.221 4.41 12 18 -14 R Rectus 

Left amygdala 

connectivity 

      

Maternal negative (PSI)       

Boys>girls 0.036 365 0.082 4.72  22 -62 68 R Parietal Superior 

 
Note: region names are based on the Automated Anatomical Labeling (AAL) atlas. 

EPI = Event-Planning Interaction; FWE = Family Wise Error; L = Left; MNI coord = Montreal National 

Institute coordinate; PSI = Problem-Solving Interaction; R = Right. 

 

6.4.3 Correlation with symptoms 
 

No significant correlations were found between activation/connectivity associated with 

parenting (described above), and any symptom scores. 

 

6.5 Discussion 
 

In this study we investigated the association between observed maternal behaviors 

and the neural underpinnings of emotional face processing in a community sample of 

healthy children. We found that negative maternal behaviors during a problem-solving 

interaction (PSI) and during an event-planning interaction (EPI) were associated with 

greater amygdala reactivity across the whole sample (boys and girls) and lower activity in 
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the lingual gyrus in girls, respectively, during processing of angry and fearful faces. 

Moreover, we found that greater maternal communicative behavior was associated with 

greater activity in the bilateral medial OFC across the whole sample (boys and girls). 

Finally, we found that maternal negative behavior during the PSI was associated with 

increased functional connectivity between left amygdala and the right superior parietal 

lobule in boys compared to girls. 

The amygdala is a core component of the emotional processing network and it is 

involved in early rapid responding to an emotional stimulus (Adolphs, 2003). There is 

much evidence suggesting that early experiences influence amygdala reactivity to 

emotional face stimuli (Tottenham et al., 2011). We found that maternal negative 

behavior during the PSI was associated with increased amygdala reactivity in children. 

This finding is consistent with a previous study on parenting that found an association 

between low levels of parental warmth and support and increased amygdala reactivity to 

fearful faces.(Romund et al., 2016) Although our participants were healthy and we were 

investigating parenting behaviors that may best be described as normative, our result may 

be interpreted as being consistent with a body of literature that has reported heightened 

amygdala reactivity in relation to childhood adverse experiences (Marusak et al., 2014; 

Romund et al., 2016; Stuhrmann et al., 2011; Tottenham et al., 2011). Studies with 

subjects at high-risk for depression support the hypothesis that enhanced amygdala 

reactivity might represent a vulnerability factor for depression (Monk et al., 2008). In our 

study, amygdala reactivity was not significantly associated with internalizing symptoms. 

Previous studies have linked negative parenting behaviors to depression onset in 

adolescents (Schwartz et al., 2014). Further longitudinal research is required to establish 

whether amygdala reactivity may serve as a mechanism linking negative parenting and 

later depressive symptoms or disorders. 

In girls, negative parenting behavior during the EPI was associated with lower 

activity in the lingual gyrus. The lingual gyrus is thought to be involved in the processing 

of faces, including their emotional connotations (Fusar-Poli et al., 2009). While parenting 

behaviors similar to those assessed in the current study have not been found to be 

associated with function or structure of this region before, reduced grey matter volume in 

this region has been found in children with a history of witnessing domestic violence 
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(Tomoda, Polcari, Anderson, & Teicher, 2012). Further, altered lingual gyrus 

connectivity has been found in children resilient to maltreatment (van der Werff et al., 

2017), suggesting plasticity of this structure to the effect of the environment in children. 

As the lingual gyrus is involved in early perceptual processing, our findings suggest that 

affective parenting behavior is associated with children’s early neural response to 

emotional faces. 

Of note, the association between maternal negative behavior during the EPI and 

activity in the lingual gyrus was specific to girls. None of the maternal behaviors 

examined (negative behavior during EPI and PSI, positive and communicative behaviors) 

were significantly different for boys versus girls. Hence, the observed sex difference in 

brain activity cannot be explained by exposure to different levels of maternal negative 

behavior during the EPI. Sex differences in facial emotion processing have been 

previously attributed to innate neurobiological differences, sustained by differences in 

social experiences that boys and girls encounter in life (McClure et al., 2004). As such, it 

is possible that female children are more neurally sensitive to some aspects of maternal 

behavior, and that this might be one mechanism that leads to sex difference in emotion 

processing (Singer & Lamm, 2009). Further research is needed to test this speculation. 

Maternal communicative behavior was associated with greater activity in the 

bilateral medial OFC in the whole sample (boys and girls). The medial OFC is thought to 

be involved in the appraisal of thoughts and memories triggered by affective stimuli 

(Dixon, Thiruchselvam, Todd, & Christoff, 2017). This suggests that maternal 

communicative behavior may be associated with activity in brain areas involved in later 

stages of emotion processing, which involves the attribution of meaning to affective 

stimuli. Given that there were no correlations with symptoms, we cannot establish 

whether the association between maternal communicative behavior and greater medial 

OFC activity during emotion processing is adaptive (at least in relation to levels of 

internalizing symptoms) for children or not. Of note, while in the full sample included at 

baseline (155 participants), maternal communicative behavior was negatively associated 

with the negative parenting behaviors (during the EPI and PSI), in the subsample (86 

participants) included in analyses in this manuscript it was positively associated with 

negative maternal behavior during the EPI, suggesting that its interpretation it is not 
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straightforward and that other factors or aspects of communication (not captured here) 

may be important. While previous fMRI studies have focused on parental sensitivity, 

support or control (Marusak et al., 2017; Romund et al., 2016; Thijssen et al., 2017), the 

investigation of the effects of maternal communicative behavior on child neurobiology is 

a novel and potentially promising area for future research.  

Finally, we found an association between maternal negative behavior during the 

PSI and the connectivity between the left amygdala and the right parietal lobule that was 

greater in boys then girls. It has been suggested that the superior parietal lobe plays a 

critical role in attention shifting (Marlene, Geng, & Shomstein, 2004). Connectivity 

between the left amygdala and the parietal cortex has been previously found during an 

emotion regulation task (Banks et al., 2007) and during rest (A. K. Roy et al., 2009), but 

its significance for emotion processing has yet to be clarified. We can speculate that 

increased connectivity between amygdala and the superior parietal lobule might be an 

index of increased attention towards angry and fearful faces, which may be linked with 

greater maternal negative behavior during the PSI, particularly in boys. This could 

represent a reduced ability to disengage attention from negative stimuli. Further research 

is required to understand the implications of this finding, and the nature of the sex 

difference observed.  

Of note, maternal negative behaviors in a positive (EPI) and in a negative context 

(PSI) were associated with different pattern of activity in the brain. It has been previously 

suggested that the context of maternal negative behavior (i.e., whether it is congruent 

with task demands, as in the PSI, or not, as in the EPI) might be particularly important in 

determining the significance of parental behavior for children, more so than the valence 

of the behavior alone (Schwartz et al., 2014). Our findings suggest that both types of 

negative behavior have consequences for child affective brain function, however. Further 

research is needed to understand the implications of these findings, but nevertheless, 

these results suggest that context should be carefully taken into account when designing 

research that aims to investigate links between parenting behavior and child brain 

function and mental health. 

The lack of associations between brain activity and internalizing symptoms 

hampers our ability to comment on the clinical significance of our findings. The low 
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variability and the low levels of clinical symptoms reported within our sample may 

partially explain this lack of findings. Nevertheless, we provide some evidence that 

parenting behaviors are associated with processing of emotional faces at the neural level. 

Depression is thought to be characterized by altered processing of emotional faces, 

including a bias towards negativity, and such sensitivity is thought to play a role in the 

development of the disorder (Beck, 2008). Even though in this study we could not 

establish links with internalizing symptoms, our research provides some insights into the 

relevance of maternal behavior for child functioning, which will hopefully stimulate 

further research in this area. 

This study has several limitations. We restricted our observation of parenting 

behavior to mothers, and this narrows the generalizability of our findings. Those who did 

not complete Wave 2 had higher maternal communicative behavior than the Wave 1 

sample. Further, those participants excluded for motion had lower SES and higher 

clinical symptoms.  As such, included participants were not representative of the original 

sample.  As we did not perform a psychiatric interview, we cannot exclude the possibility 

that some of the children may have had a psychiatric diagnosis (not reported by parents) 

that may have influenced the results. Although parenting behavior is thought to be stable 

across time (McNally, Eisenberg, & Harris, 1991), the MRI was acquired 18 months after 

the parenting observations and as such we cannot rule out the possibility that parenting 

behaviors may have changed over time. As we did not include a range of emotional faces 

(including positive and sad faces) in the task, we cannot establish if our findings are 

specific to angry and fearful stimuli. Although the majority of participants were identified 

as belonging to the same cultural group, we did not assess cultural variables specifically, 

which are likely to influence parenting behaviors. Finally, we cannot rule out that shared 

genetic traits may play a role in explaining the findings (Bevilacqua & Goldman, 2011).  

To conclude, in this study we found that maternal parenting behaviors were 

associated with activity in brain regions involved in emotion and social processing in 

children. Activity in these areas was not associated to internalizing symptoms. Further 

study is needed to understand the specific aspects of parental behavior that may affect 

child neural function (particularly communicative behavior, which has received little 

attention in the literature to date). Experimental research (e.g., involving parenting 
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intervention) is needed to investigate whether parenting behaviors are causally related to 

child brain function. Finally, research in samples with greater variation in clinical 

symptoms, and / or longitudinal research following children into adolescence, is needed 

to elucidate the potential relevance of our findings for the development of depressive 

disorders and other psychopathology.  
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Figure 6-1. Negative effect of maternal negative behavior during the Event-Planning 

Interaction (EPI) on lingual gyrus activity for the emotional faces > shapes condition in 

girls. 

 

 
 

Figure 6-2. Positive effect of maternal communicative behavior on bilateral middle 

orbitofrontal cortex activity for the emotional faces > shapes condition in the whole 

sample. 
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6.6 Supplement 1 
 

6.6.1 Family Interaction Macro-coding System (FIMS) 
 

The interaction tasks performed at baseline were coded using the Family 

Interaction Macro-coding System (Holmbeck et al., 2007). The FIMS is a macro (or 

global) coding system, where one rating is given per code for the entire length of the 

interaction. Coders viewed each video and rated each code on a 5-point Likert scale. For 

instance, the code “involvement in the task” refers to the extent to which the subject 

showed an active and enthusiastic participation in the task and includes both verbal and 

non-verbal signals. It is rated on a scale from 1 to 5, where 1 correspond to Not at All 

(e.g. the subject looks tired and bored, does not interact, looks very unenthusiastic) to 5 – 

Very Often (e.g. the subject follows conversation, looks attentive, enthusiastic) 

(Holmbeck et al., 2007).The FIMS includes behavior codes and family systems codes. 

Behavior codes are grouped under interaction style, conflict, affect, control, parental 

behaviors and collaborative problem solving. There are 115 codes in total. Two post-

graduate students were trained by experienced coders from the laboratory of Professor 

Grayson N. Holmbeck at Loyola University of Chicago. By the end of the training, 

coders were required to reach a 90% agreement between codes. At the completion of all 

coding, reliability was calculated again and the coders achieved a 95% agreement 

between codes. The codes from both raters were averaged for subsequent analysis. 

 

6.6.1.1 Modified version 
 

The FIMS includes separate codes for the child, the mother, and the father 

(Holmbeck et al., 2007). As fathers did not participate in the study, codes for the fathers 

were excluded. Further, two other codes were excluded because they were originally 

included for use in pediatric illness (e.g. Holmbeck et al., 2002) and deemed not relevant 

for typically developing children. Seven family systems codes were excluded because 

they were intended for triadic interactions. As the aim of the principal components 

analysis (see below) was to identify separate factors for the mother and the child, codes 
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for the mother and the child were analyzed separately, and five codes that referred to the 

dyad were not included in the analysis.   

It has been suggested that both the frequency and intensity of positive, aggressive, 

and dysphoric parental affect is important for child emotional development.(Eisenberg et 

al., 1998) The FIMS did not have distinct codes for dysphoric and aggressive affect, but 

rather a global negative affect code. Moreover, it did not separate frequency and intensity 

neither for negative nor for positive affect. Therefore, five additional codes were added: 

intensity for positive affect, aggressive affect and dysphoric affect; frequency for 

aggressive affect and dysphoric affect (prefixed with mod, [modified] see Table 6-S1). 

The total number of codes analyzed for mothers was 30 (see Table 6-S1). 

 

6.6.1.2 Multiple Factor Analysis on the FIMS codes 
 

A Multiple Factor Analysis, described briefly here, was conducted on the FIMS 

codes by a graduate student, SR. A full description of the procedure, including the results 

for the child codes that are not included here, can be found here (Richmond et al., 2018) . 

Multiple factor analysis is an extension of principal components analysis that 

analyzes observations by sets or groups of variables (Pagès, 2015). Multiple factor 

analysis is used to develop an integrated picture of the observations and of the 

relationships between the groups of variables (Abdi, Williams, & Valentin, 2013). 

Importantly, multiple factor analysis can account for a group structure as defined by the 

user. In our data, for example, where the same individuals were observed during the 

Event Planning Interaction and Problem-Solving Interaction, two groups were defined to 

contain the measures collected from each task (Pagès, 2015). Multiple factor analysis was 

conducted with the R package, FactoMineR (Lê, Josse, & Husson, 2008). 

 

6.6.1.2.1 Factor Extraction 
 

For the maternal data, a four-component solution was best fitting and explained a 

total of 58% of the variance, with Component 1 contributing 32.9%, Component 2 

10.4%, Component 3 8.6% and Component 4 6.1%. To aid in the interpretation of these 
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four components, an oblique (oblimin) rotation was performed. Components showed a 

number of strong loadings (greater than or equal to 0.4) and most variables loaded 

substantially on only one component. In addition, five codes did not load substantially on 

any one of the four components (see Table 6-S2). Note that to simplify interpretation of 

the component scores, coefficients for Negativity Event Planning Interaction were 

reversed, therefore a high score on Component 1 or 3 indicated a high level of ‘negative’ 

behaviors. 

 

6.6.1.2.2 Component reliability 
 

Cronbach’s alpha was calculated to assess the reliability, or internal consistency, 

of the components (Cronbach, 1951). Reverse phrased items were reverse scored and 

only codes with loadings greater than 0.4 were included to avoid inflated reliability 

values driven by a high number of items (Cortina, 1993). For the five codes with loadings 

on two components, the code was placed into the component with the highest absolute 

loading. The minimum alpha coefficient was .86 indicating that each component had 

relatively high internal consistency (Kline, 1999). 

 

6.6.2 FIMS codes  
 

List of FIMS codes included in each factor. Note the sign (-) for codes negatively 

associated with the factor. 

 

1) Maternal negative behavior during the EPI (Component 1) 

• Intensity negative affect 

• Frequency negative affect 

• Intensity of aggressive affect 

• Frequency of aggressive affect 

• Intensity of dysphoric or sad affect 

• Anger 
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• Pressures other to agree 

• Withdrawal from conflict  

• Parent promotes autonomy (-) 

• Receptive to statements made by others  (-) 

• Tolerates differences and disagreements  (-) 

• Attempted resolution of issues  (-) 

2) Maternal positive behavior across both tasks (Component 2) 

• Frequency positive affect  

• Intensity of positive affect  

• Humor and laughter 

• Physical contact  

• Intensity of positive affect  

• Supportiveness 

3) Maternal negative behavior during the PSI (Component 3) 

• Intensity negative affect 

• Frequency negative affect 

• Intensity of aggressive affect 

• Frequency of aggressive affect 

• Anger 

• Dominance 

• Pressures other to agree 

• Withdrawal from conflict  

• Parent promotion of dialogue and collaboration  (-) 

• Parent promotes autonomy  (-) 

• Receptive to statements made by others  (-) 

• Tolerates differences and disagreements  (-) 

• Attempted resolution of issues  (-) 

• Parental structuring of task (-) 

• Supportiveness (-) 

4) Maternal communication across both tasks (Component 4) 
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• Clarity of thought/idea expression 

• Parent promotion of dialogue and collaboration   

• Listens to others 

• Provides explanations for positions 

• Parental structuring of task 

• Off-task behavior (-) 

 

6.7 Supplement 2 
 

6.7.1 Image pre-processing 
 

After coregistration of the functional images with subjects anatomical scans, 

(concurrently normalized to the SPM-T1), the resulting transformation matrix was 

applied to the functional data to achieve accurate spatial normalization across individuals. 

The anatomical scans were also segmented using a unified normalization and 

segmentation approach (Ashburner & Friston, 2005), White matter and CSF were 

generated by thresholding the corresponding tissue images segmented from the T1 scan at 

99% and 50% tissue probability, respectively. Any overlap with the grey matter mask 

(thresholded at 1%) was removed by image subtraction. Voxelwise time-series were 

extracted from the white matter and CSF masks and subjected to the aCompCor method 

(Behzadi et al., 2007), in which voxelwise time-course from each tissue mask were 

subjected to separate principal component analyses. The first five components from each 

mask were retained as nuisance regressors modelling physiological noise and head 

motion effects. The aim of including motion parameters and aCompCor derivatives as 

nuisance regressors in the model is to account for their explained variance and therefore 

reduce the motion-related noise that may be present in the data (Caballero-Gaudes & 

Reynolds, 2017). All data were linearly detrended and a linear regression model that 

included these ten component signals, together with the six head motion parameters 

(three rotation, three translation) estimated during the head motion correction procedure, 

and the first-order derivatives of all sixteen signals were then fitted on a voxelwise basis. 
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This approach has been shown to successfully control for head motion and physiological 

noise in fMRI data (Muschelli et al., 2014). The noise-corrected data were then high-pass 

filtered with the default SPM setting of 128 seconds and spatially smoothed with a 

Gaussian filter (8 mm full-width at half-maximum). The pipeline was developed and 

tested with SPM8.  

 

6.7.2 PPI analysis  
 

Time-series were extracted from the left and right amygdala seed regions, using a 

sphere of 6 mm around the peak local maxima from each subject’s map resulting from 

whole brain analyses (from the angry/fearful faces > shapes contrast), with a threshold of 

0.1 within left and right amygdala masks derived from the AAL atlas. 80 and 77 

participants had activation above threshold for the right and left amygdala, respectively. 

The 6 participants excluded from the right amygdala PPI analysis showed had higher 

SCAS total score (p=0.046) than the included participants (mean 35.5, SD=15.003; 

mean=23.256, SD=14.217 respectively).  The 9 participants excluded from the left 

amygdala PPI analysis did not differ from the remaining participants on any clinical 

measure (all p’s>0.05).
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Table 6-S1. Family Interaction Macro-coding System (FIMS) codes.  

Adapted from (Richmond et al., 2018) 
 

 
 
aApplicable to child only.  
b Applicable to mother only.  
c Includes intensity and frequency.  

 

 
 
 
 
 
 
 
 
 
 

FIMS Code Abbreviation FIMS Code Abbreviation 

Involvement in the task involvement Frequency positive affect positive_affect_freq 

Clarity of thought/idea expression clarity_thought Intensity negative affectc  negative_affect_int 

Confidence in stating opinions confidence Frequency negative affect negative_affect_freq 

Provides explanations for positions explanations mod Intensity of aggressive affect mod_aggressive_affect 

Requests input from other family members requests_input mod Frequency of aggressive affect mod_freq_aggressive_affect 

Listens to others listens mod Intensity of dysphoric or sad affect  mod_int_dysphoric_affect 

Off-task behavior off_task mod Frequency of dysphoric affect mod_freq_dysphoric_affect 

Receptive to statements made by others receptive Warmth warmth 

Maturitya  - Supportiveness support 

Child is needya  needy Humor and laughter humor 

Eye contact eye_contact Anger anger 

Physical contact phys_contact Dominance dominance 

Tolerates differences and disagreements tols_differences Pressures other to agree pressures 

Withdrawal from conflict withd_conflict Parent promotion of dialogue and collaborationb dialogue 

Attempted resolution of issues resolution Parental structuring of taskb structuring 

mod Intensity of positive affect mod_positive_affect Parent promotes autonomyb autonomy 
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Table 6-S2. Pattern coefficients for multiple factorial analysis with oblimin rotation of 

four factor solution for maternal data sets.  

Adapted from (Richmond et al., 2018) 
 

Maternal codes Component 1 Component 2 Component 3 Component 4 

epi_receptive_mo 0.52 0.03 -0.22 0.28 

epi_tols_differences_mo 0.70 0.05 -0.00 0.26 

epi_withd_conflict_mo -0.42 0.05 -0.27 -0.28 

epi_resolution_mo 0.59 0.06 0.02 0.40 

epi_negative_affect_int_mo -0.89 -0.03 0.08 0.04 

epi_negative_affect_freq_mo -0.87 -0.08 0.11 0.01 

epi_mod_aggressive_affect_mo -0.92 -0.03 0.04 0.01 

epi_mod_freq_aggressive_affect_mo -0.84 -0.06 0.16 0.04 

epi_mod_int_dysphoric_affect_mo -0.54 -0.01 -0.17 -0.29 

epi_anger_mo -0.88 -0.01 0.08 -0.01 

epi_pressures_mo -0.44 -0.03 0.24 -0.27 

epi_autonomy_mo 0.61 0.00 -0.16 0.15 

epi_mod_positive_affect_mo 0.08 0.73 0.01 0.03 

epi_positive_affect_freq_mo 0.11 0.76 0.09 -0.04 

epi_warmth_mo 0.30 0.67 0.01 0.02 

epi_humor_mo 0.08 0.80 0.18 -0.02 

psi_phys_contact_mo -0.23 0.63 0.03 -0.05 

psi_mod_positive_affect_mo -0.00 0.78 -0.00 0.05 

psi_positive_affect_freq_mo -0.09 0.83 -0.04 -0.00 

psi_warmth_mo 0.01 0.72 -0.29 -0.02 

psi_humour_mo -0.11 0.83 -0.03 0.05 
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psi_support_mo 0.06 0.45 -0.48 -0.12 

psi_receptive_mo -0.09 -0.01 -0.74 0.27 

psi_tols_differences_mo 0.10 0.07 -0.76 0.05 

psi_resolution_mo -0.05 -0.07 -0.49 0.46 

psi_negative_affect_int_mo -0.21 -0.02 0.82 0.11 

psi_negative_affect_freq_mo -0.18 -0.05 0.84 0.10 

psi_mod_aggressive_affect_mo -0.18 0.01 0.86 0.17 

psi_mod_freq_aggressive_affect_mo -0.20 -0.06 0.83 0.13 

psi_anger_mo -0.21 -0.00 0.84 0.14 

psi_dominance_mo 0.16 -0.04 0.50 -0.07 

psi_pressures_mo 0.13 0.06 0.78 -0.22 

psi_dialogue_mo -0.19 0.14 -0.57 0.38 

psi_autonomy_mo -0.11 0.05 -0.77 0.24 

psi_structuring_mo -0.19 -0.03 -0.59 0.49 

epi_clarity_thought_mo 0.15 0.18 0.05 0.61 

epi_explanations_mo 0.14 0.23 0.06 0.52 

epi_listens_mo 0.27 -0.09 -0.16 0.62 

epi_off_task_mo -0.26 0.12 -0.06 -0.64 

epi_diaglogue_mo 0.32 0.06 -0.06 0.60 

epi_structures_mo 0.31 0.03 0.02 0.68 

psi_clarity_thought_mo -0.14 0.01 0.03 0.73 

psi_explanations_mo -0.11 0.07 -0.12 0.57 

psi_off_task_mo -0.13 0.23 -0.09 -0.48 

epi_phys_contact_mo -0.06 0.37 0.03 -0.10 

epi_support_mo 0.36 0.40 -0.09 0.15 
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epi_dominance_mo -0.30 -0.05 0.07 -0.16 

psi_mod_int_dysphoric_affect_mo -0.19 -0.15 -0.03 -0.32 

psi_mod_freq_dysphoric_affect_mo -0.12 -0.16 0.10 -0.28 

Note: Component 1 = maternal negative behavior during the Event Planning Interaction; Component 2 = 

maternal positive behavior; Component 3 = maternal negative behavior during the Problem Solving 

Interaction; Component 4 = maternal communicative behavior. 

epi = Event Planning Interaction; psi = Problem Solving Interaction; mo = maternal 

 

Table 6-S3. Bivariate correlations between the parenting components.  

 Maternal  

negative EPI 

Maternal  

positive 

Maternal  

negative PSI 

Maternal 

communicative 

Maternal negative EPI 1    

     

Maternal positive -.214* 1   

 .048    

Maternal negative PSI .414*** -.227* 1  

 .000 .036   

Maternal communicative .259* .033 -.188 1 

 .016 .761 .084  
Note:  in the full sample included at baseline, maternal communicative behavior was negatively correlated 

with the negative affect components (i.e. with negative behavior during the PSI: r=-0.231, p=0.004; with 

negative behavior during the EPI: r=-0.248, p=0.002). 

EPI = Event Planning Interaction; PSI = Problem Solving Interaction. 

*p < .05; **p < .01; ***p < .001. 

 

Table 6-S4. Summary of the results of the whole brain fMRI and PPI analysis (left 

amygdala) controlling for maternal depressive symptoms at Wave 1.  

 Cluster level 

FWE, p<0.05 

Ke Peak level 

FWE,p<0.05 

T MNI 

coord. 

Region 

Whole brain       

Maternal negative (EPI)       
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Males>females 0.001 919 0.211 4.43 14 -56 4 R Precuneus/Lingual 

Females only 0.006 655 0.253 4.36 16 -78 -4 R Lingual 

Maternal communicative 0.139 253 0.030 5.06 -12 30 -14 L Rectus 

 0.022 468 0.234 4.39 24 34 -16 R Rectus 

Left amygdala connectivity       

Maternal negative (PSI)       

Males>females 0.040 358 0.083 4.83  22 -62 58 R Parietal Sup 

 0.007 558 0.174 4.58 30 -70 28 R Occipital Mid 

 

 

Table 6-S5. Whole group task effects results. 

Cluster-level Family Wise Correction (FWE) correction (p < 0.05). 
 
Cluster level  

FWE, p<0.05 

Ke Peak level 

FWE,p<0.05 

T MNI coordinate Region 

0.000 63205 0.000 34.15 -24 -100 -4 Left Occipital Middle 

0.440 144 0.000 7.45 20 -38 -42 Right Cerebellum 

0.237 228 0.009 6.93 -32 -66 48  Left Parietal Superior 
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Figure 6-S1. Maternal negative behavior (PSI) interacted with sex in predicting increased 

connectivity between the left amygdala and right superior parietal lobe (in 

males>females). 
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7 Interaction between hypothalamic-pituitary-adrenal axis genetic variation and 
maternal behavior in the prediction of amygdala connectivity in children 

 

7.1 Abstract 
 

High levels of negative, and low levels of positive parenting behaviors can increase the 

risk of internalizing symptoms in children, but the mechanisms underlying this 

association are still unclear. One possibility is that parenting behaviors affect the neural 

correlates of emotion processing in children. Further, genetic variants relevant to the 

function of the hypothalamic–pituitary–adrenal (HPA) axis are thought to moderate the 

effect of early experiences on the brain circuits underlying emotion processing, 

particularly those involving the amygdala. However, no studies have investigated the 

interactive effect of parenting behaviors and HPA axis-related genes on amygdala 

activity and connectivity during emotion processing, and in turn internalizing symptoms 

in children. Participants comprised 80 children (46 females, mean age=10.0 years) from 

the community. Observational measures of maternal behavior were collected during 

mother-child interactions. Children underwent functional magnetic resonance imaging 

while performing an implicit emotion-processing task, and mothers and children 

completed measures of child internalizing symptoms. Genetic risk was calculated using 

an HPA genetic risk score. HPA genetic risk score was indirectly associated with greater 

child self-reported depressive symptoms via increased amygdala-precuneus connectivity 

during the emotion-processing task, and interacted with negative maternal parenting 

behavior to predict increased connectivity between amygdala and superior frontal gyrus, 

anterior cingulate cortex and parietal cortex. HPA-related genetic variation appears to 

moderate the effect of negative maternal parenting behavior on the neural underpinnings 

of emotion processing in children, and may confer risk for depressive symptoms via 

modulation of amygdala connectivity. 

 

7.2 Introduction 
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Internalizing symptoms during childhood increase the risk of developing 

depression later in life (Kovacs & Devlin, 1998), underscoring the importance of 

understanding etiological factors to inform preventive efforts. High levels of negative 

parenting behaviors (e.g. parental over-involvement; aversiveness) and low levels of 

positive behaviors and warmth have been related to increased levels of internalizing 

symptoms during childhood (Yap & Jorm, 2015). However, individuals show significant 

variability in their susceptibility to such environmental factors (B. J. Ellis et al., 2011). A 

possible explanation is that genetic factors may play a role in influencing sensitivity to 

environmental exposure (i.e., gene-environment (G × E)) (Uher, 2014).  

In particular, genes related to the hypothalamic–pituitary–adrenal (HPA) axis are 

promising candidates for a mechanism that may determine individual differences in 

sensitivity to stressful family environments. The HPA axis is the key biological stress 

response system (McEwen, 2007), and dysregulation of this system has been found in 

depressed patients (Pariante & Lightman, 2008). Previous research has found associations 

between depression and variations in genes key to HPA axis function, such as the 

corticotrophin-releasing hormone receptor 1 (CRHR1) (Z. Liu et al., 2006), the 

glucorticoid receptor (NR3C1) (Zobel et al., 2008) and the FK506 Binding Protein 5 

(FKBP5) (Lavebratt et al., 2010). Importantly, several studies have found associations 

between HPA axis-related genes and depression only when in interaction with childhood 

adverse experiences, supporting a G × E framework (Appel et al., 2011; Bradley et al., 

2008; Zimmermann et al., 2011). However, no research to date investigating HPA axis-

related G × E predictors of internalizing symptoms has a) been done in children, and b) 

investigated parenting as the environmental exposure.  

The specific pathways linking G × E and risk for internalizing symptoms are still 

unclear. One fruitful approach to understanding such mechanistic pathways is to 

investigate brain function (Insel et al., 2010). Dysfunction of corticolimbic circuits 

underlying emotion processing, especially those involving the amygdala, have been 

suggested to represent potential neurobiological mechanism that might underlie the 

association between G × E effects and depressive/internalizing symptoms (Swartz, 

Knodt, Radtke, & Hariri, 2015). The amygdala is intrinsically involved in HPA axis 

function (Ledoux, 2000) and it has been proposed that HPA axis genetic variation may 
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moderate the effect of the environment on amygdala reactivity and connectivity of related 

emotional circuits (Bogdan et al., 2016).  

Indeed, studies have found that HPA axis-related genes interact with 

environmental factors to predict amygdala reactivity/connectivity. Two studies adopted a 

‘cumulative genetic risk’ approach, combining 5 and 10 single nucleotide polymorphisms 

(SNPs), respectively, from four different genes (FKBP5, CRHR1, NR3C2 and NRC31) 

to create HPA axis genetic ‘risk’ scores (Iorio et al., 2017; Pagliaccio et al., 2015a). One 

study found that early life stress was associated with amygdala response to emotional 

faces only in young adults with higher HPA axis genetic risk (Iorio et al., 2017). The other 

study found that HPA axis genetic risk interacted with number of stressful events in 

predicting connectivity between the amygdala and the frontal cortex, caudate, and 

parahippocampal gyrus, in children (Pagliaccio et al., 2015a). Two further studies 

focused on a single SNP of the FKBP5 gene: rs1360780 (Holz et al., 2014; White et al., 

2012). One of these studies found that individuals homozygous for the ‘risk’ T-allele, in 

the context of emotional neglect, showed increased amygdala reactivity to fearful and 

angry faces, and positive coupling between amygdala and orbitofrontal cortex, compared 

to young adults heterozygous/homozygous for the non-risk C-allele (Holz et al., 2014). 

The other study found that emotional neglect in those with the FKBP5 rs1360780 T-allele 

predicted greater dorsal amygdala reactivity to an emotional faces task (White et al., 

2012). Finally, another study investigated the mineralcorticoid receptor (NR3C2) rs5522 

polymorphism and found that although the A-allele was associated with amygdala 

reactivity in the context of emotional neglect, carriers of the G-allele showed the greatest 

amygdala reactivity (Bogdan, Williamson, & Hariri, 2012). 

While evidence to date suggests a moderating role of HPA axis genetic variation 

in the association between environmental adversity and functioning of emotional circuits, 

none investigated parenting behaviors, despite the fact that such behaviors are thought to 

modulate the development of the HPA axis (Caldji, Diorio, & Meaney, 2000), as well as 

the same emotional circuits implicated in depression (Callaghan & Tottenham, 2015). 

Focusing on the childhood period is of particular interest given that it is thought to be a 

sensitive period for parental modulation of child frontoamygdala circuitry (Gee, 2016). 
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Further, none of the aforementioned G × E studies provided evidence that effects on brain 

function were in turn associated with internalizing symptoms. 

This study aimed to investigate the interaction between observed measures of 

maternal parenting behaviors and HPA axis genetic variation in relation to amygdala 

reactivity and connectivity during emotion processing, and in turn internalizing 

symptoms, in a community sample of children. Parenting is particularly important for 

emotional development during childhood (Callaghan & Tottenham, 2015), and 

understanding the link between parenting behaviors and internalizing symptoms in this 

sensitive period is important to understand risk processes for depression. Examining a 

combination of several SNPs is thought have more predictive power, compared to 

individual polymorphisms (Bogdan et al., 2016). As such, we adopted a cumulative 

genetic risk approach similarly to previous studies (Iorio et al., 2017; Pagliaccio et al., 

2015a). Given previous findings, we expected that higher negative and lower positive 

maternal parenting behaviors, in particular in those with higher HPA axis genetic risk, 

would be associated with increased amygdala reactivity and connectivity with regions 

involved in emotion processing, including the prefrontal cortex. We also hypothesized 

that these alterations in amygdala reactivity and connectivity would in turn be associated 

with higher internalizing symptoms in children (see Figure 7-1 for a representation of our 

model). 

 
Figure 7-1. Model tested in the study 
 

7.3 Materials and methods 
 

The sample consisted of 80 participants taking part in the Family and Childhood 

Transition Study (FACTS), who were recruited from Melbourne, Australia, as described 

elsewhere (Simmons et al., 2017). Social disadvantage increases the risk of negative life 
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events and stressors and poses challenges for parenting practices (McLoyd, 1998). Thus, 

to maximize the variance in parenting behaviors, participants were recruited from 

metropolitan areas of Melbourne falling within the lower tertile of socioeconomic 

disadvantage (according to Australian Bureau of Statistics: Canberra, 2013). Of note, the 

socioeconomic status of participants based on their home address was distributed across 

the full range (possible scores range from 0 to 100) (see Supplementary Material Fig. 7-

S1). The study involved two waves of data collection. During Wave 1, 155 children aged 

8-9 years participated in two lab-based interactions with their mothers. Only mothers 

participated in the study, due to budget constraints. During Wave 2, approximately 18 

months later, 125 children completed a magnetic resonance imaging (MRI) brain scan 

that included a functional task. See Supplementary Material Fig. S2 for a summary of the 

data collected at each time point. Exclusionary criteria comprised MRI contraindications, 

history of head trauma or loss of consciousness, history of clinically significant 

developmental or intellectual disorder and use of psychotropic medication. None of the 

children had a psychiatric diagnosis from a health professional, as reported by the 

parents. Five participants did not have parenting data and six children did not provide 

saliva samples and as such did not have DNA information available. Of the 114 with 

completed MRI, genetic and parenting data, 34 participants were excluded after 

performing quality control on the MRI data (see below). The final sample thus included 

80 children (46 females; mean age at MRI=10.00 years, SD=0.36) with complete MRI, 

genetic and parenting data. 

There were no difference between the sample of 80, and participants excluded 

from the analysis, except for socioeconomic status (SES; p=0.006), which was lower in 

the excluded group. 

Ethics approval for this study was granted by the University of Melbourne Human 

Research Ethics Office. Parental informed written consent and child assent were obtained 

prior to study participation. 

 

7.3.1 Parenting behaviors: Family Interaction Task (FIT) 
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Two 15-minute mother-child interactions were performed and video recorded. 

The first, an Event Planning Interaction (EPI), involved dyads planning two or three 

pleasant activities to do together, selected from a list in the Pleasant Events Schedule (D. 

J. MacPhillamy & Lewinsohn, 1982). The second, a Problem Solving Interaction (PSI), 

involved discussing conflictual topics relevant for the dyad, chosen from the Issues 

Checklist (Prinz et al., 1979). Two trained graduate students independently coded the 

recorded behaviors during the interactions using a modified version (Richmond et al., 

2018) of the Family Interaction Macro-coding System (FIMS) (Holmbeck et al., 2007). 

Fifty-nine codes were included covering a range of mother and child behaviors that were 

rated on 5-point Likert scales. A multiple factorial analysis was performed on the FIMS 

codes for the original Wave 1 sample of 155 to obtain empirically-derived parenting 

behavior components (Richmond et al., 2018). Four such components were identified: 

maternal negative behavior (e.g. frequency and intensity of negative affect, anger) during 

the EPI, maternal negative behavior during the PSI, maternal positive behavior (e.g., 

frequency and intensity of positive affect, humor, laughter) across both tasks, and 

maternal communicative behavior (e.g., listening, clarity of thought, providing 

explanations) across both tasks. See Chapter 6, section 6.6.2, for a list of codes included 

in each component. See Supplementary Material for the correlations between components 

(in Supplementary Table 7-S1). Factor scores for each of the four components were used 

in subsequent analyses. 

 

7.3.2 Saliva collection  
 

Saliva samples used for genetic and cortisol analysis were collected at Wave 1 

(see Simmons et al., 2017 for details). For each participant two samples were collected 

(one on the day prior, and one on the day of the Wave 1 assessment). For each sample, 

children collected 2.5ml of saliva in a test tube, via passive drool. Any samples from 

participants who indicated that samples were provided more than 45 minutes after waking 

were excluded.  
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7.3.3 Cortisol 
 

Samples were frozen at -30°C, and prior to analysis, defrosted and centrifuged, 

with the supernatant assayed in duplicate for levels of cortisol using Salimetrics ELISA 

kits. The two samples were averaged for the analysis. Given that cortisol was positively 

skewed, to achieve a Gaussian distribution it was log-transformed. 

 

7.3.4 Genotyping 
 

DNA was recovered from the stabilized saliva samples. Ten single nucleotide 

polymorphisms (SNPs) in four genes (Table 7-1) and 60 unlinked ancestry informative 

markers (AIMs; see in Chapter 5 Supplementary Table 5-S2) were genotyped with Agena 

Bioscience MassARRAY on a Compact Spectromer by the Australian Genome Research 

Facility. Seventy-seven participants had predominantly European (CEU) ancestry and 3 

had Asian (CHB) ancestry (calculated based on the 60 SNPs).  

The SNPs included in the HPA genetic risk score were selected on the basis of 

literature highlighting their relevance for stress and depression, as well as modulation of 

corticolimbic neural circuits (Bogdan et al., 2016). The HPA genetic risk score has been 

found to predict cortisol levels in children (Pagliaccio et al., 2014). For each HPA SNP, a 

risk allele was nominated based on previous literature (following Pagliaccio et al., 2014) 

(see Table 1). An unweighted score was calculated for each individual based on the 

number of risk alleles they possessed, with a total score ranging from 0 to 10.  

Minor allele frequencies in the sample and p-values from tests for Hardy-

Weinberg equilibrium (HWE) are shown in Table 7-1. There was no significant deviation 

from HWE. 

 

Table 7-1. Single nucleotide polymorphisms included in the HPA genetic risk score 

 
Gene SNP Alleles MAF HWE p Reliability^ Scoring* 

CRHR1 rs4792887 C>T 0.07 0.09 100% TT=1,TC=0.5,CC=0 

CRHR1 rs110402 C>T 0.50 0.80 100% TT=1,CT=0,CC=0 
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CRHR1 rs242941 G>T 0.26 0.82 99% AA=1,CA=1,CC=0 

CRHR1 rs242939          A>G 0.04 0.07 99% CC=1,CT=1,TT=0 

CRHR1 rs1876828 G>A 0.21 0.54 100% CC=1,TC=1,TT=0 

NR3C2 rs5522 A>G 0.09 0.93 99% GG=1,AG=1,AA=0 

NR3C1 rs41423247 G>C 0.35 0.21 100% GG=1,CG=1,CC=0 

NR3C1 rs10482605 T>C 0.16 0.08 99% AA=1,AG=0,GG=0 

NR3C1 rs10052957 G>A 0.30 0.76 100% AA=1,GA=0,GG=0 

FKBP5 rs1360780 C>T 0.29 0.46 100% TT=1,CT=1,CC=0 

^Calculated by re-genotyping a random 10% of genotyped participants. 

*according to (Pagliaccio et al., 2014), whereby 1 = highest risk, 0.5 = moderate risk, 0 = least risk 

Alleles = Alleles present in current sample (major>minor) 

MAF = Minor allele frequency for current sample 

HWE = Hardy-Weinberg equilibrium 
 

7.3.5 MRI 
 

Neuroimaging data were acquired on a 3 Tesla Siemens TIM Trio scanner 

(Siemens, Erlangen, Germany) at the Murdoch Children’s Research Institute in 

Melbourne, Australia. Participants lay supine in a 32-channel head coil. Prior to the scan, 

participants underwent a MRI mock session where they looked at pictures of the 

machine, received information about the procedure and practiced staying still in a life-

size replica of an MRI scanner (Simmons et al., 2017). 

 

7.3.5.1 MRI parameters 
 

Structural T1-weighted images were acquired as follows: MPRAGE MoCo, 

repetition time = 2530 msec; echo time1 = 1.74 msec, echo time2 = 3.6 msec, echo time3 

= 5.46 msec, echo time4 = 7.32 msec; flip angle = 7°, field of view = 256 × 256 mm2, 

producing 176 contiguous sagittal slices with 1.0 mm3 voxel dimensions. Functional scan 

parameters included 136 whole-brain T2*- weighted echo-planar images (TR = 3000 ms, 

TE = 35 ms, flip angle = 85°) within a field of view of 216 x 216mm2, with a voxel size 

of 3mm3.  Forty interleaved transverse slices were acquired.  
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7.3.5.2 Affective faces fMRI task 
 

Participants underwent an implicit version of a widely used emotional face-

matching task for children (Hariri et al., 2000). The presented faces were from the 

NimStim Set of Facial Expressions (Tottenham et al., 2009). Participants were instructed 

to either match the gender of one of two faces (presented at bottom of screen) to a target 

face above (face condition), or match shapes in a similar fashion (control condition). This 

implicit version of the task was used because it has been shown to robustly activate the 

amygdala (e.g., Fu et al., 2008; Tao et al., 2012). Each block consisted of six consecutive 

trials containing angry or fearful faces, or circular shapes. Three 24000ms blocks for each 

emotional face condition (6 stimuli of 4000ms each) and six 24000ms blocks (6 stimuli 

of 4000ms each) for the control condition were presented. A fixation cross (rest condition 

- 10s) separated each block. The total length of the task was approximately 7 minutes. 

Two versions of the task were administered in a counterbalanced manner; one displaying 

angry faces first and one displaying fearful faces first. The order of the block was as 

follows: rest, shapes, rest, faces. 

 

7.3.5.3 Image preprocessing  
 

The images were processed using CONN functional connectivity toolbox v17 

(Whitfield-Gabrieli & Nieto-Castanon, 2012). The experimental design included the 

onset and the duration for the three conditions: rest, shapes and emotional faces (angry 

and fearful faces combined). First, the images were pre-processed following the default 

MNI pipeline implemented in CONN, which includes: functional realignment and 

unwarping, slice-timing correction, structural segmentation and normalization, functional 

normalization, outlier detection (Artifact Detection Toolbox 

(www.nitrc.org/projects/artifact_detect/), and smoothing (using a kernel of 8 mm). All 

spatial preprocessing steps were implemented using SPM12 (Wellcome Department of 

Imaging Neuroscience, London, UK; www.fil.ion.ucl.ac.uk/spm). Second, we employed 

a denoising step, which applies linear regression and band-pass filtering in order to 

remove unwanted motion, physiological, and other artifactual effects from the BOLD 
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signal. In this step we included the following parameters: 1) the top five principal 

components of white matter and cerebrospinal fluid (CSF) tissue classes (based on signal 

decomposition of tissue signals from structural segmentation masks with principal 

components analysis, implemented using aCompCor (Behzadi et al., 2007)), 2) 

‘scrubbing’ parameters (as many regressors as identified as ‘invalid scans’ for each 

participant based on the combination of a threshold of framewise displacement > 0.90 

mm and a global BOLD signal changes > 5 z-score), 3) realignment parameters (12 

regressors: 6 motion parameters + 6 first-order temporal derivatives), and 4) task 

regressors, following recommendations (Whitfield-Gabrieli & Nieto-Castanon, 2012). In 

this final step the images were also band passed filtered (Hz 0.008~0.09).  

Of the 114 participants whose imaging data was pre-processed, twenty-three were 

excluded from subsequent analysis due to having ≥ 20% invalid volumes. An additional 

11 participants were excluded due to maximal amplitude of translational or rotational 

displacements (x, y, z) >3 mm and 3°, respectively. This approach was adopted to 

account for different types of participants’ head motion that can introduce artifacts in the 

data (Power et al., 2012). Thus, the final sample included in all analyses presented below 

comprised 80 children. 

 

7.3.5.4 Models 
 

Initial models included just the main effects of HPA axis score and parenting. The 

effects of parenting on amygdala activity and connectivity are reported elsewhere (Pozzi 

et al., In Press). When examining the main effect of HPA axis risk score, the parenting 

behavior scores were entered in the regression model (one parenting behavior score per 

model). Subsequent models included the G × E interaction term. These models also 

included the main effects of the HPA axis risk score and the parenting behavior score. 

HPA axis genetic risk score and parenting behavior variables were mean centered prior to 

creating interaction terms, and these mean centered variables were included in the 

models. A winsorizing procedure was used to replace extreme parenting behavior scores 

(>3 SD of the sample mean) before mean-centering. This involved 3 scores for maternal 

negative behavior during the EPI, 2 scores for maternal positive behavior and 1 score for 
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maternal communicative behavior. Results are reported with winsorized values, however 

note that running the analyses with the original values did not change the results. 

We included age as a covariate of no interest in all analyses (region of interest 

[ROI] and gPPI), in addition to ancestry, sex, maternal depressive symptoms at Wave 2 

and socioeconomic status (SES). Pubertal (i.e., Tanner) stage (assessed via Pubertal 

Development Scale (PDS) (Petersen, Crockett, Richards, & Boxer, 1988) was considered 

as a covariate, however was not included because the majority of participants were only 

Tanner stage 1 (49%) or 2 (34%). Ancestry (based on genetic analysis) was included as 

dichotomous variable (European, Asian). Note that re-running the analysis without the 

participants with Asian ancestry (N=3) did not change the results substantively.  

 

7.3.5.5 Region of Interest (ROI) analysis 
 

The pre-processed and denoised contrasted images (emotional faces>shapes) 

resulting from the preprocessing pipeline implemented in CONN (Whitfield-Gabrieli & 

Nieto-Castanon, 2012) were entered into second level t-test models in SPM12 (Wellcome 

Department of Imaging Neuroscience, London, UK; www.fil.ion.ucl.ac.uk/spm). Given 

our a priori hypotheses we performed ROI analyses for left and right the amygdala. We 

applied an initial voxel-level p<0.001 threshold (uncorrected) and then small volume 

corrections with pFWE<0.05 within the left and right amygdala masks, created from the 

Automated Anatomical Labeling (AAL) atlas implemented in the Pickatlas toolbox 

(Maldjian et al., 2003).  

 

7.3.5.6 Generalized psychophysiological interaction (gPPI) analysis 
 

Generalized psychophysiological interaction (gPPI) analysis was employed using 

left and right amygdala seed regions. gPPI analysis were conducted in CONN (Whitfield-

Gabrieli & Nieto-Castanon, 2012). Amygdala masks were derived from FSL Harvard-

Oxford Atlas maximum likelihood subcortical atlas using a probability threshold of 25%. 

At the first level, analyses were run to compute the effect of the interaction between the 

seed region BOLD timeseries for each participant (for the emotional faces > shapes 
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contrast) and the PPI interaction term (created by multiplying the extracted time-series by 

the experimental condition emotional faces > shapes) on whole-brain voxel-wise BOLD 

timeseries.  

Second-level analyses were then performed to investigate associations between 

left and right amygdala connectivity and GxE (HPA axis risk score in interaction with 

each parenting behavior).  

At the second level (within CONN) result maps were thresholded at the cluster 

level using p<0.006 Family Wise Error (FWE) correction, with a voxel-level threshold of 

p<0.001 using Gaussian Random-field theory. The critical α for cluster correction was 

pFWE<0.006 based on a Bonferroni adjustment for the number of tests (i.e., 2 seeds x 4 

parenting components = 8 tests).  

 

7.3.6 Questionnaire measures 
 

Children and parents completed questionnaire measures of child internalizing 

symptoms on the same day as the fMRI (i.e., at Wave 2). Children completed the 

Children’s Depression Inventory 2  (CDI-2) (Kovacs, 1992) and the Spence Children 

Anxiety Scale (SCAS) (Spence, 1998), while the mothers completed the Child Behavior 

Checklist for Ages 6-18 (CBCL) (Achenbach, 2001). Note that while mothers completed 

the entire CBCL, only the internalizing scale scores (derived from the sum of the 

Anxious/Depressed, Withdrawn, and Somatic Complaints subscales) are used here given 

the aims of the study. Maternal depressive symptoms were assessed with the Centre for 

Epidemiologic Studies Depression Scale (CESD) (Radloff, 1977). One child did not 

complete the CDI-2 and three mothers did not complete the CBCL. A winsorizing 

procedure was used to replace extreme values (> 3 SD of the sample mean). This 

involved one participant each for the CDI-2, SCAS and CBCL Internalizing subscale. 

Maternal depressive symptoms at Wave 2 and SES (measured with the 

neighborhood derived Socio-Economic Indexes for Areas Index of Relative Socio-

Economic Disadvantage scale, SEIFA (Australian Bureau of Statistics: Canberra, 2013)) 

were not correlated with any parenting components (p’s > 0.05) but were included in all 

the models to rule out their possible confounding effects. One participant was missing 
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SES data and two were missing maternal depressive symptoms data at Wave 2. A single 

imputation procedure with the Expectation-Maximization algorithm in SPSS was used to 

account for these missing data.   

 

7.3.7 Interaction interpretation and mediation analysis 
 

To interpret significant G × E interaction effects, ROI values (first eigenvariate of 

the time-series across all voxels within a 6mm sphere around the cluster peak) and 

connectivity values (average beta values within each significant cluster) were extracted 

for plotting and simple slopes analysis in Mplus (version 7.2). The extracted values were 

entered as dependent variables in linear regression models, while HPA axis score, 

parenting behavior and their interaction were entered as independent variables. Simple 

slopes were evaluated at ±1 SD of the mean of the HPA genetic risk score. Johnson-

Neyman interval plots were also produced to investigate the region of significance. A 

maximum likelihood estimator was used for all analyses, with all inferential tests based 

on bootstrapped (10,000 resamples) standard errors and associated p-values. To 

investigate the potential relevance of G or G × E -related reactivity/connectivity for child 

functioning, the total scores from the CDI-2, SCAS and CBCL/6-18 Internalizing 

subscale were regressed on to the extracted values within each significant cluster from 

the ROI and gPPI analyses. Mediation analyses were conducted to test the theoretical 

indirect association between G or G × E and symptoms, via amygdala reactivity and/or 

connectivity. An indirect effect was considered significant if 95% bias-corrected 

confidence intervals (CI) from bootstrapped analyses (10,000 resamples) did not contain 

zero. 

 

7.4 Results 
 

7.4.1 Demographic characteristics 
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See Table 2 for demographics and descriptive information of the sample. See 

Supplementary Table S1 for correlation between variables. 

 

Table 7-2. Sample characteristics 

 
 Mean ± SD Range 

Age 10.00 ± 0.36 9.44 – 10.82 

SES 44.94 ± 25.537 1 – 95 

Child SCAS Total W2 24.325 ± 14.612 1 – 78 

Child CDI Total W2 6.532 ± 5.641 0 – 25 

Child CBCL Internalizing W2 5.61 ± 4.71 0 – 26 

Child HPA genetic risk score 4.044 ± 1.05 2 – 6.5 

Cortisol W1  0.39 ± 0.4 0.12 - 3.64 

Mother CESD W2 9.447 ± 9.788 0 – 47  

Maternal negative behavior during the EPI -0.086435 ± 0.753162 -1.052358 – 2.392291 

Maternal negative behavior during the PSI 0.005204 ± 0.945512 -1.371198 – 2.457341 

Maternal communicative behavior 0.234538 ± 0.810269 -4.094929 – 2.014284 

Maternal positive behavior 0.014515 ± 0.951280 -1.859561 – 3.102349 

EPI = Event Planning Interaction 

PSI = Problem Solving Interaction 

HPA = hypothalamic–pituitary–adrenal axis 

CDI= Children’s Depression Inventory 

SCAS= Spence Children’s Anxiety Scale 

CBCL Internalizing = CBCL Anxious and Depressed subscale + Withdrawn/Depressed subscale + Somatic Complaints 

subscale 

CESD= Centre for Epidemiologic Studies Depression Scale 

SES= Socioeconomic status measured with the SEIFA Index of Relative Socio-Economic Disadvantage (IRSD) scale, 

expressed in percentile. Note that a low score indicates greater disadvantage in general while a high a score a lack of 

disadvantage.  

W2 = Wave 2 

Note that factor scores (Richmond et al., 2018) from each of the four components were used in analyses and displayed 

in the table (referred to as ‘maternal negative behavior during the EPI’, ‘maternal negative behavior during the PSI’, 

‘maternal positive behavior’ and ‘maternal communicative behavior’). 

 

7.4.2 HPA axis function 
 



 

 
 
 

142 

There was no association between HPA genetic risk score and morning cortisol at Wave 

1 (p>0.05). 

 

7.4.3 Region of Interest (ROI) analysis 
 

There was no association between HPA axis genetic score and left or right 

amygdala activity in response to angry and fearful faces, and no association between 

HPA axis genetic score in interaction with any of the four parenting behaviors and left or 

right amygdala activity.  

 

7.4.4 gPPI 
 

Table 3 presents a summary of the results of the connectivity analysis.  

 

Table 7-3. Summary of the significant results.  
 

Effect Seed Clusters  

(x, y, z) 

Region Size Cluster  

p-FWE 

Peak  

p-FWE 

T 

HPA*        

 L amy +10 -48 +8 R Precuneus  277 0.004615 0.117623 4.99 

Maternal neg. PSI x HPA        

 L amy +8 +12 +64 R Sup Frontal  441 0.000225 0.104876 5.03 

 

Maternal neg. EPI x HPA        

 L amy +50 -28 +28 R Parietal Operc  413 0.000325 0.003572 6.03 

  +38 -10 +28 R Post-central  388 0.000506 0.203518 4.81 

  +00 +28 +28 R Ant Cingulate  373 0.000664 0.570199 4.38 

EPI = Event Planning Interaction 

PSI = Problem Solving Interaction 

HPA = hypothalamic–pituitary–adrenal axis genetic risk score 

amy = amygdala 

L = left; R = right 
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Note: Results were thresholded at the cluster level using a p<0.006 Family Wise Error (FWE) correction, with a voxel 

level threshold of p<0.001.  
* The effect for HPA genetic risk score was significant at pFWE < 0.006 for 3 of 4 regression models, and was 

significant at pFWE = 0.01 for the model that included maternal negative behavior during the EPI. Note that the results 

are presented here from the model that included maternal negative behavior during the PSI.  

 

HPA axis genetic risk score was positively associated with connectivity between 

left amygdala and right precuneus (Figure 7-2). The interaction between maternal 

negative behavior during the PSI and HPA genetic risk score was associated with 

connectivity between the left amygdala and right superior frontal gyrus (Figure 7-3). 

Probing the interaction revealed that maternal negative behavior, when coupled with 

greater genetic risk score, was associated with greater connectivity between left amygdala 

and right superior frontal gyrus (b=0.157, SE=0.045, p=0.001, 95% CI 0.074, 0.256) and 

lower connectivity when coupled with lower risk score (b=-0.171, SE=0.051, p=0.001, 

95% CI -0.261, -0.063). Johnson-Neyman interval analysis showed that the interaction 

was significant for values of the HPA genetic score below 2.91 and above 4.88 (see Fig. 

7-4).  

The interaction between HPA axis genetic risk score and maternal negative 

behavior during the EPI was associated with connectivity between the left amygdala and 

right parietal operculum cortex, right post-central gyrus and right cingulate cortex (See 

Supplementary Material Fig. 7-S3, 7-S4, 7-S5). Probing the interactions revealed that 

maternal negative behavior, when coupled with greater genetic risk score, was associated 

with greater connectivity between left amygdala and right post-central gyrus (b=0.189, 

SE=0.061, p=0.002, CI  0.085, 0.338) and, when coupled with lower genetic risk score, 

lower connectivity between left amygdala and right parietal operculum cortex (b=-0.273, 

SE=0.080, p=0.001, CI -0.409, -0.079), right anterior cingulate cortex (b=-0.327, 

SE=0.077, p<0.001, CI -0.467, -0.162) and right post-central gyrus (b=-0.176, SE=0.071, 

p=0.014, CI -0.335, -0.059). Johnson-Neyman analysis showed that the interaction was 

significant for values of the HPA genetic score below 2.79 and above 4.77 (see 

Supplementary Material Figure 7-S6). No significant associations were found for the 

right amygdala or for any other parenting behavior. 

 



 

 
 
 

144 

 

 Figure 7-2 Association between HPA axis genetic risk score, left amygdala-right 

precuneus connectivity, and child depressive symptoms.  

Significant voxels identified in the precuneus (left), direction of the association (middle), 

and link between connectivity and child depressive symptoms (right).  Note that the 

scatterplot depicted in middle panel of the figure is for display purposes only, as the 

connectivity values were based on their already significant association with HPA score. 

 

 

 
Figure 7-3. Association of the interaction between maternal negative behavior during the 

PSI and HPA axis genetic risk score, with left amygdala-right superior frontal gyrus 

connectivity.  

Significant voxels identified in the superior frontal gyrus (on the left) and plot of the 

interaction (on the right). For display purpose, non mean-centred scores are shown, but 

mean-centered variables were used in analyses.  
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Figure 7-4. Johnson-Neyman plot.  

The association of the interaction between maternal negative behavior during the PSI and 

HPA axis genetic risk score was significant for values of the HPA genetic score below 

2.91 and above 4.88 (note that very similar results were found for maternal negative 

behavior during the EPI, see Supplementary Material Figure 7-S6). Note: the y-axis is the 

conditional slope of the predictor. 

 

7.4.5 Association with child functioning 
 

Connectivity between the amygdala and precuneus (positively associated with 

HPA axis genetic risk score) was positively associated with CDI-2 scores (b=0.267, 

SE=0.113, p=0.018) (Fig. 2).  Mediation analysis showed a significant indirect effect of 

HPA axis genetic risk score on CDI-2 scores, such that greater genetic risk score 

predicted greater symptoms through increased connectivity between left amygdala and 

right precuneus (indirect effect=0.752, SE=0.413; 95% CI: 0.072, 1.723). Genetic risk 

score did not directly predict CDI-2 scores (total effect=0.621, SE=0.630; 95% CI: -

0.535, 1.938). 

There were no other significant associations between amygdala and precuneus 

connectivity and SCAS or CBCL Internalizing subscale scores, or between amygdala 

connectivity for any other significant cluster and CDI-2, SCAS or CBCL Internalizing 

subscale scores. 
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7.5 Discussion 
 

In this study, we investigated the association between HPA-related genetic 

variation, maternal parenting behaviors and amygdala activity and connectivity during 

implicit emotion processing in a community sample of children. Our analysis revealed 

three main findings: first, higher HPA genetic risk score was associated with greater 

amygdala-precuneus connectivity, which in turn was associated with greater child self-

reported levels of depressive symptoms. Second, the interaction between HPA axis 

genetic risk score and maternal negative behavior was associated with connectivity 

between the amygdala and the superior frontal gyrus, parietal operculum cortex, post-

central gyrus and anterior cingulate cortex. Finally, HPA axis genetic risk neither alone 

nor in interaction with maternal parenting behavior was associated with amygdala 

reactivity. 

The lack of effect on amygdala reactivity is not in line with some previous studies 

that have found an association between HPA-related genetic variation in interaction with 

early stress or emotional neglect, and heightened amygdala reactivity (Bogdan et al., 

2012; Iorio et al., 2017; White et al., 2012). However, it is in line with the idea that 

dysregulation of the HPA axis may particularly impair the functioning of corticolimbic 

circuits (Bogdan et al., 2016).  

Increased connectivity (or reduced negative connectivity) between the amygdala 

and precuneus has been found in children with depression (Luking et al., 2012). The 

precuneus is thought to be involved in self-referential processing (Cavanna & Trimble, 

2006), and altered precuneus connectivity in individuals exposed to early adversity has 

been hypothesized to reflect increased self-centered mental imagery (Teicher, Anderson, 

Ohashi, & Polcari, 2014). In our study, the association between increased HPA-related 

genetic variation and increased amygdala-precuneus connectivity may reflect greater 

sensitivity to negative environmental stimuli (i.e., negative emotional faces), and 

potentially greater ascription of the relevance of negative emotional faces to the self. This 

pattern of increased connectivity was associated with greater levels of depressive 

symptoms, consistent with the idea that biased interpretation of emotional stimuli, 

particularly faces, may be one of the mechanisms underlying depression risk (Joormann 
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& Gotlib, 2006) (consistent with the specificity of our findings for depressive but not 

anxiety symptoms). Our result is also in line with other studies that have found an 

association between HPA genetic variation and increased amygdala connectivity with 

areas involved in emotion processing, such as orbitofrontal cortex and post-central gyrus 

(Holz et al., 2014; Pagliaccio et al., 2015a), and provides evidence that HPA genetic 

variants may confer risk for depressive symptoms via altering affective brain function.  

HPA axis genetic variation moderated the effect of negative maternal parenting 

behavior on connectivity between the amygdala and the superior frontal gyrus, anterior 

cingulate cortex, post-central gyrus and parietal operculum cortex. The anterior cingulate 

cortex and the superior frontal gyrus are involved in monitoring and cognitive control of 

emotional states (Ochsner et al., 2004). The post-central gyrus and the parietal operculum 

cortex (i.e., somatosensory cortex) are thought to play a role in the recognition of 

emotions (Adolphs, 2002). There is consistent evidence that early life stress is associated 

with neurobiological changes in the brain circuits underlying emotion processing and 

emotion regulation (Teicher et al., 2016), particularly amygdala-prefrontal cortex 

connectivity (Jedd et al., 2015). Indeed, we previously found that maternal negative 

behavior during the problem solving interaction was associated with increased amygdala-

superior parietal cortex connectivity, particularly in boys (Pozzi et al., In Press). 

Similarly, it has been proposed that adverse parenting influences the development of the 

fronto-amygdala circuitry (Callaghan & Tottenham, 2015). Existing studies have 

provided evidence that such environmental impact on emotional neurocircuitry may be 

exacerbated in those with HPA genetic risk (Holz et al., 2014; Iorio et al., 2017; 

Pagliaccio et al., 2015a; White et al., 2012). We provide the first evidence that HPA 

genetic risk may moderate the effect of normative variation in negative maternal 

parenting behaviors on amygdala connectivity. 

Interestingly, we found that greater maternal negative behavior, when coupled 

with lower genetic risk score, was associated with lower amygdala connectivity with 

prefrontal regions involved in emotion processing and emotion regulation. Previous 

research has shown that amygdala-prefrontal cortex connectivity shifts from positive to 

negative during the transition from childhood to adolescence (Gee, Gabard-durnam, et 

al., 2013). This timing may be accelerated in the absence of maternal care, to promote 



 

 
 
 

148 

resilience and coping in the short term (Gee, Gabard-durnam, et al., 2013). Indeed, 

negative amygdala-prefrontal coupling is thought to reflect the adoption of (mature) top-

down regulatory strategies (Gee, 2016). In contrast, increased amygdala connectivity 

with the prefrontal cortex has been considered a sign of upregulated response of regions 

involved in cognitive control (Jedd et al., 2015). In our study, the lack of association with 

symptoms limits our ability to establish whether decreased amygdala connectivity with 

cortical regions represents an adaptive outcome. However, given that negative amygdala-

prefrontal coupling is thought to be associated to greater emotion regulation, we 

speculate that lower HPA genetic ‘risk’ may buffer the effect of negative maternal 

parenting behavior on amygdala connectivity and emotional reactivity.  

Of note, our results were lateralized, whereby we found significant associations 

only for left amygdala connectivity. It has been hypothesized that the left amygdala may 

have a more prominent role in processing arousal (Gläscher & Adolphs, 2003), but the 

exact significance in the context of negative maternal parenting remains to be explored. 

Maternal negative behaviors during the EPI (positive context) and during the PSI 

(negative context) were associated with different regions of connectivity. It has been 

suggested that the context of maternal negative behavior might be particularly important 

in determining the significance of parental behavior for children, more so than the 

valence of the behavior alone (Schwartz et al., 2012). Specifically, negative behavior that 

is out of context (i.e., not congruent with the task demands, as in the EPI) has been shown 

to be particularly important in predicting adolescent depression (Schwartz et al., 2012). 

However, our findings suggest that negative behaviors in both congruent and incongruent 

contexts are important in influencing child emotion processing at the neural level.  

Of further note, we found effects of HPA genetic variants only in interaction with 

negative maternal parenting behavior, but not positive or communicative behaviors. It 

may be that other genes that we did not investigate in this study may influence the effect 

of these other types of maternal behaviors on the brain (e.g. Little et al., 2015). 

In our study we did find support for an association between HPA genetic risk 

score and cortisol. Of note, one previous study (Pagliaccio et al., 2014) found an 

association with stress-induced cortisol levels (i.e., changes in cortisol after a stressful 

task). We collected only one sample in the morning (across two days). It is thus possible 
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that HPA genetic risk may be associated with HPA-axis reactivity and not basal activity. 

However, further research is required to confirm an association between the HPA genetic 

risk score and HPA axis function.  

This work is not without limitations. The study was not designed to test genetic-

environment correlations (Jaffee & Price, 2007). As such, we cannot determine whether 

parenting behavior is influenced by the parents’ own genetic make up, which are also 

inherited by the children. Studies with adoptive and biological relatives would help to 

disentangle genetic and environmental effects. The sample size, although consistent with 

previous fMRI studies (Fani et al., 2014; Pagliaccio et al., 2015b; Tozzi et al., 2015), for 

a genetic variation study is small. Moreover, the small sample size in interaction analysis 

may increase the risk of Type I error, especially when the nature of the interaction 

appears to be a cross-over (Dick et al., 2015). It has been suggested that studies should 

include in the analyses, along with relevant covariates, all the covariate-by-gene and 

covariate-by-environment interactions (Keller, 2014). Given the small sample size and 

the number of covariates (which can lead to overfitting) we did not include these terms in 

our regression models. Considering these limitations, especially the small sample size, 

our results should be considered exploratory and replication is required before any strong 

conclusions can be made. Given that paucity of studies on parenting, genetic risk and 

emotion processing, we believe that our study provides an important contribution that we 

hope will stimulate future work in the area. The HPA axis genetic risk score was 

unweighted such that it assumes additive effects between SNPs, which is unlikely. 

However, it is considered a valid alternative (rational) approach to polygenic risk scores 

weighted from GWAS (Bogdan et al., 2016) (which required large discovery samples). 

The link between HPA genetic variants included in this study and HPA function is still to 

be clarified. While one previous study found an association between the HPA genetic risk 

score and stress-induced cortisol levels in children (Pagliaccio et al., 2014), we did not 

find an association with morning cortisol in our sample. As such, our hypothesis that the 

HPA genetic risk score may influence the responsivity of the system is speculative. We 

included ancestry as a covariate of no interest in our analysis, but we did not assess 

cultural variables, which are likely to influence parenting style and its interpretation. As 

we did not perform a psychiatric interview, we cannot exclude the possibility that some 
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of the children may have had a psychiatric diagnosis (not reported by parents) that may 

have influenced the results. As we did not include measures of childhood maltreatment, 

we cannot rule out that the some of children included in the study may have been exposed 

to abuse or neglect. The MRI was acquired 18 months after the parenting interaction 

tasks, and as such we cannot rule out the possibility that maternal parenting behaviors 

may have changed over time. Only mothers were included in the study due to budget 

constraints, however fathers also play an important role in child emotional development 

(Sheeber, Davis, Leve, Hops, & Tilldesley, 2007). As such, in this study we do not know 

whether our results are specific to mothers or what the contribution of fathers may be. In 

the fMRI task we did not include a range of emotional faces (such as positive and sad 

faces). As such, we cannot establish if our findings are specific to angry and fearful 

stimuli. Finally, some results (e.g., involving the parietal cortex) were not easily 

interpretable based on existing literature, and as such future research is needed to support 

a more in depth interpretation of our results. 

To conclude, in this study we demonstrated that genetic variation of the HPA axis 

directly, and in interaction with maternal negative parenting behavior, was associated 

with amygdala connectivity with regions involved in self-referential processing and 

emotion regulation, and may confer risk for depressive symptoms via an effect on these 

circuits.  

 

7.6 Supplementary Material 
 

Summary of the effect of parenting on amygdala connectivity (Pozzi et al., In Press) 

 

While this was included in the submitted manuscript, it is excluded here given 

repetition of findings in the previous chapter. 

 

7.6.1 Example of FIMS codes with the corresponding Likert scale 
 

Please see the FIMS manual for more details (Holmbeck et al., 2007). 
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Frequency of positive affect. The frequency the subject expresses positive emotion. 

Examples of positive affect include being happy, excited, animated, and enthusiastic.  

 

5. Very Often = throughout the interaction, the subject always exhibits positive affect.  

4. Frequently = the subject typically displays positive affect; however, on 1-2 occasions, 

exhibits negative or neutral affect.  

3. Sometimes = the subject exhibits positive affect approximately half of the time.   

2. Rarely = the subject demonstrates positive affect on only 1-2 occasions.  

1. Not at All = throughout the interaction, the subject never displays positive affect. The 

subject is always neutral or negative.  

 

Intensity of negative affect expression/emotionality.  The extent to which the subject 

expresses negative emotion. Judge emotionality on a continuum from very 

emotional/animated to emotionally flat/subdued. A subject who is very emotional may be 

depressed and tearful or very angry and aggressive. A subject who is emotionally flat 

typically will speak in a monotone and will express no emotions of any kind. You are 

looking for the intensity of negative affect. 

 

5. Very Often = the subject expresses a high level of negative emotion with considerable 

intensity during all of the interaction. This subject is very animated and "alive."  

4. Frequently = the subject demonstrates negative emotion during most of the interaction. 

Although this subject is fairly emotional most of the time, there are periods where the 

subject is less animated than at other times.  

3. Sometimes = the subject expresses negative emotions during the interaction, but these 

emotions are not expressed very intensely. This subject is animated upon occasion but is 

subdued at other times.   

2. Rarely = the subject tends not to express negative emotions. There may be one or two 

instances of less intense expressions of negative emotion, but for the most part, this 

subject is emotionally flat during most of the interaction.  
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1. Not at All = the subject is emotionally flat during the entire interaction. This S does not 

express negative emotions of any kind. The subject tends to speak in a monotone and is 

subdued during the interaction.  

 

Frequency of negative affect. The frequency the subject expresses negative emotion. 

Examples of negative affect include being depressed, tearful, angry, or aggressive.  

5. Very Often = throughout the interaction, the subject always exhibits negative affect.  

4. Frequently = the subject typically displays negative affect; however, on 1-2 occasions, 

exhibits positive or neutral affect.  

3. Sometimes = the subject exhibits negative affect approximately half of the time.  

2. Rarely = the subject demonstrates negative affect on only 1-2 occasions.  

1. Not at All = throughout the interaction, the subject never displays negative affect. The 

subject is always neutral or positive.  

 

Table 7-S1. Bivariate correlations between the variables included in the analysis. 

 
 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 

1. Age 1           

2. HPA .071 

.533 

 

1          

3. CBCL Intern .069 

.550 

 

.005 

.968 

1         

4. Child 

SCAS 

-.007 

.949 

 

.110 

.333 

.174 

.130 

1        

5. Child  

CDI 

-.045 

.695 

 

.118 

.299 

.170 

.143 

.686 

.000 

1       

6. Parent 

CESD  

.057 

.615 

.147 

.193 

.303 

.007 

.125 

.268 

.235 

0.37 

1      
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7. SES .312 

.005 

 

-.020 

.863 

-.160 

.165 

-.085 

.465 

-.065 

.571 

-.168 

.136 

1     

8. COMM .083 

.463 

 

-.248 

.026 

-.156 

.174 

-.076 

.501 

-.082 

.474 

.054 

.637 

.055 

.628 

1    

9. POS .010 

.927 

 

-.116 

.307 

-.119 

.302 

-.044 

.698 

-.001 

.991 

-.162 

.151 

-.017 

.882 

-.076 

.505 

1   

10. NEG  

EPI 

-.102 

.369 

 

-.021 

.852 

.065 

.574 

-.015 

.891 

-.075 

.511 

.048 

.675 

.029 

.797 

.423 

.000 

-.180 

.110 

1  

11. NEG  

PSI 

-.019 

.867 

 

.131 

.247 

.091 

.432 

.060 

.597 

-.012 

.917 

-.062 

.587 

-.125 

.268 

-.153 

.177 

-.198 

.079 

.452 

.000 

1 

 

CBCL Intern = CBCL internalizing subscale 

COMM = Maternal communicative behavior 

POS = Maternal positive behavior 

NEG EPI = Maternal negative behavior during the EPI 

NEG PSI = Maternal negative during the PSI 

 

**Note:  in the full sample included at baseline, maternal communicative behavior was negatively 

correlated with the negative affect components (i.e. with negative behavior during the PSI: r=-0.231, 

p=0.004; with negative behavior during the EPI: r=-0.248, p=0.002). 
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Figure 7-S1. Plot of the distribution of SES measured with the SEIFA Index of Relative 

Socio-Economic Disadvantage (IRSD) scale, expressed in percentiles. 

 

    
Figure 7-S2. Overview of the study. 
  

 

 
Figure 7-S3. Association of the interaction between maternal negative behavior during 

the EPI and HPA axis genetic risk score, with left amygdala-right anterior cingulate 

cortex connectivity.  
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Significant voxels identified in the cingulate cortex (on the left) and plot of the 

interaction (on the right). For display purpose, raw scores are shown, but the variables 

were mean-centered before the analyses.  

 

 

 
Figure 7-S4. Association between maternal negative behavior during the EPI and HPA 

axis genetic risk score interaction and left amygdala and parietal cortex connectivity. 

Significant voxels identified in the parietal operculum and postcentral gyrus (on the left) 

and plot of the interaction between amygdala and parietal operculum (on the right). For 

display purpose, raw scores are showed, but the variables were mean-centered before the 

analyses.  

 

 
 

Figure 7-S5. Plot of the connectivity between amygdala and postcentral gyrus. 
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Figure 7-S6. Johnson-Neyman plot.  

The association of the interaction between maternal negative behavior during the EPI and 

HPA axis genetic risk score was significant for values of the HPA genetic score below 

2.79 and above 4.77. Note: the y-axis is the conditional slope of the predictor. 
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8 Interaction between hypothalamic-pituitary-adrenal axis genetic variation and 

maternal behaviour in the prediction of internalising symptoms in children 

 
 

In this Chapter I examine whether observational measure of maternal parenting 

behaviour interacted with HPA axis genetic risk score in predicting internalising 

symptoms (SCAS total score, CDI total score and CBCL internalising symptoms 

subscale) in children. This analysis was outside the scope of Chapter 7 formatted and 

submitted as a paper. However, it was of interest in the broader scope of my thesis and 

therefore I included it here a separate Chapter. 

 

8.1 Material and method 
 
 

Details of the sample included in these analyses (N=80 with completed genetic, 

parenting and MRI data), as well as the clinical measures, the measures of parenting 

behaviour and the HPA genetic score have been reported in Chapter 7. 

 

8.2 Statistical Analysis  
 
 

All analyses were conducted using Mplus version 7.2. Linear regressions were 

used to test moderation models. 

Gender, age at Wave 1, maternal depressive symptoms at Wave 1, social 

economic status (SES) and ancestry were entered as covariates of no interest in all 

models. Note that I included maternal depressive symptoms at Wave 1 because 1) 

consistent with the analysis done in Chpater 5 for the ADS sample and 2) concurrent to 

the Family Interaction Task.  

All variables involved in moderation models were mean centred prior to creating 

interaction terms, and these mean centred variables were included in analyses. Separate 

model where tested for each parenting behaviour. A maximum likelihood estimator (ML 

in Mplus) was used for all analyses, with all inferential tests based on bootstrapped 

(10000 resamples) standard errors and associated p-values.  
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8.3 Results 

 

The interaction between maternal behaviour and HPA genetic score was not 

significant in any of the model I tested.   

 

Table 8-1. Regression results. 

 
Effect on child SCAS  b S.E. p 

 HPA axis genetic risk score 0.284 2.152 0.895 

 Maternal negative behaviour during the PSI 0.965 1.773 0.586 

 Maternal negative behaviour PSI x HPA axis score -2.790 2.304 0.226 

Effect on child CBCL      

 HPA axis genetic risk score 0.018   0.329 0.957 

 Maternal negative behaviour during the PSI 0.136 0.308 0.659 

 Maternal negative behaviour PSI x HPA axis score 0.251 0.396 0.526 

Effect on child CDI     

 HPA axis genetic risk score 0.336 0.594 0.572 

 Maternal negative behaviour during the PSI 0.095 0.690 0.890 

 Maternal negative behaviour PSI x HPA axis score -1.102 0.701 0.116 

A. Maternal negative behaviour during the PSI 

Effect on child SCAS     

 HPA axis genetic risk score 0.426 2.205 0.847 

 Maternal negative behaviour during the EPI 0.086 2.560 0.973 

 Maternal negative behaviour EPI x HPA axis score -2.708 2.461 0.271 

Effect on child CBCL      

 HPA axis genetic risk score 0.031 0.345 0.928 

 Maternal negative behaviour during the PSI 0.323 0.404 0.424 

 Maternal negative behaviour EPI x HPA axis score -0.146 0.471 0.756 

Effect on child CDI     

 HPA axis genetic risk score 0.241 0.647 0.710 

 Maternal negative behaviour during the EPI -0.554 0.926 0.550 

 Maternal negative behaviour EPI x HPA axis score -1.336 0.735 0.069 

B. Maternal negative behaviour during the EPI 
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Effect on child SCAS  b S.E. p 

 HPA axis genetic risk score 0.332 2.249 0.882 

 Maternal positive behaviour -0.402 1.938 0.835 

 Maternal positive behaviour x HPA axis score  -1.224 2.022 0.545 

Effect on child CBCL      

 HPA axis genetic risk score 0.009 0.341 0.980 

 Maternal positive behaviour -0.328 0.288 0.254 

 Maternal positive behaviour x HPA axis score 0.064 0.308 0.836 

Effect on child CDI     

 HPA axis genetic risk score 0.270 0.698 0.699 

 Maternal positive behaviour 0.332    0.823 0.686 

 Maternal positive behaviour x HPA axis score -0.423 0.719 0.556 

C. Maternal positive behaviour  

Effect on child SCAS  b S.E. p 

 HPA axis genetic score 0.345 2.335 0.883 

 Maternal communicative behaviour -0.813 2.693 0.763 

 Maternal communicative behaviour x HPA axis score -1.008 2.875 0.726 

Effect on child CBCL      

 HPA axis genetic score -0.036 0.350 0.919 

 Maternal communicative behaviour -0.402 0.527 0.446 

 Maternal communicative behaviour x HPA axis score -0.395 0.557 0.478 

Effect on child CDI     

 HPA axis genetic score 0.255 0.691 0.712 

 Maternal communicative behaviour -0.711 0.993 0.474 

 Maternal communicative behaviour x HPA axis score 0.112 1.031 0.913 

D. Maternal communicative behaviour 

Note: gender, age at Wave 1, maternal depressive symptoms at Wave 1, ancestry and SES were entered as 

covariates in all models. 

SES= Socioeconomic status measured with the SEIFA Index of Relative Socio-Economic Disadvantage 

(IRSD) scale, expressed in percentile. 
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9 General discussion 
 
 

9.1 Summary of findings 
 

In this thesis I investigated the associations between observed measures of 

maternal parenting behaviour, HPA genetic risk, and structure and function of 

corticolimbic circuits in the prediction of internalising symptoms in children and 

adolescents. Contrary to my first hypothesis, high levels of negative (and low levels of 

positive) maternal parenting behaviour did not directly predict internalising symptoms in 

children and adolescents. Contrary to my second hypothesis, maternal negative behaviour 

did not predict hippocampal development from early to late adolescence, neither alone 

nor in association with HPA genetic risk. Instead, I found that reduced hippocampal 

growth acted as an independent risk factor and interacted with greater negative maternal 

behaviour and genetic risk to predict higher levels of depressive symptoms 

longitudinally. Consistent with my third hypothesis, maternal negative behaviour during a 

problem-solving interaction was associated with increased activity in the amygdala when 

children were viewing angry and fearful faces. In the context of maternal negative 

behaviour during a problem-solving interaction, the amygdala also showed increased 

connectivity with the parietal cortex. Exploratory whole brain analysis revealed that 

maternal negative behaviour during an event-planning interaction was associated with 

decreased activity in the lingual gyrus (in females) while maternal communicative 

behaviour was associated with increased activity in the bilateral medial orbitofrontal 

cortex (OFC). Partly consistent with my fourth hypothesis, HPA genetic risk interacted 

with negative maternal parenting behaviour during a problem-solving interaction to 

predict greater connectivity between amygdala and superior frontal gyrus, anterior 

cingulate cortex and parietal cortex. Finally, contrary to my fifth hypothesis, I did not 

find support for a mediation model; that is, parenting behaviour-related neural findings 

(either structural or functional) did not mediate the association between parenting 

behaviour and the child’s genetic risk and depressive/internalising symptoms.  
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9.1.1 Association between parenting behaviour and internalising symptoms 
 

Previous literature has shown associations between negative parenting practices 

(e.g., aversiveness and low levels of warmth) and depressive and internalising symptoms 

(Yap & Jorm, 2015). Contrary to hypotheses, I found that greater maternal negative (and 

lower positive) behaviour was not associated with greater levels of depressive/anxiety 

symptoms in children (FACTS sample) or adolescents (ADS sample). Of note, in the 

ADS sample, maternal negative behaviour measured during early adolescence correlated 

with depressive symptoms during late adolescence when assessed with bivariate 

correlations, but it was not significant when other predictors (hippocampal development 

from early to late adolescence and HPA genetic risk score) were included in the model. 

Previous published studies that have used data from the ADS have found an association 

between maternal negative (i.e., aggressive) behaviour and depressive and anxiety 

symptoms longitudinally (Schwartz et al., 2012). Thus, it is possible that the lack of 

association in this thesis is due to the reduced sample size (only individuals with MRI 

data were included) and the inclusion of other predictors. Further, for FACTS, which was 

comprised of a younger sample, it is possible that the negative behaviour displayed by the 

mothers during the interactions will be associated with children anxiety/depressive 

symptoms only later in life, as reported by Schwartz et al. (Schwartz et al., 2012). The 

variability of measures used to assess parenting may also explain the discrepancy of 

findings. Many of the previous studies that have investigated the association between 

parenting and internalising/depressive symptoms/disorders have used self-reported 

questionnaires, such as the Parental Bonding Instrument (PBI) or the Alabama Parental 

Questionnaire (APQ) (for a review see Yap & Jorm, 2015), whereas in the current thesis 

observed measures of parenting were employed. Taken together, the evidence suggests 

that different ways of assessing parenting (i.e., self-report compared to observational 

measures), different components of parenting assessed (e.g., parental control, 

aversiveness) and the age of the sample may lead to different results. On this note, 

parenting behaviour was assessed in both ADS and FACTS with observational measures 

(mother-child interaction), but the coding system used in the studies was different (micro-

coding system in the ADS and macro-coding in FACTS); as such the parenting 
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components derived are not directly comparable. Nevertheless, we found only partial 

support for the association between maternal negative behaviour and depressive 

symptoms in young people. Future research should include larger samples with greater 

symptom variability and test and validate consistent methods for the assessment of 

parenting behaviour, to increase the opportunity for replicability across studies. 

 

9.1.2 Association between HPA-related genes, parenting behaviour related-neural 
findings and internalising symptoms 

 

I also predicted that the interaction between HPA genetic risk and maternal 

parenting behaviour would be associated with greater levels of internalising symptoms 

but I did not find support for this hypothesis. As discussed in Chapter 5, it is possible that 

maternal negative behaviour were too low to detect any possible interaction. Moreover, 

the low variability and the low levels of both internalising symptoms and negative 

parenting behavior may also partially explain the lack of association. Future studies 

involving clinical samples and more variability in parenting behaviour may provide more 

information on the association between HPA genetic risk, parenting behaviour and 

internalising symptoms.  

Finally, parenting behaviour-related neural findings did not mediate the 

association between parenting behaviour and the child’s genetic risk and 

depressive/internalising symptoms. The lack of association between parenting-related 

neural (activity/connectivity) findings and anxiety or depressive symptoms hampered the 

interpretation of the fMRI findings reported in this thesis (so I was not able to establish 

that, for instance, increased amygdala reactivity is not adaptive for the children). Of note, 

of the neuroimaging studies that have investigated parenting behaviour to date, the 

majority have not looked at the associations with internalising/depressive symptoms (Kok 

et al., 2015; H. Rao et al., 2010; Romund et al., 2016; Thijssen et al., 2017) or have 

looked at other dimensions of parenting not assessed here, such as parental control (in 

association with social anxiety) (Marusak et al., 2017). As such, although the links 

between negative parenting behaviour and depressive/anxiety symptoms (Yap & Jorm, 

2015), parenting and corticolimbic alterations (Gee, 2016) and corticolimbic alteration 
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and depressive disorders (Stuhrmann et al., 2011) are quite established, my study 

highlights that more research is needed to link parenting behaviour, corticolimbic 

dysfunctions and internalising symptoms in a unique, comprehensive model. 

 

9.1.3 Association between parenting behaviour and hippocampal development, 
amygdala function and connectivity 

 

In this thesis I examined the association between parenting behaviour and 

hippocampal development, amygdala reactivity and connectivity (exploratory whole 

brain fMRI analyses were also conducted). The hippocampus and the amygdala were 

chosen given that their structure and function, respectively, are suggested to be 

biomarkers of adverse experience exposure (Teicher & Samson, 2016), and also given 

consistent links with depression (Hamilton et al., 2012; Videbech & Ravnkilde, 2004). 

Although I hypothesised that maternal aggressive behaviour would predict attenuated 

hippocampal volume, this hypothesis was not supported. While decreased hippocampal 

volume in adults with a history of maltreatment is a robust finding  (e.g., Chaney et al., 

2014; Dannlowski et al., 2012; Teicher, Anderson, & Polcari, 2012), the evidence for an 

association between early adverse enviroments and hippocampal volume is less 

consistent in children (Lupien et al., 2011). The few studies that have investigated the 

association between normative parenting behaviours and hippocampal volume in children 

have produced mixed findings, including evidence for no association (Narita et al., 2012). 

Of note, these studies have investigated cross-sectional measure of hippocampal volume, 

rather than longitudinal, as it was done in this work. Moreover, it has been hypothesised 

that exposure to stress during childhood may have a delayed effect, which would be 

detectable only later in life (S. L. Andersen & Teicher, 2004). Together, these points may 

partially explain the null result found here.  

On the other hand, maternal negative behaviour during a problem-solving 

interaction was associated with increased amygdala reactivity to negative faces in 

children, supporting the hypothesis that early negative experiences are associated with 

heightened amygdala reactivity, as suggested in the literature (Marusak et al., 2014; 

McCrory et al., 2011; Romund et al., 2016; Swartz, Williamson, et al., 2015; Tottenham 
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et al., 2011). Exploratory whole brain analysis showed that negative maternal behaviour 

during the event-planning interaction was associated with reduced activity in the lingual 

gyrus in females. Maternal communicative behaviour was instead associated with activity 

in the medial orbitofrontal cortex (OFC). Contrary to the expectations, I did not find a 

significant association between negative parenting behaviour and amygdala-prefrontal 

cortex connectivity. It is possible that the nature of the fMRI task, which did not involve 

explicit emotion regulation (which is likely to recruit the prefrontal cortex in ‘regulating’ 

amygdala activity), may partially explain this null finding. Instead, maternal negative 

behaviour during a problem-solving interaction was associated with increased 

connectivity between the amygdala and parietal cortex, especially in boys. The amygdala, 

the lingual gyrus, the mOFC and the parietal cortex are all regions that play a role in 

emotion processing. The amygdala and the lingual gyrus are involved in the identification 

of emotional stimuli (Adolphs, 2003; Fusar-Poli et al., 2009), while the parietal cortex is 

involved in automatic emotion regulation processes (Rive et al., 2013). The mOFC has 

been implicated in regulatory and social aspects of emotion processing (Adolphs, 2002). 

Increased amygdala activity/connectivity is thought to represent a sign of increased 

engagement during processing of emotional stimuli (Mather, Lighthall, Nga, & Gorlick, 

2010). Together, the activity/connectivity results from this thesis suggest that maternal 

negative behaviour is associated with increased engagement and attention towards 

negative faces, which is thought to be a risk factor for depression (Beck, 2008). The 

findings related to maternal communicative behaviour were not straightforward. The 

analysis of the 86 FACTS participants with MRI data showed that it was positively 

correlated with maternal negative behaviour during the event-planning interaction, while 

in the full FACTS sample (N=160) it was negatively correlated with maternal negative 

behaviour, both during the problem-solving and the event-planning interactions. These 

inconsistent associations across different samples of participants raise the question of 

whether maternal communicative behaviour may be considered a positive or negative 

aspect of parenting. Further, given the lack of association with internalising symptoms, it 

was not possible to draw conclusions about whether increased mOFC activity associated 

with maternal communicative behaviour is adaptive for children. Future studies should 
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further explore this novel behavioural construct, perhaps taking into account the context 

in which it is displayed or other potential moderating factors. 

 

9.1.4 Association between HPA genetic risk and hippocampal volume, amygdala 
reactivity and connectivity 

 

HPA genetic risk was associated with greater hippocampal growth in adolescents 

and increased amygdala-precuneus connectivity in children, which in turn was associated 

with greater depressive symptoms. The association between HPA genetic risk and greater 

right hippocampal development (i.e., increased volume over time) is puzzling, given that 

in the model that included the left hippocampus, reduced hippocampal growth predicted 

depressive symptoms (although in this model there was no effect of genetic risk on 

hippocampal development). Given that small hippocampal volume is thought to be a risk 

factor for depression (Videbech & Ravnkilde, 2004), and attenuated hippocampal 

development during adolescence has been found to prospectively predict depression onset 

(Whittle, Lichter, et al., 2014), we expected that a higher HPA score (i.e., a risk factor) 

would be associated with attenuated hippocampal growth. However, very few studies 

have investigated the effect of candidate HPA genes on the hippocampus, and of those 

there is evidence for no effect on hippocampal volume (Fani et al., 2014), and association 

with increased volume (Zobel et al., 2008). Moreover, a recent genome-wide association 

study (GWAS) did not find an association between hippocampal volume and HPA genes, 

although it did identify other genes associated with hippocampal volume (Hibar et al., 

2015). Finally, the lack of association with symptoms within the right hippocampus 

model makes the interpretation of the association between HPA genetic risk score and 

greater hippocampal growth difficult. Interestingly, volumetric abnormalities in the 

hippocampus have been more consistently found in the left compared to right hemisphere 

in depression (Frodl et al., 2008; McKinnon, Yucel, Nazarov, & MacQueen, 2009), and it 

has been hypothesised that hippocampal volume reductions that are caused by stress 

(associated with the onset of depression) might begin in the left hippocampus (Frodl et 

al., 2002). Although the mechanisms of this lateralised effect (if present) are still not 

understood, this may partially explain the discrepancy of our findings between right and 
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left hippocampus. On another note, the majority of the studies that have looked at the 

association between hippocampal volume and depression were cross-sectional, rather 

than longitudinal (Macqueen & Frodl, 2010; Videbech & Ravnkilde, 2004). Thus, it is 

possible that HPA genetic risk score may be associated with cross-sectional measures of 

hippocampal volume in adolescents; however, such analyses were outside the scope of 

this thesis. As such, the association between HPA-related genes and hippocampal 

morphology across development is yet to be clarified. It is worth highlighting that the 

results described in this thesis were not corrected for multiple comparisons, and as such 

they should be considered exploratory and interpreted with caution.  

HPA genetic score was not associated with amygdala reactivity but was 

associated with greater amygdala-precuneus connectivity, which in turn predicted 

internalising symptoms. Alteration in the amygdala-precuneus connectivity network has 

been observed in individuals exposed to early life stress (Teicher et al., 2016). The 

precuneus is involved in self-referential processes (Cavanna & Trimble, 2006) and 

exposure to stress may lead to altered sensory processes (Teicher et al., 2016). These 

results support the hypothesis that genetic variability within the HPA axis may influence 

the responsivity of the stress system, which in turn may affect the corticolimbic circuits 

(i.e., connectivity) intrinsically related to HPA function, consistent with what has been 

hypothesised in a recent review (Bogdan et al., 2016).  

 

9.1.5 HPA genetic risk by parenting behaviour interaction: Associations with 
hippocampal volume and amygdala reactivity/connectivity 

 

Lastly, I examined the associations between parenting behaviour, HPA-related 

genes, and hippocampal development and amygdala reactivity/connectivity. Contrary to 

my hypothesis, I did not find HPA-related genes to moderate the association between 

parenting behaviour and hippocampal growth. Instead, I found that hippocampal growth 

acted as an independent risk factor and interacted with maternal negative behaviour and 

HPA genetic risk to predict depressive symptoms longitudinally. This is partially 

consistent with a previous study with the ADS cohort that found an interaction between 

maternal aggressive behaviour and (cross-sectional) hippocampal volume in the 
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prediction of changes in depressive symptoms from early to late adolescence (Whittle et 

al., 2011). My results support the hypothesis that reduced hippocampal growth may be a 

risk factor that is present in some individuals prior to the exposure to stress (Mccrory et 

al., 2010), and as such functions as an independent risk factor (U. Rao et al., 2011) that 

could be exacerbated by stress.  

These results provide support for some of the most recent models in 

developmental psychopathology that go beyond the traditional diathesis-stress theory. 

The 3-way interaction between a neurobiological factor (hippocampal growth), HPA 

genetic risk and an environmental factor (maternal aggressive behaviour) is partially 

consistent with the three-hit model hypothesis (Daskalakis et al., 2013) where the 

combination of different ‘hits’ throughout the lifespan may make some individuals more 

‘sensitive’ to psychopathology. The results are also in line with the differential 

susceptibility framework (B. J. Ellis et al., 2011), which posits that individual biological 

factors engender sensitivity to environmental factors for better or worse. Specifically, I 

found that individuals with a particular neurobiological and genetic profile (flattened 

hippocampal growth and greater HPA genetic risk score), when exposed to higher levels 

of negative parenting, displayed higher levels of depressive symptoms (i.e., worse 

outcomes). However, the same individuals, when exposed to lower levels of negative 

parenting behaviour, displayed the lowest levels of symptoms in the sample (i.e., better 

outcomes, see Chapter 5).  To the best of my knowledge, this was the first study to 

investigate the hippocampus as a risk (or sensitivity) factor in association with HPA-

related genes and environmental factors. These findings highlight how the interplay 

between these factors is complex, that the same individuals may have a “good” or a “bad” 

outcome in a differential susceptibility manner, and that nuanced experimental designs 

are warranted. To be noted, these results should be considered exploratory. However, 

they may encourage exploring further neurobiological factors not only in a mediator role 

between genetic/environmental factors and psychopathology, but also as ‘effect 

modifiers’. 

Results from the functional analysis were more in line with the hypothesis of 

altered amygdala-prefrontal connectivity associated with maternal negative behaviour. 

Although I did not find an effect on amygdala reactivity, I found that the HPA genetic 
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risk score moderated the effect of negative parenting behaviour during the problem-

solving interaction on amygdala connectivity, such that low HPA genetic risk “buffered” 

the effect of negative parenting in predicting lower amygdala-prefrontal cortex 

connectivity, which is thought to be a more “mature” (i.e., index of better emotion 

regulation) form of connectivity (Gee, 2016). Similar results were found for negative 

maternal behaviour during the event-planning interaction, whereby high levels of this 

parenting behaviour, in those individuals with lower HPA genetic risk, were associated 

with lower amygdala connectivity with the right anterior cingulate cortex, right post-

central gyrus and right parietal operculum. The anterior cingulate cortex, similarly to 

other prefrontal regions, is involved in emotion regulation processes, and as such lower 

connectivity was interpreted as reflecting a more regulated system. The connectivity 

between amygdala and the parietal cortex in the context of emotion processing has been 

less explored. Consistent with the analysis in Chapter 7, I found that maternal negative 

behaviour during the PSI was associated with increased amygdala connectivity with the 

parietal cortex, which was greater in boys than girls. The parietal lobe is thought to have 

a role in attention shifting (Marlene et al., 2004); as such I speculated that increased 

connectivity between amygdala and parietal cortex might be an index of increased 

attention towards angry and fearful faces, associated with negative parenting behaviour. 

If this is the case, similarly to the other findings discussed, lower HPA genetic risk may 

buffer the effect of negative parenting on attention towards negative stimuli, via reduced 

amygdala-parietal connectivity. While in structural analyses I found support for 

differential susceptibility (a “better and for worse” outcome for individuals with greater 

genetic risk), in connectivity analysis low HPA genetic risk had a protective effect in 

terms of predicting lower (perhaps more adaptive) connectivity. Given the lack of 

association with internalising symptoms, my interpretation of the meaning of these 

effects is mostly speculative.  

Of note, previous research has interpreted both patterns of increased positive 

amygdala-prefrontal cortex connectivity (Johnstone et al., 2007) and reduced positive 

amygdala-prefrontal cortex connectivity (Banks et al., 2007; Dannlowski et al., 2009) as 

a sign of less efficient ot effective emotion regulation. Indeed, reduced amygdala-

prefrontal cortex connectivity may represent a failure in recruiting the prefrontal cortex to 
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down-regulate amygdala activity (Li et al., 2018) but also just reflect the adoption of top-

down regulatory strategies (Gee, 2016). Reduced amygdala-prefrontal cortex connectivity 

may in some cases correspond to greater negative connectivity, however not all previous 

studies provided plots to understand the direction of the association (e.g., Dannlowski et 

al., 2009). 

Together, these findings suggest that the interpretation of amygdala- cortex 

connectivity (at least in the context of correlational analysis such as the ones included in 

Chapter 7) is not straightforward, and may also depend on the nature of the task 

investigated (e.g., passive emotion processing, emotion regulation, resting state). As 

such, care must be taken when referring to previous literature in the interpretation of 

results, and ideally behavioural measures may help to elucidate whether specific patterns 

of connectivity are adaptive or not. Given that no published studies have looked at the 

association between parenting and amygdala connectivity during emotion processing, 

interpretations are based on studies of childhood trauma and/or connectivity at rest, 

which may not be directly comparable. Nevertheless, my findings provide support for a 

moderating role of HPA axis genetic risk on the functioning of corticolimbic circuits. The 

lack of effect on amygdala reactivity, although not in line with some of previous studies 

that have found an association between HPA-related genes in interaction with early stress 

and emotional neglect and heightened amygdala reactivity (Iorio et al., 2017; White et al., 

2012), are in line with the idea that dysregulation of the HPA axis may particularly 

impair amygdala-prefrontal cortex connectivity (Bogdan et al., 2016). The fact that GxE 

results were specific to connectivity analyses also highlights the importance of 

investigating not only individual brain regions in isolation, but also how different regions 

coordinate activity during emotion processing.  

 

9.2 Specificity of imaging findings for negative parenting behaviour 
 

Although I examined both positive and negative parenting behaviour (in Chapter 

6 and 7), the majority of my findigs were related to negative maternal behaviour. Low 

levels of positive maternal behaviour (warmth and support) have been previously related 

to increased amygdala activation (Romund et al., 2016), while others report that parental 
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sensitivity moderates the relationship between age and amygdala-prefrontal cortex 

connectivity (Thijssen et al., 2017). As such, I expected an association between maternal 

positive behaviour and amygdala function/connectivity. Potential explanations for the 

absence of this association in my study include different instruments used (questionnaire 

in Romund et al., 2016; observational measure in Thijssen et al., 2017 but using a 

different task) and low variability in the behaviour displayed by the parents. To date, 

research on the effect of the environment on brain function has focused on more extreme 

negative experiences, such as childhood trauma, emotional and physical abuse and 

neglect. Little has been done on normative variations of parenting and brain function, and 

even less on variation in positive parenting behaviours. Thus, my findings should not 

discourage but rather stimulate further research. Positive parenting has been previously 

found to be associated with hippocampal structure (Luby et al., 2012), and moderate the 

effect of neighborhood disadvantage on prefrontal cortex development from early to late 

adolescence in the ADS cohort (Whittle et al., 2017). Future research could perhaps 

investigate the moderating (protective) role of positive parenting on corticolimbic circuits 

in children exposed to other adversities. While we did not find an effect of maternal 

positive behaviour, we found an effect of maternal communicative behaviour, which is a 

parenting component that has not been investigated before. As such, the investigation of 

the effect of maternal communicative behaviour on child neurobiology is a novel and 

potentially promising area for future research.  

 

9.3 Sex differences 
 

The prevalence of depressive disorders differs between males and females 

(Australian Bureau of Statistics, 2009) and as such it is conceivable that sex differences 

would occur at the neural level as well. In Chapter 5 and 7 I did not have enough power 

to examine the moderating role of sex. In Chapter 6 I found that maternal negative 

behaviour was associated with lower activity in the lingual gyrus in female children, and 

with increased connectivity between the amygdala and parietal cortex that was greater in 

male children compared to females. The meaning of sexual dimorphisms in emotional 

processing circuits in association with parenting is unclear, but could relate to differences 
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between in female and male empathy in empathy and emotion processing (Singer & 

Lamm, 2009). It is possible that such differences have a neurobiological substrate 

(McClure et al., 2004)  and this may translate to differences in female and male 

children’s sensitivity to some aspects of maternal behavior. Of note, we investigated only 

maternal parenting behaviour, while fathers also play a role in children’s emotional 

development (Sheeber et al., 2007). As such, we did not explore the parent sex and child 

sex interaction and thus cannot determine whether the associations we found are specific 

for mothers. Of further note, while we looked at the interaction between child sex and 

parenting behaviour on brain reactivity to emotional faces, we did not look at the 

association between child sex and parenting behaviour interaction and internalising 

symptoms (as sex was not one of our hypothesised moderator). Thus, we do not know if 

the sex of the child also has a role in the link between parenting behaviour and 

internalising symptoms. 

More research is required to test whether sex differences in these processes are 

related to innate neurobiological differences, as has been suggested (McClure et al., 

2004), and whether they lead to differences in how children respond to the environment.  

 

9.4 Implications and future research 
 

Impairments in emotion processing (i.e., persistent negative affect, bias towards 

negativity) are key feature of depressive disorders, however what leads to this 

impairment is unknown.  Early experiences are thought to influence the development of 

the neural underpinnings of emotion processing, however, very little to date has been 

done on investigating parenting behaviour. Here we provide evidence that observed 

measures of parenting behaviour are related to brain activation in response to angry and 

fearful faces in children. Although in this community sample we did not find an 

association with internalising symptoms, amygdala reactivity and connectivity during 

emotion processing are thought to be potential biomarkers of depression risk. Findings 

suggest that negative parenting behaviour may have consequences for children’s 

processing of emotional stimuli at the neural level (e.g., amygdala “sensitisation”) that 

may lead these children to be more vulnerable to depressive disorders later in life (via 
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dysregulation of the emotional neural circuits). These findings could be important for 

informing intervention programs that target either parenting behavioural skills or 

children’s emotional learning. For instance, it would be interesting to relate this work to 

existing intervention programs that target parent-child emotional skills currently offered 

in Australia, such as Tuning into Kids (https://www.tuningintokids.org.au) and 

investigated whether behavioural changes in the parents after the intervention are related 

to brain changes in the children. We also investigated a novel dimension of parenting that 

has not been investigated before: maternal communicative behaviour. Previous studies on 

parenting and brain structure/function have focused mostly on maternal positive (e.g., 

warmth, support) and negative behaviour (e.g., parental control, aversiveness). In our 

exploratory whole brain analysis we found that maternal communicative behaviour was 

associated with activity in the mOFC, which is a key region for emotion regulation and 

appraisal. Future studies should expand my work on this novel construct, as it could be 

relevant for social and emotional functioning in children. 

In this thesis I investigated separately in a sample of adolescents (ADS) 

hippocampal development in the context of maternal aggressive behaviour and depressive 

symptoms. The choice of focusing on this structure was made because of the body of 

literature suggesting abnormal hippocampal volume in depression, while results on 

amygdala are so far less consistent. However, future studies should consider investigating 

amygdala structure, and integrating findings from both structural and functional imaging, 

perhaps looking at the development of structural and functional brain networks in relation 

to parenting.  

I found some sex differences in relation to parenting behaviour related neural 

findings that highlight the importance of considering the interaction between the sex of 

the child and parenting behaviour when looking at the brain. Sex differences at the brain 

level may partly explain behavioural differences in relation to emotional competences 

that females and males show later in life (Singer & Lamm, 2009). 

My results suggest that environmental factors explain only part of the variability 

in brain structure and function; genetic factors also play a role. Genetic variants within 

the HPA system moderated the effect of maternal negative behaviour both on brain 

function and on depressive symptoms. Moreover, some of my results support the 
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differential susceptibility hypothesis, whereby individuals with a “high risk” genetic and 

neurobiological profiles, when exposed to low levels of negative parenting behaviour 

showed the lowest levels of depressive symptoms. These findings support a model of 

developmental psychopathology where multiple factors could promote resilience against 

psychopathology. These multiple levels will be important to consider when identifying 

individuals most at risk for psychopathology.  

 

9.5 Limitations 
 

This study has several limitations and as such results should be interpreted with 

caution.  

First, genetic factors of interest were selected with a “candidate gene” approach. 

Variants comprising the HPA genetic risk score were selected based on their association 

with HPA axis functioning and depression. Although this approach has been adopted 

previously (Bogdan et al., 2016), candidate genes selected in this manner are often not 

supported by GWAS studies or large case-control studies (Border et al., 2019; Poldrack 

et al., 2017). GWAS studies provide evidence that the effect size of a genetic factor on 

complex behavioural phenotypes is extremely small (Ripke et al., 2013). Moreover, the 

link between HPA genetic variants included in this thesis and HPA function has still to be 

clarified. While one previous study has found an association between the HPA genetic 

risk score (used in this thesis) and cortisol levels in children (Pagliaccio et al., 2014), we 

found only a weak association with cortisol levels in the ADS sample, and we did not 

find an association in the FACTS sample. As such, our hypothesis that the HPA genetic 

variants included in this thesis may influence the responsivity of the HPA system is 

mostly speculative. Similarly, the likelihood of an association between a genetic variant 

and imaging phenotype may be low (Poldrack et al., 2017). Although the candidate gene 

approach (such as the one I adopted) has provided interesting and stimulating findings, 

future imaging genetic research is encouraged to rely on GWAS studies to ensure robust 

discoveries. Moreover, adequately powered studies that can ensure that the results are 

robust are recommended in genetic studies (while the samples included in Chapter 5 and 

7 were small).  
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Second, in my analysis in Chapter 5, I did not control for multiple comparisons. 

Although this approach can lead to new discoveries that may stimulate further research, 

future research should aim to apply more stringent methods of correction to protect from 

Type I error.  

Third, FACTS analyses were cross-sectional and thus correlational in nature; as 

such I cannot imply any causality between parenting behaviour and brain 

function/connectivity. Stronger causal inferences could come from investigating the 

effects of experimental manipulation of parenting behaviour (e.g., with a parenting 

intervention).  

Fourth, the lack of association with internalising symptoms in most analyses did 

not allow me to draw firm conclusions about the adaptive role in the brain differences 

associated with parenting behaviour. Moreover, as already discussed, given the scarcity 

of previous literature on parenting and emotion processing, especially with regard to 

amygdala connectivity, the interpretation of the directionality of the findings was made 

with reference to studies that are only somewhat comparable (i.e., investigated childhood 

trauma rather than parenting and/or on resting state connectivity rather than during an 

emotional task). As such, the clinical significance of my findings is limited.  

Fifth, in my analysis I focused only on maternal behaviour, while fathers also are 

likely to play a role in a child’s emotional (Sheeber et al., 2007) and brain (Kok et al., 

2015; Marusak et al., 2017) development. As such, we do not know if our findings are 

specific for mothers, and how fathers may influence emotion processing in children at the 

neural level. Considering also that we found sex differences in relation to maternal 

behaviour, more research is required to investigate whether the sex of the parent has an 

effect on the child brain function in a sex-specific way. 

Although beyond the scope of my thesis, it is important to acknowledge that I did 

not consider potential genetic correlations. Passive gene-environment correlation may 

arise from the fact that children inherited their parent’s DNA and are also exposed to 

their behaviour. Moreover, the process of parenting is not unidirectional: genetically 

driven traits in the children may elicit different behavioural responses in parents 

(evocative genotype–environment correlation). Different aspects of parenting behaviour 

may have different genetic influence and there is evidence that negative affect (compared 
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for instance to parental control) has high heritability (Bonamy, Trzaskowski, & Plomin, 

2014). This may partially explain the fact that the majority of my findings were 

associated with maternal negative behaviour, but it may also confound the interpretation 

of the results. On the other hand, it is possible that young people with greater depressive 

symptoms show differences in the intensity/frequency of positive and negative affect 

displayed in response to their parents during the interaction, and this may in turn 

influence the parents response. Future study should consider including measures of child 

characteristics (i.e., temperament) or include the child components of the interaction 

(e.g., the intensity and frequency of positive affect express by the child). This effort may 

ultimately inform intervention strategies focussed on parenting, given the bi-

directionality and mutuality of the parent-child relationship. 

 

9.6 Conclusions 
 

Despite limitations, my thesis offers a contribution to the literature on parenting, 

brain function and structure, and genetic risk. To the best of my knowledge, this was the 

first study to use observational parenting measures to investigate the association between 

parenting and brain function, including amygdala connectivity, in children during 

emotion processing. While only a few studies have looked at parenting and emotion 

processing (Marusak et al., 2017; Romund et al., 2016), none has used observational 

measures. Indeed, observational measures have methodological advantages because they 

objectively capture actual interactional behaviors and they are relatively more free of 

biases related to (for example) parents’ mood and expectations, compared to self-report 

data (Aspland & Gardner, 2003). Moreover, no previous studies have investigated the 

interaction between parenting behaviour and HPA genetic risk score, either on 

hippocampal development or on amygdala reactivity/connectivity, in relation to 

internalising symptoms. The results from my thesis partially support the hypothesis that 

maternal negative behaviour is associated with internalising symptoms in young people. 

Genetic variants within the HPA axis did not have a direct effect on internalising 

symptoms, but influenced amygdala connectivity, which in turn was associated with 

greater levels of symptomatology. Maternal negative behaviour was associated with 
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heightened amygdala reactivity/connectivity when the children were viewing negative 

faces, which was moderated by the HPA genetic risk score. Exploratory analyses 

revealed that other brain areas (such as lingual gyrus and orbitofrontal cortex) involved in 

emotion processing are also associated with parenting behaviour. Evidence from the 

structural analysis supports the hypothesis that neurobiological changes (such as flattened 

hippocampal growth), rather than being solely a consequence of adverse environment or 

genetic risk, may also be an independent risk factor that interacts with genetic and 

environmental factors to increase the sensitivity of the individual towards 

psychopathology or resilience. Taken together the results of this thesis suggest that 

maternal behaviour is associated with changes in the neural emotional circuits in the 

children, and that HPA genetic variants have a moderating role such that not all the 

children are affected equally. I speculate that these neural changes may lead to increased 

sensitivity towards negative stimuli, which is a risk factor for future depressive disorders. 

However, more research is required to clarify the implication of findings for the 

development psychopathology in young people. 
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young people taking part in similar studies. ln particular, this research will help us to understand how
young people manage their pleasant and unpleasant feelings, both privately and within the family
environment (e.9., during parent-child interactions), and how this links with problems in adolescence.
Also, you are able to change your mind about participating at any time, including during the session
itself. We would like both you and your child to feel comfortable at all times.

Altogether, this assessment will take between one and a half to two hours. In most cases, it will
be around one hour only,

Confidentiafity
Any information collected by the researchers is strictly confidential. Participants have already

been given a numerical identifier and all subsequent information is identified using these numerical
identifiers, not the names of the parents and students participating in the study. Only investigators and a
small number of the research staff working on the study will have access to the raw data. All of the
information provided by you and your child will be stored securely at ORYGEN Youth Health with the
exception of the video material. All video material from this assessment will be sent temporarily to the
Oregon Research lnstitute (ORl) in the USA for coding. The ORI is a leading research group in the area
of family interaction research and provides the most accurate and useful interpretations of family
interaction tasks such as this. Parents should note that while coders in the USA will not have names of
participants, they will be able to view the footage and any related visual identifying information from you
and your child, Nonetheless, they are bound by the same research ethics protocols as our team in
Australia, relating to the ethical use and storage of research data, including confidentiality.

As in our other studies within this project, within the limits of the law, we will keep all information
confidential and will not provide information about any individual participants to anyone. An important
exception to this is in the case that your child revealed that they plan to harm themselves or others or
were being harmed themselves. Parents will not have direct access to information provided by their
child in the study. The results of the project presented in journals, or at conferences, will only be
reported in ways that do not identify individual participants. No video materialwill be included in such
presentations at all. Moreover, all data provided by you and your child will be destroyed 5 years after
the date of the last publication based on this study, Paper copies will be shredded, audiotapes will be
bulk erased, and computer files and video footage will be deleted.

Contacting us
lf you have any questions about this study or would like to know more about it, please call the

project manager, Dr Melissa O'Shea on 9342 2800.

Concerns
lf you or your child has any concerns about how this study is conducted, you can contact the

Executive Officer, Human Research Ethics at the University of Melbourne. They may be contacted on
83M2073 (fax: 9347 6739).

Locked Bag 10 (35 Poplar Road) Parkville Vic Ausfalia 3052
tel: *61 3 9342 2800 far: *61 3 9387 3003 web: wvr'w.orqyen.orq.au
A program of Norh Westem Mental Health and Melboume Healtt
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Parent/Guardian Information Sheet and Consent Form 
 

Research Project Title: FACTS: Families And Childhood Transitions Study  

Principal Investigator: Professor Nicholas Allen 

Project Manager: Dr Michelle Byrne 

Other Investigators: Dr Orli Schwartz, Dr Marc Seal, Dr Lisa Sheeber, Dr Julian Simmons, Dr Sarah 
Whittle, Dr Marie Yap 

HREC Project Number: 1339904 

 
Thank you for taking the time to read this Information Statement and Consent form.  This document is 8 
pages long.  Please make sure you have all the pages. 

You and your child are invited to participate in a research project called the Families and Childhood 
Transitions Study (FACTS) that is explained below. 
 

What is an Information Statement? 
These pages tell you about the research project.  It explains to you clearly and openly all the steps and 
procedures of the project.  The information is to help you to decide whether or not you would like you and 
your child to take part in the research. 
 
Please read this Information Statement carefully.  You can ask us questions about anything in it.  You may 
want to talk about the project with your family, friends or health care worker.  
 
Once you have understood what the project is about, if you and your child would like to take part we will ask 
you to sign the consent form at the end of this Information Statement.  You will be given a copy of this 
information and consent form to keep.  
 
This information may have been sent to you by obtaining your contact details through your child’s school. 
 
1. What is the research project about? 
 
The journey from childhood through adolescence is a time of great change and growth.  During the transition 
to adolescence, children experience an increasing sense of who they are, along with big changes in physical 
development and appearance.  These changes occur alongside important changes in brain development, and 
it is these changes we’d like your help to learn more about.   
 
We are looking at the ways in which the environments children grow up in might influence the way children’s 
brains develop over time (from around 8 to 10 years of age). For example, we are interested in examining the 
influence of family relationships (in particular, mother-child relationships) on children’s brain development. In 
FACTS, we are interested in families that live in areas and communities that have been identified as being in 
greater need and where there is generally more hardship. This is because family relationships may be 
especially important in helping children grow up in these communities. 
 
We hope that about 160 families will take part in FACTS. 
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2. Why are we being asked to be in this research project? 
We are inviting you to take part in this project because you have been identified as a mother with a child who 
is 8 years of age, and you live in one of the areas that have historically been associated with more hardship. 
 
3. What do we need to do to be in this research project? 
There are two phases in this project. The first phase happens now, when your child is 8 years old. The second 
phase will be in two years’ time, when your child is approximately 10 years old. 
 
Phase 1 
The first phase of FACTS is made up of two appointments: one to assess your child’s brain structure and 
function (using a Magnetic Resonance Imaging [MRI] scanner), and one to look at the way in which you and 
your child interact together during discussions about everyday activities. We will also ask you to help your 
child provide some saliva samples prior to the appointments. These appointments and the procedures are 
described in greater detail below. They are both near The University of Melbourne, Parkville. They can be 
done as separate appointments on separate days, or both on the same day if you prefer. 
 
Before your visit 

- We will speak to you over the phone to explain the project and give you a chance to ask any questions 
about the project. We will talk through the information provided in this document to make sure you 
and your child fully understand what is involved in FACTS. We will also send you a DVD and/or 
internet link where you and your child can view a short movie about how the MRI scan is done. 

- If you are happy to take part, we will ask you to consent to the research over the phone, as well as 
sign the consent form. 

- If you consent to being involved in the research, we will schedule the visits (see below) and ask you 
some general health questions to make sure your child is able to have the MRI scan, such as whether 
they have had surgery, have any metal in their body, or get scared in small spaces. 

- We will send you materials and information about collecting two saliva samples from your child.  The 
saliva samples will allow us to look at the levels of various hormones that change during childhood. 
The samples are small, about 3 ml each, which is about ½ teaspoon.  We would like you to help your 
child with this, as the samples need to be collected on two occasions: the morning before your first 
visit (see below) and the morning of the visit.  They should be collected when your child wakes up.  
We’ll give you collection tubes and storage bags to make this as clean as possible.   

 
First Visit (The University of Melbourne Psychology Clinic)  
The first visit is done at The University of Melbourne Psychology Clinic, 14-20 Blackwood Street, North 
Melbourne.  This visit involves mothers and their children, and will take about 1 ½ - 2 hours of your time.  
During the visit we will: 
 

- Give you and your child some questionnaires that need to be completed.  The questions take about 
40 minutes and half can be done at the beginning of the visit and the second half at the end of the 
visit. 

- Ask you some questions about the saliva samples you bring in. 

- We would like to collect a small sample of your child’s hair.  While this may seem odd, technological 
advances now allow us to measure the stress hormone cortisol in hair.  Measuring cortisol in this way 
can tell us about the levels of the stress hormone in your child over the previous months.  We will 
only collect a small hair sample, less than 1/10th of a gram (which is lighter than a small feather!). We 
will cut it in a way that will not alter your child’s hairstyle or appearance.  We will show you before 
and after pictures from other children when we visit, and you can both decide if you want your child 
to do this part of the study. 
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- We would like to measure your child’s height, waist circumference and weight. Measuring these 
things helps us to understand how children are developing physically. 

- Finally, we will ask you to take part in two tasks you’ll do together. We are interested in your 
relationship and how you get on together. You and your child will be asked to participate in two 15-
minute discussions in a room by yourselves. The room will have 2 mounted video cameras, which will 
record your discussions. The first discussion requires you to plan enjoyable activities to do as a family, 
such as a holiday. The second discussion requires you to talk about areas of conflict between you and 
your child, such as bed times, and to try to resolve them. Your discussions will be videotaped because 
they will be assessed by researchers in the United States of America, who are trained and experienced 
in family research. These researchers will have no access to any identifying information relating to you 
or your child (unless you use mention your names during the discussions). We’d like you to know that 
these discussion tasks have been used many times previously by us and other family researchers 
around the world, and have all been well tolerated by the families taking part. Many quite enjoy 
them! 

Second Visit (The Royal Children’s Hospital) 
The second visit can be done on the same or separate day to the first visit, and is done at the MRI department 
in the Royal Children’s Hospital, Flemington Rd, Parkville. It will take about 2 hours in total. During the visit we 
will: 
 

- Talk to you about the things that we have planned for the visit. We’ll remind you that you can stop at 
any time, and can choose not do some things if you or your child doesn’t want to. 

- We’ll then run you both through a brain scanning familiarisation session so your child can see what it 
looks like, sounds like, and how it feels.  We find that this really helps children (and their parents) to 
feel more comfortable during the MRI scan. 

- Your child will then take part in the MRI brain scan, which will take about 30 minutes. During the 
scanning process your child can watch a movie, although there will be about 5 minutes where they 
will need to close their eyes and rest.   

- After the scan, we will ask your child to complete some vocabulary and thinking tasks, which most 
children find enjoyable, and complete some questionnaires.  This will take about 40 minutes. 

We have organised for the MRI scans to be performed at The Royal Children’s Hospital (RCH). The RCH will 
perform the scans only. The RCH has no other involvement in this project. 

Phase 2 

The second phase of the project will happen two years after your first visit, when your child is approximately 
10 years old. In the second phase, we will ask you to come into the Royal Children’s Hospital again so your 
child can have another MRI brain scan. We will also ask you and your child to fill out some questionnaires, and 
will ask your child for more saliva samples and another hair sample. Participating in Phase 2 will help us 
understand how things change over time. Please note that you are only consenting to the first phase now. 
This does not mean that you have to take part in Phase 2. We will ask for your consent to take part in Phase 2 
later. 
 

Other information 

What is an MRI Scan? 
MRI stands for magnetic resonance imaging.  An MRI scanner is a machine that uses electromagnetic 
radiation (radio waves) in a strong magnetic field to take clear pictures of the inside of the body.  
Electromagnetic radiation is not the same as ionising radiation used, for example, in X-rays. There are some 
cases when it is unsafe to have an MRI scan. These are detailed in point 9, below.  
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We will ask your child to lie on a comfortable table inside the MRI scanner.  The scanner will record 
information about your child’s brain.  It is very important that your child keeps very still during the scanning.  
When your child lies on the table we will make sure they are in a comfortable position so they can keep still.  
The scanner is quite noisy but we will give your child some headphones to reduce the noise. 
 
Your child will be able to communicate with the scanner operator during the scan, so that the operator can 
make sure your child is comfortable throughout the scan. Your child will also hold a button during the scan 
that they can press if they become anxious or distressed and this will stop the scan immediately.  This gives 
children control and a sense of confidence.   
 
5. Do we have to consent to everything? 
No, you can decide whether you want your child to do all parts or only some parts of the study.  You are free 
to change your mind at any time.  
 
You and your child do not have to take part in this project if you do not want to. 
 
If you take part and change your mind, you and your child can stop at any time without telling us why.  
If you withdraw from the project we will use any information already collected from you unless you tell 
us not to.  
 
7. What are the possible benefits? 
We don’t expect there to be any direct benefits to you or your child.  However, we hope that what we learn 
will be of benefit for the next generation of young Australians.  Parents play a central role in all areas of 
children’s development, yet there is little research telling us how this works. This study will build on previous 
work we have done with older kids, which suggests that parents and children’s relationships can influence 
children’s brain development. 
 
8. What are the possible risks? 
We have lots of experience with each of the assessments planned for this project. In fact the scientists 
running this study have carried out nearly 1000 brain scans with children and adolescents, and nearly 800 
family interaction tasks. There are few risks associated with participating in this project, however there are 
some, and each is described below in detail. 
 
9. Are there any risks posed by the brain scans? 
There are no proven short or long-term risks related to MRI scans.  MRI is considered a safe procedure.  
However, the magnetic attraction for some metal objects can pose a safety risk, so it is important that metal 
objects are not taken into the scanner room.   
 
We will thoroughly question you and your child to make sure there is no reason for them not to have the 
scan.  You must tell us if your child has metal implanted in their body, such as a pacemaker, or metal pins 
after being involved in an accident. 
 
The MRI scan could cause some discomfort (for example, restlessness) because your child must remain very 
still for 30 minutes while in the scanner.  The scanner also makes some loud noises during scanning. However, 
we will give your child regular breaks to minimise discomfort, and headphones to wear to block out the noise. 
Your child will also get to watch a movie for most of the time they are in the scanner. 
 
10. What happens if something unusual is found in my child’s scans? 
The scans we are taking are for research purposes.  They are not intended to be used like scans taken for a full 
clinical examination. The scans will not be used to help diagnose, treat or manage a particular condition. 
 
However, a specialist will look at your child’s MRI scans for any unusual features that could indicate a 
significant risk to your child’s health.  If this happens, we will contact you to talk about the findings and 
recommend medical follow up for a more complete assessment. 
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In the unlikely event that we find an unusual feature, it could have consequences for your child.  It might 
affect their ability to work in certain professions, or get life or health insurance. However, if we do find an 
unusual feature and tell you about it, your child may be able to get treatment that might be of benefit. 
 
We cannot guarantee that we will find any/all unusual features. Please note that these assessments are not 
full medical assessments and we cannot be certain about how serious any health concerns are. 
 
Please take time to consider the advantages and disadvantages of discovery of a health risk before deciding to 
take part in this research project. 
 
11. Are there any risks with your child providing the saliva samples? 
Collecting the saliva samples from your child is only risky if your child is unwell, as there is a small risk of you 
catching what they have through the saliva. We will provide gloves and instructions on how to minimise this 
risk, such as not touching your face until you have washed your hands. Please let us know if your child is 
unwell and we can determine if the collection should proceed. 
 
12. What happens if something unusual is found in the saliva samples? 
We will be measuring levels of hormones and immune system functions in the saliva samples. It is possible 
that we may find unusually high (or low) levels of one or more of these that could indicate a health concern.  
 
We will review all saliva sample hormone and immune levels for any unusual results. If we do find an unusual 
result that indicates a possible risk to your child’s health, we will contact you to talk about the findings and 
recommend medical follow up. 
 
13. Are there any other risks? 
We do not expect the questionnaires to cause any distress, however you and your child can skip any questions 
you don’t want to answer. You are also welcome to look through the questions we plan to ask your child 
before we ask them.  
 
Some of the items in the questionnaires that we ask you and your child to complete are of a sensitive and 
deeply personal nature. This includes asking parents about illicit drug use, parenting style and domestic 
violence, and asking children about feelings of sadness and worries. Some items may be confronting. Please 
note that you and your child are able to skip any items or questionnaires that you do not wish to complete or 
are uncomfortable answering. 
 
Some of the questions for parents will ask if someone, including a parent, has hurt you or your child. Please 
note that we are ethically required to report suspected cases of child abuse, and where adults or children may 
be at risk of imminent harm from self or others. Please take time to consider this before deciding to answer 
these questions or take part in this research project. 
 
If we find that your child is currently experiencing any emotional difficulties, we will let you know immediately 
and, if necessary, and you would like us to do so, we can work with you to find the best help for your child.   
 
Some children may feel uncomfortable about the hair and/or saliva sampling, or about having an MRI scan.  
Our researchers are trained to be sensitive to any signs of distress and are very good at familiarising young 
people with these procedures.  If we think your child is feeling any sort of distress we will stop the task that is 
being completed and talk to you and your child about whether you would like to continue participating.   
 
If you or your child become upset or have any concerns after taking part in this study you can call Michelle 
Byrne on (03) 9035 5662.  Alternatively you can talk to a doctor with whom you feel comfortable. If you have 
any current concerns about your child’s health, please speak to your local doctor or call Nurse-On-Call 1300 
60 60 24 (a free service, open 24 hours a day, 7 days per week). 
 
14. What are the inconveniences? 
The main inconvenience for your family is the time required to complete the appointments, and travel to and 
from The University of Melbourne Psychology Clinic and The Royal Children’s Hospital.  We estimate that 
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participation will take about 3 hours 20 minutes of parent’s time for Phase 1 and 2 hours and 35 minutes for 
Phase 2.  We will compensate you for your time, including travel time, at the rate of $25 per hour. This will be 
$90 for Phase 1 and $65 for Phase 2.  We can also reimburse you for the cost of parking at the hospital and 
clinic. Your child will receive a $30 Coles-Myer voucher for completing Phase 1 and a $20 Coles-Myer voucher 
for completing Phase 2. 
 
We appreciate the value of your time, and we are very happy to organise appointments at the most 
convenient time for you, either on the same day or different days. For example, we can organise 
appointments on weekends, or after school or work. We will also aim to make the appointments as 
comfortable for you and your child as possible. For example, during the visits we will have snacks, drinks, 
sandwiches and magazines available for you.   
 
15. How do we keep the information confidential? 
Any information we collect for this research project that can identify you or your child will be treated as 
confidential.  We can disclose the information only with your permission, except as required by law. We will 
not routinely give you or your child access to the individual information you provide as part of this study, 
except as required by law, and in cases where we find something of concern, as we explained above. 
 
All information will be stored securely at the Murdoch Childrens Research Institute, and in the Melbourne 
School of Psychological Sciences and Melbourne Neuropsychiatry Centre at The University of Melbourne.   
 
The following people may access information collected as part of this research project:  

x the research team involved with this project 
x The University of Melbourne Human Research Ethics Committee 

 
The information we collect from you and your child will be re-identifiable.  This means that we will remove 
your names and give the information a special code number.  Only the research team can match your names 
to the code number, if it is necessary to do so. We will keep the information until 5 years after the date of the 
last publication from the project.  After this time, it will be destroyed. When we write or talk about the results 
of this project, information will be provided in such a way that your family cannot be identified.   
 
In accordance with relevant Australian and/or Victorian privacy and other relevant laws, you have the right to 
access and correct the information we collect and store about you and your child.  Please contact us if you 
would like to access this information. 
 
All hair and saliva samples collected will be stored at the Murdoch Childrens Research Institute and will be 
destroyed 5 years after the last publication arising from this project. 
 
Please note that suspected cases of child abuse or potential significant risk of harm to others or yourself will 
result in us breaking confidentiality to report the situation to Child Protection Services or other appropriate 
government agency, consistent with professional codes and Victorian mandatory reporting laws. 
 
16. Will I be informed of the results when the research project is finished? 
We will send you a summary of the overall project results.  The summary will be for all participants, not you or 
your child’s individual results.  
 
 
If you or your child has any concerns about how this study is conducted you can contact the Executive Officer, 
Human Research Ethics at the University of Melbourne. They may be contacted on (03) 8344 2073 (fax: (03) 
9347 6739). 
 
Melbourne School of Psychological Sciences 
Redmond Barry Building 
University of Melbourne 
Victoria, Australia, 3010 
Tel +61 3 8344 6377 Fax +61 3 9347 6618 
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Funding for this project has been received through the Australian Research Council (DP130103551). 
 
 
 
HOW TO CONTACT US: 
 
If you would like more information about the project or if you need to speak to a member of the research 
team please contact: 

 

Name: Dr Michelle Byrne 

Contact telephone: Office: (03) 9035 5662 

Mobile / SMS: 0477 818 222 

Email / Web: fact-s@unimelb.edu.au                                   facts.psych.unimelb.edu.au 
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Appendix C – Visual Analogue Scale 
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    FACTS Phase 2     ID # __________ 

 

 
VAS 1 (before mock) 

This scale consists of a number of words that describe different feelings and emotions. 
Please place an X mark on the line to indicate how you are feeling right now. 

 
 
 
Nervous 
 
Not at all               A lot 
 
 
 
 
 
 
 

Upset 
 
Not at all              A lot 
 
 
 
 
 
 
 

Interested 
 
Not at all              A lot 
 
 
 
 
 
 
 

Happy 
 
Not at all              A lot 
 
 



Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Pozzi, Elena

Title:
The influence of parenting and genetic variants on internalising symptoms during late
childhood: neural mechanisms and the HPA-axis

Date:
2019

Persistent Link:
http://hdl.handle.net/11343/225836

Terms and Conditions:
Terms and Conditions: Copyright in works deposited in Minerva Access is retained by the
copyright owner. The work may not be altered without permission from the copyright owner.
Readers may only download, print and save electronic copies of whole works for their own
personal non-commercial use. Any use that exceeds these limits requires permission from
the copyright owner. Attribution is essential when quoting or paraphrasing from these works.

http://hdl.handle.net/11343/225836

