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Abstract 
 

Both maternal depression and dopamine-related genotypes have been linked to the development 

of the HPA axis. This thesis explored whether and how DRD2, DAT1, and (from an exploratory 

perspective) COMT genotypes moderate the relation between maternal depressive symptoms and 

infant cortisol reactivity in the context of a toy frustration challenge at 16 months and in the 

context of a maternal separation challenge at 17 months. Buccal cells were used for the purpose 

of genotyping. Maternal depressive symptoms were assessed via self-report at infant age 16 

months. Candidate DRD2 and DAT1 genotypes moderated the relation between maternal 

depressive symptomatology and infant cortisol secretion in a diathesis-stress manner in the 

context of the toy frustration task, and in a differential susceptibility manner in the context of the 

maternal separation. Results are interpreted as indicating that the nature of gene-environment 

interactions is context-specific. 
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DRD2, DAT1, and COMT Genotypes as Moderators of the Relation Between Maternal 

Depressive Symptoms and Infant Cortisol Reactivity 

Maternal depressive symptomatology has been linked to atypical hypothalamic pituitary 

adrenal (HPA) functioning in infants, children, and adolescents (Azak, Murison, Wentzel-

Larsen, Smith, & Gunnar, 2013; Azar, Paquette, Zoccolillo, Baltzer, & Tremblay, 2007; Brennan 

et al., 2008; Diego et al., 2004; Essex, Klein, Cho, & Kalin, 2002; Feldman et al., 2009; 

Halligan, Herbert, Goodyer, & Murray, 2004). The impact of maternal depressive symptoms on 

offspring stress physiology is a pertinent issue since dysregulated patterns of cortisol secretion 

have been linked to a range of physical and psychiatric disorders (Goodyer, Park, Netherton, & 

Herbert, 2001; Hostinar & Gunnar, 2013), including depression (Adam et al., 2010; Halligan et 

al., 2007). Thus, researchers have proposed that maternal depression is one of the most robust 

risk factors for youth depression (Weissman et al., 2006) because of its influence on offspring 

HPA function (e.g., Dougherty et al., 2013; Halligan et al., 2007). Dopamine-related genotypes 

have also been linked to both cortisol secretion (Bakermans-Kranenburg, van IJzendoorn, 

Mesman, Alink, & Juffer, 2008) and depression (Dunlop & Nemeroff, 2007; Lawford, Young, 

Noble, Kann, & Ritchie, 2006), and may impact the association between maternal depressive 

symptoms and infant HPA function. Here I examine whether i) infant dopamine receptor D2 

(DRD2), dopamine transporter (DAT1) and catechol-o-methyltransferase (COMT) genotypes 

moderate the relation between maternal depressive symptoms and infant cortisol reactivity to 

psychosocial challenge, ii) these moderating effects reflect diathesis-stress or differential 

susceptibility, and iii) the nature of these moderating effects is context-specific.  

In this introduction, I i) provide background on the HPA axis, ii) discuss the influence of 

maternal depressive symptomatology on the development of the HPA axis, iii) discuss the 
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potential moderating role of infant genetic characteristics within diathesis stress and differential 

susceptibility frameworks, iv) examine the importance of considering infant cortisol secretion in 

the context of differentially challenging circumstances, and vi) outline the objectives and 

hypotheses of the current study.  

The HPA System 

 The HPA system is one of the principal regulatory systems designed to maintain 

homeostasis in response to internal or external environmental changes that place demands on an 

organism (i.e., stress; Hostinar & Gunnar, 2013; Tarullo & Gunnar, 2006). The description I 

provide here is based largely on Boyce and Ellis’ (2005) and Tarullo and Gunnar’s (2006) 

summaries. In response to stress, corticotropin-releasing hormone (CRH) is produced within the 

paraventricular nucleus of the hypothalamus and is then carried to the anterior lobe of the 

pituitary gland. This stimulates corticotropes to secrete adrenocorticotropic hormone (ACTH), 

which in turn stimulates the synthesis of cortisol, the principal and most important (Levine, 

Zagoory-Sharon, Feldman, Lewis, & Weller, 2007) glucocorticoid hormone regulating immune 

competence, blood pressure, and metabolic function (Sapolsky, 1992). When cortisol secretion 

reaches a certain level, it binds to glucocorticoid receptors that inhibit the production of CRH, 

ACTH, and cortisol, and return the system to a basal state (see Figure 1), thus preventing the 

overproduction of cortisol. Both the activation of the HPA axis in response to stress and the 

cortisol-based negative feedback system depicted in Figure 1 are regulated by the prefrontal 

cortex and amygdala, which are in turn modulated by the dopamine system during stress 

(Alexander et al., 2011; Sullivan & Gratton, 2002).  

---------------------------------------------------------------------------------------- 

See Figure 1 
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---------------------------------------------------------------------------------------- 

In addition to its involvement within the stress response, cortisol secretion follows a 

circadian rhythm, with a single morning peak, followed by a gradual decline throughout the day 

(Gunnar & White, 2001; Kirschbaum & Hellhammer, 1989; Levine et al., 2007). Newborns, 

however, show two peaks in cortisol, which occur 12 hours apart independent of the time of day 

(Klug et al., 2000). The diurnal pattern develops throughout infancy and early childhood, and 

becomes consistent with that of adults when children stop taking daytime naps (Gunnar & 

Quevedo 2007).  

Cortisol is necessary for survival; however, adverse effects have been observed if the 

response is prolonged, severe, or poorly regulated (Flin & England, 2003; Gunnar & Donzella, 

2002; Tarullo & Gunnar, 2006). Specifically, both elevated and blunted cortisol secretion 

patterns have been linked to low levels of cognitive and social competence (Blair, Granger, & 

Peters Razza, 2005; Davis, Bruce, & Gunnar, 2002) and to a range of physical and psychiatric 

disorders, including depression (Bhagwagar, Hafizi, & Cowen, 2005; Goodyer, Tamplin, 

Herbert, & Altham, 2000; Granger, Weisz, McCracken, Ikeda, & Douglas, 1996; Gunnar & 

Vasquez, 2006; Kagan, Reznick, & Snidman, 1988; King, Barkley, & Barrett, 1998; Marsman et 

al., 2008). Given these associations between patterns of cortisol secretion and both physical and 

psychiatric disorders, and the fact that the HPA system is not fully mature at birth (Gunnar & 

Quevedo, 2007; Tarullo & Gunnar, 2006), the developmental origins of individual differences in 

cortisol secretion are a pertinent issue. 

Early Programming of the HPA System   

The origins of individual differences in HPA function emerge from both inherited and 

environmentally influenced factors related to a mother’s own adjustment (Laurent, Ablow, & 
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Measelle, 2011; Meaney, 2010). Specifically, the HPA programming hypothesis posits that the 

HPA axis is programmed by maternal stress and interactive behaviour in the antenatal and early 

postnatal periods, and that such programming accounts for HPA function and associated physical 

and psychiatric disorders later in life (Laurent et al., 2011; Meaney, 2010; Seckl & Holmes, 

2007). Given that maternal depression is one of the most robust risk factors for youth depression 

(Weissman et al., 2006), a disorder characterized by dysregulated HPA functioning (Pariante, 

2003), several researchers emphasize the role of maternal depression in early HPA programming 

(e.g., Dougherty et al., 2013; Halligan et al., 2007). 

The influence of maternal depression on early HPA programming is supported by animal 

models demonstrating that maternal stress and behaviour influence offsprings’ developing stress 

physiology via both the fetal environment and early rearing conditions (Meaney, 2010). For 

example, although the placental enzyme 11ß-hydroxysteroid dehydrogenase type 2 (11ß-HSD-2) 

blocks maternal glucocorticoids from passing through the placenta to the fetus, it is weakened by 

prenatal stress, and, consequently, both physical and emotional adversity during pregnancy can 

increase the exposure of the fetus to maternal glucocorticoids (Mairesse et al., 2007; O’Donnell, 

O’Connor, & Glover, 2009; Seckl & Holmes, 2007). This exposure in turn has long-lasting 

effects on fetal development and HPA function (Meaney, 2010; Seckl & Holmes, 2007). 

Postnatal maternal behaviour that simulates maternal depression, such as deprivation and 

reduced tactile contact, also has enduring consequences for HPA functioning (Meaney, 2010). 

Offspring of mothers who demonstrated heightened levels of licking and grooming (i.e., high 

quality maternal behaviour), relative to those of mothers who provided lower levels of licking 

and grooming, show a reduced corticosterone response to stress and a greater number of 

glucocorticoid receptors linked to the negative feedback system that regulates the HPA axis 
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(Champagne & Meaney, 2001; Kaffman & Meaney, 2007; Meaney & Szyf, 2005). Importantly, 

the differences in stress physiology between offspring of high and low licking and grooming 

mothers were not due to genetic differences. Specifically, offspring of mothers that showed high 

levels of licking and grooming had differences in DNA methylation, as compared to offspring of 

mothers that showed low levels of licking and grooming, and these differences were reversed 

with cross-fostering (Meaney & Szyf, 2005; Weaver et al., 2004). Thus, these findings speak to 

the causal role of psychosocial factors in altering gene expression and influencing offspring’s 

developing stress physiology (Meaney, 2010). 

Human studies utilizing both clinical and community samples further support the 

supposition that maternal stress and behaviour, specifically maternal depressive symptoms, 

impact the development of the HPA axis. For example, several studies have linked maternal 

depressive symptoms and cortisol during pregnancy to fetal cortisol, downregulation of placental 

11ß-HSD-2, as well as cortisol and behavioural reactivity after birth (Davis et al., 2004; DiPietro, 

Costigan, & Gurewitsch, 2003; Gitau, Cameron, Fisk, & Glover, 1998; Laurent et al., 2011; 

O’Donnell et al., 2012). Other studies link postnatal maternal depression to infant cortisol 

secretion (e.g., Essex et al., 2002; Halligan et al., 2004; Laurent et al., 2011), and show that the 

behavioural insensitivity associated with maternal depression (Hatzinikolaou & Murray, 2010) 

can promote infant stress dysregulation in the early postnatal period (Albers et al., 2008; Gunnar 

& Donzella, 2002; Hostinar & Gunnar, 2013). Such dysregulation is characterized by elevated 

levels of cortisol (Azak et al., 2013; Hostinar & Gunnar, 2013), but, after repeated 

overstimulation and elevations in cortisol, the HPA axis may become downregulated and less 

sensitive to psychosocial and acute stress (Fernald, Burke, & Gunnar, 2008; Gump et al., 2009). 
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Thus, exposure to maternal depressive symptomatology in the perinatal period has been linked to 

dysregulated cortisol secretion patterns (Laurent et al., 2011). 

In addition to the influences of maternal depression, there are heritable components in 

cortisol secretion (Bartels de Geus, Kirschbaum, Sluyter, & Boomsma, 2003; Bartels, van den 

Berg, Sluyter, Boomsma, & de Geus, 2003; Kirschbaum, Wust, Feig, & Helhammer, 1992; 

Steptoe et al., 2009; Van Hulle, Shirtcliff, Lemery-Chalfant, & Goldsmith, 2012). Genes related 

to dopaminergic function may be particularly relevant to HPA development, given that i) lower 

dopamine levels are a salient characteristic of 1-2 week old infants of mothers with depression 

(Diego et al., 2004; Lundy et al., 1999), ii) dopamine plays a critical role in the pathophysiology 

of depression (Antypa, Drago, & Serretti, 2013; Dunlop & Nemeroff, 2007; Elovainio et al., 

2007; Rowe et al., 1998), and iii) dopamine influences the medial prefrontal cortex (mPFC) and 

the amygdala, which regulate HPA functioning (Alexander et al., 2011; Zhang et al., 2005). 

Recent evidence suggests that genes related to dopaminergic function impact the degree to which 

HPA development is influenced by environmental conditions (Bakermans Kranenburg et al., 

2008). That is, maternal depression may have a greater influence on the development of the HPA 

axis for some infants more than other infants, in a manner consistent with diathesis-stress or 

differential susceptibility.  

Genetic Moderation: Diathesis Stress and Differential Susceptibility Theories 

 In conceptualizing how genetic factors might moderate environmental influences, 

researchers have traditionally relied on the diathesis-stress (or dual-risk) framework. Diathesis-

stress theory points to the synergistic effects of a risk (i.e., diathesis) within the individual 

interacting with an environmental characteristic to produce an outcome. For example, Nederhof, 

Belsky, Ormel, & Olehinkel (2012) found that the 7 repeat allele of the dopamine receptor D4 
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(DRD4) gene moderated the influence of parental divorce on externalizing symptoms. Relative 

to children without the 7 repeat allele, children with the 7 repeat allele exhibited more 

externalizing problems in the context of parental divorce. Thus, individuals with this diathesis 

allele may be the most vulnerable to developing psychopathology following environmental 

stress. These findings could suggest that the adverse effects of maternal depressive symptoms are 

heightened in some, genetically “vulnerable” children, but absent in other, “resilient” children.  

 In an extension of diathesis-stress theory, recent evidence suggests that the same 

characteristics of individuals that make them disproportionately vulnerable to adverse 

environments may also make them disproportionately likely to benefit from supportive 

environments (Belsky, 1997a, 1997b, 2005; Belsky et al., 2009; Belsky & Pleuss, 2009; Boyce & 

Ellis, 2005; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van IJzendoorn, 2011). This idea 

forms the basis of differential susceptibility theory. Belsky (1997a, 1997b, 2005) proposed 

differential susceptibility theory based on the Darwinian premise that natural selection shapes 

living things to survive in order to reproduce. Belsky (1997a, 1997b, 2005; Belsky & Pluess, 

2009) proposed that since the future is uncertain, and parents cannot know what child-rearing 

practices will most likely promote the reproductive fitness of their offspring (i.e., their own 

inclusive fitness), natural selection shaped parents to “hedge their bets” and have children 

varying in levels of developmental plasticity. This would ensure that if certain environmental 

effects were to threaten fitness, those children least susceptible to those effects would avoid the 

costs. Due to inclusive-fitness, these less susceptible children’s resistance to environmental 

effects would not only benefit themselves, but also their parents and siblings, as they share 50% 

of their genes. Similarly, if certain environmental aspects were to enhance fitness, the more 
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malleable children benefit directly from those effects, ensuring also that their parents and 

siblings would benefit indirectly for inclusive-fitness reasons.  

Belsky and Pleuss (2009) and Ellis et al. (2011) corroborated the differential susceptibility 

theory with evidence from cross-species studies that support the notion that plasticity is heritable. 

For example, Nussey, Postma, Gienapp, and Viser (2005) found that among a Dutch population 

of great tits Parus major, selection favoring highly plastic birds with regard to the timing of 

reproduction has intensified over a 32 year period, when climate change caused a mismatch 

between the birds’ breeding times and their caterpillar prey. Thus, Belsky (1997a, 1997b, 2005) 

proposed that children should vary in their susceptibility to parental rearing, and to general 

environmental influences, in a “for better and for worse” manner. That is, in contrast to diathesis 

stress theory, which posits that “vulnerable” children should experience the worst outcomes if 

reared in impoverished environments, differential susceptibility theory posits that “susceptible” 

children should experience both the least positive outcomes if reared in impoverished 

environments and the most positive outcomes if reared in enriched environments. 

Distinguishing between diathesis stress and differential susceptibility. Roisman et al. 

(2012) highlighted limitations of existing practices for probing interaction effects and proposed a 

set of statistical procedures that reliably differentiate between diathesis-stress and differential 

susceptibility. Specifically, researchers should report regions of significant difference between 

the slopes of those with and without the susceptibility marker, the proportion of the area between 

the regression lines uniquely attributable to differential susceptibility in order to quantify the 

importance of the “for better” effects relative to the “for worse” effects, and include nonlinear 

regression terms to rule out nonlinear effects or significant diathesis-stress interaction effects that 

might masquerade as crossover (i.e., differential susceptibility) effects (Beach et al., 2014; 
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Roisman et al., 2012). Roisman et al. (2012) suggested that existing studies that have not utilized 

these statistical procedures may have reported that their data reflect differential susceptibility 

when in fact it is better attributable to diathesis-stress. Based on this conclusion, the conditions 

under which diathesis-stress and differential susceptibility operate are currently unclear. 

It is also important to consider that diathesis-stress and differential susceptibility may both 

operate for the same GxE model, but within different contexts. For example, Roisman et al. 

(2012) re-analyzed data from the NICHD Study of Early Childcare and Youth Development 

utilizing their newly proposed statistical criteria, and found that infant temperament moderated 

the relation between maternal sensitivity and teacher-reported symptoms of social competence in 

a differential susceptibility manner across time and across different teachers. On the other hand, 

infant temperament moderated the relation between maternal sensitivity and mother rated social 

competence in a diathesis-stress manner over time from kindergarten to Grade 3. Thus, diathesis-

stress may operate in certain contexts, while differential susceptibility may operate in others 

(e.g., at home versus at school, Roisman et al., 2012; also see Cassidy, Woodhouse, Sherman, 

Stupica & Lejuez, 2011 and Cicchetti, Rogosch, & Toth, 2011).  

Genetic Moderators of the Relation Between Maternal Depressive Symptoms and Infant 

Cortisol Secretion 

There are three dopamine-related genes that influence HPA functioning (Alexander et al., 

2011; Armbruster et al., 2009; Belda & Armario, 2009; Pivonello et al., 2007; Propper et al., 

2008; Sullivan & Dufresne, 2006) and have repeatedly been found to moderate environmental 

influences in both diathesis-stress and differential susceptibility manners (Belsky & Pluess, 

2009); these are DRD2, DRD4, and DAT1. COMT has also been linked to HPA functioning 

(e.g., Alexander et al., 2011), and there is preliminary evidence that it is a diathesis-stress and 
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differential susceptibility marker (Belsky & Pluess, 2009; Nederhof et al., 2012). Thus, maternal 

depressive symptoms may influence cortisol secretion the most in infants with candidate DRD2, 

DRD4, DAT1, and COMT genotypes, relative to infants without these genotypes.  

DRD2. The DRD2 gene encodes the D2 subtype of the dopamine receptor. The Taq1A (A1) 

polymorphism involves a C to T substitution in a noncoding region of the DRD2 locus, which 

has been linked to dopamine receptor D2 availability. As Belsky and Pluess (2009) summarized, 

the A1 allele of DRD2 has been associated with low dopamine density and various psychiatric 

disorders. It has been identified as a diathesis-stress and differential susceptibility marker by 

several studies (e.g., Belsky & Pluess, 2009; Propper et al., 2008; van der Zwaluw, Kuntsche, & 

Engels, 2011). For example, Propper et al. (2008) found that infants with the A1 allele had the 

most adaptive physiological regulation (measured by respiratory sinus arrhythmia reactivity) at 

12 months if they had received highly sensitive parenting at 6 months, but also the least adaptive 

vagal regulation if they had received low sensitivity at 6 months. Since dopamine influences the 

HPA axis through D2 receptors (Belda & Armario, 2009), it could be suggested that the A1 

allele may also confer susceptibility to the effects of maternal depressive symptoms on cortisol 

secretion. However, this is in need of empirical validation. 

DRD4. Variants of DRD4 differ by the number of 48-base-pair repeats in exon III. The 7-

repeat (long) variant has been associated with low efficiency of dopamine reception (Robbins & 

Everitt, 1999). Several studies have identified the 7-repeat allele as a diathesis-stress and 

differential susceptibility marker (e.g., Beach, Brody, Lei, & Philibert, 2010; Kegel, Bus & van 

IJzendoorn, 2011; Knafo, Israel, & Ebstein, 2011; Martel et al., 2011; Nederhof et al., 2012). For 

example, Bakermans-Kranenburg et al. (2008) gave a group of mothers a video-feedback 

intervention to promote sensitive parenting. They found that children who carried the DRD4-7 
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repeat allele not only showed the most daily cortisol production if their mothers had been 

assigned to the control group, but also showed the least daily cortisol production if their mothers 

had been given the intervention. Since the 7 repeat allele conferred susceptibility to the effects of 

parenting on daily cortisol production, it could be suggested that it may also confer susceptibility 

to the influences of maternal depressive symptoms on cortisol secretion. This has not yet been 

empirically explored. 

DAT1. The DAT1 clears dopamine from synapses and limits the duration of its synaptic 

activity (Kordas et al., 2012). A 40-bp variable number of tandem repeats (VNTR) 

polymorphism is present in the 15th exon of the dopamine transporter gene. The 40-bp VNTR 

element is repeated between 3 and 13 times and occurs most often in the 9- and 10- repeat forms 

(VanNess, Owens, & Kilts, 2005). Higher expression and availability of dopamine is found in 

individuals with the 10-repeat (10R) VNTR. The 10R variant has been identified as diathesis-

stress and differential susceptibility marker (e.g., Faraone et al., 2005; Laucht et al., 2007; 

VanNess et al., 2005). For example, Laucht et al. (2007) found that teens with the 10R allele had 

the most inattention if living in high psychosocial adversity, but also the least inattention if living 

under conditions of low psychosocial adversity. The 10-repeat variant has also been linked to 

elevated cortisol reactivity and impaired stress recovery (Alexander et al., 2011); however, it has 

never been examined in relation to infant cortisol secretion using diathesis-stress or differential 

susceptibility models. 

COMT. COMT is an enzyme involved in the degradation of catecholamines. The COMT 

gene contains a G>A single nucleotide polymorphism (rs4680) with a valine (val) to methionine 

(met) substitution (Alexander et al., 2011; Conway et al., 2010). The val158 allele is associated 

with higher COMT enzyme activity and lower levels of dopamine in the brain. In contrast, the 
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met158 allele is associated with a 3-4 fold reduction in COMT activity and thus a 3-4 fold 

increase in dopamine availability (Alexander et al., 2011; Conway et al., 2010). The met158 

allele has been linked to increased stress hormone release and impaired stress recovery 

(Alexander et al., 2011; Jabbi et al., 2007; Oswald, McCaul, Choi, Yang, & Wand, 2004).  

The role of val158 and met158 genotypes within diathesis stress and differential 

susceptibility frameworks is unclear. For example, Nederhof et al. (2012) found that met carriers 

(i.e., A/A or A/G genotypes), relative to those with val/val (G/G) genotypes, have the highest 

levels of externalizing problems in the context of parental divorce. Although there was a trend 

for met carriers, relative to those with G/G genotypes, to also have the lowest levels of 

externalizing behaviour if their parents did not divorce, this trend did not reach statistical 

significance. Thus, these findings are more consistent with diathesis-stress than with differential 

susceptibility. On the other hand, van IJzendoorn, Bakermans-Kranenburg, and Mesman (2008) 

documented significant differential susceptibility effects of COMT genotype, but identified the 

val158 allele (as opposed to the met158 allele) as the susceptibility marker. Specifically, in 

parents with G/G or G/A alleles, as compared to parents with A/A alleles, more daily hassles 

were associated with less sensitive parenting, while fewer daily hassles were associated with 

more sensitive parenting. Nederhof et al. (2012) provided one possible explanation for the 

inconsistent findings regarding which of the val158 or met158 alleles is the marker of 

environmental susceptibility. Nederhof et al. (2012) proposed that children with different COMT 

genotypes may not be generally more and less sensitive to environmental experience, but, rather, 

some genotypes promote sensitivity within certain contexts and other genotypes promote 

sensitivity in other contexts. Thus, with regard to COMT genotype, the val158 and met158 

alleles may operate as susceptibility markers within different contexts. 
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Intra-Individual, Between-Challenge Variability in Cortisol Secretion 

When examining associations between maternal depressive symptoms, infant genotype, 

and infant cortisol secretion, in addition to considering both diathesis stress and differential 

susceptibility models, it is also important to examine intra-individual, between-challenge 

variability in cortisol secretion (Atkinson et al., 2013; Goldberg et al., 2003; Jansen et al., 2010; 

Lauren et al., 2011; Laurent, Ablow, & Measelle, 2012). Specifically, conclusions about an 

infant’s vulnerability to psychosocial stress are frequently made without considering differential 

cortisol secretion in response to differentially challenging circumstances (Laurent et al., 2012). 

This between-challenge variability in cortisol secretion is relevant to the challenges utilized in 

the current study: the toy frustration procedure (TFP, the denial of access to an attractive toy; 

Braungart-Rieker & Stifter, 1996), and the strange situation procedure (SSP, a mother-infant 

separation paradigm; Ainsworth, Blehar, Waters, & Wall, 1978). In a meta-analysis, Jansen et al. 

(2010) found that challenges inducing anger correspond to a d (standardized difference between 

pre- and post- stressor cortisol concentrations) of .13, whereas the SSP precipitated cortisol 

increases corresponding to a d of .34. As Atkinson et al. (2013) argued, although sample 

limitations precluded formal comparisons of effect sizes within the meta analysis, Jansen et al.’s 

(2010) d discrepancy suggests that the SSP may be the more potent challenge. Accordingly, 

Laurent et al. (2012) found that infant cortisol trajectories were higher in the context of the SSP 

than in the context of a clean-up task. 

Atkinson et al. (2013) observed infants in the TFP and the SSP. Demonstrating the 

importance of considering challenge context, Atkinson et al. (2013) showed that infants of more 

sensitive mothers, relative to infants of less sensitive mothers, had larger declines in cortisol 

concentrations in the context of the TFP (attributed to a decline in cortisol following an 
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anticipatory anxiety- related increase in cortisol), and larger increases in cortisol concentrations 

in the context of the SSP. Atkinson et al. (2013) suggested that healthy HPA function involves 

flexible reactivity, i.e., a buffered increase in cortisol concentrations or a strong decrease in 

cortisol concentrations in the context of common, day-to-day stressors, and a robust increase in 

cortisol concentrations in the context of more potent stressors. Thus, Atkinson et al. (2013) 

suggested that infants of more sensitive mothers showed a more flexible cortisol response across 

challenges, relative to infants of less sensitive mothers. Variation in the infant cortisol response 

across differentially challenging circumstances has never been examined in relation to maternal 

depressive symptoms or infant genotype.  

Moreover, given that i) infant challenge paradigms differ in the degree to which they elicit 

adrenocortical activation (Atkinson et al., 2013; Jansen et al., 2010; Laurent et al., 2012), and ii) 

diathesis-stress and differential susceptibility may both operate for the same GxE model, but 

within different contexts (Roisman et al., 2012), one GxE framework (i.e., diathesis-stress or 

differential susceptibility) cannot be expected to operate uniformly for infant cortisol secretion 

across different challenge paradigms. That is, diathesis-stress may emerge within the context of 

one challenge paradigm, and differential susceptibility may emerge within the context of another. 

At present, research pertinent to how differential context associates with each of these GxE 

models is extremely rare, such that it is impossible to make specific hypotheses in this regard. 

Thus, studies are needed to explore whether infant genotype moderates the association between 

maternal depressive symptoms and infant cortisol reactivity in a diathesis-stress or differential 

susceptibility manner, while considering different stressor contexts. Here I utilize the differential 

impact of the TFP and SSP to examine these questions. 

The Current Study 
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This study longitudinally followed 314 mother-infant dyads to examine the hypothesis 

that dopamine-related genetic polymorphisms moderate the relationship between postnatal 

maternal depressive symptoms and infant cortisol reactivity to psychosocial challenge. I also 

explored whether these moderating effects reflect diathesis-stress or differential susceptibility, 

and whether the nature of these moderating effects is context-specific. Genotyping DRD4 was 

unsuccessful, likely due to buccal cell degradation (see Livy et al., 2012). Several attempts were 

made to repeat PCR amplification to no avail; therefore, the DRD4 marker was removed from 

the current study. DRD2, DAT1, and COMT appear to have resisted degradation and were 

successfully genotyped.  

To elicit a stress response, infants were presented with the TFP (Braungart-Rieker & 

Stifter, 1996) at age 16 months and at 17 months were exposed to the SSP (Ainsworth et al., 

1978). As reviewed, maternal separation results in greater cortisol increases than frustration 

challenges at this age (Atkinson et al., 2013; Jansen et al., 2010; Laurent et al., 2012). Indeed, the 

differential impact of the SSP, as compared to the TFP, has been demonstrated with the sample 

used here (Atkinson et al., 2013). The proven difference between these challenges with respect to 

cortisol response renders their joint use ideal for assessing whether diathesis-stress and 

differential susceptibility apply under different circumstances. Measuring cortisol in the context 

of two different challenging tasks also addressed Ellis et al.’s (2011) suggestions to aggregate 

data across settings (in this instance, home and lab) and measures in order to increase power and 

reliability of GxE findings.  

Potential confounds. Several variables are linked to both infant cortisol secretion and 

maternal depressive symptoms that may serve to obfuscate findings. These include family 

socioeconomic status (e.g., Fernald et al., 2008), and the quality of parenting (Albers et al., 2008; 



 
 

! ! !16 

Atkinson et al., 2013; Blair et al., 2008; Blair et al., 2005; Coyne, Low, Miller, Seifer, & 

Dickstein, 2007; Dozier et a., 2006; Dougherty, Tolep, Smith, & Rose, 2013; Field, 2010; Fisher, 

Gunnar, & Chamberlain, 2000; Hatzinikolaou & Murray, 2010; Hoffman, Crnic, & Baker, 2006; 

Lovejoy, Grazyk, O’Hare, & Neuman, 2000; Murray, Halligan, Goodyer, & Herbert, 2010; 

Spangler, Schieche, Ilg, Maier, & Ackerman, 1994). Moreover, infant sex (Davis & Emory, 

1995; Sanchez et al., 2010), feeding times (Levine et al., 2007; Magnano, Diamond, & Gardner, 

1989), and exposure to maternal breastmilk (Beijers, Riksen-Walraven, & De Weerth, 2013) and 

smoke (Granger et al., 2007) may influence infant cortisol secretion. Thus, I included these 

variables as potential covariates. To represent the potential covariate of quality of parenting, I 

used maternal sensitivity (Albers et al., 2008; Atkinson et al., 2013; Gunnar & Donzella, 2002). 

Both family income and education were examined as measures of socioeconomic status. 

Hypotheses. I hypothesized that DRD2, DAT1, and COMT variants interact with maternal 

depressive symptoms to predict cortisol reactivity in the context of the TFP and SSP. Since the 

TFP and SSP are differentially challenging (Atkinson et al., 2013), I posit different hypotheses 

for each. Moreover, the gene-environment interactions were exploratory in two respects, to 

determine whether: i) these interactions reflect diathesis-stress or differential susceptibility in the 

context of the TFP and SSP, and ii) the met158 or val158 genotype of COMT promotes 

susceptibility to the influences of maternal depressive symptoms on infant cortisol secretion.  

In the context of the TFP, infants in the current sample show declines in cortisol, which is 

attributed to anticipatory anxiety (Atkinson et al., 2013). I hypothesized that infants with i) the 

A1 allele of DRD2, ii) the 10/10 allele of DAT1, and/or iii) either the met158 or val158 allele of 

COMT, relative to infants without these alleles, have buffered cortisol reactivity (i.e., buffered 

declines) if the mother endorses high depressive symptomatology (reflecting diathesis-stress), or 
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both buffered cortisol reactivity if the mother endorses high depressive symptomatology and the 

most robust cortisol reactivity if the mother endorses low depressive symptomatology (reflecting 

differential susceptibility).  

In the context of the SSP, infants in the current sample show increases in cortisol (Atkinson 

et al., 2013). I hypothesized that infants with i) the A1 allele of DRD2, ii) the 10/10 allele of 

DAT1, and/or iii) either the met 158 or val158 allele of COMT, relative to infants without these 

alleles, have buffered cortisol reactivity (i.e., buffered increases) if the mother endorses high 

depressive symptomatology (reflecting diathesis-stress), or both buffered cortisol reactivity if the 

mother endorses high depressive symptomatology and the most robust cortisol reactivity if the 

mother endorses low depressive symptomatology (reflecting differential susceptibility).  

Method  

Participants  

The Research Ethics Boards at the Centre for Addiction and Mental Health and Ryerson 

University granted approval to recruit families through postings in community centers and in-

person visits to mother-infant activity centers and consumer baby shows in the Greater Toronto 

Area (GTA). This study utilized the Toronto Longitudinal Cortisol (TLC) sample (Atkinson et 

al., 2013; Pereira et al., 2012), which consists of 314 mother-infant dyads (52% male infants). 

Included infants were full term and healthy, and all mothers were 18 years or older at childbirth, 

had no known hormonal or psychiatric disorders, had pregnancies over 32 weeks, and had 

sufficient knowledge of English to complete questionnaires. The current study examines data 

collected during a home visit when infants were 16 months (M = 15.97; SD = 1.34) and a lab 

visit when infants were 17 months (M = 17.25; SD = 1.92). Maternal age at the 16-month visit 

ranged from 21 to 46 years (M = 32.94; SD = 4.51). The sample is demographically low risk. 
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The median family income was $114,000-149,999 Canadian, with 25th and 75th percentiles of  

$92,000-113,999 and $150,000-199,999. Participants were predominantly Caucasian (75%), with 

a smaller proportion of participants identifying as Asian (9%), Afro-Canadian (3.4%) and other 

(12.7%). The majority of mothers were highly educated, and reported post-graduate (21.2%), 

undergraduate (47.8%), community college (22.4%), secondary school (7.7%), and primary 

school (1.0%) as their highest level of education. 

The percent of missing values ranged from 0.06% for maternal education to 27.40% for 

infant cortisol samples during the SSP (as a result of reluctance to participate in saliva sampling). 

Participants with missing data did not significantly differ from participants with complete data 

with regard to any focal variables (DRD2, DAT1, and COMT genotypes, maternal depressive 

symptoms, and infant cortisol samples during the TFP and SSP), family income, maternal age, 

maternal breastfeeding status, maternal smoking status, maternal education, or infant sex. 

However, infants with complete data ate breakfast significantly earlier before the 16 month visit, 

ate breakfast significantly earlier before the 17 month visit, and woke up significantly earlier 

before the 17 month visit, relative to infants without complete data (see Table 1). However, 

breakfast time was not significantly correlated with infant cortisol samples during the 16 month 

visit, r = .11, p = .11, or the 17 month visit, r = -.07, p = .34, and infant wake time at 17 months 

was not significantly correlated with infant cortisol samples at 17 months, r = -.07, p = .341. 

---------------------------------------------------------------------------------------- 

See Table 1 

---------------------------------------------------------------------------------------- 

Procedure 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 For the purpose of analyses, temporal variables were coded as the number of minutes since 12am. 
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 Two research assistants coded maternal sensitivity in vivo during a home visit involving 

a two-hour observation of mother-infant interaction when the infant was 16 months old. Mothers 

were instructed to go about their daily activities and to then complete questionnaires while the 

infant was in the room. During the same visit, the research assistants observed the infants in the 

TFP and collected saliva samples. The mothers completed the Beck Depression Inventory, 

Second Edition (BDI-II; Beck, Steer, & Brown, 1996) at this time. One month later, the mother-

infant dyads visited the lab and participated in the SSP. On completion of the SSP, the mothers 

and infants were shown to a second room, not associated with the separations, where post-

challenge cortisol was collected. At the end of each visit, buccal (cheek) cells were collected. In 

accordance with standard practice (Gunnar & White, 2001), all visits commenced between 0900h 

and 1000h. Morning collection of cortisol for infants is ideal so that perturbations of routine do 

not impact cortisol levels (e.g., effects of daytime stressors, meals, and naps are variable in 

infancy).  

Measures 

Beck Depression Inventory, Second Edition. Mothers completed the BDI-II (Beck et 

al., 1996), which assesses the presence and severity of unipolar depressive symptomatology. The 

questionnaire includes 21 items that are each rated on a 4-point scale from 0 (indicating a lack of 

depressive symptomatology) to 3 (indicating high depressive symptomatology). Ratings are 

totaled to create a summary score. The BDI-II is frequently used to assess depressive symptoms 

in mothers sampled from the community (Allen, Manning, & Meyer, 2010; Gardner & Epkins, 

2012; Stuart, Couser, Schilder, O’Hara, & Gorman, 1998). It has good internal consistency, split-

half reliability, test-retest reliability, and validity (e.g., Beck, 1999; Sprinkle et al., 2002; Teti, 

Gelfand, Messinger, & Isabella, 1995). In the current sample, Cronbach’s alpha was 0.89. 
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Buccal cell collection and assessment. DNA was assessed from infant buccal cells at 

each visit. Four paper buccal swabs (Whatman Omniswab, Fisher Scientific Company) were 

collected from each infant. The tip of each swab was then expelled into a 15mL polypropylene 

tube (sealed to prevent contamination) and stored at 4°C until extracted. DNA isolation and 

analysis of buccal cells was conducted at the Neurogenics Laboratory at the Center for Addiction 

and Mental Health (CAMH; James Kennedy, Director) in Toronto, Canada. Total genomic DNA 

was extracted using the Qiagen QIAamp DNA Mini and Blood Mini kit as per manufacturer’s 

instructions with the reagents used prior to the spin steps (Protease, PBS, buffer AL and 95% 

ethanol) doubled. Genotyping of 10% of samples from each run were replicated for quality 

control purposes for each marker. 

Two SNPs across two genes were genotyped using commercially available TaqMan SNP 

genotyping assays: COMT Val158Met (rs4680; assay ID C__25746809_50); DRD2 (rs1800497; 

assay ID C__7486676) (LifeTechnologies, Burlington, ON). For each reaction, 1 uL of the 

genomic DNA was amplified as per manufacturer’s directions scaled to a total volume of 10 µL 

in an Applied Biosystems (AB) 2720 thermal cycler. Post-amplification products were analyzed 

on the AB ViiA7 Real-Time PCR System and genotype calls were determined manually by 

comparison to six No Template Controls.    

For the DAT1 VNTR, 3 µL total genomic DNA was combined with 1X MBI Fermentas 

PCR buffer containing KCl, 1.5 mM MgCl2 (MBI Fermentas), 0.13 µg each primer 

(Vandenbergh et al 1992; forward primer labeled with 5’ NED fluorescent tag), 10% DMSO 

(Sigma-Aldrich), 0.16 mM each dNTP (MBI Fermentas) and 2 U Taq polymerase (MBI 

Fermentas) to a total volume of 25 µL. The PCR reactions were subjected to an initial 

denaturation for 5 min at 95°C, followed by 35 cycles of amplification in an AB 2720 



 
 

! ! !21 

(Thermofisher Scientific Burlington, ON) thermal cycler: denaturing for 30 sec at 95°C, 

annealing for 1 min at 65°C and extension for 30 sec at 72°C, and a final extension at 72°C for 

10 min.  One microlitre of the PCR product was electrophoresed on an AB 3130-Avant Genetic 

Analyzer as per manufacturer’s directions, and product sizes determined by comparison to 

GeneScan 1200 LIZ size standard using GeneMapper (version 4.0).  

Similarly the DRD4 exon III variant was genotyped as follows: 4 µL total genomic DNA 

was combined with 1X MBI Fermentas PCR buffer containing KCl, 1.5 mM MgCl2 (MBI 

Fermentas), 0.1625 µg each primer (Lichter et al 1993; forward primer labeled with 5’ 6-FAM 

fluorescent tag), 10% DMSO (Sigma-Aldrich), 0.16 mM each dATP, dCTP, dTTP, 0.08 mM 

dGTP (MBI Fermentas) , 0.08mM 7’deaza-dGTP, and 1 U Taq polymerase (MBI Fermentas) to 

a total volume of 25 µL. The PCR reactions were subjected to an initial denaturation for 5 min at 

95°C, followed by 4 cycles of amplification in an AB 2720 (Thermofisher Scientific Burlington, 

ON) thermal cycler: denaturing for 20 sec at 95°C, annealing for 20 sec at 62°C and extension 

for 1 min at 72°C, and a final extension at 72°C for 10 min.  One microlitre of the PCR product 

was electrophoresed on an AB 3130-Avant Genetic Analyzer as per manufacturer’s directions, 

and product sizes determined by comparison to GeneScan 1200 LIZ size standard using 

GeneMapper (verison 4.0). 

Genotyping DRD4 was unsuccessful, likely due to buccal cell degradation (DRD2, 

DAT1, and COMT appear to have resisted degradation). Several attempts were made to repeat 

PCR amplification to no avail; therefore, the DRD4 marker was removed from the current study. 

Buccal DNA appears vulnerable to degradation, reducing the total yield and performance of 

DNA to a greater degree than blood DNA (Livy et al., 2012). Nevertheless, non-invasive DNA 

collection methods (i.e., buccal DNA) are preferred over more invasive techniques (e.g., blood 
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DNA) in infant studies for ethical reasons and to increase participation and compliance (Livy et 

al., 2012).  

Toy Frustration Procedure. The TFP (Braungart-Rieker & Stifter, 1996) consisted of 

four 90-second episodes: i) the mother engaged the infant with an attractive toy; ii) the mother 

placed the toy in a clear container with a lid on (but not sealed) while disengaging from the 

infant; iii) if the infant did not retrieve the toy him/herself, the mother returned the toy to the 

infant; and iv) the mother placed the toy in the clear container with the lid sealed and she 

disengaged again. If the infant cried continuously for 20 seconds, the episode was terminated. 

The final episode is the most frustrating episode for infants because the lid is fixed, making it 

impossible to retrieve the toy, and also because this episode captures the accumulating stress 

from previous episodes.  

Strange Situation Procedure. The SSP (Ainsworth et al., 1978) consisted of eight 

episodes designed to induce increasing attachment-related distress in the infant. During these 

episodes, i) the infant and mother were introduced to a strange room with toys; ii) the infant was 

free to play with the toys for three minutes while the mother sat quietly and read, iii) a female 

stranger entered the room and sat quietly for one minute, then spoke to the mother for one 

minute, and then engaged the infant in play for one minute; iv) the mother left the infant alone in 

the room with the stranger for three minutes; v) the mother returned to the room, the stranger 

left, and the mother stayed in the room for three minutes; vi) the mother left the infant alone in 

the room for three minutes; vii) the stranger returned to the room for three minutes; viii) the 

mother returned, the stranger left the room, and the mother stayed in the room for three minutes. 

Mothers observed their infants throughout the procedure and separation episodes were 

terminated if the infant cried hard for 20 seconds. In this study, the SSP was used only as a 
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stressor and was not coded for attachment classification (Ainsworth et al., 1978). It is important 

to note that, for ethical considerations, infant challenge paradigms cannot be extremely stressful. 

Nevertheless, tasks that involve both social components and aspects of uncontrollability, like the 

SSP, are most likely to reliably elicit cortisol changes (Dickerson & Kemeny, 2004). 

Accordingly, the SSP has been documented as a more potent stressor, relative to the TFP 

(Atkinson et al., 2013; Jansen et al., 2010; Larent et al., 2012). 

! Salivary cortisol. In the human body, about 90% of cortisol is bound to plasma proteins, 

while 10% is unbound and active (Gunnar & Donzella, 2002; Gunnar & White, 2001). While 

cortisol can be sampled from plasma, urine, and saliva, only plasma samples contain both bound 

and unbound cortisol. Urine and saliva samples only contain unbound cortisol. Salivary cortisol 

measurement has advantages over plasma or urine, since its relatively simple chemical 

constituents enable superior estimation (Magnano et al., 1989). Moreover, salivary cortisol is 

advantageous since it exclusively provides a measurement of active cortisol and thus better 

represents the degree of cortisol reactivity (Hellhammer, Wust, & Kudielka, 2009). Further, 

salivary cortisol may be the best method for infants as it is non-invasive and enables frequent and 

rapid sampling (Kirschbaum & Hellhammer, 1994; Levine et al., 2007; Magnano et al., 1989). 

Thus, salivary cortisol has become the most common method for measuring cortisol in infancy. 

However, drawbacks of utilizing salivary cortisol must be acknowledged. Specifically, saliva 

obtained after eating or drinking, or saliva mixed with blood from oral cuts, may result in 

artificially elevated cortisol measurements (Levine et al., 2007; Magnano et al., 1989). To 

overcome such disadvantages, I controlled for feeding times within analyses.  

 Cortisol collection. To avoid contamination, mothers were asked to ensure that their 

infants did not brush their teeth, eat, or drink within 60 minutes of the procedure. Two Sorbettes 
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(Salimetrics, State College PA) were used to collect the saliva of each infant 5 minutes pre-

challenge (baseline) and 20 and 40 minutes post-challenge, for both the TFP and SSP. These 

collection times were chosen since some individuals peak closer to 20-minutes, while others 

peak closer to 40-minutes (Goldberg et al., 2003). The Sorbettes were placed in the mouth for 60 

seconds. Saliva samples were centrifuged for 10-minutes at 3000 rpm at 4°C in order to extract 

the saliva and then sealed and stored at -70 °C.  Salivettes were thawed and centrifuged for 10 

minutes at 3,000 rpm at 4°C. Each sample was assayed twice using a salivary cortisol enzyme 

immunoassay kit (Salimetrics, State College, PA), and average values were used in analyses. The 

interassay variability was 10.6%. The intraassay variation was 8.3% for samples with low values, 

and 6.9 % for samples with high values. 

Cortisol indices. To assess infant cortisol reactivity in the TFP and SSP, Area Under the 

Curve increase (AUCI) was computed from the trapezoid formula (Pruessner, Kirschbaum, 

Meinlschmid, & Hellhammer, 2003) using three time points: baseline, 20-minutes post-

challenge, and 40-minutes post-challenge. AUCI measures the change in cortisol over time, 

thereby assessing the sensitivity of the HPA system (Fekedulegn et al., 2007), and was computed 

as {[(20 min value + baseline value)/ 2] x time} + {[(40 min value + 20 min value)/ 2] x time} – 

[baseline value x (time + time)]. The AUCI has an advantage over a simple change computation 

as it encompasses more than merely two time point measurements of cortisol (Fekedulegn et al., 

2007). It is important to consider both the magnitude and sign of AUCI (Fekedulegn et al., 2007). 

Specifically, when cortisol concentrations escalate across challenge time points, AUCI is positive 

and reflects cortisol increase. On the other hand, cortisol secretion may decrease across challenge 

time points in the event of anticipatory anxiety-related increases in cortisol (Atkinson et al., 

2013; Jansen et al., 2010). Since, in such cases, subsequent cortisol measurements would be less 
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than the baseline value, the overall value of AUCI would be lowered as the amount of cortisol 

decline increases (Fekedulegn et al., 2007). In other words, when cortisol concentrations 

decrease across challenge time points, AUCI is negative, and lower AUCI values reflect more 

robust cortisol declines (and thus more robust cortisol reactivity).  

In contrast to AUCI, Area Under the Curve ground (AUCG) measures total cortisol output 

and takes into account both the difference between the single cortisol measurements from each 

other and the distance of these measurements from ground. Although AUCG may in some cases 

supplement the information provided by AUCI (Fekedulegn et al., 2007), it was not utilized in 

the current study. This is because the current study aimed to examine differential cortisol 

reactivity across differentially stressful challenges. While AUCI provides a pure measure of 

cortisol reactivity to challenge, AUCG values can confound cortisol reactivity with baseline 

cortisol levels. This notion is supported by findings that cortisol baseline and reactivity values 

are often negatively correlated (e.g., Brennan et al., 2008). Thus, in the context of challenge, 

infants with high baseline cortisol values and low cortisol change values could have similar 

AUCG values as infants with low baseline cortisol values and robust cortisol change values. This 

suggests that AUCI is the optimal measure when examining differential cortisol reactivity across 

challenges. As a result, only AUCI was utilized in the current study. 

Maternal Behaviour Q-Sort. The Maternal Behaviour Q-Sort (MBQS, Pederson et al., 

1990), a measure of maternal sensitivity, is a set of 90 items describing mother-infant interactive 

behaviours. Based on a two-hour home observation of mother-infant interaction, experienced 

sorters who were blind to other measures arranged the items into nine piles of ten items each, 

ranging from pile 1 (Least Like the Mother) to pile 9 (Most Like the Mother). Each mother’s 

MBQS score represents the correlation between the scores of the observers Q-sort with those of a 
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theoretically derived sort of a prototypically sensitive mother. Thus, a very sensitive mother 

would receive a score close to 1.0 and a very insensitive mother would receive a score close to -

1.0. The MBQS scores in the current sample ranged from -.69 to .90 (M = 0.46; SD = 0.34). The 

MBQS is a cross-culturally valid and reliable measure of maternal sensitivity (Atkinson et al., 

2000a, 2000b; Chaimongkol & Flick, 2006; Pederson et al., 1990; Tarabulsy et al., 2009). For 

example, MBQS observations have been associated with infant attachment security at r = .48, 

whereas traditional assessments of sensitivity have an effect size of only r = .21 (Atkinson et al., 

2000a, 2000b), indicating high predictive validity of the MBQS. In the current dataset, inter-

observer reliability was high, Intraclass Correlation Coefficient = .88, p < .001. The mean 

sensitivity scores of both observers were used in the current study’s analyses. 

Statistical Analyses 

Multiple imputation. To account for missing data with respect to covariates, maternal 

depressive symptoms, TFP AUCI, and SSP AUCI, multiple imputations were conducted. 

Multiple imputation addresses missing data by replacing it with x > 1 sets of simulated imputed 

cells, resulting in x plausible but unique versions of the complete dataset. Each of the x datasets 

is analyzed uniformly and then, with simple arithmetic, are combined to yield overall estimates 

and standard errors that reflect sample variation and missing-data uncertainty (Collins, Shafer, & 

Kam, 2001). In the present study, 20 imputations were conducted, exceeding the recommended 

minimum and sufficient to yield highly efficient inferences (Collins et al., 2001; Graham, 

Olchowski, & Gilreath, 2007; Schafer & Graham, 2002). The average of the 20 imputations for 

each model’s significance and the pooled predictors were utilized. To determine if the data were 

suitable for imputation, Little’s (1988) missing completely at random (MCAR) test was 

conducted. Based on Little’s MCAR test, the data for the TFP, χ2 (2) = 3.14, p = .20, and SSP, χ2 
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(2) = 0.79, p = .67, analyses were missing at random, and thus imputation was appropriate 

(Collins et al., 2001).  

Analyzing diathesis stress and differential susceptibility. Based on Belsky, 

Bakermans-Kranenburg, and van IJzendoorn’s (2007) and Roisman et al.’s (2012) 

recommendations, I conducted a series of statistical procedures designed to establish and 

differentiate between differential susceptibility and diathesis stress. First, hierarchical multiple 

regression analyses were conducted with the predictor (i.e., maternal depressive symptoms) and 

proposed moderator (i.e., infant genotype) entered in the first step, and the interaction term (i.e., 

product) of the predictor and moderator variables entered in the second and final step. Six such 

regression analyses were conducted, given that I examined three proposed moderators (i.e., 

DRD2, DAT1, and COMT genotypes), and two outcome variables (i.e., the TFP AUCI and the 

SSP AUCI).  Moderators were dummy coded as 0 (candidate allele absence) or 1 (candidate 

allele presence). As recommended by Dearing and Hamilton (2006), the continuous predictor 

variable (maternal depressive symptoms) was centered to reduce multicollinearity (Field, 2009) 

and aid in interpretation.  

Adding to the visual interpretation of graphs (Figure 2), regions of significance (RoS) on 

X tests were conducted. The RoS on X test examines the values of X (the predictor variable, 

maternal depressive symptoms) for which the moderator and the outcome variable are 

significantly related. To support differential susceptibility, the association between the moderator 

and the outcome must be significant at both the low and high ends of the predictor variable 

within the normative range of 2 standard deviations (SD) above and below the mean of the 

predictor (see Figure 3). To support diathesis-stress, the association between the moderator and 

the outcome must be significant at only one end of the predictor variable within 2 SD.  
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---------------------------------------------------------------------------------------- 

See Figure 2 

---------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------- 

See Figure 3 

---------------------------------------------------------------------------------------- 

In addition to the RoS on X test, the proportion of interaction index (PoI) was calculated 

for each analysis to represent the proportion of the interaction effect that is uniquely attributable 

to differential susceptibility (see Figures 4a and 4b). In other words, the PoI is the ratio of better 

outcomes (b) for the susceptibility group over the sum of better outcomes and worse (w) 

outcomes, b/(b + w). Both differential susceptibility and diathesis-stress account for worse 

outcomes, but only differential susceptibility accounts for better outcomes among those with 

susceptibility factors (in the context of low maternal depressive symptomatology). Roisman et al. 

(2012) suggest that w should be equal to 100% in the prototypical case of diathesis stress (and 

thus the PoI should equal 0), while both b and w should equal 50% in the case of differential 

susceptibility (and thus the PoI should equal 0.5). They suggest that, as a rough marker, PoI 

values between 0.4 and 0.6 are highly consistent with differential susceptibility, and values close 

to 0 are consistent with diathesis stress.  

---------------------------------------------------------------------------------------- 

See Figure 4 

---------------------------------------------------------------------------------------- 

In addition to the PoI, the proportion affected (PA) index was calculated to represent the 

proportion of the population that is differentially affected by the moderator variable (i.e., 
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candidate allele). First, the value of maternal depressive symptoms at which the regression lines 

cross was identified. The crossover point is the point at which the association between the 

moderator and outcome changes as a function of maternal depressive symptoms. To calculate the 

PA index, the dataset was sorted by maternal depressive symptoms and the proportion of cases 

that fell below the crossover point (representing better outcomes in the context of fewer maternal 

depressive symptoms) was determined. Roisman et al. (2012) suggest that if only 16% or less of 

cases fall below the crossover point, data are more consistent with diathesis-stress than with 

differential susceptibility. For each analysis in the current study, the RoS on X, PoI, and 

crossover point for the PA calculation were generated using a web-based program developed by 

Roisman et al. (2012) at http://www.yourpersonality.net/interaction/. 

Finally, in order to prevent discovering differential susceptibility effects merely as a 

result of imposing a linear predictor model on a nonlinear diathesis-stress effect (see Figure 5), I 

examined an additional model for each analysis that included X2, i.e., (maternal depressive 

symptoms)2 and ZX2, i.e., (moderator x maternal depressive symptoms)2. To support differential 

susceptibility, none of i) X2, ii) ZX2, or iii) the combination of both together, can be statistically 

significant. If a nonlinear term is significant, then, in order to support either diathesis-stress or 

differential susceptibility, it must be demonstrated that the maternal depressive symptoms x 

moderator interaction term (i.e., the focal interaction term) remains statistically significant after 

controlling for these nonlinear terms.  

---------------------------------------------------------------------------------------- 

See Figure 5 

---------------------------------------------------------------------------------------- 

Results 
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Control Variables  

I conducted bivariate correlational analyses to assess the relation between AUCI and 

control variables. These variables included infant sex, infant feeding and wake times, family 

income, maternal age, maternal education, maternal breastfeeding status, maternal smoking 

status, and maternal sensitivity. No significant correlations emerged. 

Descriptive Statistics  

Genotype distributions are presented in Table 2. BDI total scores ranged from 0 to 39 

(Median = 6.00, Interquartile Range = 7.00). The majority (94.4%) of mothers did not exceed the 

cut-off for clinical depression (see Table 3, Beck et al., 1996). Correlations between study 

variables are reported in Table 4. In the context of the TFP, infant AUCI values ranged from -

662.28 to 2156.40 (Median = -26.03, Interquartile Range = 68.44). An examination of the 

sample’s overall baseline, +20 minute and +40 minute cortisol values in the context of the TFP 

revealed that cortisol secretion decreased throughout the TFP (see Figure 6). We attribute this 

decrease to a decline in cortisol following an “arrival effect”, or anticipatory anxiety (Atkinson et 

al., 2013). In the context of the SSP, AUCI values ranged from -3784.50 to 2338.25 nmol/L 

(Median = 9.09, Interquartile Range = 101.50). An examination of the sample’s overall baseline, 

+20 minute and +40 minute cortisol values revealed that cortisol increased in the context of the 

SSP (see Figure 7).  

---------------------------------------------------------------------------------------- 

See Table 2 

---------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------- 

See Table 3 
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---------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------- 

See Table 4 

---------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------- 

See Figure 6 

---------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------- 

See Figure 7 

---------------------------------------------------------------------------------------- 

TFP and SSP AUCI values deviated from normality and were log transformed to 

minimize skew, which is common in the cortisol literature (e.g., Gonzalez, Jenkins, Steiner, & 

Fleming, 2009; Gunnar, Frenn, Wewerka, & van Ryzin, 2009; Luecken, Kraft, & Hagan, 2009). 

After the transformations, the AUCI values were less leptokurtic, but not completely normal. 

However, Kerlinger and Pedhazur (1973) reviewed the research examining the robustness of F 

and t tests and argue that multiple regression resists violations of normality of the dependent 

variable, especially after transformations or when dependent variables do not substantially 

deviate from normality, as in the current study. Accordingly, Field (2009) does not consider 

normality of the dependent variable to be a necessary pre-requisite for multiple regression. 

Main Analyses 

Main analyses are presented in two sections. First are results on the prediction of infant 

cortisol reactivity (AUCI) in the context of the TFP. Within this section, results are presented in 

relation to the interaction of maternal depressive symptoms and each of three moderators: i) 
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DRD2 genotype, ii) DAT1 genotype, and iii) COMT genotype. Second are results on the 

prediction of infant AUCI in the context of the SSP. Within this section, results are presented 

similarly. Results are presented utilizing multiple imputation. Analyses were re-run utilizing the 

non-imputed dataset (list-wise deletion) and are also reported here.   

Predicting infant cortisol reactivity in the context of the toy frustration procedure. I 

conducted three hierarchical multiple regression analyses to determine whether i) DRD2 

genotype, ii) DAT1 genotype, and iii) COMT genotype moderate the association between 

maternal depressive symptoms and infant AUCI in the context of the TFP (see Table 5). The RoS 

on X, PoI, PA, and linearity tests were then applied to each model (see Table 6). 

---------------------------------------------------------------------------------------- 

See Table 5 

---------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------- 

See Table 6 

---------------------------------------------------------------------------------------- 

DRD2 genotype as a moderator of the relation between maternal depressive symptoms 

and infant AUCI in the context of the toy frustration procedure. As depicted in Table 5, the 

overall model was significant, F (3, 289) = 5.42, p < .01; adjusted R2 = .04. The standardized 

regression coefficients shown in Table 5 indicate that only the interaction between maternal 

depressive symptoms and DRD2 genotype made a significant contribution to infant AUCI. An 

analysis of the non-imputed dataset revealed that the moderation model remained significant, F 

(3, 217) = 5.08, p < .01; adjusted R2 = .05, and that the interaction between maternal depressive 

symptoms and DRD2 genotype remained the only significant contributor to infant AUCI, ß = .18, 
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p < .05. Figure 8 depicts the interaction of maternal depressive symptoms and infant DRD2 

genotype, as they predict infant cortisol reactivity in the TFP. 

---------------------------------------------------------------------------------------- 

See Figure 8 

---------------------------------------------------------------------------------------- 

The differential susceptibility/diathesis-stress indices are summarized in Table 6. The 

RoS on X test revealed significant differences between high and low Z (DRD2 genotype) for 

values of maternal depressive symptoms above 1.38. This indicates that the significant maternal 

depressive symptoms x DRD2 genotype interaction is driven by the higher AUCIs of infants with 

the A1 allele whose mothers are higher on depressive symptomatology (as opposed to also being 

driven by the lower AUCIs of infants with the A1 allele whose mothers are lower on depressive 

symptomatology). Thus, the RoS on X test supports diathesis-stress and is not consistent with 

differential susceptibility. Roisman et al. (2012) argued that if the RoS on X test supports 

diathesis-stress over differential susceptibility then the data do not represent differential 

susceptibility, even if all other proposed statistical criteria (i.e., PoI, PA, and linearity) are 

consistent with differential susceptibility. Nevertheless the remaining criteria were examined. 

The PoI was 0.15, which also supports diathesis stress and is not consistent with differential 

susceptibility. This PoI indicates that a higher proportion of the interaction represents worse 

outcomes in the context of higher maternal depressive symptoms than better outcomes in the 

context of fewer maternal depressive symptoms. The crossover point of the interaction (i.e., the 

point on maternal depressive symptoms where the regression lines intersect) was -5.44. The PA 

index represents the proportion of cases scoring below -5.44 on maternal depressive symptoms 

(i.e., those experiencing better outcomes from the differential susceptibility effect). The PA was 
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19.3%, which could be considered supportive of either diathesis-stress or differential 

susceptibility, but is more representative of diathesis-stress (Roisman et al., 2012). Finally, the 

nonlinearity test indicated that neither X2, t(287) = 0.75, ns, nor ZX2, t(287) = 1.05, ns, were 

significant predictors of AUCI when included in the model. 

Overall, results indicate that DRD2 genotype moderates the relationship between 

maternal depressive symptoms and infant cortisol reactivity in the context of the TFP in a 

diathesis-stress manner. That is, infants with the A1 allele, relative to infants without the A1 

allele, had higher AUCIs (reflecting buffered cortisol declines) if the mother was high in 

depressive symptomatology. 

DAT1 genotype as a moderator of the relation between maternal depressive symptoms 

and infant AUCI in the context of the toy frustration procedure. The overall model was 

significant, F (3, 268) = 4.92, p < .01; adjusted R2 = .04 (see Table 5). The interaction between 

maternal depressive symptoms and DAT1 genotype approached significance (p = .07), which 

leaves some ambiguity in the findings. However, an analysis of the non-imputed dataset revealed 

that the overall model remained significant, F (3, 204) = 4.34, p < .01, adjusted R2 = .05, and that 

only the interaction between maternal depressive symptoms and DAT1 genotype made a 

significant contribution to the model, ß = .26, p = .05. Figure 9 depicts the interaction of 

maternal depressive symptoms and infant DAT1 genotype, as they predict infant cortisol 

reactivity in the TFP.  

---------------------------------------------------------------------------------------- 

See Figure 9 

---------------------------------------------------------------------------------------- 
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The differential susceptibility/diathesis-stress indices are summarized in Table 6. The 

RoS on X test revealed significant differences between high and low Z (DAT1 genotype) for 

values of maternal depressive symptoms above 6.97. This indicates that the maternal depressive 

symptoms x DAT1 genotype interaction is driven by the higher AUCIs of infants with the 10/10 

allele whose mothers are higher on depressive symptomatology (as opposed to the lower AUCIs 

of infants with the 10/10 allele whose mothers are lower on depressive symptomatology). Thus, 

the RoS on X test supports diathesis-stress and is not consistent with differential susceptibility. 

Roisman et al. (2012) argued that if the RoS on X test supports diathesis-stress over differential 

susceptibility then the data do not represent differential susceptibility, even if all other proposed 

statistical criteria (i.e., PoI, PA, and linearity) are consistent with differential susceptibility. 

Nevertheless the remaining criteria were examined. The PoI was 0.31. This PoI is slightly more 

consistent with differential susceptibility, relative to diathesis-stress, indicating that only a 

somewhat greater proportion of the interaction represents worse outcomes in the context of 

higher maternal depressive symptoms than better outcomes in the context of lower levels of 

maternal depressive symptoms. The crossover point of the interaction (i.e., the point on maternal 

depressive symptoms where the regression lines intersect) was -2.52. The PA index was 44.2%, 

which represents the proportion of cases scoring below -2.52 on maternal depressive symptoms 

(i.e., those experiencing better outcomes in the context of lower levels of maternal depressive 

symptoms). Finally, the linearity test indicated that neither X2, t(266) = 0.21, ns, nor ZX2, t(266) 

= 0.87, ns, were significant predictors of AUCI when included in the model. Thus, this analysis 

passed the linearity test.  

Taken together, findings indicate that DAT1 genotype moderates the relationship 

between maternal depressive symptoms and infant cortisol reactivity in the context of the TFP in 
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a diathesis-stress manner. That is, infants with the 10/10 allele, relative to infants without the 

10/10 allele, had higher AUCIs (reflecting buffered cortisol declines) if the mother was high in 

depressive symptomatology. 

COMT genotype as a moderator of the relation between maternal depressive symptoms 

and infant AUCI in the context of the toy frustration procedure. As depicted in Table 5, the 

overall model was significant, F (3, 289) = 7.35, p < .001; adjusted R2 = .06. The standardized 

regression coefficients shown in Table 5 indicate that only the interaction between maternal 

depressive symptoms and COMT genotype made a significant contribution to infant cortisol 

reactivity (AUCI). An analysis of the non-imputed dataset revealed that the moderation model 

remained significant, F (3, 216) = 7.90, p < .01; adjusted R2 = .09, and that the interaction 

between maternal depressive symptoms and COMT genotype remained the only significant 

contributor to infant AUCI, ß = .29, p < .001. Figure 10 depicts the interaction of maternal 

depressive symptoms and infant COMT genotype, as they predict infant cortisol reactivity in the 

TFP. As illustrated in Figure 10, the G/G (val158) allele, as opposed to the A (met158) allele, is 

the “susceptibility” allele.  

---------------------------------------------------------------------------------------- 

See Figure 10 

---------------------------------------------------------------------------------------- 

The differential susceptibility/diathesis-stress indices are summarized in Table 6. The 

RoS on X test revealed a lower threshold of -2.95 and upper threshold of 4.59 for maternal 

depressive symptoms, where the regression of AUCI on COMT genotype is statistically 

significant for values of maternal depressive symptoms outside this region. Since this region is 

within 2 SD of the mean of maternal depressive symptoms and the association between AUCI 
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and COMT genotype was significant for both low and high values of maternal depressive 

symptoms, differential susceptibility is supported. The PoI was 0.52, which is prototypical of 

differential susceptibility. This PoI indicates that equal proportions of the interaction represent 

better outcomes and worse outcomes from the differential susceptibility effect. The crossover 

point of the interaction (i.e., the point on maternal depressive symptoms where the regression 

lines intersect) was 0.66. The PA index represents the proportion of cases scoring below 0.66 on 

maternal depressive symptoms (i.e., those experiencing better outcomes from the differential 

susceptibility effect). The PA was 68%, which is consistent with differential susceptibility. 

Finally, the nonlinearity test indicated that X2 was not a significant predictor of AUCI when 

entered in the model, t(287) = 0.13, ns, but that ZX2 was, t(287) = 5.45, p < .001. The maternal 

depressive symptoms x COMT genotype interaction did not remain statistically significant when 

X2 and ZX2 were included in the model, t(287) = -0.67, ns. Thus, this analysis failed the linearity 

test.  

Overall, infants with the G/G allele, relative to infants without the G/G allele, had higher 

AUCIs (reflecting buffered cortisol declines) if the mother was high in depressive 

symptomatology, and lower AUCIs (reflecting more robust cortisol declines) if the mother was 

low in depressive symptomatology. However, the interaction effect can be more parsimoniously 

understood as driven by lower order (nonlinear) effects. Thus, the interaction is not consistent 

with either diathesis-stress or differential susceptibility (Roisman et al., 2012).  

Predicting infant cortisol reactivity (AUCI) in the context of the SSP. I conducted 

three hierarchical multiple regression analyses to determine whether i) DRD2 genotype, ii) 

DAT1 genotype, and iii) COMT genotype moderate the association between maternal depressive 
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symptoms and infant AUCI in the context of the SSP (see Table 7). The RoS on X, PoI, PA, and 

linearity tests were then applied to each model (see Table 8). 

---------------------------------------------------------------------------------------- 

See Table 7 

---------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------- 

See Table 8 

---------------------------------------------------------------------------------------- 

DRD2 genotype as a moderator of the relation between maternal depressive symptoms 

and infant AUCI in the context of the strange situation procedure. As depicted in Table 7, the 

overall model was significant, F (3, 271) = 16.17, p < .001; adjusted R2 = .12. The standardized 

regression coefficients shown in Table 7 indicate that only the interaction between maternal 

depressive symptoms and DRD2 genotype made a significant contribution to infant AUCI. An 

analysis of the non-imputed dataset revealed that the moderation model remained significant, F 

(3, 210) = 14.10, p < .001; adjusted R2 = .16, and that the interaction between maternal 

depressive symptoms and DRD2 genotype remained the only significant contributor to infant 

AUCI, ß = -.37, p < .001. Figure 11 depicts the interaction of maternal depressive symptoms and 

infant DRD2 genotype, as they predict infant cortisol reactivity in the SSP.  

---------------------------------------------------------------------------------------- 

See Figure 11 

---------------------------------------------------------------------------------------- 

The differential susceptibility/diathesis-stress indices are summarized in Table 8. The 

RoS on X test revealed a lower threshold of -5.89 and upper threshold of 0.39 for maternal 
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depressive symptoms, where the regression of AUCI on DRD2 genotype is statistically 

significant for values of maternal depressive symptoms outside this region. Since this region is 

within 2 SD of the mean of maternal depressive symptoms and the association between AUCI 

and DRD2 genotype is significant for both low and high values of maternal depressive 

symptoms, differential susceptibility is supported. The PoI index was 0.33. This PoI is more 

consistent with differential susceptibility, relative to diathesis-stress, indicating that a somewhat 

greater proportion of the interaction represents worse outcomes in the context of higher maternal 

depressive symptoms than better outcomes in the context of lower levels of maternal depressive 

symptoms. The crossover point of the interaction (i.e., the point on maternal depressive 

symptoms where the regression lines intersect) was -2.33. The PA index represents the 

proportion of cases scoring below -2.33 on maternal depressive symptoms (i.e., those 

experiencing better outcomes from the differential susceptibility effect). The PA was 44.2%, 

which is consistent with differential susceptibility. Finally, the nonlinearity test indicated that 

neither X2, t(269) = -0.87, ns nor ZX2, t(269) = -1.84, ns were significant predictors of AUCI 

when added to the model. Thus, this analysis passed the linearity test.  

Taken together, findings indicate that DRD2 genotype moderates the relationship 

between maternal depressive symptoms and cortisol reactivity in the context of the SSP in a 

differential susceptibility manner. That is, relative to infants without the A1 allele, those with the 

A1 allele had lower AUCIs (reflecting buffered cortisol increases) if the mother was high in 

depressive symptomatology, and higher AUCIs (reflecting more robust cortisol increases) if the 

mother was low in depressive symptomatology. 

DAT1 genotype as a moderator of the relation between maternal depressive symptoms 

and infant AUCI in the context of the strange situation procedure. As depicted in Table 7, the 
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overall model was significant, F (3, 251) = 11.96, p < .001; adjusted R2 = .12. The standardized 

regression coefficients shown in Table 7 indicate that only the interaction between maternal 

depressive symptoms and DAT1 genotype made a significant contribution to infant AUCI. An 

analysis of the non-imputed dataset revealed that the overall model remained significant, F (3, 

193) = 8.58, p < .001, adjusted R2 = .10, and that only the interaction between maternal 

depressive symptoms and DAT1 genotype made a significant contribution to the model, ß = -.33, 

p < .01. Figure 12 depicts the interaction of maternal depressive symptoms and infant DAT1 

genotype, as they predict infant cortisol reactivity in the SSP.  

---------------------------------------------------------------------------------------- 

See Figure 12 

---------------------------------------------------------------------------------------- 

The differential susceptibility/diathesis-stress indices are summarized in Table 8. The 

RoS on X test revealed a lower threshold of -11.29 and upper threshold of 2.81 for maternal 

depressive symptoms, where the regression of AUCI on DAT1 genotype is statistically 

significant for values of maternal depressive symptoms outside this region. Since this region is 

within 2 SD of the mean of maternal depressive symptoms and the association between AUCI 

and DAT1 genotype is significant for both low and high values of maternal depressive 

symptoms, differential susceptibility is supported. The PoI was 0.35. This PoI is more consistent 

with differential susceptibility, relative to diathesis-stress, indicating that roughly equal 

proportions of the interaction represent better outcomes and worse outcomes from the differential 

susceptibility effect. The crossover point of the interaction (i.e., the point on maternal depressive 

symptoms where the regression lines intersect) was -2.10. The PA index represents the 

proportion of cases scoring below -2.10 on maternal depressive symptoms (i.e., those 
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experiencing better outcomes from the differential susceptibility effect). The PA was 44.2%, 

which is consistent with differential susceptibility. Finally, the linearity test indicated that neither 

X2, t(249) = -0.50, ns, nor ZX2, t(249) = -1.09, ns, were significant predictors of AUCI when 

added to the model. Thus, this analysis passed the linearity test.  

Taken together, findings indicate that DAT1 genotype moderates the relationship 

between maternal depressive symptoms and infant cortisol reactivity in the context of the SSP in 

a differential susceptibility manner. That is, relative to infants without the 10/10 allele, those 

with the 10/10 allele had lower AUCIs (reflecting buffered cortisol increases) if the mother was 

high in depressive symptomatology, and higher AUCIs (reflecting more robust cortisol increases) 

if the mother was low in depressive symptomatology. 

COMT genotype as a moderator of the relation between maternal depressive symptoms 

and infant AUCI in the context of the strange situation procedure. As depicted in Table 7, the 

overall model was significant, F (3, 271) = 23.28, p < .001; adjusted R2 = .19. As shown in Table 

7, only the interaction between maternal depressive symptoms and infant COMT genotype 

significantly contributed to the prediction of AUCI. An analysis of the non-imputed dataset 

revealed that the moderation model remained significant, F (3, 211) = 23.90, p < .001; adjusted 

R2 = .25, and that the interaction between maternal depressive symptoms and COMT genotype 

remained a significant contributor to infant AUCI, ß = -.49, p < .001. Figure 13 depicts the 

interaction of maternal depressive symptoms and infant COMT genotype, as they predict infant 

cortisol reactivity in the SSP. As illustrated in Figure 13, the G/G (val158) allele, as opposed to 

the A (met158) allele, is the “susceptibility” allele.  

---------------------------------------------------------------------------------------- 

See Figure 13 
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---------------------------------------------------------------------------------------- 

The differential susceptibility/diathesis-stress indices are summarized in Table 8. The 

RoS on X test revealed a lower threshold of -4.32 and upper threshold of -0.22 for maternal 

depressive symptoms, where the regression of AUCI on COMT genotype is statistically 

significant for values of maternal depressive symptoms outside this region. Since this region is 

within 2 SD of the mean of maternal depressive symptoms and the association between AUCI 

and COMT genotype was significant for both low and high values of maternal depressive 

symptoms, differential susceptibility is supported. The PoI was 0.35. This PoI is slightly more 

consistent with differential susceptibility, relative to diathesis-stress, indicating that somewhat 

equal proportions of the interaction represent worse outcomes in the context of higher maternal 

depressive symptoms and better outcomes in the context of lower levels of maternal depressive 

symptoms. The crossover point of the interaction (i.e., the point on maternal depressive 

symptoms where the regression lines intersect) was -2.09. The PA index represents the 

proportion of cases scoring below -2.09 on maternal depressive symptoms (i.e., those 

experiencing better outcomes from the differential susceptibility effect). The PA was 44.2%, 

which is consistent with differential susceptibility. Finally, the linearity test indicated that X2 was 

not a significant predictor of AUCI, t(269) = -1.38, ns, but that ZX2 was, t(269) = -10.16, p < 

.001. The maternal depressive symptoms x COMT genotype interaction did not remain 

statistically significant when X2 and ZX2 were included in the model, t(269) = 0.37, ns. Thus, 

this analysis failed the linearity test.  

Overall, infants with the G/G allele, relative to infants without the G/G allele, had lower 

AUCIs (reflecting buffered cortisol increases) if the mother was high in depressive 

symptomatology, and higher AUCIs (reflecting more robust cortisol increases) if the mother was 



 
 

! ! !43 

low in depressive symptomatology. However, the interaction effect can be more parsimoniously 

understood as driven by lower order (nonlinear) effects. Thus, the interaction is not consistent 

with either diathesis-stress or differential susceptibility (Roisman et al., 2012).  

Discussion 

This study examined whether i) DRD2, DAT1, and COMT genotypes moderate the 

relation between maternal depressive symptoms and infant cortisol reactivity to psychosocial 

challenge, ii) these moderating effects reflect diathesis-stress or differential susceptibility, and 

iii) the nature of these moderating effects differs in the context of two infant challenge 

paradigms, the TFP and SSP. In the context of the TFP, infant DRD2 and DAT1 (but not 

COMT) genotypes moderated the relation between maternal depressive symptoms and infant 

cortisol reactivity in a diathesis-stress manner. Infants with the i) A1 allele of DRD2 and ii) 

10/10 allele of DAT1, relative to infants without these alleles, show buffered cortisol reactivity 

(specifically buffered declines in cortisol) if the mother endorses high depressive 

symptomatology. In the context of the SSP, infant DRD2 and DAT1 (but not COMT) genotypes 

moderated the relation between maternal depressive symptoms and infant cortisol reactivity in a 

differential susceptibility manner. Infants with the i) A1 allele of DRD2 and ii) 10/10 allele of 

DAT1, relative to infants without these alleles, show buffered cortisol reactivity (specifically 

buffered increases in cortisol) if the mother endorses high depressive symptomatology, and more 

robust cortisol reactivity if the mother endorses low depressive symptomatology. These findings 

were established utilizing Roisman et al.’s (2012) statistical guidelines for differentiating 

between diathesis-stress and differential susceptibility (i.e., RoS on X, PoI, PA, and linearity 

tests). A discussion of findings is presented here, followed by acknowledgments of the 
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limitations of the current study, suggestions for future research, theoretical implications, and 

clinical implications. 

The Influences of Maternal Depressive Symptoms and Dopamine-Related Genetic 

Variation on Infant Cortisol Reactivity 

The HPA programming hypothesis indicates that the HPA axis is programmed by 

maternal stress and interactive behaviour in the antenatal and early postnatal periods. Given that 

maternal depression is a robust risk factor for youth depression (Weissman et al., 2006), a 

disorder characterized by dysregulated HPA functioning (Pariante, 2003), maternal depression 

has been hypothesized to play a key role in early HPA programming. Accordingly, Oberlander et 

al. (2008a) found that exposure to maternal depression was associated with increased 

methylation of the glucocorticoid receptor gene, which in turn was associated with increased 

salivary cortisol stress responses at 3 months of age. While there are several pathways through 

which maternal depressive symptoms may impact the development of the HPA axis, researchers 

have predominantly argued that i) maternal stress weakens the placental enzyme 11ß-HSD-2, 

thus enabling maternal glucocorticoids to pass through the placenta to the fetus and disrupt HPA 

development (O’Donnell et al., 2012; O’Donnell et al., 2009; Seckl & Holmes, 2007), and ii) 

maternal depressive symptoms compromise the mother’s ability to provide sensitive caregiving 

(Hatzinikolaou & Murray, 2010; Murray et al., 2010), which in turn disrupts the development of 

the infant’s HPA system (Albers et al., 2008; Gunnar & Donzella, 2002).  

The current results, linking postnatal maternal depressive symptoms to dysregulated 

infant cortisol reactivity, further support the significant influence of maternal depression on 

infants’ developing stress physiology. Given that these findings emerged while utilizing maternal 

sensitivity as a covariate, two speculative possibilities are that i) maternal depression impacts 
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infant HPA function predominantly through pathways other than parenting, such as fetal 

programming (Glover, O’Connor, & O’ Donnell, 2010), poor marital functioning (Pendry & 

Adam, 2007), and maternal-infant cortisol attunement (Laurent et al., 2011), or ii) maternal 

depressive symptoms do not impact infant HPA function via sensitivity per se, but hostility 

(Dougherty, Tolep, et al., 2013) and withdrawal (Murray et al., 2010) may play more of a role. 

The precise mechanisms through which maternal depression impacts infant HPA development is 

a fruitful area for future research. 

Importantly, the current results showed that dopamine-related genetic variation moderates 

the relation between maternal depressive symptoms and infant cortisol reactivity. Dopamine 

affects stress reactivity by impacting the mPFC and the amygdala, which regulate HPA 

functioning (Alexander et al., 2011; Zhang et al., 2005). In fact, the correlation between 

dopamine and cortisol release in response to psychosocial stress is r = .78 (Pruessner et al., 

2004). Thus, the current findings further speak to the influential role of dopamine within the 

human stress response. Moreover, the identification of genetic moderators supports the notion 

that the origins of individual differences in HPA function emerge from the interaction of 

inherited and environmentally influenced factors related to maternal mental health (Bakermans-

Kranenburg et al., 2008; Laurent et al., 2011; Meaney, 2010).  

While dopamine-related genes do play a moderating role within the relationship between 

maternal depressive symptoms and infant cortisol reactivity, the current findings also revealed 

that the nature of that role depends on the context in which the infant is challenged. Specifically, 

diathesis-stress emerged in the context of the TFP, and differential susceptibility emerged within 

the context of the SSP. These findings are consistent with studies identifying DRD2 and DAT1 

as both diathesis stress- and differential susceptibility- related moderators (Belsky & Pluess, 
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2009; Laucht et al., 2007; van IJzendoorn et al., 2008), and with Roisman et al.’s (2012) finding 

that diathesis-stress and differential susceptibility can both operate for the same GxE model, but 

within different contexts (also see Cassidy et al., 2011, and Cichetti et al., 2011). It is not entirely 

clear, however, why the patterns of moderation (i.e., differential susceptibility versus diathesis 

stress) differ by challenge context. At present, research pertinent to how differential context 

associates with each of these GxE models is extremely rare. Given that maternal separation 

results in greater cortisol increases than frustration challenges at this age (Atkinson et al., 2013; 

Jansen et al., 2010; Laurent et al., 2012), one speculative possibility is that diathesis-stress 

operates in the context of relatively mild stressors, whereas differential susceptibility operates in 

the context of higher challenge conditions. 

Further exemplifying the importance of context, the interactions of maternal depressive 

symptoms and i) infant DRD2 genotype and ii) infant DAT1 genotype both account for 5% of 

the variance in cortisol reactivity in the context of the TFP, but 13% and 12% (respectively) of 

the variance in cortisol reactivity in the context of the SSP. Thus, both GxE models account for 

more than double the variance in cortisol reactivity in the context of the SSP, relative to the TFP. 

This indicates that the magnitude of the influence of GxE on child development may be context 

specific, and calls for future studies to incorporate these methodological considerations. 

The current results also underscore the importance of considering differential patterns of 

cortisol secretion in response to differentially challenging circumstances. As reviewed, the SSP 

provokes larger increases in infant cortisol secretion than the TFP, suggesting that the SSP is the 

more potent stressor (Atkinson et al., 2013). Atkinson et al. (2013) suggested that healthy HPA 

functioning involves flexible reactivity characterized by a robust decrease in cortisol 

concentrations (in the event of anticipatory anxiety) in the context of relatively mild stressors, as 
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well as a robust increase in cortisol concentrations in the context of more potent challenges. The 

current results showed that infants of mothers higher in depressive symptomatology, relative to 

infants of mothers lower in depressive symptomatology, have buffered cortisol declines in the 

context of the TFP and buffered cortisol increases in the context of the SSP. Moreover, the 

relationships between maternal depressive symptoms and infant cortisol reactivity are more 

pronounced among infants with candidate dopamine-related genotypes, relative to infants 

without these genotypes. Thus, the current results support that i) there are important differences 

in infant cortisol secretion across challenge paradigms (Atkinson et al., 2013; Jansen et al., 2010; 

Laurent et al., 2012), ii) healthy HPA functioning is characterized by a flexible cortisol response 

across differentially challenging circumstances (Atkinson et al., 2013), and iii) maternal 

depressive symptomatology is related to the flexibility of the infant cortisol response across 

differentially challenging circumstances, but particularly for infants with certain genetic 

characteristics. 

COMT Genotype as a Marker of Susceptibility to Environmental Influences 

I was the first to examine whether COMT genotype moderates the relation between 

environmental factors and infant cortisol secretion in a diathesis stress or differential 

susceptibility manner. The current analyses involving COMT genotypes were exploratory with 

regard to which allele (i.e., val158 or met158) would confer heightened susceptibility to the 

influences of maternal depressive symptoms on infant cortisol reactivity. A directed hypothesis 

could not be established because the met158 allele has been linked to increased stress hormone 

release and impaired stress recovery (Alexander et al., 2011; Jabbi et al., 2007; Oswald, et al., 

2004), but both the met158 and val158 alleles have been identified as markers of heightened 

susceptibility to environmental influences (e.g., Nederhof et al., 2012; van IJzendoorn et al., 
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2008). The current study provides some evidence that the G/G (i.e., val158) allele is the 

differential susceptibility-related moderator of the association between maternal depressive 

symptoms and infant cortisol secretion (see Figures 10 and 13). However, upon closer 

examination with Roisman et al.’s (2012) linearity test, the current interaction effects are more 

parsimoniously understood as driven by lower order (nonlinear) effects. Thus, neither diathesis-

stress nor differential susceptibility are supported in the context of either the TFP or SSP. Future 

research is needed to clarify the nonlinear role of COMT genotype in moderating the relation 

between maternal depressive symptoms and infant cortisol secretion.  

Limitations of the Current Research  

 A number of limitations of the current study warrant consideration. Specifically, the BDI-

II is designed to assess depressive symptoms over the past two weeks and this study incorporates 

a 1-month time span, potentially weakening prediction from BDI-II to SSP findings. Studies 

have also suggested that the timing of maternal depressive symptoms can impact the association 

between maternal depressive symptoms and child cortisol secretion (Brennan et al., 2008; Diego 

et al., 2004; Essex et al., 2002; Laurent et al., 2011), and that prenatal maternal depression can 

disrupt the development of the fetus’ HPA axis by weakening the placental enzyme 11ß-HSD-2 

(O’Donnell et al., 2009; Seckl & Holmes, 2007). Given that the current study only examined 

maternal depressive symptoms at infant age 16 months, future studies might examine how 

antenatal, early postnatal, and later postnatal maternal depressive symptoms differentially 

interact with infant genotype to predict infant cortisol reactivity across challenges. Additionally, 

maternal psychotropic medication (Brennan et al., 2008; Oberlander et al., 2008b) and type of 

depression (Dougherty, Klein, Olino, Dyson, & Rose, 2009) may also impact the relationship 
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between maternal depressive symptomatology and infant cortisol secretion, but these were not 

assessed in the current study.  

Furthermore, genotyping DRD4 was unsuccessful, likely due to buccal cell degradation; 

therefore, the DRD4 marker was removed from the current study. The DRD4 7-repeat allele has 

been identified as a diathesis stress and differential susceptibility marker (e.g., Beach et al., 

2010; Kegel et al., 2011; Knafo et al., 2011; Martel et al., 2011; Nederhof et al., 2012) and has 

previously been shown to moderate the relationship between maternal participation in a 

sensitivity promoting intervention and infant daily cortisol production (Bakermans-Kranenburg 

et al., 2008). Future studies are needed to examine whether the 7-repeat allele may also promote 

susceptibility to the influences of maternal depressive symptoms on infant cortisol reactivity to 

psychosocial challenge. 

In addition, the interaction of maternal depressive symptoms and i) infant DRD2 genotype 

and ii) infant DAT1 genotype each account for only 5% of the variance in AUCI in the context of 

the TFP. However, the statistical magnitude of an effect does not necessarily reflect its 

theoretical or practical value. For example, aspirin has an effect size of r = .03 as a prophylactic 

against cardiac arrest (Steering Committee of the Physician’s Health Study Research Group, 

1988), but regardless of its statistical effect size has significant consequences for diverse 

populations across the lifespan. Similarly, relations between maternal depressive symptoms, 

infant genotype, and infant HPA functioning have universal implications (Field, 2010; Gunnar & 

Donzella, 2002; Kessler, 2002).  

Finally, there was some ambiguity in the current findings: the interaction between maternal 

depressive symptoms and DAT1 genotype as it predicts AUCI approached significance in the 

context of the TFP (p = .07). However, an analysis of the non-imputed dataset revealed that the 
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interaction between maternal depressive symptoms and DAT1 genotype made a significant 

contribution to AUCI in the context of the TFP, thus augmenting confidence in the current 

findings and conclusions. It is also worth considering that this study did not have sufficient 

power to reduce alpha across its six main analyses for the purpose of controlling Type I error. 

Nevertheless, results are consistent across genes and challenges, rendering Type I error unlikely, 

and analyses involving COMT were exploratory, in any case. It is also worth noting that the 

statistical criteria utilized to differentiate between diathesis-stress and differential susceptibility 

represent an improvement from typical procedures (Beach et al., 2014; Roisman et al., 2012), but 

nevertheless leave some interpretation to subjective judgment (e.g., the PoI index). 

Despite these limitations, the current study has important methodological strengths. For 

example, researchers have highlighted that the large number of hypotheses (due to the many 

variables, operational definitions, and analyses that can be conducted) within GxE research can 

lead to unacceptable rates of Type I error (Duncan & Keller, 2011; Ellis et al., 2011). As 

discussed, the within-study replication across candidate genes (i.e., DRD2 and DAT1), and 

differentially challenging tasks (i.e., TFP and SSP) given at two separate time points (i.e., 16 and 

17 months) in two different settings (i.e., home and lab), utilizing recommended statistical 

procedures (Beach et al., 2014; Roisman et al., 2012), provides evidence that the current findings 

are not attributable to Type I error (Ellis et al., 2011). Thus, the within-study replication of 

results is a notable strength and serves to increase the power and reliability of the current 

findings. 

Directions for Future Research 

 This study was the first to explore infant genotype as a moderator of the relation between 

maternal depressive symptoms and infant cortisol reactivity. Future experimental research can 
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build on these findings to better understand the causal factors within the relationships between 

maternal depressive symptoms, infant genotype, and infant cortisol reactivity. For example, 

studies can provide treatment for maternal depressive symptoms and then assess whether the 

cortisol reactivity patterns of infants with candidate genotypes are more susceptible to changing 

following alleviation of maternal depressive symptoms, relative to the cortisol reactivity patterns 

of infants without the candidate genotypes. Moreover, given that a community sample was 

utilized in the current study, results cannot be generalized to infants of mothers with Major 

Depressive Disorder. Thus, future research should examine the current model within a clinical 

sample of mother-infant dyads.  

In addition, other variables that have previously been shown to moderate the association 

between maternal depressive symptoms and infant cortisol secretion, such as emotion regulation 

strategy (Khoury et al., in prep), internalizing symptoms (Ashman, Dawson, Panagiotides, 

Yamada, & Wilkinson, 2002), attachment style (Luijk et al., 2010), and temperament (Dougherty 

et al., 2013; Mackrell et al., 2014), should be examined to expand on current findings. It would 

also be important to examine maternal cortisol reactivity, given the associations between 

maternal and infant cortisol secretion (e.g., Atkinson et al., 2013; Azar et al., 2007; Diego et al., 

2004; Feldman et al., 2009; Lundy et al., 1999), and the idea that a depressed mother’s ongoing 

HPA dysregulation can impact her child’s HPA development via physiological attunement 

(Laurent et al., 2011). 

Finally, it would be important for future research to examine epistasis and how this may 

influence the association between maternal depressive symptoms and infant cortisol secretion. 

Previous research has supported the notion that dopamine-related genotypes interact to influence 

phenotypes, including cortisol reactivity (e.g., Alexander et al., 2011; Balci et al., 2013; 
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Bertolino et al., 2008; Heinzel et al., 2013; Hersrud & Stoltenberg, 2009). Moreover, non-

dopamine-related plasticity alleles have been identified and may also interact with dopamine-

related plasticity alleles to impact the extent of environmental susceptibility. For example, the 

short allele of the serotonin-transporter-linked polymorphic region (5-HTTLPR) has been 

identified as a diathesis-stress and differential susceptibility marker (Belsky & Pluess, 2009; 

Caspi et al., 2003), and has been linked to cortisol reactivity (Gotlib, Joordman, Minor, & 

Hallmayer, 2008; Armbruster et al., 2009). Armbruster et al. (2009) found a DRD4 x 5-HTTLPR 

epistatic interaction such that individuals homozygous for the long allele of 5-HTTLPR 

demonstrate a lower cortisol response to the Triers Social Stress Test, relative to those not 

homozygous for the long allele, but only if they are also carriers of at least one copy of the 

DRD4 7 repeat allele. Thus, the dopaminergic and serotonergic systems may have both 

independent and epistatic effects on stress reactivity (Armbruster et al. 2009). Future studies are 

needed to examine how plasticity genotypes interact to influence the relation between maternal 

depressive symptoms and cortisol reactivity in infancy.  

Theoretical Implications 

The current results also carry theoretical implications regarding the role of nature and nurture 

in shaping developmental plasticity (Pluess & Belsky, 2011). That is, does the extent of an 

individual’s susceptibility to environmental influence arise from nature or nurture? The current 

finding that susceptibility to the influence of maternal depressive symptoms is related to gene 

variants supports the notion that developmental plasticity is a function of nature (Nussey et al., 

2005; Pigliucci, 2001, 2005). On the other hand, physiological stress reactivity also moderates 

environmental influences in accordance with diathesis-stress and differential susceptibility 

(Boyce & Ellis, 2005; Ellis et al., 2011), and, as found in the current study, is itself shaped by 
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environmental influences (i.e., maternal depressive symptoms). Taken together, the current 

findings support the notion that nature and nurture interact to shape the extent of an individual’s 

susceptibility to environmental influences (Pluess & Belsky, 2011). In other words, as depicted 

in Figure 14, maternal depressive symptoms may influence the development of one susceptibility 

marker (i.e., cortisol reactivity), the most in children who are born with another susceptibility 

marker (i.e., DRD2 and DAT1 plasticity alleles), relative to children without this other 

susceptibility marker. Thus, for genetic reasons, some individuals may be more likely to be 

affected by rearing experience in ways that further contribute to the extent to which they will be 

susceptible to their rearing environments. Future empirical research is needed to explore these 

theoretical assertions. 

---------------------------------------------------------------------------------------- 

See Figure 14 

---------------------------------------------------------------------------------------- 

Clinical Implications 

Maternal depression is one of the most robust predictors of youth depression (Weissman 

et al., 2006), and places children at a six-fold increased risk of depression themselves (Downey 

& Coyne, 1990). Research suggests that one mechanism mediating this risk is dysregulated HPA 

functioning (Dougherty et al., 2013; Halligan et al., 2007; Laurent et al., 2011; Meaney, 2010). 

This study demonstrated that infant genotype moderates the relation between maternal 

depressive symptomatology and infant cortisol reactivity, which indicates that maternal 

depression has a particularly strong influence on HPA function for children with certain genetic 

characteristics, relative to children without these genetic characteristics. These results speak to 

the potential benefits of targeting maternal depressive symptoms in order to prevent the onset of 
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maladaptive developmental trajectories. Additionally, the fact that the current moderation model 

was observed within a demographically low risk sample underscores the importance of universal, 

community accessible parenting intervention programs.   

Summary 

 The current study found that dopamine-related genotypes moderate the relation between 

maternal depressive symptomatology and infant cortisol secretion in a diathesis-stress manner in 

the context of a toy frustration task, and in a differential susceptibility manner in the context of a 

maternal separation procedure. Specifically, in the context of the TFP, infants with the i) A1 

allele of DRD2 and ii) 10/10 allele of DAT1, relative to infants without these alleles, show 

buffered cortisol reactivity (specifically, buffered cortisol declines from anticipatory stress level) 

if the mother endorses high depressive symptomatology. In the context of the SSP, infants with 

the i) A1 allele of DRD2 and ii) 10/10 allele of DAT1, relative to infants without these alleles, 

show buffered cortisol reactivity (specifically, buffered cortisol increases) if the mother endorses 

high depressive symptomatology, and more robust cortisol reactivity if the mother endorses low 

depressive symptomatology. These results suggest that maternal depressive symptomatology is 

related to an infant’s cortisol reactivity to psychosocial challenge, but that this relation is 

dependent on the infant’s genetic characteristics and the context of the challenge.  
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Table 1 
 
Comparison of Participants with Missing Data to those with Complete Data 
 
 t (X2) df P 

 
Maternal BDI -0.10 267 .91 
DRD2 Genotype  (0.04) 1 .85 
DAT1 Genotype (2.45) 1 .12 
COMT Genotype (0.01) 1 .91 
AUCI Toy Frustration  -0.67 255 .50 
AUCI Strange Situation -0.16 226 .88 
Family Income 0.05 200 .92 
Maternal Age at 16 
Month Visit 

-0.33 283 .74 

Breastfeeding Status at 
16 Month Visit 

(0.05) 1 .82 

Breastfeeding Status at 
17 Month Visit 

(0.22) 1 .64 

Smoking Status (0.01) 1 .93 
Maternal Education -1.34 310 .18 
Infant Sex (2.01) 1 .16 
Infant Wake Time at 
16 Month Visit 

1.22 269 .22 

Infant Wake Time at 
17 Month Visit 

1.98 255 .05 

Infant Breakfast End 
Time at 16 Month Visit 

2.62 252 .01 

Infant Breakfast End 
Time at 16 Month Visit 

2.96 229 .03 

Note. BDI = Beck Depression Inventory. 
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Table 2  

Genotype Distributions 

 

Note. Due to buccal cell degradation, DRD4 genotypes were not included in analyses. Total = total number of 
candidate alleles. 
 
 
  

Gene  Susceptibility Allele (%) Non-susceptibility Allele (%) 

DRD2 A1/A1 and A1/A2 (38.7) A2/A2 (61.3) 

DAT1 10/10 (59.8) 10/9 and 9/9 (40.2) 

COMT G/G (32.1) A/G and A/A (67.9) 

Total 0 (%) 1 (%) 2 (%) 3 (%) 

 17.3 42.8 32.4 7.6 
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Table 3 
 
Distribution of Maternal BDI-II Scores. 
 
 % of sample 

None  
(score 0-10) 

 

 
75.8 

Mild mood disturbance 
(score 11-16) 

 

 
14.5 

Borderline clinical 
depression  

(score 17-20) 
 

 
4.1 

Moderate depression 
(score 21-30) 

 

 
3.7 

Severe depression  
(score 31-40) 

 

 
1.9 

Note. Cut off scores obtained from Beck et al. (1996). 
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Table 4 
 
Correlations Amongst Study Variables 
 

 1 2 3 4 5 6 
1. BDI-II -      
2. DRD2 Genotype     -.10 -     
3. DAT1 Genotype      .02 .12  -    
4. COMT Genotype     -.03      .03    -.12*   -   
5. AUCI TFT     -.00     -.06     .04    -.07  -  
6. AUCI SSP      .12     -.02     .01    -.11  .09 - 

Note. BDI-II = Beck Depression Inventory; AUCI = area under the curve; TFT = toy frustration task; SSP =  
strange situation procedure. 
*p < .05.  
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Table 5 
 
Hierarchical Multiple Regression Analyses Predicting Infant AUCI in the Toy Frustration  
Procedure from Maternal Depressive Symptoms and Infant Genotype 
  
                                                                                           Moderator               _______ _______ 
  DRD2 Genotype DAT1 Genotype COMT Genotype 
Predictor Δ R2 β Δ R2 β Δ R2 β 
Step 1 .05***  .04***  .03**  
     BDI-II Score    .18***    .18***     .17*** 

     Moderator  .08  .05      -.02 
Step 2 .02**  .01*  .04***  
     BDI-II Score  .08  -.00  .06 

     Moderator  .09  .06  -.01 
     BDI-II Score x  
        Moderator 

  
.16** 

  

.22* 
  

    .23*** 

Total R2 .05  .05  .07  
n 293  272  293  
Note. BDI-II = Beck Depression Inventory.  
*p < .10. **p < .05. ***p < .01. 
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Table 6 
 
Differential Susceptibility/Diathesis-Stress Indices for Analyses Predicting Infant AUCI in the 
Toy Frustration Procedure from Maternal Depressive Symptoms and Infant Genotype 
 
 RoS X      

 Lower 
Bound 

Upper 
Bound 

PoI Crossover PA Linear 
Model? 

Best Fitting 
Model 

Moderator        
 
DRD2 
genotype 

 
< -2 SD 

 
1.38 

 
0.15 

 
-5.44 

 
19.3 

 
Yes 

 
Diathesis-

stress 
 
DAT1 
genotype 

 
< -2 SD 

 
6.97 

 
0.31 

 
-2.52 

 
44.2 

 
Yes 

 
Diathesis-

stress 
 

 
COMT 
genotype 

 
-2.95 

 
4.59 

 
0.52 

 
0.66 

 
68.0 

 
No 

Neither 
diathesis-
stress nor 

differential 
susceptibility 

 
Note. RoS X = regions of significance on X (there are significant differences in AUCI between infant genotype 
groups for all values of maternal depressive symptoms outside this region); PoI = proportion of the interaction 
attributable to better outcomes from the differential susceptibility effect; Crossover = the crossover point of the 
interaction (i.e., the point on maternal depressive symptoms where the genotype group regression lines intersect); 
PA = proportion affected index (the proportion of infants differentially affected by the crossover interaction); < -2 
SD = below the normative range cutoff of ± 2 standard deviations from the mean of maternal depressive symptoms. 
Note. Beck Depression Inventory-II scores were centered. 
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Table 7 
 
Hierarchical Multiple Regression Analyses Predicting Infant AUCI in the Strange Situation  
Procedure from Maternal Depressive Symptoms and Infant Genotype 
  
                                                                                          Moderator_______________________ 
 DRD2 Genotype DAT1 Genotype COMT Genotype 
Predictor Δ R2 β Δ R2 β Δ R2 β 
Step 1 .10***  .95***  .91***  
     BDI-II Score       -.29***    -.29***    .29*** 

     Moderator       -.08     -.06      -.10 
Step 2 .05***  .02*  .10***  
     BDI-II Score       -.13  -.02      -.10 

     Moderator       -.09      -.06      -.09 
     BDI-II Score x  
        Moderator 

  
     -.28** 

  

    -.30* 
  

    -.37*** 

Total R2 .13  .12  .20  
n 275  255  275  
Note. BDI-II = Beck Depression Inventory.  
*p < .05. **p < .01. ***p < .001. 
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Table 8 
 
Differential Susceptibility/Diathesis-Stress Indices for Analyses Predicting Infant AUCI in the 
Strange Situation Procedure from Maternal Depressive Symptoms and Infant Genotype 
 
 RoS X      

 Lower 
Bound 

Upper 
Bound 

PoI Crossover PA Linear 
Model? 

Best Fitting 
Model 

Moderator        
 
DRD2 
genotype 

 
-5.89 

 
0.39 

 
0.33 

 
-2.33 

 
44.2 

 
Yes 

 
Differential 

susceptibility 
 
DAT1 
genotype 

 
-11.29 

 
2.81 

 
0.35 

 
-2.10 

 
44.2 

 
Yes 

 
Differential 

susceptibility 
 
COMT 
genotype 

 
 

-4.32 

 
 

-0.22 

 
 

0.35 

 
 

-2.09 

 
 

44.2 

 
 

No 

 
Neither 

diathesis-
stress nor 

differential 
susceptibility 

 
Note. RoS X = regions of significance on X (there are significant differences in AUCI between infant genotype 
groups for all values of maternal depressive symptoms outside this region); PoI = proportion of the interaction 
attributable to better outcomes from the differential susceptibility effect; Crossover = the crossover point of the 
interaction (i.e., the point on maternal depressive symptoms where the genotype group regression lines intersect); 
PA = proportion affected index (the proportion of infants differentially affected by the crossover interaction). 
Note. Beck Depression Inventory-II scores were centered. 
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Figure 1. The cortisol mediated negative feedback loop. Reprinted with permission from Khoury (2013). 
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Figure 2. Graphical displays of moderation effects of a) diathesis stress, b) contrastive effects, c) absence of 

susceptibility, and d) differential susceptibility. The x-axis depicts variation in the environment from negative to 

positive; the y-axis depicts the outcome from negative to positive; and the lines depict two groups differing on the 

susceptibility allele (Belsky et al., 2007). 
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a.                                                                                           b.  

!
 
Figure 3. Regions of significance of a) diathesis stress effects, in which the association between the moderator and 

the outcome is significant at only one end of the environment (predictor) variable, and b) differential susceptibility, 

in which the association between the moderator and the outcome is significant at both the low and high ends of the 

environment variable (Roisman et al., 2012). 
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   a.                                                                     b.  

! !
!
Figure 4. The proportion of the interaction (PoI) for a) diathesis-stress and b) differential susceptibility models. w = 

worse outcome, b = better outcome (Roisman et al., 2012). 
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Figure 5. Nonlinear relationship masquerading as differential susceptibility. The solid lines depict predictions from 

a nonlinear model. The dashed line depicts predictions from a linear model (Roisman et al., 2012). 
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Figure 6. Mean baseline, +20 minute, and +40 minute cortisol values during the toy frustration procedure. Error bars 
represent SD. 
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Figure 7. Mean baseline, +20 minute, and +40 minute cortisol values during the strange situation procedure. Error 
bars represent SD. 
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Figure 8. Infant DRD2 genotype moderating the relation between maternal depressive symptoms and infant cortisol 

reactivity, indicated by area under the curve with respect to increase (AUCI, nmol/L), during the toy frustration 

procedure (at 16-months).  
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Figure 9. Infant DAT1 genotype moderating the relation between maternal depressive symptoms and infant cortisol 

reactivity, indicated by area under the curve with respect to increase (AUCI, nmol/L), during the toy frustration 

procedure (at 16-months). 
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Figure 10. Infant COMT genotype moderating the relation between maternal depressive symptoms and infant 

cortisol reactivity, indicated by area under the curve with respect to increase (AUCI, nmol/L), during the toy 

frustration procedure (at 16-months). 
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Figure 11. Infant DRD2 genotype moderating the relation between maternal depressive symptoms and infant 

cortisol reactivity, indicated by area under the curve with respect to increase (AUCI, nmol/L), during the strange 

situation procedure (at 17-months). 
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Figure 12. Infant DAT1 genotype moderating the relation between maternal depressive symptoms and infant 

cortisol reactivity, indicated by area under the curve with respect to increase (AUCI, nmol/L), during the strange 

situation procedure (at 17-months). 
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Figure 13. Infant COMT genotype moderating the relation between maternal depressive symptoms and infant 

cortisol reactivity, indicated by area under the curve with respect to increase (AUCI, nmol/L), during the strange 

situation procedure (at 17-months). 
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Figure 14. Environmental susceptibility as the product of a gene x environment interaction. 
 


