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Abstract
Maternal Genotypes and Mother-Infant Attachment as Moderators of the Association Between

the Early Rearing Environment and Cortisol Secretion

Doctor of Philosophy, 2019
Jaclyn Ludmer

Psychology, Ryerson University

Background: This dissertation examines maternal genotypes and mother-infant attachment as
moderators of the association between the early rearing environment and cortisol secretion.
Study 1 examines whether DRD2, SLC6A43, and OXTR genes moderate the association between
maternal history of care and maternal cortisol secretion. Study 2 examines mother-infant
attachment as a moderator of the associations between maternal depressive symptoms and both
infant and maternal cortisol secretion.

Method: Mothers self-reported their history of care and depressive symptoms at infant age 16
months. At 17 months, mother-infant attachment was assessed in the Strange Situation Procedure
(SSP). Salivary cortisol was assessed at baseline and at 20- and 40-minutes post-SSP. Buccal
cells were collected for genotyping.

Results: Study 1 revealed that maternal history of low care predicts elevated cortisol secretion,
but only for mothers with 10-repeat alleles of SLC6A43 or G alleles of OXTR. Study 2 revealed
that maternal depressive symptoms predict elevated cortisol secretion, but only for infants and
mothers in non-secure attachment relationships.

Conclusions: This dissertation enhances our understanding of the complex relations between the

early rearing environment and maternal and infant cortisol secretion.
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Chapter 1: General Introduction
Statement of Purpose

Cortisol, a steroid hormone, is the end product of the hypothalamic-pituitary-adrenal
(HPA) axis, the neuroendocrine stress response pathway. Patterns of cortisol secretion have
important health implications (Jessop & Turner-Cobb, 2008). For example, cortisol secretion
patterns have been linked to cognitive and social competence (Apter-Levi et al., 2016; Blair,
Granger, & Peters Razza, 2005; Davis, Bruce, & Gunnar, 2002), cellular aging (Ceccatelli,
Tamm, Zhang, & Chen, 2007), and a wide variety of physical (e.g., cancer, immune) and mental
(e.g., depression, conduct problems) health problems (Goodyer, Park, Netherton, & Herbert,
2001; Halligan, Herbert, Goodyer, & Murray, 2007; Hostinar & Gunnar, 2013; Jessop & Turner-
Cobb, 2008). As such, examining the origins of cortisol secretion patterns is a pertinent issue.

It 1s well-established that cortisol secretion patterns are set early in life and are shaped by
the early rearing environment (e.g., Gunnar & Donzella, 2002; Halligan et al., 2007; Laurent,
Ablow, & Measelle, 2011; Tyrka, Price, Marsit, Walters, & Carpenter, 2012). Specifically,
according to the HPA programming hypothesis, the early rearing environment, including
maternal depressive symptomatology and interactive behaviour, shapes HPA function, which in
turn accounts for HPA function and associated physical and psychiatric disorders later in life
(Laurent et al., 2011; Meaney, 2010; Seckl & Holmes, 2007; Weaver et al., 2005). However, the
early rearing environment does not predict cortisol secretion levels for all individuals (e.g.,
Ludmer et al., 2015; Luijk et al., 2010), pointing to the role of moderating factors.

The purpose of this dissertation is to examine potential genetic and psychosocial
moderators of the associations between the early rearing environment and cortisol secretion. This

dissertation is comprised of two studies in which I examine key moderating models. These two



studies build upon my Master’s thesis, which found that infant dopamine-related genes moderate
the relationship between maternal depressive symptomatology (a key marker of an adverse early
rearing environment, as discussed below, Dougherty et al., 2013; Halligan et al., 2007;
Weissman et al., 2006) and infant cortisol secretion (Ludmer et al., 2015). Study 1 attempts to
replicate my Master’s thesis findings in the infants’ mothers, as well as examine an oxytocin-
related gene as an additional moderator. More specifically, in Study 1, I examine maternal
dopamine- and oxytocin- related genes as moderators of the association between mothers’ own
early rearing environments and maternal cortisol secretion. In Study 2, 1 further build upon my
Master’s work and I examine whether the quality of mother-infant attachment moderates the
association between maternal depressive symptoms and infant cortisol secretion. I also attempt to
replicate this depressive symptomatology x attachment model to predict maternal cortisol
secretion.

To provide a context for these models, in this chapter I provide an overview of the main
constructs in the models: 1) cortisol secretion, i1) cortisol-related genes, iii) the early rearing
environment, and iv) mother-infant attachment. Relevant relations between these constructs are
discussed in the individual study introductions. The final chapter of this dissertation consists of a
general discussion of the main findings and clinical implications of this work.

Overview of Cortisol Secretion

The hypothalamic-pituitary-adrenal (HPA) axis is a neuroendocrine stress response
pathway that releases corticotrophin releasing hormone (CRH) from the hypothalamus,
adrenocorticotropic hormone (ACTH) from the pituitary gland, and cortisol from the adrenal
cortex. Cortisol then binds to glucocorticoid receptors that inhibit the production of CRH,

ACTH, and cortisol, thereby restoring homeostasis (see summaries in Boyce & Ellis, 2005;



Tarullo & Gunnar, 2006). Increases in cortisol are important as they prepare the organism to
function under stressful conditions by stimulating physiological and metabolic changes such as
increased blood pressure and heart rate, and decreased digestive, reproductive, and immune
function (see summary in Dozier, Peloso, Lewis, Laurenceau, & Levine, 2008). The role of
cortisol within the HPA negative feedback loop is also important as it facilitates down-regulation
after a stressful event, which is critical for long-term survival. Repeated overstimulation and
elevations in cortisol can result in a downregulation of the HPA axis such that it is less
responsive to psychosocial and acute stress (e.g., Fries, Hesse, Hellhammer, & Hellhammer,
2005). As such, optimal HPA function takes an inverted U-shape: both hypo- and hyper- cortisol
activity can be harmful and have been linked to physical and psychiatric disorders (e.g.,
Bhagwagar, Hafizi, & Cowen, 2005; Goodyer, Tamplin, Herbert, & Altham, 2000; Granger,
Weisz, McCracken, Ikeda, & Douglas, 1996; Kagan, Reznick, & Snidman, 1988).

In addition to its role within the stress response, cortisol has a circadian rhythm.
Specifically, cortisol peaks at about 30 minutes after awakening (the cortisol awakening
response, Jessop & Turner-Cobb, 2008; Quirin, Pruessner, & Kulh, 2008), and then declines
throughout the day, with the lowest levels occurring before bedtime (Gunnar & White, 2001;
Jessop & Turner-Cobb, 2008; Kirschbaum & Hellhammer, 1989). As such, in the context of
measuring cortisol, it is important to standardize time of assessment in order to avoid the
confound of circadian fluctuations (e.g., Toth, Sturge-Apple, Rogosch, & Cicchetti, 2015). In
further regard to methodology, it can be difficult to assess cortisol secretion in infants (e.g.,
location of sampling, compliance, provoking elevations, Jessop & Turner-Cobb, 2008).
However, some laboratory stress paradigms do reliably elicit infant cortisol elevations (Jansen,

Beijers, Riksen-Walraven, & de Weerth, 2010). One such paradigm is the Strange Situation



Procedure (SSP, Ainsworth, Blehar, Waters, & Wall, 1978), which involves repeated separations
and reunions with mother, as well as the introduction of a stranger, in a strange room. This
paradigm has allowed for the detection of significant inter-individual variability in infant cortisol
reactivity (e.g., Atkinson et al., 2013; Jansen et al., 2010). Although mothers consistently
downregulate cortisol secretion (following anticipatory anxiety) in the context of laboratory
infant stress paradigms (e.g., Atkinson et al., 2013; Bernard, Kashy, Levendosky, Bogat, &
Lonstein, 2016; Crockett, Holmes, Granger, & Lyons-Ruth, 2013; Laurent et al., 2011), inter-
individual variability in maternal cortisol reactivity has also been shown in the SSP (e.g.,
Atkinson et al., 2013; Laurent et al., 2011). This dissertation utilizes the SSP in order to reliably
elicit infant and maternal cortisol response variability (Atkinson et al., 2013; Jansen et al., 2010).

In terms of measurement, 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).
Salivary cortisol is utilized in the current dissertation since it exclusively provides a
measurement of active cortisol (thus better representing the degree of cortisol reactivity
throughout the SSP, Hellhammer, Wust, & Kudielka, 2009). Further, salivary cortisol may be the
best cortisol assessment method for infants (e.g., relative to plasma or urine) because it is non-
invasive, thereby enabling frequent and rapid sampling (Kirschbaum & Hellhammer, 1994;
Magnano, Diamond, & Gardner, 1989).
Overview of Cortisol-Related Genes

There are heritable components to cortisol secretion (Bartels de Geus, Kirschbaum,
Sluyter, & Boomsma, 2003; Bartels, van den Berg, Sluyter, Boomsma, & de Geus, 2003). Genes
related to dopamine and oxytocin function may be particularly relevant, given that these

neurotransmitters influence brain regions such as the medial prefrontal cortex and the amygdala,



which regulate HPA functioning (Alexander et al., 2011; Chen et al., 2011; Pruessner,
Champagne, Meaney, & Dagher, 2004; Sullivan & Gratton, 2002; Zhang, Chretien, Meaney, &
Gratton, 2005). Here I provide an overview of the three genes examined in this dissertation.
Relevant relations between these genes and study variables of interest are provided in the Study
1 introduction. Of note, DNA was assessed from buccal cells in this dissertation. Non-invasive
DNA collection methods (i.e., buccal) are preferred over more invasive techniques (e.g., blood
DNA) for ethical reasons and to increase participation and compliance (Livy et al., 2012).

Dopamine receptor (DRD2). The DRD?2 gene is localized to chromosome 11q23. The
single nucleotide polymorphism (SNP) rs1800497 (TaqlA) resides in the overlapping ANKK1
(ankyrin repeat and kinase domain containing 1) gene and involves a C to T substitution
(Neville, Johnstone, & Walton, 2004). The A1 and A2 alleles correspond to the A and G alleles,
respectively. The A1 allele has been associated with dysregulated HPA function (Belda &
Armario, 2009).

Dopamine transporter (SLC6A43). A 40-base pair variable number tandem repeat
(VNTR) downstream of the SLC6A43 gene alters the density of the dopamine transporter protein
in vitro differentially based on the presence or absence of 9- or 10-repeat alleles (VanNess,
Owens, & Kilts, 2005). The 10-repeat allele (10R) is associated with dysregulated HPA function
(Alexander et al., 2011).

Oxytocin receptor (OXTR). Located on chromosome 3p25, containing four exons and
three introns, OXTR has been associated with stress physiology (e.g., Rodrigues, Saslow, Garcia,
John, & Keltner, 2009). A SNP in the third intron, rs53576 (G/A), is of interest for this
dissertation given that it has been linked to cortisol reactivity (Chen et al., 2011; Norman et al.,

2012).



Overview of the Early Rearing Environment

It is well established that the quality of the early rearing environment has long lasting
implications for offspring physical and mental health outcomes (e.g., Gunnar & Donzella, 2002;
Herd, Whittingham, Sanders, Colditz, & Boyd, 2014; Hostinar & Gunnar 2013; Jawahar,
Murgatroyd, Harrison, & Baune, 2015; Sroufe, 2005). Although there are many aspects of the
early rearing environment that can impact child development, studies have indicated that
maternal depressive symptomatology is a particularly salient predictor of offspring outcomes
(e.g., Halligan et al., 2007; Laurent et al., 2011). Maternal depressive symptoms including, but
not limited to, low affect, anhedonia, and fatigue (American Psychiatric Association, 2013) can
impact offspring through a variety of mechanisms. For example, such symptoms have been
linked to suboptimal parent-child interactions (Hatzinikolaou & Murray, 2010; Lovejoy,
Graczyk, O’Hare, & Neuman, 2000), maternal and infant emotion regulation difficulties
(Crugnola et al., 2016; Gilbert, Mineka, Zinbarg, Craske, & Adam, 2017; Khoury et al., 2015a),
and, of particular importance to this dissertation, maternal and infant cortisol dysregulation (e.g.,
Barry et al., 2015; Brennan et al., 2008; Feldman et al., 2009; Halligan, Herbert, Goodyer, &
Murray, 2004; Halligan et al., 2007; Laurent et al., 2011; Taylor, Glover, Marks, & Kammerer,
2009).

Maternal depressive symptomatology is most often assessed via self-report (Quilty &
Bagby, 2008), although behavioural observation methods have been used (e.g., Forehand et al.,
1988). One of the five most widely used measures of depressive severity (Quilty & Bagby, 2008)
is the Beck Depression Inventory-I1 (BDI-II, Beck, Steer, & Brown, 1996), which is commonly
used with mothers sampled from the community (e.g., Allen, Manning, & Meyer, 2010). My

Master’s thesis (Ludmer et al., 2015) found that maternal BDI-II scores predicted infant cortisol



secretion in the SSP, but only for infants with specific dopamine-related genotypes. Study 2 of
this dissertation builds upon these findings by utilizing the BDI-II to examine whether mother-
infant attachment security moderates the associations between maternal depressive
symptomatology and infant and maternal cortisol secretion.

As described above, Study 1 of this dissertation attempts to replicate my Master’s thesis
findings within the infants’ mothers. However, mothers cannot retrospectively report on their
own mothers’ postpartum depressive symptoms. As such, Study 1 operationalizes the maternal
early rearing environment as maternal history of care, using the maternal care subscale of the
Parental Bonding Instrument (PBI; Parker, Tupling, & Brown 1979). This subscale assesses the
extent to which the mother received high quality maternal care (e.g., affection and comfort
during distress). The PBI has previously been linked to offspring cortisol (e.g., Engert et al.,
2009; Pruessner et al., 2004). In fact, Tyrka et al. (2012) found that, in adults, low levels of
childhood parental care as assessed with the PBI are associated with increased methylation of the
glucocorticoid receptor gene, which in turn predicts atypical cortisol secretion patterns. Tyrka et
al.’s (2012) findings occurred over and above the effects of current depressive symptoms and
perceived stress, highlighting the importance of early maternal care on cortisol secretion. As
such, the use of the PBI in Study 1 allows for a psychometrically strong conceptual replication of
my Master’s thesis findings within the infants’ mothers.

Overview of Mother-Infant Attachment

John Bowlby (1969, p. 371) defined attachment as a child’s “strong disposition to seek
proximity to and contact with a specific figure and to do so in certain situations, notably when
they are frightened, tired, or ill”. Bowlby (1969, 1973, 1980) suggested that infants are

adaptively prewired to form an attachment bond with a primary caregiver in order to maximize



their chances of survival. For example, attachment-related behaviours such as smiling, crying
and vocalizing have the predictable outcome of increasing proximity to the caregiver. This
proximity in turn results in feeding, learning about the environment, and engaging in social
interactions. Thus, throughout evolutionary history, infants who were biologically predisposed to
elicit proximity to their caregivers were more likely to be protected (Bowlby, 1969; Cassidy,
2008). Due to this function of protection, Bowlby considered attachment behaviours to be
behavioral adaptations analogous to the physical adaptations emphasized in Darwin’s theory of
evolution.

There is an important distinction between the presence of a caregiver and the quality of
an attachment relationship (Weinfield, Sroufe, Egeland, & Carlson, 2008). Since forming an
attachment relationship is built into the human repertoire through evolution, infants will form
attachments with caregivers regardless of whether the infant is mistreated (Bowlby, 1969).
Individual differences in the quality of the attachment relationship emerge in the first year of life
and have been divided into two categories: secure and non-secure (Ainsworth et al., 1978).
These categories do not merely describe the infant’s behaviours within the attachment
relationship, but rather the infant’s perception of the consistency and reliability of comfort and
protection from the caregiver, and the organization of the infant’s behaviour with regard to such
perceptions (Weinfield et al., 2008). Individual differences in attachment relationship quality
arise when infants begin to anticipate caregiver behaviour and develop behavioural strategies to
maintain proximity to, and optimize their sense of security with, the caregiver (Ainsworth, 1967;
Ainsworth, Bell, & Stayton, 1971; Ainsworth et al., 1978).

Individual differences in infant attachment quality are typically observed in the SSP,

which is designed to activate the infant’s attachment system (Ainsworth et al., 1978). The pattern



of infant behaviour observed throughout the procedure, particularly during the reunions with the
caregiver, is indicative of the security of the attachment relationship. More specifically, in the
SSP, infants in secure attachment relationships explore their environment, direct attachment
behaviours to their caregivers when distressed, and are comforted by the reassurance offered.
Secure attachment promotes exploration and environmental mastery because the infant’s
confidence in the availability of their caregiver enables him or her to develop confidence in his
or her own abilities (Goldberg, 2000; Weinfeld et al., 2008).

Ainsworth et al. (1978) identified two types of non-secure attachment. Infants in resistant
attachment relationships direct many attachment behaviours to their caregivers when there is no
apparent danger. In the SSP, resistant infants persistently seek contact, then resist contact when it
is achieved (e.g., push away), as if to punish their caregiver for the separation episode. This
pattern of behavior reflects a persistent anxiety about the caregiver’s accessibility and may arise
as a result of inconsistent maternal responsiveness (Ainsworth et al., 1978; Sroufe, Egeland,
Carlson, & Collins, 2005; Weinfield et al., 2008). Infants in avoidant attachment relationships
are not able to direct attachment behaviours to their caregiver in times of distress and cannot
easily be comforted by their caregiver, perhaps as a result of intrusive or rejecting parenting
(Ainsworth et al., 1978). In the SSP, these infants tend to avoid contact and focus on exploration
as a way to minimize their own distress (Ainsworth et al., 1978).

An additional non-secure attachment classification, disorganized attachment, was later
identified based on the fact that many infants did not fit into any of Ainsworth et al.’s (1978)
organized attachment classifications. Infants in disorganized attachment relationships perform
seemingly inexplicable, contradictory, and mistimed behaviours during the SSP (Main &

Solomon, 1986, 1990). These behaviours may include crying at the stranger’s departure and



attempting to follow the stranger out of the room, freezing or stilling, and simultaneously
displaying distress and avoidance of the caregiver. Such behaviours reflect “fright without
solution” (Hesse & Main, 2000, 2006), as the caregiver is both a source of fear and the only
possible source of protection for the infant. Infants in disorganized attachment relationships do
have an underlying organized (secure, avoidant, and, most often, resistant, Luijk et al., 2010)
attachment strategy, however, in the context of fright without solution, the organized strategy
breaks down.
Dissertation Objectives

The research reviewed above was provided as a general overview of each of the main
constructs assessed in this dissertation. The objectives of this dissertation are outlined here.
Specifically, it is well-established that cortisol secretion patterns are shaped by the early rearing
environment (e.g., Gunnar & Donzella, 2002; Halligan et al., 2007; Laurent et al., 2011; Tyrka et
al., 2012). However, the early rearing environment does not predict cortisol secretion levels for
all individuals (e.g., Ludmer et al., 2015; Luijk et al., 2010), pointing to the role of moderating
factors. An important goal of the two studies that comprise this dissertation is to identify genetic
and psychosocial moderators of the associations between the early rearing environment and
maternal and infant cortisol secretion. My Master’s thesis showed that infant DRD2 and SLC6A43
genotypes moderate the association between maternal depressive symptoms and infant cortisol
secretion (Ludmer et al., 2015). Study 1 of this dissertation attempts to replicate this model in the
infants’ mothers, as well as examine OXTR as an additional moderator. Specifically, in Study 1, I
examine the association between a mother’s own history of care and her cortisol secretion, as
moderated by DRD2, SLC6A3, and OXTR (Figure 1). Study 2 attempts to further expand my

Master’s thesis findings by assessing whether mother-infant attachment moderates the
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association between maternal depressive symptoms and infant cortisol secretion. It also attempts
to replicate this model in the infants’ mothers (Figure 2). Taken together, this dissertation
examines moderators of the associations between the early rearing environment and maternal and
infant cortisol secretion. This work provides insight into the complex interrelations of care,

genetics, and cortisol secretion across mothers, infants, and their relationship.

Maternal
Genotype
(DRD2,
SLC6AS3,
Maternal > hgate.rnall
History of Care ortiso
Secretion

Figure 1. Examining maternal genotypes as moderators of the association between maternal
history of care and maternal cortisol secretion.
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Mother-
Infant
Attachment
Security
Maternal 3| Maternal and
Depressive Infant Cortisol
Symptoms Secretion

Figure 2. Examining mother-infant attachment security as a moderator of the associations
between maternal depressive symptoms and maternal and infant cortisol secretion.
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Chapter 2: Maternal DRD2, SLC6A43, and OXTR genotypes as potential moderators of the
relation between the maternal early rearing environment and maternal cortisol secretion
Introduction

Patterns of cortisol secretion are set early in life (Gunnar & Donzella, 2002), are
transmitted across generations (Yehuda et al., 2000) from mother to infant (Atkinson et al.,
2013), and have important health implications, playing a role in nearly all physical and mental
health conditions (Jessop & Turner-Cobb, 2008). As such, a mother’s cortisol secretion is
particularly important to examine, given that it has implications for her own health as well as her
infant’s cortisol secretion and health (Atkinson et al., 2016; Debiec & Sullivan, 2014; Gunnar &
Hostinar, 2015). For example, lower levels of maternal cortisol secretion in the context of
mother-infant dyadic stress are associated with lower levels of postpartum depressive symptoms,
and may function to regulate and protect the infant’s physiological response, i.e., buffer against
infant cortisol hyperreactivity (Khoury et al., 2016). Thus, the aim of this study was to examine
the early environmental and genetic predictors of maternal cortisol secretion in the context of
mother-infant dyadic stress.

In terms of early environmental predictors, a mother’s history of care that she received in
early childhood is a well-established determinant of her cortisol secretion. For example, Tyrka et
al. (2012) found that, in healthy adults, low levels of childhood parental care (as assessed with
the Parental Bonding Instrument, Parker et al., 1979) are associated with increased methylation
of the glucocorticoid receptor gene, which in turn predicts atypically attenuated cortisol
responses to the dexamethasone/corticotropin-releasing hormone test (i.e., when dexamethasone
and corticotropin-releasing hormone are administered). Tyrka et al.’s (2012) findings occurred

over and above the effects of current depressive symptoms and perceived stress, suggesting the
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importance of early parenting on human epigenetics and cortisol. Perhaps as a result of such
epigenetic influences (e.g., Jawahar et al., 2015; Perroud et al., 2011; Perroud et al., 2014), the
effects of a mother’s history of care on her cortisol patterns are enduring, and can last until older
adulthood (Engert et al., 2010).

The intergenerational transmission of cortisol patterns also suggests that genetic factors
may play important roles in impacting cortisol secretion, and may do so in interaction with the
early environment (e.g., Bakermans-Kranenburg, van [Jzendoorn, Mesman, Alink, & Juffer,
2008; Ludmer et al., 2015). Pertinent to this discussion are the definitions of various theories of
gene x environment (GXE) interactions. Diathesis-stress theory posits that individuals with
specific genetic characteristics are genetically vulnerable to the adverse effects of negative
rearing environments. In contrast, differential susceptibility theory suggests that genetically
“susceptible” individuals experience both the worst outcomes if reared in impoverished
environments and the best outcomes if reared in enriched environments (Belsky, 1997a ,1997b,
2005; Belsky & Pluess, 2009; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van [Jzendoorn,
2011; Pluess, 2015). Vantage sensitivity suggests that individuals with specific genetic
characteristics are exclusively susceptible to the positive effects of enriched environments.
Research pertinent to how differential context associates with each of the three GxE theories is
extremely rare, such that it is impossible to make specific hypotheses in this regard (Del Giudice,
2016). For example, Dalton, Hammen, Najman, and Brennan (2014) found that youth genotype
interacted with family environment quality to predict youth depression at age 15 in a differential
susceptibility manner, but that this same GxE interaction predicted depression after age 15 in a
diathesis-stress manner. Other studies have found the GXE model to differ for the same

interaction depending on the informant (i.e., parent versus teacher, Roisman et al., 2012), type of
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psychosocial challenge (Ludmer et al., 2015), and adult attachment style (Cassidy, Woodhouse,
Sherman, Stupica, & Lejuez, 2011).

The ambiguity regarding the contexts in which the different GXE theories emerge is
compounded by lack of statistical symmetry across studies in this area. To address this issue,
Roisman et al. (2012) proposed statistical criteria to differentiate between the GXE models,
which have been adopted in several recent studies (e.g., Beach et al., 2014; Dalton et al., 2014;
Ludmer et al., 2015). These include: 1) Regions of Significance on environmental factors (RoS on
X). demonstration that the outcome variable and the plasticity genotype are correlated at high
and/or low ends of the environmental variable (Roisman and colleagues recommend bounding by
+/-2SD from the mean of the environmental variable); i1) Proportion of interaction index (Pol):
ratio of improved outcomes for the plasticity genotype over the sum of improved outcomes and
harmful outcomes; and iii1) Linearity: apparent differential susceptibility effects can be artefacts
of imposing a linear predictor model on a nonlinear diathesis stress or vantage sensitivity
phenomenon, and thus analyses should be repeated when introducing quadratic effects:
(environmental variable)? and genotype x (environmental variable)?. While these statistics are an
important step toward clarifying the contexts in which each GXE model occurs, the RoS on X
test is biased by sample size, power, and environmental ranges, and the Pol index lacks clear
statistical guidelines regarding which values indicate which GXE interaction type (Del Giudice,
2016; Roisman et al., 2012). Given our limited understanding of GXE models and the statistics
necessary to differentiate between them (Del Giudice, 2016), it appears that, at this time, the
crucial piece of information is not the type of interaction, but the fact that there is an interaction.

Additional statistical refinements to GXE research that have subsequently been proposed

include presenting results without “binning” alleles (e.g., Bradley et al., 2011; Ludmer et al.,
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2015; Villani et al., 2017). Binning alleles involves creating dichotomous groups of “plasticity
genotype” and “non-plasticity genotype” individuals, and it is problematic because in many
cases it unjustifiably assumes allele dominance in heterozygous individuals (Ludmer et al.,
2015). To avoid such ambiguities, it is important to code all genes without “binning”, i.e., by
tallying the number of candidate alleles (an individual homozygous for plasticity alleles would
be scored 2, an individual heterozygous for plasticity and non-plasticity alleles would be scored
1, and an individual homozygous for non-plasticity alleles would be scored 0).

With further regard to methodological caution, the current study focuses specifically on
three candidate genes chosen a priori that may interact with maternal history of care to influence
maternal cortisol secretion: dopamine receptor (DRD?2), dopamine transporter (SLC643), and
oxytocin receptor (OXTR). The DRD?2 gene is localized to chromosome 11g23 and the SNP
rs1800497 (TaqlA) involves a C to T substitution and resides in the overlapping ANKK1 gene
(Neville et al., 2004). The A1 and A2 alleles correspond to the A and G alleles, respectively. The
A1 allele has been associated with dysregulated HPA function (Belda & Armario, 2009) as well
as with heightened susceptibility to environmental influences (Belsky & Pluess, 2009). With
respect to SLC6A3, a 40-base pair VNTR downstream of this gene has been found to alter the
density of the dopamine transporter protein in vitro differentially based on the presence or
absence of 9- or 10-repeat alleles (VanNess et al., 2005). The 10-repeat allele (10R) is associated
with dysregulated HPA function (Alexander et al., 2011) as well as with heightened
susceptibility to environmental influences (Belsky & Pluess, 2009).

DRD?2 and SLC6A3 were selected for the current study given 1) the influence of dopamine
on parent-child interactions (van IJzendoorn, Bakermans-Kranenburg, & Mesman, 2008), ii) the

influence of dopamine on the medial prefrontal cortex and amygdala, which regulate HPA
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function (e.g., Pruessner et al., 2004; Zhang et al., 2005), and iii) our previous findings that
infant DRD?2 and SLC6A43 genotypes moderate the association between maternal depressive
symptoms and infant cortisol reactivity (Ludmer et al., 2015). Conceptual replication of Ludmer
et al.’s (2015) GxE findings is needed, given that only 27% of GxXE replication attempts are
statistically significant, compared to 96% of novel GXE studies (Duncan & Keller, 2011). As
such, to conceptually replicate Ludmer et al.’s (2015) findings, the current study assesses
whether maternal DRD?2 and SLC6A43 genotypes interact with the mother’s own early caregiving
environment (i.e., history of care) to influence maternal cortisol secretion in the context of infant
stress.

Further extending Ludmer et al.’s (2015) findings, genes related to oxytocin function may
also play a role in maternal cortisol secretion, given that the two central functions of oxytocin are
to enable social (e.g., parental) bonding and to reduce stress (e.g., Feldman, Weller, Zagoory-
Sharon, & Levine, 2007; Gordon et al., 2008). The OXTR gene, located on chromosome 3p25,
containing four exons and three introns, has been found to impact social behavior and stress
physiology (e.g., Rodrigues et al., 2009). A SNP in the third intron, rs53576 (G/A), is of interest
given associations with cortisol reactivity (Chen et al., 2011; Norman et al., 2012), parenting
(Bakermans-Kranenburg & van [Jzendoorn, 2008; Bradley et al., 2011), and maternal differential
susceptibility (e.g., Sturge-Apple, Cicchetti, Davies, & Suor, 2012). For example, in a low-risk
community sample, mothers with GG genotypes (i.e., genotypes signifying more efficient
oxytocin function) display more observable sensitivity to their toddlers (Bakermans-Kranenburg
& van [Jzendoorn, 2008). In a sample of healthy male students participating in the Trier Social
Stress Test either alone or with social support (operationalized as having the help of a close

female friend to prepare for the task), Chen et al. (2011) found that only G carriers showed lower
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cortisol responses to the test in the context of social support (reflecting vantage sensitivity). In a
low-income sample, Bradley et al. (2011) found that individuals with the G/G genotype, relative
to individuals with other genotypes, reported the most difficulty with emotion regulation (an
important correlate of cortisol reactivity, e.g., Quirin, Kuhl, & Diising, 2011) if they reported a
high history of childhood maltreatment (reflecting diathesis stress). Thus, given the role of OXTR
in cortisol secretion, maternal bonding, and susceptibility to the influences of childhood care,
OXTR genotypes may moderate the degree to which maternal history of care impacts maternal
cortisol secretion in the context of infant stress.

As such, the aims of this study were twofold. (i) We assessed whether maternal DRD2,
SLC6A43, and OXTR genotypes moderate the relation between maternal history of care and
maternal cortisol secretion in the context of infant stress. It was hypothesized that maternal
history of care would have a greater influence on cortisol secretion for mothers with more
plasticity alleles of DRD2 (A1), SLC6A3 (10R), and OXTR (G), relative to mothers with fewer or
no plasticity alleles. (i1) For exploratory purposes, we examined whether the GXE interactions
reflect diathesis stress, differential susceptibility, and vantage sensitivity models using the
Roisman et al. (2012) statistical criteria. As reviewed, specific hypotheses regarding which GxE
model would emerge could not be made a priori due to the dearth of research differentiating the
different models with statistical rigor and the variety of confounding variables that may impact
the manifestation of the models (Del Giudice, 2016). Given that mothers consistently show
declines in cortisol secretion (following anticipatory anxiety) throughout both potent and mild
infant stress paradigms (Atkinson et al., 2013; Davis & Granger, 2009; Hibel, Granger, Blair, &
Cox, 2009; Laurent et al., 2011; Middlemiss, Granger, Goldberg, & Nathans, 2011; Sethre-

Hofstad, Stansbury, & Rice, 2002; Van Bakel & Riksen-Walraven, 2008), lower baseline cortisol

18



levels (i.e., intercepts in our statistical model) and/or buffered cortisol reactivity (i.e., slopes in
our statistical model) to the current mother-infant separation stressor were considered to be ideal
maternal cortisol patterns in this study.
Method

Participants

This study consists of a community sample of 314 demographically low-risk mother-
infant dyads (52% male infants) recruited through postings in community centres and in-person
visits to activity centers in Toronto (Atkinson et al., 2013). Infants were full-term and healthy.
Inclusion criteria were that mothers were at least 18 years at childbirth, with no known hormonal
or psychiatric disorders and with sufficient English to complete questionnaires. This study uses
data obtained when infants were 16 (M = 15.97; SD = 1.34) and 17 (M = 17.25; SD = 1.92)
months of age, which is a time when infants are actively calibrating their cortisol secretion
patterns based on the quality of their rearing environment (Del Giudice, Ellis, & Shirtcliff, 2011).
It is also a time when intra-individual cortisol secretion patterns begin to stabilize in a trait-like
manner across time, location, and challenge (e.g., Atkinson et al., 2013; Goldberg et al., 2003;
Laurent et al., 2012). Maternal age at the 16-month visit ranged from 21 to 46 years (M = 32.98;
SD = 4.53). Median family income was $114,000-149,999 Canadian (25" and 75" percentiles
were $92,000-113,999 and $150,000-199,999). Maternal highest education levels were as
follows: primary (1.0%), secondary (8.2%), community college (23.8%), university (46.6%), and
post-graduate degree (20.4%). Most mothers did not smoke (95.2%), did not report experiencing
regular insomnia (91.3%), did not report sleep disruptions the previous night (60.2%), were not
currently breastfeeding (75.2%), were not on medication (69.9%), were currently working

(60.9%), and were in a relationship (94.3%). Mothers self-reported their ancestry as Caucasian
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(68.0%), Asian (13.9%), African American (3.2%), Hispanic (5.7%) and Other (including
Mixed, East Indian, Middle Eastern, Persian; 9.2%). Mothers self-reported their infant’s ethnicity
as Caucasian (74.8%), Asian (8.5%), African American (3.5%), Hispanic (2.2%) and Other
(including Mixed, East Indian, Middle Eastern, Persian; 13.1%). Number of infant siblings
ranged from 0 to 5 (M = 0.32, SD = 0.64), and number of hours per week in the care of people
other than parents ranged from 0 to 97 (M = 5.5, SD = 12.92).
Procedure

The Research Ethics Boards at the Centre for Addiction and Mental Health and Ryerson
University granted approval for this study and all procedures were performed in accordance with
relevant guidelines. At infant age 16 months, two female experimenters observed the mother and
infant in the home and distributed the maternal inventories to be mailed in upon completion.
Mothers also completed demographic questionnaires at this time. At 17 months in the laboratory,
dyads participated in the SSP. At the end of the visit, buccal cells were collected. Saliva was
collected at baseline, and 20- and 40- minutes post- SSP.
Measures

Maternal history of care. Maternal history of care was assessed with the Parental
Bonding Instrument (PBI; Parker et al., 1979). The PBI consists of four subscales (maternal care,
maternal overprotection, paternal care, and paternal overprotection), each consisting of 12 items
assessing caregiving behavior when the participant was younger than 16 years old. The current
study used only the maternal care subscale because it specifically has been the focus of previous
research examining offspring cortisol (e.g., Engert et al., 2009; Pruessner et al., 2004)!.

Questions are rated on a 4-point Likert scale ranging from 0 (Very Like) to 3 (Very Unlike). Item

! Of note, we assessed the paternal care subscale as a post hoc analysis and results were not significant.
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examples include “she could make me feel better when I was upset” and ““she was affectionate to
me”. Relevant items were reverse scored such that higher total scores indicate higher care. The
PBI has strong psychometric properties (Parker, 1988). Cronbach’s alpha for the current study
was .94.

Strange situation procedure (SSP). The SSP (Ainsworth et al., 1978) consists of eight
episodes, each three minutes in duration, wherein the infant is 1) introduced to an unfamiliar but
child-friendly room, ii) given the opportunity to play independently while mother is in the room,
1i1) introduced to female stranger, iv) left alone with stranger, v) reunited with mother, vi) left
alone in the room, vii) reunited with stranger, and finally viii) reunited with mother again. The
HPA axis is particularly sensitive to stressors that contain elements of uncontrollability and
social threat (Dickerson & Kemeny, 2004). As is conventional, SSP episodes (but not
procedures) were stopped if the infant cried hard for 20 seconds or was in danger (e.g., standing
on a chair while alone in the room). For example, if the infant cried hard for 20 seconds during
SSP episode 6 (alone in room), episode 7 (stranger returns) would begin.

Maternal cortisol. To address time-of-day issues, all visits commenced between 0900h
and 1000h. Saliva was collected at baseline, and at 20- and 40- minutes post SSP. At each time
point, two Sorbettes (Salimetrics, State College PA) were placed in the mouth for 60 seconds.
Saliva samples were centrifuged for 10-minutes at 3000 rpm at 4°C to extract saliva and then
sealed and stored at -70 °C. Each sample was assayed twice using a salivary cortisol enzyme
immunoassay kit (Salimetrics, State College, PA), and average values were used in analyses.

Maternal genotypes. DNA was assessed from maternal buccal cells at each visit. Four
paper buccal swabs (Whatman Omniswab, Fisher Scientific Company) were collected from each

mother (rubbed four times on each cheek) and expelled into polypropylene tubes, which were
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sealed to prevent contamination and stored at 4°C. DNA isolation and analysis of buccal cells
was conducted at the Neurogenics Laboratory at the Center for Addiction and Mental Health
(CAMH) in Toronto, Canada. For TagMan assays, a 1ul volume of total genomic buccal swab
DNA was amplified using the manufacturer’s standard TagMan genotyping protocol, scaled to a
total reaction volume of 10 uL. For SLC6A43, total genomic DNA was amplified as described in
Vandenbergh et al. (1992) and electrophoresed on an AppliedBiosystems 3130 Genetic
Analyzer. Genotype calls were initially made in GeneMapper v4 and confirmed manually.
Genotypes were in Hardy-Weinberg equilibrium and thus representative of the population.

Maternal sensitivity. As a potential covariate, maternal sensitivity was examined with
the Maternal Behaviour Q-Sort (MBQS, Pederson, et al., 1990), a set of 90 items describing
maternal interactive behaviour. Based on a two-hour home observation of mother-infant
interaction at infant age 16 months, trained sorters 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 final score is the correlation between the scores of her Q-sort with those of a
theoretically derived sort of a prototypically sensitive mother. That is, 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. Sorters were blind to other measures. The mean scores of both sorters was used here. The
MBQS has strong psychometric properties (e.g., Atkinson et al., 2000; Pederson et al., 1990).
Inter-observer reliability was high, /CC = .88, p <.001.

Maternal depressive symptoms. The Beck Depression Inventory-II (BDI-II, Beck et al.,
1996) is commonly used to assess the presence and severity of depressive symptomatology in
mothers sampled from the community (e.g., Allen et al., 2010). It has strong psychometric

properties (Sprinkle et al., 2002). It was used in this study as a potential covariate.
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Parenting stress. Parenting stress, a potential covariate, was assessed with the Parenting
Stress Index-Short Form (PSI-SF; Abidin, 1995), a self-report questionnaire consisting of three,
12-item subscales. The Parental Distress subscale examines perception of parenting competence,
restriction of personal activities, depressive symptoms, and social support. The Parent-Child
Dysfunctional Interaction subscale examines parent’s expectations of child behaviour and level
of reinforcement derived from child interaction. Finally, the Difficult Child subscale examines
child behavioral characteristics that may impact parenting. The PSI-SF total score (sum of the
three, 12-item subscales) was used in the current study. The PSI-SF has adequate reliability and
validity (Abidin, 1995; Haskett, Ahern, Ward, & Allaire, 2006).

Perceived stress. Perceived stress, a potential covariate, was assessed with the Perceived
Stress Scale (PSS, Cohen, Kamarck, & Mermelstein, 1983). The PSS is a 14-item self-report
measure of perceived stress within the past month. Items such as “in the past month, how often
have you been upset because of something that happened unexpectedly?” are rated on a 5-point
Likert scale. The PSS is an internally consistent and predictively valid measure (e.g., Hewitt,
Flett, & Mosher, 1992).

Results

Data Preparation and Analytic Approach

Maternal genotype distributions are presented in Table 1. Descriptive statistics are
provided here, with means and standard deviations reported for normally distributed variables,
and with medians and interquartile ranges reported for variables that deviated from normality.
PBI (maternal care subscale) scores ranged from 0 to 36 (Median = 29.00, Interquartile Range =
9.25). Maternal sensitivity as assessed with MBQS ranged from -.56 to .88 (Median = .56,

Interquartile Range = .44). Parenting stress scores ranged from 47 to 135 (M = 79.37, SD =
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17.19). Perceived stress scores ranged from 2 to 30 (M = 15.17, SD = 5.71). Depressive symptom
scores ranged from 0 to 39 (Median = 6, Interquartile Range = 7.00). Maternal cortisol values in
nmol/L ranged from 1.13 to 63.70 (Median = 6.49, Interquartile Range = 6.35) at baseline, from
1.21 to 39.63 (Median = 4.21, Interquartile Range = 4.02) at +20, and from 0.99 to 34.73
(Median = 3.77, Interquartile Range = 3.24) at +40. Cortisol values were log transformed to
address positive skew.

Table 1

Maternal Genotype Distributions

Number of Plasticity Alleles, N (%)

DRD2 Al allele SLC6A3 10R allele OXTR 1rs53576 G allele

0 1 2 0 1 2 0 1 2

178(60.8) 94(32.1) 21(7.2)  27(9.2) 110(37.7) 155(53.1) 112(38.1) 133(45.2) 49(16.7)

With respect to potential covariates, maternal cortisol values were not related to maternal
wake time, breakfast time, sleep disruptions (i.e., whether the mother reported that her sleep was
disrupted the previous night), medication status, family income, maternal education, age,
relationship status, sensitivity, depressive symptoms, parenting stress, perceived stress, insomnia
status, working status, breastfeeding status, smoking status, or date of last menstruation. Nor
were maternal cortisol levels associated with infant sex, number of hours in out-of-home care, or
number of siblings. Thus, these variables were not included in the models. While also unrelated
to maternal cortisol values, maternal ethnicity was included in all models to address population
stratification (Freedman et al., 2004; Keller, 2014). Following Keller’s (2014) recommendations,
ethnicity x PBI and ethnicity x gene terms were also included in the models, regardless of

statistical significance. Of note, DRD2, SLC6A3, and OXTR plasticity alleles were not
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significantly associated with each other or with PBI scores, thus ruling out the potential
confounds of gene-gene and gene-environment correlations. Correlations of main study variables

are presented in Table 2.

Table 2

Correlations Amongst Main Study Variables

1 2 3. 4 5
1. Maternal total cortisol output -
2. PBI -.04 -
3. DRD2 number of Al alleles? -.05 -.04 -
4. OXTR number of G alleles® 137 -.04 .07 -
5. SLC6A3 number of 10 repeat alleles® -.00 -.07 .09 .03 -
6. Maternal ethnicity? -.04 .07 -317 -.18" -.24™

Note: PBI = Parental Bonding Instrument. *Coded as no Al alleles = 0, one Al allele = 1, two
Al alleles = 2. ®?Coded as no G alleles = 0, one G allele = 1, two G alleles = 2. “Coded as no 10
repeat alleles = 0, one 10 repeat allele = 1, two 10 repeat alleles = 2. Coded as not Caucasian =

0, Caucasian = 1. p <.01. “p < .001.

Data were analyzed using multilevel modelling (MLM) with maximum likelihood
(Hierarchical Linear Modeling, Version 7, Raudenbush, Bryk, Cheong, Congdon, & du Toit,
2011) to account for interdependence of physiological measures within individuals. A two-level
model was used to assess maternal cortisol across baseline, +20, and +40 time points (Level 1),

nested within individual mothers (Level 2). Intra-class correlations (ICC) depicting the variance
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accounted for between levels support the use of nesting procedures (ICC = .64, .62, and .63 for
the DRD2, SLC6A3, and OXTR models, respectively). The ICC is the percentage of variance
between units at different levels; thus, 62 to 64% of the variance in cortisol was between time
and individual. In contrast to traditional linear regression, MLM tests and accounts for, as
necessary, differential rates of change within and across individuals (growth curves, i.e., slopes),
individual differences in initial status of the dependent variable (i.e., intercepts), and the effect of
the predictors of interest on such factors (Singer and Willet, 2003; Hruschka, Kohrt, &
Worthman, 2005).

MLM can accommodate missing data by using available participant data rather than
excluding participants listwise (Garson, 2013). Thus, missing cortisol samples (127 time points
total, primarily due to early termination of SSP visits due to infant fatigue) were dropped at
Level 1 without the loss of an entire mother’s data. While MLM estimates missing values for
Level 1 variables, it deletes (listwise) individuals for which Level 2 data is not available. Due to
failure to mail in questionnaires or to mailing in incomplete questionnaires, 78 PBI values were
missing. Mothers who failed to mail in complete questionnaires did not differ from mothers who
mailed in complete questionnaires on DRD2, SLC6A43, or OXTR genetic distributions, cortisol
values, or any of the potential covariates listed above, with the exception of working status.
Specifically, mothers who were currently working were less likely to mail in completed
questionnaires, x %(2) = 13.50, p = .001. Thus, prior to MLM analyses, the SPSS Expectation-
Maximization technique was used to estimate missing values for maternal PBI scores®. Such
imputation procedures are valid with up to 50% missing data on main variables of interest

(Collins, Shafer, & Kam, 2001). PBI scores were mean-centered for main analyses.

2 Of note, when analyses were re-run with only mothers who had complete PBI data, all results were equivalent.
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Separate MLM models were run for each of DRD2, SLC6A43, and OXTR GxE
interactions. For each model, Level 1 modeled cortisol trajectories over linear time. At Level 2,
PBI (mean-centered), relevant gene (uncentered, coded as no plasticity alleles = 0, one plasticity
allele = 1, and two plasticity alleles = 2), PBI x gene interaction, and ethnicity covariates (as
specified above, Keller, 2014) were entered. A multi-step full maximum likelihood estimation
procedure was used to determine the final model. Theoretical considerations, significance
testing, a comparison of model fit using the log-likelihood ratio test, and an estimate of variance
explained (for fixed effects) were used to determine final model components, including fixed and
random effects (Raudenbush & Byrk, 2002). Fixed effects were interpreted using final estimation
with robust standard errors. Final models were re-estimated using restricted maximum likelihood
for a conservative estimation of variance-covariance structure; these results are reported.
Significant MLM GxE interactions were then further analyzed with Roisman et al.’s (2012) GXE
statistics. Values from the MLM variance-covariance matrix for each model were entered into
Roisman et al.’s (2012) website to calculate RoS and Pol values. To assess Roisman et al.’s
(2012) linearity critique, (PBI)? and genotype x (PBI)? terms were entered into the final models.
Main Analyses

DRD?2 as moderator of the relation between maternal history of care and maternal
cortisol secretion. The effect of interest (i.e., DRDZ2 x maternal history of care interaction) was
not significant. At level 1, the model included fixed effects for time as a linear progression (i.e.,
entered as 0, 1, 2) which significantly improved model fit and accounted for 39.3% of the
variance. The coefficients (Table 3) reveal that cortisol decreased across time and that this
decrease leveled off or became less prominent over time. The random effect of time (i.e.,

whether there was significant variation in cortisol trajectories across individuals) was significant
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(variance = .0058, p <.001) and significantly improved model fit. At level 2, maternal history of
care, DRD?2 genotype, and the maternal history of care x DRD?2 genotype interaction were
entered as fixed effects (Appendix 1). The maternal history of care x DRD? interaction
coefficient estimate was -.006, which was not significantly different from zero (p =.16).
Improvement in model fit approached significance, x °(1) = 32.81, p = .09, and 1.5% additional
variance was accounted for. Since the MLM did not reveal a significant PBI x DRD? interaction,
the model was not analyzed further.

Table 3

Fixed effect estimates from the final 2-level multilevel model with DRD2 and maternal history of

care predicting maternal log transformed cortisol levels

Fixed Effect y SE t
Intercept .82 .02 40.78"
PBI .003 .003 0.93
DRD? genotype? -.03 .03 -1.28

PBI x DRD?2 genotype -.006 .004 -1.40
Time -.11 .01 -15.14™
Random Effect Variance SD Chi-Square (df)
Intercept .06 24 1482.71(235)™"
Time slope .01 .08 457.20 (238)™™
Level-1 .01 A1

Note: PBI = Parental Bonding Instrument. SD = Standard Deviation. ?Coded as no Al alleles =

0, one Al allele = 1, two Al alleles = 2.
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SLC6A3 as moderator of the relation between maternal history of care and maternal
cortisol secretion. The final model fit the data significantly better than the null model, 3 ?(1) =
221.97, p <.001. The final model accounted for 80% of the variance between individuals (a 18%
increase compared to the null model). Parameter coefficients and standard errors of the final
model’s fixed effect factors are depicted in Table 4 and the equation is displayed in Appendix 2.
Similar to the DRD2 model, at level 1, fixed effects for time as a linear progression significantly
improved model fit. Random effects of time had significant variances, and significantly
improved model fit. At level 2, maternal history of care, SLC643 genotype, and the maternal
history of care x SLC6A43 genotype interaction were entered as fixed effects. The SLC643 x
maternal history of care interaction coefficient (-.01) was significantly different from zero (p <
.001), indicating that the regression of cortisol on maternal history of care varies across levels of
genotype. The addition of the SLC6A43 x maternal history of care interaction led to significantly
improved model fit, x ?(1) = 7.27, p < .01, and accounted for 8.5% additional variance.
Covariates (1.e., ethnicity, ethnicity x SLC6A43 genotype, and ethnicity x maternal history of care)
were also added at level 2. The addition of these variables did not significantly improve model
fit. The covariates were retained in the model as per guidelines (Keller, 2014). Maternal history
of care, SLC6A3 genotype, and maternal history of care x SLC6A43 genotype were not significant

predictors of the variance in the trajectory (i.e., slope) of cortisol across linear time.
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Table 4
Fixed effect estimates from the final 2-level multilevel model with SLC6A3 and maternal history

of care predicting maternal log transformed cortisol levels

Fixed Effect y SE t
Intercept 97 .08 12.05™
PBI .02 .01 2.49°
SLC6A3 genotype? -11 .05 237"
Ethnicity® -.18 .09 -2.07°
Ethnicity x PBI .004 .005 0.73
Ethnicity x SLC6A43 genotype 13 .05 2.31°
PBI x SLC6A43 genotype -.01 .004 -3.96™
Time -.11 .01 -15.03™
Random Effect Variance SD Chi-Square (df)
Intercept .06 23 1301.35(232)™
Time slope .01 .09 445.56 (238)™
Level-1 A2 .01

Note: PBI = Parental Bonding Instrument. SD = Standard Deviation. ?Coded as no 10R alleles =
0, one 10R allele = 1, two 10 R alleles = 2. ®?Coded as not Caucasian = 0, Caucasian = 1. "p < .05.

p <.01. "p <.001.

To understand the significant PBI x SLC6A43 interaction as it predicts maternal cortisol,
Roisman et al.’s (2012) criteria for differentiating between diathesis stress, differential
susceptibility, and vantage sensitivity were employed (see Figure 3). The RoS on X test revealed

that the regression of log cortisol on SLC6A43 was statistically significant at values of centered
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PBI that fell below -19.52 and above -1.32, which is most consistent with the vantage sensitivity
model as the former value is more than 2SD below the centered PBI mean. The Pol value was
0.42, indicating that 42% of the interaction is attributable to “better” outcomes in the context of
high care. While Roisman et al. (2012) indicate that Pol values above 0.60 are consistent with
vantage sensitivity, Del Giudice (2016) noted that it is rare to obtain such Pol values in empirical
studies, even those that may best reflect vantage sensitivity. Thus, our Pol value of 0.42 is not
inconsistent with vantage sensitivity. Finally, (PBI)? and SLC643 x (PBI)? were added to the
final MLM model and were not significant, supporting the vantage sensitivity model. Taken
together, mothers with more plasticity alleles (10R) of SLC6A43, relative to mothers with fewer or
no plasticity alleles of SLC6A43, had the lowest cortisol levels in anticipation of infant stress if
they reported a history of high maternal care.

Although a strength of this study was to examine genetic plasticity continuously (as opposed
to binning alleles and making assumptions of dominance), for exploratory purposes, we
conducted simple slopes analyses to compare the association between PBI and cortisol for
mothers with zero, one, and two 10 repeat alleles of SLC643. The association between PBI and
cortisol was significantly stronger for mothers with two 10 repeat alleles than for mothers with
no 10 repeat alleles, #(169) = 2.21, p <.05. There were no significant differences of the simple
slopes between mothers with two and one 10 repeat allele, #247) = 1.05, ns, or between mothers

with zero and one 10 repeat allele, #126) = 1.28, ns.
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Figure 3. SLC6A3 moderating the relation between maternal history of care and maternal log
cortisol (nmol/L) in a vantage sensitivity manner. Mothers with more 10R alleles, relative to
mothers with fewer or no 10R alleles, had lower cortisol levels if they reported a history of high
care. Side shaded (grey) rectangles depict the regions of significance (RoS) on X and denote
where the two lines differ significantly. The two lines differ significantly within 2SD of the mean
of maternal history of care only on the right side of the crossover, consistent with the vantage
sensitivity model. Triangular (pink) shaded areas depict the proportion of the interaction (Pol),

and show that, consistent with vantage sensitivity (Del Guidice, 2016), 42% of the interaction is
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accounted for by “better” outcomes. Figure was generated by Roisman et al.’s (2012) calculator

(http://www.yourpersonality.net/interaction/).

OXTR as moderator of the relation between maternal history of care and maternal
cortisol secretion. The final model fit the data significantly better than the null model, 3 ?(1) =
208.18, p <.001. The final model accounted for 81% of the variance between individuals (a 19%
increase compared to the null model). Parameter coefficients and standard errors of the model’s
fixed effect factors are depicted in Table 5 and the equation is displayed in Appendix 3. Similar
to the DRD?2 and SLC6A3 models, at level 1, fixed effects for time as a linear progression
significantly improved model fit. Random effects of time had significant variances, and
significantly improved model fit. At level 2, maternal history of care, OXTR genotype, and the
maternal history of care x OXTR genotype interaction were entered as fixed effects. Only the
OXTR x maternal history of care interaction coefficient (-.01) was significantly different from
zero (p = .01), indicating that the regression of cortisol on maternal history of care varies across
levels of genotype. The addition of the OXTR x maternal history of care interaction led to
significantly improved model fit, x ?(1) = 7.27, p < .01, and accounted for 3.1% additional
variance. Covariates (i.e., ethnicity, ethnicity x OXTR genotype, and ethnicity x maternal history
of care) were also added at level 2. The addition of these variables did not significantly improve
model fit. The covariates were retained in the model as per guidelines (Keller, 2014). Maternal
history of care, OXTR genotype, and maternal history of care x OXTR genotype were not

significant predictors of the variance in the trajectory (i.e., slope) of cortisol across linear time.
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Table 5

Fixed effect estimates from the final 2-level multilevel model with OXTR and maternal history of
care predicting maternal log transformed cortisol levels

Fixed Effect y SE t
Intercept 77 .05 16.82°"
PBI -.00 .00 -0.20
OXTR genotype? .02 .04 0.39
Ethnicity® .03 .05 0.50
Ethnicity x PBI .01 .00 2.817
Ethnicity x OXTR genotype -.01 .05 -0.18

PBI x OXTR genotype -.01 .00 -2.34°
Time -.11 .01 -14.88"
Random Effect Variance SD Chi-Square (df)
Intercept .06 25 2328.91(228)""
Time slope .01 .08 757.77 (234)™"
Level-1 .01 12

Note: PBI = Parental Bonding Instrument. SD = Standard Deviation. *Coded as no G alleles = 0,

one G allele = 1, two G alleles = 2. ®Coded as not Caucasian = 0, Caucasian = 1. "p < .05. “p <

.01."p <.001.

To understand the significant PBI x OXTR interaction as it predicts maternal cortisol,

Roisman et al.’s (2012) criteria were employed (see Figure 4). The RoS on X test revealed that

the regression of log cortisol on OXTR was statistically significant at values of centered PBI that

fell below -15.2, which is most consistent with the diathesis stress model, although slightly
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below -2SD of the mean of PBI (14.2). The Pol value was 0.04, indicating that 4% of the
interaction is attributable to “better” outcomes in the context of high PBI values. This is
consistent with the diathesis stress model. Finally, (PBI)?> and OXTR x (PBI)? terms were added
to the final model and were not significant, supporting the diathesis stress model. Taken together,
mothers with more plasticity alleles of OXTR, relative to mothers with fewer or no plasticity
alleles of OXTR, had the highest cortisol levels in anticipation of infant stress if they reported a
history of low maternal care.

As above, for exploratory purposes, we performed simple slopes analyses to compare the
association between PBI and cortisol for mothers with zero, one, and two G alleles of OXTR.
The association between PBI and cortisol was significantly stronger for mothers with two G
alleles than for mothers with no G alleles, #(149) = 1.97, p < .05. There were no significant
differences of the simple slopes between mothers with two and one G allele, #(167) = 1.08, ns, or

between mothers with zero and one G allele, #230) = 1.14, ns.
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Figure 4. OXTR moderating the relation between maternal history of care and maternal log
cortisol (nmol/L) in a diathesis-stress manner. Mothers with more G alleles, relative to mothers
with fewer or no G alleles, had higher cortisol levels if they reported a history of low care. Side
shaded (grey) rectangle depicts the regions of significance (RoS) on X and denotes where the
two lines differ significantly. The two lines differ significantly at values of PBI below -15.2,
which is just below 2SD from the mean of maternal history of care (14.2). Triangular (pink)
shaded areas depict the proportion of the interaction (Pol), and show that, consistent with the

diathesis-stress model (Roisman et al., 2012), 4% of the interaction is accounted for by “better”
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outcomes. Figure was generated by Roisman et al.’s (2012) calculator

(http://www.yourpersonality.net/interaction/).

Discussion

This study (i) assessed the hypotheses that maternal DRD2, SLC6A3, and OXTR
genotypes moderate the relation between maternal history of care and maternal cortisol secretion
in the context of infant stress, and (i1) explored whether the GXE interactions reflect diathesis-
stress, differential susceptibility, or vantage sensitivity models. Results partially supported
hypotheses: maternal history of care had a greater influence on initial (baseline) cortisol
secretion (but not cortisol slopes) for mothers with more plasticity alleles of SLC643 (10R) and
OXTR (G) (but not DRD2), relative to mothers with fewer or no plasticity alleles of SLC643 and
OXTR. Exploratory analyses revealed that the maternal care x SLC643 interaction best reflected
the vantage sensitivity model of GXE and that the maternal care x OX7TR interaction best
reflected the diathesis-stress model of GXE. Specifically, mothers with more plasticity alleles of
SLC6A3, relative to mothers with fewer or no plasticity alleles of SLC6A43, had the lowest
cortisol levels in anticipation of infant stress if they reported a history of high maternal care.
Mothers with more plasticity alleles of OXTR, relative to mothers with fewer or no plasticity
alleles of OXTR, had the highest cortisol levels in anticipation of infant stress if they reported a
history of low maternal care.

Our finding that the GXE interactions predicted maternal baseline cortisol but not cortisol
trajectories is consistent with the “narrow definition” of attachment, which involves protection
(Goldberg, Grusec, & Jenkins, 1999). That is, mothers have an evolved biobehavioural system
that functions to protect the infant. This system includes anticipatory cortisol secretion and

proactive behaviour to manage potential threat to the infant. It is possible that mothers who
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received low maternal care may find the notion of an impending stressor to the baby to be more
threatening (i.e., less controllable) than mothers with more positive histories of maternal care.
This may be reflected in the arrival or anticipatory maternal cortisol levels. Arrival effects are
common in cortisol studies (Ruttle, Serbin, Stack, Schwartzman, & Shirtcliff, 2011). However,
as mothers become familiar with the actual procedures, perceived threat diminishes, as reflected
in cortisol decline that is not significantly linked to maternal history of care. This may be due to
several factors that contribute to the controllability of the stressor on behalf of the child: mothers
participate in or observe all aspects of the SSP, episodes are terminated early if the baby is in a
potentially dangerous situation or communicates prolonged (20 s) distress, and mothers are
explicitly instructed that they may terminate the procedure at any time (of note, no mother did
terminate, indicating behaviorally that they did not find the procedure threatening).

With respect to potential underlying mechanisms of the GXE interaction findings, we can
only speculate, given the dearth of research in this area. One possibility involves the influences
of dopamine (Zhang et al., 2005) and oxytocin (Fan et al., 2014) on the medial prefrontal cortex
and amygdala, which regulate HPA functioning. Epigenetic mechanisms may also play a role
(Oberlander et al., 2008; Pluess & Belsky, 2011; Puglia, Lillard, Morris, & Connelly, 2015). As
speculated in Ludmer et al. (2015), dopamine may increase susceptibility to the impact of the
early caregiving environment on cortisol secretion through its influence on attentional,
motivational, and reward processes (Bakermans-Kranenburg & van [Jzendoorn, 2011;
Bakermans-Kranenburg et al., 2008; Pluess & Belsky, 2011). For example, the SLC643 10R
allele has been linked to altered dopaminergic efficiency in the striatum (Alexander et al., 2011),
and has therefore been hypothesized to impact sensitivity to immediate feedback (whether

positive or negative, Bakermans-Kranenburg & van [Jzendoorn, 2011). This may in turn impact
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the degree to which individuals attend to and react to caregiving quality, with cortisol secretion
as corollary (Bakermans-Kranenburg et al., 2008). With respect to the OXTR G allele, it has been
associated with more efficient oxytocin function, heightened physiological reactivity to infant
distress (Riem, Pieper, Out, Bakermans-Kranenburg, & van 1Jzendoorn, 2011), and more
sensitive parenting (Bakermans-Kranenburg & van [Jzendoorn, 2008). We speculate that, in the
context of poor caregiving histories, mothers with G alleles may experience heightened proactive
sensitivity concerned with the management of infant safety (Goldberg et al., 1999; Raval et al.,
2001), which may be reflected in their cortisol secretion in anticipation of their infants being
faced with potential attachment-related stress.

Of note, the addition of the SLC6A43 x maternal history of care interaction in the model
accounted for 8.5% additional variance, whereas the addition of the OX7TR x maternal history of
care interaction in the model accounted for 3.1% additional variance. This difference may be
attributable to the fact that SLC6A43 can impact the HPA axis more directly (e.g., Alexander et
al., 2011), whereas OXTR is part of a different system and we speculate that its influence on the
HPA axis may occur more indirectly, based on social-contextual factors (e.g., Chen et al., 2011).
Further research is needed, however, to empirically explore the specific mechanisms by which
dopaminergic and oxytocinergic function impact maternal cortisol secretion.

Although dopamine- and oxytocin-related genes do moderate the association between
maternal history of care and maternal cortisol secretion, we also found that the nature of these
moderations depends on the gene in question. Specifically, the vantage sensitivity model best
explained the SLC6A43 GxE interaction, and the diathesis-stress model best explained the OXTR
GxE interaction. Given that dopamine and oxytocin may be differentially connected to cortisol

response as speculated above, perhaps it is not surprising that a different GXE mechanism is
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involved across genes. An alternative explanation is that the precise differentiation between
diathesis-stress, differential susceptibility, and vantage sensitivity models is limited by statistical
issues and confounding variables such as a restricted power, environmental ranges, and
reliability of developmental cues (Del Giudice, 2016; Roisman et al., 2012). The current study’s
classifications of the GxE interactions as vantage sensitivity and diathesis-stress may be artifacts
of limited theory, power, and statistical precision (Del Giudice, 2016), and should therefore be
regarded as preliminary. For example, our OXTR RoS analysis fell just short of Roisman et al.’s
(2012) recommended boundaries of 2SDs from the mean of the environmental variable, which
was likely an artifact of the RoS test being biased by sample size and skew of the environmental
variable (Roisman et al., 2012). As summarized by Del Giudice (2016), future studies are needed
to integrate evolutionary theory with statistical methodology to develop a statistical procedure
that more reliably differentiates between the three GXE models. Thus, the crucial piece of
information here may not be the type of interaction, but rather the fact that there is an interaction.
With respect to previous work, the current findings conceptually replicate Ludmer et al.’s
(2015) findings that infant SLC6A43 genotype moderates the relation between infant early rearing
environments (operationalized as maternal depressive symptoms) and infant cortisol secretion.
While this is a within-sample conceptual replication (e.g., with potential genetic or familial
confounds), it is remarkable that the current study assessed mothers in the context of the very
same challenge and found a comparable SLC643 x early rearing environment interaction to
predict cortisol levels. The majority of GxE studies fail to replicate (Duncan & Keller, 2011),
and thus the replicated findings highlight the important role of SLC643 in interaction with the
early rearing environment for shaping cortisol patterns. Future studies are needed to confirm the

roles of DRD?2 and OXTR in impacting cortisol secretion, given that we failed to conceptually
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replicate Ludmer et al.’s (2015) DRD?2 findings, and that this is the first study (to our knowledge)
to examine OXTR as it interacts with the early rearing environment to predict cortisol secretion.

Several study limitations warrant consideration. Foremost, our method relied on maternal
reports of history of care. However, the PBI maternal care subscale has been specifically linked
to offspring cortisol (e.g., Engert et al., 2009; Pruessner et al., 2004). In further regard to the PBI,
our low risk community sample reported a relatively positive maternal history of care, so results
may not generalize to higher-risk samples. Moreover, future research can examine other potential
genetic and epigenetic influences relating to glucocorticoid receptor function (Oberlander et al.,
2008; Tyrka et al., 2012). Another limitation is that the sample size used here is relatively small
for GXE work (Duncan & Keller, 2011). Nevertheless, our within-sample replication across
candidate genes (OXTR and SLC6A3) and our conceptual replication of Ludmer et al.’s (2015)
SLC6A3 infant GXE findings with mothers does go some way to attenuating the probability of
Type I error. Furthermore, we used non-binned genetic terms, which reduces potential error due
to unjustifiable assumptions of allele dominance.
Conclusions

In summary, maternal SLC643 and OXTR genotypes moderate the relation between
maternal history of care and maternal cortisol secretion in anticipation of infant stress. Maternal
history of care has a greater influence on cortisol secretion for mothers with more plasticity
alleles of SLC6A43 (10R) and OXTR (G), relative to mothers with fewer or no plasticity alleles of

SLC6A3 and OXTR.

41



Chapter 3: Mother-infant attachment security as a potential moderator of the relations
between maternal depressive symptoms and maternal and infant cortisol secretion
Introduction

In both clinical and non-clinical samples, maternal depressive symptoms are associated
with suboptimal infant and maternal hypothalamic-pituitary-adrenal (HPA) function (Brennan et
al., 2008; Feldman et al., 2009; Laurent et al., 2011; Taylor et al., 2009). Typically, such
symptomatology is initially associated with hypercortisolism, and subsequently, after prolonged
overstimulation, with hypocortisolism, in order to conserve resources under conditions of
chronic stress (Fries et al., 2005). The association between maternal depressive symptoms and
cortisol secretion is important because cortisol secretion plays a role in cognitive and social
competence (Apter-Levi et al., 2016; Blair et al., 2005; Davis et al., 2002), cellular aging
(Ceccatelli et al., 2007), and nearly all human physical (e.g., cancer, immune) and mental (e.g.,
depression, conduct problems) health conditions (Goodyer et al., 2001; Halligan et al., 2007;
Hostinar & Gunnar, 2013; Jessop & Turner-Cobb, 2008). Exposure to maternal depressive
symptoms in the postnatal period is particularly important as it predicts elevated basal cortisol
levels (Halligan et al., 2004) and cortisol reactivity (Barry et al., 2015) in offspring in adulthood,
regardless of subsequent exposure to maternal depressive symptomatology (Barry et al., 2015).
Furthermore, the disturbances in offspring cortisol associated with postnatal maternal depressive
symptoms mediate the relation between maternal depressive symptoms and offspring depressive
symptoms (thus accounting for the intergenerational transmission of depression; Halligan et al.
2007).

Although the relation between maternal depressive symptoms and cortisol secretion is

well established, some studies fail to find main effects (e.g., Ludmer et al., 2017; Luijk et al.,
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2010), as this association is moderated by several variables, including child internalizing
symptoms (Ashman, Dawson, Panagiotides, Yamada, & Wilkinson, 2002), attachment (Luijk et
al., 2010), and temperament (i.e., positive emotionality, Mackrell et al., 2014). For example,
maternal depressive symptoms are more strongly associated with elevated child cortisol secretion
for children with higher levels of internalizing symptoms, relative to children with lower levels
of internalizing symptoms (Ashman et al., 2002), for children in non-secure attachment
relationships, relative to children in secure attachment relationships (e.g., Luijk et al., 2010), and
for children with less positive emotionality, relative to children with more positive emotionality
(Mackrell et al., 2014). As Khoury et al. (2015a), proposed, these moderating factors are
conceptually associated with the ability to regulate emotions. Accordingly, Khoury et al. (2015a)
showed that infant emotion regulation strategy moderated the association between maternal
depressive symptoms and infant cortisol secretion during a challenge in which the mother
repeatedly denied the infant an attractive toy. Specifically, infants with mothers high in
depressive symptomatology who employed more independent regulatory behaviours (i.e., did not
rely on their mothers to help regulate their emotions) showed higher cortisol secretion than
infants who employed fewer independently regulatory behaviors.

As mentioned in the context of Khoury et al.’s (2015a) argument regarding emotion
regulation as a moderating factor, mother-infant attachment classifications can be conceptualized
as emotion regulation strategies (e.g., Malik, Wells, & Wittkowski, 2015; Moutsiana et al.,
2014). Based on mother-infant interactions during the SSP, Ainsworth et al. (1978) delineated
three classifications of mother-infant relationships. In secure relationships, infants feel confident
in relying on their caregiver to consistently respond to their cues, so they signal for their

caregiver upon becoming distressed and down-regulate emotion to maternal soothing. In
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contrast, infants in resistant attachment relationships do not trust that their caregiver will be
consistently responsive, and thus they engage in hyperactivation of emotions and evince
difficulty in down-regulating in response to maternal soothing efforts. Infants in avoidant
attachment relationships are theorized to expect rejection and thus refrain from signaling to their
caregiver for regulatory help (i.e., they engage in emotional hypoactivation). Main and Solomon
(1990) identified disorganized attachment based on the observation that some infants did not
meet criteria for any of Ainsworth et al.’s (1978) organized attachment classifications as assessed
in the SSP. Dyads with disorganized attachment do have an underlying organized strategy
(secure, avoidant, or, most often, resistant, Luijk et al. 2010), but this strategy breaks down as a
result of the infant being either fearful of or feared by the caregiver (i.e., the disorganized infant
is unable to rely on a consistent strategy to regulate their emotions in the context of their
attachment relationship, Main & Hesse, 1990).

Although mother-infant attachment may moderate the association between maternal
depressive symptoms and infant cortisol, the #ype of non-secure attachment that places infants at
risk for the elevated cortisol associated with maternal depressive symptoms remains unclear.
This is because studies using the SSP to examine attachment and cortisol are inconsistent. Some
studies show that insecurely attached infants have elevated cortisol secretion relative to securely
attached infants (e.g., Beijers, Riksen-Walraven, Sebesta, & de Weerth, 2017), although this may
only be the case for insecurely attached infants who are also fearful (Gunnar, Brodersen,
Nachmias, Buss, & Rigatuso, 1996; Nachmias, Gunnar, Mangelsdorf, Parritz, & Buss, 1996).
Another study shows that it is not insecurely attached infants per se, who show elevated cortisol
secretion during the SSP; rather, resistant infants show higher cortisol secretion relative to secure

and avoidant infants (Luijk et al., 2010). Other studies show no differences in cortisol secretion
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between securely and insecurely attached infants, but do show differences between disorganized
and organized infants (Bernard & Dozier, 2010; Hertsgaard, Gunnar, Farrel, Erickson, &
Nachmias, 1995; Spangler & Grossman, 1993). Two additional studies (Frigerio et al., 2009;
Laurent et al., 2011), showed no associations between attachment classifications and SSP
cortisol. Taken together, mother-infant attachment has not been consistently linked to infant SSP
cortisol, but when studies do show associations, resistant and disorganized attachment drive the
secure/non-secure differences. Based on these studies, it would be expected that resistant and
disorganized attachment increase risk for the elevated infant cortisol secretion associated with
maternal depressive symptoms. However, Luijk et al. (2010) only found resistant attachment to
moderate the association between depressive symptoms and cortisol. As such, the current study
aimed to replicate Luijk et al.’s (2010) resistant findings, and extend them to disorganized
attachment.

Furthermore, studies have not yet examined the associations between maternal depressive
symptoms, mother-infant attachment, and maternal cortisol secretion. Maternal depressive
symptoms impact maternal cortisol levels (e.g., Taylor et al., 2009), but given that 1) emotion
regulation strategies impact cortisol secretion among adults with internalizing disorders (Gilbert
et al., 2017), 11) adult emotion regulation is associated with adult attachment (Malik et al., 2015),
and iii) there is concordance between maternal and infant attachment classifications (Verhage et
al., 2016), it could be suggested that mother-infant attachment may moderate the association
between maternal depressive symptoms and maternal cortisol secretion. In line with this idea,
attachment-informed mother-child interventions result in lowered and normalized maternal
cortisol secretion in samples with high levels of depressive symptoms (e.g., Field et al., 1998;

Toth et al., 2015; Urizar & Munoz, 2011). As such, the current study expands Luijk et al.’s
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(2010, maternal depressive symptoms x mother-infant attachment predicting infant cortisol
secretion) and Khoury et al.’s (2015a, maternal depressive symptoms x infant emotion regulation
predicting infant cortisol secretion) models to examine whether maternal depressive symptoms
and mother-infant attachment interact to influence maternal (as well as infant) cortisol secretion
in the SSP.

Of note, there are often multiple cortisol indices examined in the literature, which may
account for some of the inconsistencies in findings (e.g., Dozier et al., 2008; Luijk et al., 2010).
In a principal component analysis, Khoury et al. (2015b) surveyed 15 cortisol point estimates
utilized in the literature and found that, for both mothers and infants, a component representing
“total cortisol output” consistently accounted for the most variance. As such, total cortisol
output, which takes baseline cortisol levels as well as change in cortisol levels into account, may
be the more sensitive indicator, relative to, e.g., cortisol change scores (see also Hankin,
Badanes, Smolen, & Young, 2015). The current study’s use of total cortisol output allows us to
conceptually replicate and augment confidence in Khoury et al.’s (2015a, maternal depressive
symptoms x infant emotion regulation predicting infant total cortisol output) findings within the
same longitudinal sample. Replication in psychological research is rare and essential (Makel,
Plucker, & Hegarty, 2012), particularly replication at the level of statistical analysis (Bernard et
al., 2016).

Based on findings linking maternal depressive symptoms and non-secure mother-infant
attachment to higher SSP cortisol secretion (e.g., Luijk et al., 2010), and findings that an infant’s
ability to rely on the mother for emotion regulation protects against the elevated cortisol
secretion associated with maternal depressive symptoms (Khoury et al., 2015a), it was

hypothesized that maternal depressive symptoms would predict higher total cortisol output for
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infants in the SSP, but only in the context of non-secure attachment relationships. Based on
findings linking maternal postnatal depressive symptoms to elevated maternal cortisol secretion
in the SSP (Laurent et al., 2011), and the fact that there is concordance between maternal and
infant attachment classifications (Verhage et al., 2016), it was also hypothesized that maternal
depressive symptoms would predict elevated maternal total cortisol output in the SSP, but only
for mothers in non-secure attachment relationships with their infants. Based on the attachment-
cortisol literature discussed, we hypothesized that resistant and disorganized classifications
would drive the moderating effects in both infant and maternal models.
Method

Measures

Strange situation procedure (SSP) attachment coding. As described in Chapter 2
(Study 1), mother-infant dyads participated in the SSP at infant age 17 months (Ainsworth et al.,
1978). Here I provide a summary of the coding for mother-infant attachment for the purposes of
Study 2. Attachment is coded from videotaped SSPs (Ainsworth et al., 1978). Mainly due to
reluctance to participate in the laboratory visit (as opposed to the home visit, as described in the
Procedure section of Chapter 2), 265 SSP tapes were available for attachment coding. Nine of
these tapes were only recorded on VHS tapes that had broken, or had a reunion episode that was
not captured on camera and thus could not be assigned a classification. As such, attachment
classifications were available for 256 dyads. Dyads without classifications did not differ from
dyads with classifications with respect to marital status, maternal education, breast feeding
status, self-reported ethnicity, cortisol levels, depressive symptoms, or sensitivity. They also did
not differ with respect to family income, infant sex, number of siblings, and number of hours per

week in out-of-home care. Dyads with classifications, relative to dyads without classifications,
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were more likely to have older mothers (#279) =-2.04, p <.05) and mothers currently working
(x* (1)=10.95, p <.01).

For the current study, attachment was coded as 0 (not secure: avoidant, resistant or
disorganized) or 1 (secure). A trained coder (JL) who achieved reliability with Dr. Elizabeth
Carlson and Dr. Alan Sroufe coded the tapes. Forty-two (16.4%) tapes were independently
double coded by a second trained coder who had also achieved reliability with Dr. Elizabeth
Carlson and Dr. Alan Sroufe. Raters achieved 86% agreement (36/42 cases) on the 2-way
(secure, not secure) classifications. Kappa was .63 (p <.001), which is considered “substantial”
(Landis & Koch, 1977). Raters achieved 79% agreement (33/42 cases) on the 4-way (secure,
avoidant, resistant, disorganized) classifications. Kappa was .68 (p <.001), which is considered
“substantial” (Landis & Koch, 1977).

Salivary cortisol. Mothers were asked to refrain from feeding their infants 60 min before
procedures to avoid salivary contamination. Two Sorbettes (Salimetrics, State College PA) were
used to collect infant and maternal saliva at each time point: 5 minutes pre-challenge (baseline)
and 20 and 40 minutes post-challenge (Goldberg et al., 2003). Sorbettes were placed in the
mouth for 60 seconds. Saliva samples were centrifuged for 10-minutes at 3000 rpm at 4°C to
extract the saliva and then sealed and stored at -70 °C. Each sample was assayed twice using a
salivary cortisol enzyme immunoassay kit (Salimetrics, State College, PA) and average values
were used in analyses.

As reviewed, principal component analyses have supported the use of “total cortisol
output” (Khoury et al., 2015b; Fekedulegn et al., 2007). Pruessner, Kirschbaum, Meinlschmid,
and Hellhammer’s (2003) area under the curve with respect to ground (AUCg) consistently loads

highly on this component (Khoury et al., 2015b). AUCg captures both the difference between
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single measurement points and the distance of single measurement points from the ground.
Following Pruessner et al. (2003), AUCg was computed as {[(20 min value + baseline value)/ 2]
x time} + {[(40 min value + 20 min value)/ 2] x time}. Our use of AUCg allowed us to attempt
conceptual replication of Khoury et al.’s (2015a) findings (Bernard et al., 2016).

Potential covariates. A comprehensive attempt was made to assess for impact of known
covariates to ensure validity of findings. We considered the following self-reported variables as
potential covariates as they have previously been linked to cortisol: family income, maternal
education, and maternal relationship status (e.g., Gustafsson, Anckarséter, Lichtenstein, Nelson,
& Gustafsson, 2010), as well as maternal age (Cauter, Leproult, & Kupfer, 1996) and infant sex
(Davis & Emory, 1995). We also considered maternal and infant feeding times (Khoury et al.,
2015a), wake times (Wust et al., 2000), medication status (e.g., Kirschbaum, Pirke, &
Hellhammer, 1995), whether or not mothers or babies had sleep disruptions the previous night
(Lasikiewicz, Hendrickx, Talbot, & Dye, 2008) and maternal smoking status (Fisher et al.,
2007), menstrual stage (Marinari, Leshner, & Doyle, 1976) breastfeeding status (Tu, Lupien, &
Walker, 2006), and insomnia status (Lasikiewicz et al., 2008), as these variables are
physiologically linked to HPA activity.

We also examined maternal sensitivity as a potential covariate using the MBQS
(Pederson et al., 1990), given that parenting has been linked to maternal depression
(Hatzinikolaou, & Murray, 2010), mother-infant attachment (Atkinson et al., 2000), and cortisol
secretion (Atkinson et al., 2013). Given the influence of maternal history of maternal care on
cortisol secretion (Ludmer et al., 2017), we examined maternal history of maternal care as an
additional covariate using the maternal care subscale of the Parental Bonding Instrument (PBI;

Parker et al., 1979). Furthermore, we examined the Parenting Stress Index-Short Form (PSI-SF;
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Abidin, 1995) and the Perceived Stress Scale (PSS, Cohen et al., 1983) as additional covariates.
The MBQS, PBI, PSI-SF, and PSS are described in Chapter 2 of this dissertation.
Statistical Analyses

The percent of missing values was 14.3% for BDI-II scores due to unreturned or
incomplete questionnaires, 18.5% for attachment classification mainly due to reluctance to
participate in the laboratory visit (as opposed to home visit), 27.4% for infant AUCg, and 18.5%
for maternal AUCg. Missing infant cortisol values were primarily due to reluctance to participate
in saliva sampling and missing maternal cortisol values were primarily due to early termination
of the visit due to infant fatigue. Multiple imputation is a valid procedure for up to 50% missing
data (Collins et al., 2001). Little’s Missing Completely at Random (MCAR) test was not
significant, thus permitting imputation. Using SPSS 24, 20 imputations were conducted®.
Following recommendations (Collins et al., 2001), we conducted inclusive imputation models
(Khoury et al., 2015a). Using the imputed data, we conducted two separate multiple regression
analyses, predicting AUCg for the mother and infant in the SSP. Below we report the average of
the 20 imputations. Of note, AUCg values deviated from normality and were log transformed to
address skew. BDI-II scores were centered.

Results

Descriptive Statistics and Preliminary Analyses

SSP classifications were as follows: 34 (13.3%) avoidant, 121 (47.3%) secure, 51
(19.9%) resistant, and 50 (19.5%) disorganized*. Of the disorganized infants, four (8%) had an

underlying avoidant strategy, 20 (40%) had an underlying secure strategy, 21 (41%) had an

3 Of note, all results were equivalent when replicated without multiple imputation (i.e., with missing data deleted
listwise).

4 Attachment classification distributions in middle class, non-clinical North American samples are as follows: 62%
secure, 9% resistant, 15% avoidant, and 15% disorganized (van LlJzendoorn, Schuengel, & Bakermans-Kranenburg,
1999).
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underlying resistant strategy, and five (10%) did not have a classifiable underlying strategy.
BDI-II scores were distributed as follows: 204 (75.8%) were not depressed (score 0-9), 39
(14.5%) had mild mood disturbance (score 11-16), 11 (4.1%) had borderline clinical depression
(score 17-20), 10 (3.7%) had moderate depression (score 21-30), and 5 (1.9%) had severe
depression (score 31-40) (Beck et al., 1996). Descriptive statistics and correlations amongst main
variables are provided in Table 6, with medians and interquartile ranges reported because
variables deviated from normality.

Table 6

Descriptive Statistics and Correlations Amongst Main Study Variables

1. 2. 3. Median IR
1. BDI-II Score - 6 7
2. Attachment Security -.01 -
3. Infant AUCg A7 -.06 - 153.39 132.60
4. Maternal AUCg A1 .05 397 199.10 164.88

Note. IR = Interquartile Range. BDI-II score = Beck Depression Inventory score, i.e., maternal
depressive symptoms. AUCg = area under the curve ground, i.e., total cortisol output.
Attachment was coded dichotomously as 0 (not secure) or 1 (secure). AUCg values were log
transformed to address skew.
p<.05.7p<.01."p<.001.

AUCgs were not related to family income, infant sex, infant or maternal wake times,
infant or maternal breakfast end times, infant or maternal medication status, infant or maternal
sleep disruptions, or maternal history of care, education, age, relationship status, smoking status,

menstrual stage, insomnia status, or breastfeeding status. Infant AUCg was associated with
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MBQS scores (such that infants of more sensitive mothers had higher AUCg values than infants
of less sensitive mothers, » = .15, p <.05). As such, we included maternal sensitivity in the infant
AUCg analyses. MBQS scores ranged from -.56 to .88 (Median = .56, Interquartile Range = .44).
Main Analyses

Attachment as moderator of the relation between maternal depressive symptoms
and infant cortisol secretion in the SSP. The overall model was significant, F' (4, 312) = 10.02,
p <.05, R? = .11. Maternal sensitivity (covariate), maternal depressive symptoms, and the
interaction between maternal depressive symptoms and attachment security made significant
contributions to AUCg (Table 7). As depicted in Figure 5a, high maternal depressive symptoms
predicted elevated infant total cortisol output in the SSP for infants in non-secure attachment
relationships with their mothers, but not for infants in secure attachment relationships with their
mothers. Analyses were then conducted to determine which specific attachment classifications
drove this interaction (Figure 5b). There was a significant association between maternal
depressive symptoms and infant AUCg for resistant dyads (» = .54, p <.01) and disorganized
dyads (r = .39, p <.05), but not for avoidant (» = .10, ns) or secure (» = -.02, ns) dyads. Luijk et
al. (2010) suggested that only resistant attachment acts as a moderator between maternal
depressive symptoms and infant cortisol secretion, and that if disorganized attachment is found
as a moderator it is because many disorganized infants have an underlying resistant strategy.
However, the association between maternal depressive symptoms and infant AUCg was still
significant when examined with only disorganized dyads who did not have an underlying
resistant classification (i.e., when examined with disorganized dyads with underlying secure,

avoidant, or unclassifiable classifications, r = .50, p < .05)°. Taken together, high maternal

3 Furthermore, we re-ran the main analysis when controlling for ABC resistance (i.e., when controlling for whether
or not dyads had a primary or secondary resistant classification). ABCD attachment security (i.e., whether or not
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depressive symptoms, in combination with non-secure (specifically resistant and disorganized)
attachment, predicted elevated infant total cortisol output in the SSP.

Table 7

Multiple Regression Analyses to Predict Infant AUCg in Strange Situation from Maternal

Depressive Symptoms, Mother-Infant Attachment, and their Interaction

ASE)
Maternal Sensitivity (covariate) 13(.05)"
Maternal Depressive Symptoms .02(.004)™
Attachment -.04(.04)
Maternal Depressive Symptoms x -.02(.01)™

Attachment

Note. AUCg = area under the curve ground, i.e., total cortisol output. Attachment was coded
dichotomously as 0 (not secure) or 1 (secure).

p<.05.7p<.01."p <.001.

dyads had a primary secure classification) still significantly interacted with maternal depressive symptoms to predict
infant AUCg in the SSP (data not shown).
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Figure 5. Mother-infant attachment security moderates the relation between maternal depressive
symptoms and infant total cortisol output (AUCq) in the Strange Situation Procedure. Maternal depressive
symptoms predict elevated infant total cortisol output, but only for infants in non-secure (a), specifically
resistant and disorganized (b), relationships.

Attachment as moderator of the relation between maternal depressive symptoms
and maternal cortisol secretion in the SSP. The overall model was significant, F' (3, 312) =
5.79, p <.01, R?> = .05. Maternal depressive symptoms and the interaction between maternal
depressive symptoms and attachment security made significant contributions to AUCg (Table 8).
Specifically, as depicted in Figure 6a, high maternal depressive symptoms predicted elevated
maternal total cortisol output in the SSP for mothers in non-secure attachment relationships with
their infants, but not for mothers in secure attachment relationships with their infants. Analyses
were then conducted to determine which specific attachment classifications drove this interaction
(Figure 6b). There was a significant association between maternal depressive symptoms and
maternal AUCg for resistant dyads (» =.31, p <.05) and disorganized dyads (= .45, p <.01),
but not for avoidant (» = -.03, ns) or secure (r = -.11, ns) dyads. As above, in order to address

Luijk et al.’s (2010) suggestion that the disorganization findings may be driven by underlying
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resistant strategies, we examined the association between maternal depressive symptoms and
maternal AUCg for disorganized dyads who did not have an underlying resistant classification.
The association was significant, » = .43, p < .05°. Taken together, high maternal depressive
symptoms, in combination with non-secure (specifically resistant and disorganized) attachment,
predicted elevated maternal total cortisol output in the SSP.

Table 8

Multiple Regression Analyses to Predict Maternal AUCg in Strange Situation from Maternal

Depressive Symptoms, Mother-Infant Attachment, and their Interaction

ASE)
Maternal Depressive Symptoms .01(.003)™
Attachment .02(.03)
Maternal Depressive Symptoms x -01(.01)™

Attachment

Note. AUCg = area under the curve ground, i.e., total cortisol output. Attachment was coded
dichotomously as 0 (not secure) or 1 (secure).

p<.05.7p<.01."p<.001.

6 Furthermore, we re-ran the main analysis when controlling for ABC resistance (i.e., when controlling for whether
or not dyads had a primary or secondary resistant classification). ABCD attachment security (i.e., whether or not
dyads had a primary secure classification) interacted with maternal depressive symptoms to predict maternal AUCg
in the SSP at a marginally significant level (p = .07, data not shown).
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Figure 6. Mother-infant attachment security moderates the relation between maternal depressive
symptoms and maternal total cortisol output (AUCq) in the Strange Situation Procedure. Maternal
depressive symptoms predict elevated maternal total cortisol output, but only for mothers in non-secure
(a), specifically resistant and disorganized (b), relationships.
Discussion

The current study examined the influences of maternal depressive symptoms, mother-
infant attachment, and their interaction, on infant and maternal total cortisol output in the context
of the SSP. Results were consistent for both infants and mothers. Specifically, for both infants
and mothers, maternal depressive symptoms significantly predicted elevated total cortisol output,
and this link was moderated by mother-infant attachment. For both infants and mothers, this
moderating effect was driven by resistant and disorganized attachment such that maternal
depressive symptoms were associated with elevated total cortisol output only for infants and
mothers in resistant and disorganized attachment relationships.

Previous research has shown that maternal depressive symptoms are associated with
elevated infant cortisol secretion, and that such associations are moderated by several factors,

many of which are conceptually associated with emotion regulation (Khoury et al., 2015a). For
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example, the association between maternal depressive symptoms and elevated child cortisol
secretion is stronger for children with less positive emotionality (Mackrell et al., 2014), higher
internalizing symptoms (Ashman et al., 2002), and a tendency to utilize independent regulatory
strategies (as opposed to relying on the mother, Khoury et al., 2015a). The current study
conceptually replicates these studies, supporting evidence that mother-infant attachment security,
which reflects an infant’s strategy for regulating emotions in the context of the maternal
relationship (Ainsworth et al., 1978; Malik et al., 2015; Moutsiana et al., 2014), moderates the
association between maternal depressive symptoms and infant cortisol secretion in the SSP. Our
results suggest that when infants are exposed to maternal depressive symptoms and are not
securely attached (i.e., cannot consistently rely on their caregivers to regulate their emotions
effectively), they experience over-activation of the HPA axis. Interestingly, the current findings
emerged over and above the impact of maternal sensitivity. This may suggest that it is not the
depressed mother’s behaviour towards the child per se (or at least not her sensitivity) that places
the child at risk for elevated cortisol secretion. An alternate possibility is that a mother’s inability
to regulate her depressed affect, which is linked to child emotion regulation ability (Pat
Horenczyk et al., 2015; Gratz et al., 2014), places her child at risk for elevated cortisol secretion.
Given the inconsistencies in the literature with respect to associations between
attachment classifications and infant cortisol secretion, it is notable that the current results
replicate Luijk et al.’s (2010) findings that the combination of resistant attachment and maternal
depressive symptoms elevates risk for high infant cortisol secretion in the SSP. On the other
hand, unlike Luijk et al. (2010), and as hypothesized, we also linked disorganized attachment (in
the context of maternal depressive symptoms) to elevated infant cortisol secretion in the SSP.

This finding was not merely attributable to underlying resistant classifications, as suggested by
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Luijk et al. (2010). Of note, Luiik et al. (2010) used an abbreviated version of the SSP in their
study. It is possible that this abridged version was slightly less stressful for infants (and we know
that lab challenges vary greatly in terms of impact on stress physiology; Jansen et al., 2010),
thereby attenuating the disorganization effect and provoking stress primarily for resistant infants
(who have a lower threshold for attachment-related distress than other classifications, Ainsworth
et al., 1978). Accordingly, several studies with smaller samples have linked disorganized
attachment to infant cortisol secretion utilizing the full length SSP (Bernard & Dozier, 2010;
Hertsgaard et al., 1995; Spangler & Grossman, 1993).

An important contribution of the current study is that we extend our findings to maternal
cortisol secretion, which has very rarely been examined in relation to maternal depressive
symptoms and mother-infant attachment. Our maternal findings were equivalent to our infant
findings such that both maternal depressive symptoms and the interaction of maternal depressive
symptoms and mother-infant attachment security significantly predicted total cortisol output in
the SSP. Given that both adult depression and adult attachment have been associated with
emotion regulation (Malik et al., 2015), and that there is significant concordance between
maternal and infant attachment classifications (Verhage et al., 2016), emotion regulation may be
a mechanism underlying our maternal findings as well. In other words, the transactional nature of
the mother-infant relationship may impact maternal cortisol secretion by serving as an important
context in which a mother regulates her affect. For example, a depressed mother’s secure
attachment relationship with her infant may provide positive reinforcement and prevent
behavioral avoidance (e.g., reduced infant interactions, McLearn et al., 2006) and depressive
cognitions related to parenting (Kohlhoff & Barnett, 2013), which may in turn buffer against

elevated cortisol secretion. Consistent with this hypothesis, Letourneau et al. (2011) found that
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higher levels of infant interactive behaviours (i.e., clarity of cues to mother, responsiveness to
caregiver) were associated with lower cortisol levels among mothers with postpartum depression.

Of note, in addition to emotion regulation, factors such as oxytocin levels (Feldman et al.,
2007; Gordon et al., 2008), genetic characteristics (Ludmer et al., 2017), and glucocorticoid
receptor methylation (Meaney & Szyf, 2005) may impact the associations between maternal
depressive symptoms and maternal and infant cortisol secretion. However, the construct of
emotion regulation appears to be the most consistently observed, and perhaps most important,
moderator of the relationship between maternal depressive symptoms and cortisol secretion
(Ashman et al., 2002; Khoury et al., 2015a; Luijk et al., 2010; Mackrell et al., 2014).

The impact of maternal depressive symptoms and attachment security on cortisol
secretion is particularly important because chronic over-activation of the HPA axis, or allostatic
load, can accelerate physical and psychological diseases processes (McEwen, 2000).
Attachment-based interventions are known to be effective at improving the quality of mother-
child attachment (Berlin, Zeanah, & Lieberman, 2016), as well as infant (Dozier et al., 2008) and
maternal (e.g., Field et al., 1998; Toth et al., 2015; Urizar & Munoz, 2011) cortisol secretion
patterns. The current findings that infants and mothers in secure attachment relationships are
protected from the high cortisol levels associated with maternal depressive symptoms could be
taken to suggest that attachment-based interventions may not only directly improve the quality of
mother-infant relationships and cortisol secretion patterns, but may also buffer or reverse the
impact of maternal depressive symptoms on both maternal and infant cortisol secretion patterns.
In turn, this could potentially reduce the intergenerational transmission of depressive symptoms
(Halligan et al., 2007). Furthermore, our use of a community sample supports the potential utility

of population-based preventative interventions aimed at enhancing mother-infant attachment and
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reducing the intergenerational transmission of dysregulated cortisol secretion patterns and
depressive symptoms.

In terms of study limitations, we utilized maternal reports of depressive symptoms at a
single time point. The timing of depressive symptoms (Brennan et al., 2008) as well as changes
in maternal depressive symptoms across time (Laurent et al., 2011) can impact associations with
cortisol secretion. Further studies are needed to determine the role of timing and symptom
changes within the associations between attachment security and maternal and infant cortisol
secretion. Another limitation is that, due to reluctance to attend the laboratory (as opposed to
home) visit, dyads with attachment classifications, relative to dyads without classifications, were
more likely to involve older mothers and mothers who were currently working. As such, results
may not generalize to younger or unemployed mothers. However, all results were equivalent
when analyzed with the original dataset (with missing data deleted listwise) and with the dataset
with imputed variables. Future studies might also test the current model in higher risk (e.g., low
income) or clinical samples, because such samples typically have high rates of non-secure
attachment, and show stronger associations between maternal depressive symptoms and mother-
infant attachment security (Lyons-Ruth & Jacobvitz, 2016).

Conclusions

In summary, attachment security moderates the relation between maternal depressive
symptomatology and both infant and maternal total cortisol output. Specifically, higher levels of
maternal depressive symptoms predict higher total cortisol output for infants and for mothers in
the SSP, but only if they are in non-secure (specifically resistant or disorganized) attachment

relationships. Findings suggest that secure attachment may protect both infants and mothers from
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the high cortisol secretion levels associated with maternal depressive symptomatology, thus

supporting the potential utility of attachment-based preventative interventions.
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Chapter 4: General Discussion

Studies have indicated that the early rearing environment has an enduring influence on
offspring cortisol secretion (e.g., Halligan et al., 2007; Tyrka et al., 2012). However, the early
rearing environment does not predict cortisol secretion levels for all individuals, pointing to the
role of moderating factors (e.g., Ludmer et al., 2015; Luijk et al., 2010). This dissertation
examined potential genetic and psychosocial moderators of the associations between the early
rearing environment and infant and maternal cortisol secretion.

My Master’s thesis found that maternal depressive symptomatology (a key marker of an
adverse early rearing environment, Dougherty et al., 2013; Halligan et al., 2007; Weissman et al.,
2006) predicted infant cortisol secretion, but only for infants with 10-repeat alleles of SLC6A43
and A1 alleles of DRD2 (Ludmer et al., 2015). Study 1 of this dissertation attempted to replicate
this model in the infants’ mothers, as well as examine OX7TR genotype as an additional
moderator. Partially replicating, as well as extending, my Master’s findings, Study 1 revealed
that the association between maternal early rearing environment (operationalized as history of
care) and maternal cortisol levels is stronger for mothers with 10-repeat alleles of SLC643 and G
alleles of OXTR, relative to mothers without these alleles. It is notable that I assessed mothers in
the same sample as the infants included in my Master’s thesis, and in the context of the very
same challenge. As such, the conceptual replication of the SLC6A43 x early rearing environment
interaction to predict cortisol levels augments confidence in the finding and extends it across a
generation. This 1s important given that replications in psychological research are rare (Makel et
al., 2012) and that the majority of gene x environment interaction studies fail to replicate

(Duncan & Keller, 2011).
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Further extending my Master’s work, Study 2 assessed whether the quality of mother-
infant attachment moderates the association between maternal depressive symptoms and infant
cortisol secretion. Results revealed that maternal depressive symptomatology predicts elevated
total cortisol output, but only for infants in non-secure (specifically resistant and disorganized)
attachment relationships. These results conceptually replicate several studies that identified
emotion regulation (or variables closely conceptually associated with emotion regulation) as a
moderator of associations between maternal depressive symptoms and infant cortisol secretion
(Ashman et al., 2002; Khoury et al., 2015a; Luijk et al., 2010; Mackrell et al., 2014). Secure
attachment is theorized to augment the infant’s ability to manage affect and cope with stress in a
variety of challenging situations, whereas non-secure attachment may interfere with the capacity
to manage and regulate emotion effectively. As such, Study 2 supports the notion that the
infant’s ability to regulate their emotions in the context of their attachment relationship
influences the degree to which their cortisol secretion is impacted by maternal depressive
symptomatology.

Study 2 further extended the maternal depressive symptoms x mother-infant attachment
interaction model to mothers. Specifically, it examined the association between maternal
depressive symptoms and maternal cortisol secretion, and whether mother-infant attachment
security moderates this association. Results were equivalent to the infant findings. That is,
maternal depressive symptoms were associated with elevated maternal total cortisol output, but
only for mothers in non-secure (specifically resistant or disorganized) attachment relationships
with their infants. This supports the idea that the mother-infant attachment relationship serves as

an important context in which mothers (in addition to infants) regulate their affect. My findings
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support the notion that such regulation of affect influences the degree to which maternal cortisol
secretion is impacted by depressive symptomatology.

Taken together, the two studies comprising my dissertation support the notion that the
associations between the early rearing environment and maternal and infant cortisol secretion are
impacted by genetic characteristics and the mother-infant attachment relationship. From a
developmental psychopathology perspective (Rutter & Sroufe, 2000), genetic characteristics and
mother-infant attachment may serve as risk and resilience factors, and may facilitate continuity
and change in risk for the mental and physical health outcomes associated with suboptimal
cortisol secretion patterns. Future longitudinal studies can build upon my work and examine my
interaction models as they predict maternal and infant psychopathology and physical disease.

My dissertation results have important clinical implications. Specifically, they suggest that
the effectiveness of early preventative interventions may vary based on maternal and infant
genetic characteristics and attachment quality. Accordingly, preliminary studies support these
ideas (Bakermans-Kranenburg et al., 2008; Cassidy et al., 2011; Bakermans-Kranenburg et al.,
2008). For example, parent-child early interventions are most effective for infants with specific
dopamine-related genotypes (Bakermans-Kranenburg et al., 2008) and for dyads with a “match”
between maternal attachment style and infant irritability (Cassidy et al., 2011). Future studies can
build upon this work to develop personalized or tailored interventions that most closely match
client characteristics and presenting concerns. Furthermore, my use of a community sample
supports the potential utility of population-based preventative interventions aimed at reducing
the intergenerational transmission of poor mother-infant interactions, dysregulated cortisol

secretion patterns, and depressive symptoms.
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In conclusion, this dissertation augments our understanding of the relations between the
early rearing environment and maternal and infant cortisol secretion. Findings suggest that
genetic characteristics and the quality of mother-infant attachment can impact the degree to
which the early rearing environment shapes maternal and infant cortisol secretion patterns. As
such, genetic characteristics and mother-infant attachment may be conceptualized as markers that

shape the extent of individual vulnerability and resilience.
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Appendix 1: Multilevel Model Equation for DRD?2 x Maternal History of Care Interaction

Predicting Maternal Log Cortisol

Level-1 Model
Log Cortisol = Py + P; *(Linear Time) + e
Level-2 Model

Po=poo+ por *(PBI) + o> *(DRD2) + p o3 *(PBI x DRD2) + 10

Pir=Bj+rl
P>=Bx+r2
Mixed Model

Log Cortisol = Boo + B or*(PBI) + B 02*(DRD2) + B3 *(PBI x DRD?2)
+ Bro*(Linear Time)

+r0 + r1*(Linear Time) + e
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Appendix 2: Multilevel Model Equation for SLC6A43 x Maternal History of Care Interaction
Predicting Maternal Log Cortisol
Level-1 Model
Log Cortisol = Py + P; *(Linear Time) + e
Level-2 Model
Po=poo+ Por *(PBI) + 02 *(SLC6A3) + p o3 *(PBI x SLC6A3) + f o4 *(Ethnicity) + f os

*(PBI x Ethnicity) + s *(SLC6A3 x Ethnicity) + 10

Pi=Bj+rl
P>=Bx+r2
Mixed Model

Log Cortisol = oo + S or*(PBI) + 02*(SLC6A3) + 03 *(PBI x SLC6A3) + 04
*(Ethnicity) + S os *(PBI x Ethnicity) + f os *(SLC6A3 x Ethnicity)
+ Bro*(Linear Time)

+r0 + r1*(Linear Time) + e
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Appendix 3: Multilevel Model Equation for OXTR x Maternal History of Care Interaction
Predicting Maternal Log Cortisol
Level-1 Model
Log Cortisol = Py + P; *(Linear Time) + e
Level-2 Model
Po=poo+ Por *(PBI) + 02 *(OXTR) + 03 *(PBI x SLC6A3) + f o4 *(Ethnicity) + f os

*(PBI x Ethnicity) + f os *(OXTR x Ethnicity) + 10

Pi=Bj+rl
P>=Bx+r2
Mixed Model

Log Cortisol = Boo + for*(PBI) + 02*(OXTR) + S o3 *(PBI x OXTR) + 04 *(Ethnicity) +
LS os *(PBI x Ethnicity) + p os *(OXTR x Ethnicity)
+ Bro*(Linear Time)

+r0 + r1*(Linear Time) + e
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