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Abstract
Purpose: Individual differences in early-emerging vulnerability to mood and anxiety
disorders have been linked to genetic and environmental influences, with
psychophysiological reactivity potentially mediating this vulnerability. However, research
seeking to identify influences on the development of psychophysiological reactivity, such as
the Hypothalamic-Adrenal-Pituitary (HPA) axis, is still in an early stage, with most studies
focusing on individual risks, even though such vulnerability is likely etiologically complex.
Disentangling the interplay of biology and context in shaping HPA axis responses to stress,
indexed via salivary cortisol reactivity, may ultimately aid in the development and
application of targeted prevention and early intervention programs. Method: This study
examined whether key biological and contextual variables, including specific genes
(5-HTTLPR and BDNF val66met), parent psychopathology, poor parenting, and life stress,
were related to cortisol reactivity to psychosocial stress in 409 preschool-aged children.
Parenting was assessed using questionnaires and observational ratings, and stress and parent
psychopathology were assessed using structured interviews. Cortisol reactivity was indexed
using both area under the curve and multi-level modelling. Results: Maternal depression
interacted with poor parenting and chronic stress to predict child cortisol reactivity.
Specifically, evidence was found for dysregulated cortisol reactivity in children with a
maternal depression history who were exposed to life stress, including hyperreactivity in the
context of chronic stress and hyporeactivity in the context of poor parenting. In contrast, the
cortisol reactivity of children with no maternal depression history was unrelated to these
environmental influences. However, the pattern of findings differed depending on the index
of cortisol reactivity being examined (AUC versus MLM). Paternal depression had a stronger

influence on baseline or trait-like cortisol relative to cortisol reactivity. Conclusion: Findings
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suggest that children with a history of maternal depression and exposure to early stress may
be at the greatest risk for HPA dysregulation, and that this risk is manifested differently
depending on which type of early stress is experienced. Findings highlight a potential
mechanism, cortisol stress reactivity, through which familial depression risk and the early
environment influence children’s vulnerability. Results also speak to the importance of
methodological factors when examining cortisol reactivity to stress.

Keywords

Cortisol; HPA axis; familial risk; parenting; life stress; 5-HTTLPR; BDNF; AUC;

multi-level modeling

il



Acknowledgments

There are many people to thank following this six-year journey. First and foremost I
would like to express my utmost gratitude to my supervisor, Dr. Elizabeth Hayden, for her
unwavering support and outstanding mentorship throughout this process. I could not have
asked for a more dedicated supervisor. You continue to be an inspiration and a role model for
me. It was a privilege to work with you Elizabeth.

Next I would like to thank both my lab mates and friends: Heather Smith, Haroon
Sheikh, Lyndsay Evraire, Claire Salisbury, Sarah Mackrell, Jasmine Desjardins Giles, and
Yuliya Kotelnikova. You were in the trenches with me while navigating this difficult yet
amazing process and the ride would not have been the same without all of you. To the new
M.Sc. students in the Hayden lab, Sarah Ouellette and Victoria Johnson, enjoy every minute
of your time here. You only go around once and I can honestly say that you’re going to miss
this.

To my Ph.D. supervisory and examination committee members, Dr. David Dozois, Dr.
Elizabeth Hampson, Dr. Rod Martin, Dr. William Avison, and Dr. Kate Harkness, thank you
for your time in helping me conceptualize this dissertation. Your time, insight, and expertise
were very much appreciated.

I would also like to express my gratitude to the Canadian Institutes of Health Research,
Vanier Canada Graduate Scholarships, the Ontario Mental Health Foundation, and the
University of Western Ontario, and for funding my doctoral research over the past four years.

Lastly, I would like to thank my family: Brad, Cyndi, and Jess Kryski. You supported
me being so far away for so long. You saw me through my highs and lows during this
process and I could not have done it without you. I would also like to thank my little buddy

Charlie. You put up with a lot. Good dog!

v



Table of Contents

AADSTIACE ...ttt e b et b et e a e bttt et e bt e b et she e il
ACKNOWIEAZMENLS. .....eoeiiiiiiiiieiieeie ettt ettt et e st etee et e e beesnbeenseeeneeenne v
Table Of CONLENLS ......eeuiiieiiiiiieeieee ettt ettt s ae s v
LSt OF TADIES ..ottt sttt sttt viii
LSt OF FIGUIES ..ttt ettt ettt e st esaaeesbeessseensaennaeenne ix
LSt Of APPENAICES ....eevvieiiieiiieiie ettt ettt ettt et e stee et e st e e bt e sabeeteessaeesbeessseenseesnseenne Xi
INEEOAUCTION ...ttt ettt et sttt st e bttt e b 1
Life Stress and COrtiSOl........oouiiiiiiiriiiiiieneeieee ettt 4
Early Caregiving and Child CortiSOL............cccueeiiiiriiiiiieiieeiiesie e 7
Familial Risk for Depression and Child Cortisol..........cccooveviriieniininiinienciicneeeene, 8
Candidate Genes and Child Cortisol.........c.cooieiiiriiniiiinieeeieeeeeeee e 10
SHTTLPR Lttt 10

BDINF ValOOMET .....ccueiiiiiiiiiciieieeiecteeeee ettt 13

The Current StUAY .......oooiiriieiee ettt s eeeneeneeas 15
IMIETROM ...t sttt et sttt et 18
PaTtICIPANES .....eeiiieiie ettt ettt ettt ettt e et e et e e e snaeebaeenbeenbeeenne 18
PIOCEAUIE ...ttt st ettt s 19
CortisOl REACHIVILY 10 SIIESS.....eerurieiieiiieiieeieerieeeieeieeeteeitesite et e ssreesteesateenseesnneeneeas 19
SHESS TASK . ..evteteeieet e 22

Cortisol sampling ProCedures ............cceecueerieriieniieniierieeeieeiee e eve e 24
AssessmeNnt Of Parenting .........cc.eecuieriiiiiiiiiieiiecie ettt e 26
ODbSEIVEd PATCNLING ......eeevvieeiiieiieeieeiie et etee ettt e ereeteeste et e s ereebeesaaeenseeens 26

Three Bag task......oooieeiieieceee e 27



PrORIDItION tASK c.eeeveeeeeeieieieeeeeeeeeeeeeeeeee ettt eeeeeeeeeeeeeeeeeeeeeeeennnenes 27

Teaching task ........cceeiiieiiiiiiee e 27

Coding of observed parenting............cceecveeriveriieeniienieenienieesiee e esieeseeens 28

Self- and informant-reports of parenting ...........ccceecveeeveerieeiieenieeiieneeeeeenen. 28
Parenting data redUCtion ..........cccoeiiieiiieiiienie e 29
AsSeSSMENt Of Life SrESS ..eouviiuiiiiiiiiiieriieetetee e e 30
UCLA Life Events INterVIEW........cocueriiriiiieniinieeieciesiceeseeseeie e 30

Marital diSCOTA....c.eeriiriiiiiiiieieee e 31
SOCIOECONOMIC SEALUS....c..eeiientieiieriieieeie ettt sttt 31

Life stress data redUCtion ..........c..eevuevierieiienieniiient e 32
Familial Risk Data .......cccooviiiiiiiiiiiieitee et 32
GENELIC dALA ...eoutiiiiiiieieceee e 32

Parent psychopathology ........c.coviiiiiiiiiiiieeeee e 34

RESUILS ..ttt sttt et sttt st b et saee 35
Data ANalytic Strate@y ......cociieiiieiiieiieeie ettt ettt et et eee 35
Bivariate COTTEIatiONS .......cc.eeuerieriieieriienieeteeite sttt ettt et s 38
Area Under the Curve ANalYSES.......ccueevuiiriieiiieiieeiieeie ettt 41
Maternal depression and AUCi and AUCE........cccecveveevinieneenennene 43

Children’s maternal depression exposure and AUCi and AUCg....... 47

Paternal depression and AUCi and AUCE.........cccevvveveevenieneenennene 52

Multi-level modeling analySes ........cccueevuieriieiiienieeieeie et 60
Maternal depression and cortisol intercept, slope, and curvature ...... 64

Children’s maternal depression exposure and cortisol intercept, slope,

21010 0101 01221111 4 <HUUUUOUUUO 68

vi



Paternal depression and cortisol intercept, slope, and curvature

Depression recurrence and age of onset..........ccceveeevienieeiienieenneene, 69

DIISCUSSION ...ttt ettt ettt ettt b et e e s at et e a e s bt e bt eatesaee bt enbeebeenbeeneesneens 78
Assessing Cortisol Reactivity to Psychosocial Stress..........ocvevieeviieniencieenieeieeene 81
Cortisol indices and the HPA SyStem...........cccoeeuieviieiiiiiieniieieeie e 81

Maternal depression MOdelS..........cocvierieeiiieriieiiieieeieeee e 84

Paternal depression MOdels..........c.cocuveviieiiieniiiiiieieeieee e 93

Other genetic fINdINGS. ......ceevieeiieriieiiee e 96

Strengths, Limitations, and Future Research ............cccooooviiiniiiiiiiniiiee, 97
Implications for INtETVENTION. .......cccuieiiiiiieeieeiieeie et 101

CONCIUSION ..ttt ettt ettt sttt 102

RETETEINCES ...ttt sttt 104
APPEIAICES. ...eneieiiieiie ettt ettt et et e et e st e et e e aeeebeesabeenseessteenbeeesbeenbeennaeeseeenteenseennns 142
CUITICUIUM VIEAC ..ottt sttt st 156

vii



List of Tables

Table 1. Sample CharaCteriStICS. ... .eeviiriieiieiieeieeee ettt eee e e eee 20
Table 2. Frequency of parent depressive and anxiety disorder...........cccceveeverieneenieniennnn 36
Table 3. Correlations among all major variables............ccceecieriiiiiiinieeiieeecee e 39

Table 4. Maternal depression and other factors predicting children’s area under the curve
WIth TESPECE 10 INCTEASE .....veeeiientieeiieeiie et ette et etee et etteeebeeteesabeebeessseeseesnseenseessseenseennsaans 44
Table 5. Maternal depression and other factors predicting children’s area under the curve
With T€SPECt t0 ZIOUNM. ... ..ooiiiiiiiiiiiii ettt 45
Table 6. Children’s maternal depression exposure and other factors predicting children’s area
under the curve with resSpect t0 INCIEASE ......c.veevieriieiieriie ettt 50
Table 7. Children’s maternal depression exposure and other factors predicting children’s area
under the curve with respect to Zround...........cccveriieiiieiiieiiee e 53
Table 8. Paternal depression and other factors predicting children’s area under the curve with
TESPECT £O TNCTEASE ..vveeneveeniieeiieetieeiteeteeeeteeteastteeteesateenseassseenseesaseenseessseeseessseenseessseenseesnseans 55
Table 9. Paternal depression and other factors predicting children’s area under the curve with
TESPECT £0 GLOUNA...eutiiiiieiieeie ettt ettt et ettt e et et e et e eteesabeesbeessbeenseesnseenseessseenseennsaans 58
Table 10. Maternal depression and other factors predicting children’s cortisol intercept,
slope, and curvature in multi-level modeling .............cccoviieiieiiiiiiiiecee e 65
Table 11. Children’s maternal depression exposure and other factors predicting children’s
cortisol intercept, slope, and curvature in multi-level modeling ...........ccoceeverienienieniennne. 70
Table 12. Paternal depression and other factors predicting children’s cortisol intercept, slope,

and curvature in multi-level Modeling............coeovieriiiiiiiiiiii e 74

viii



List of Figures
Figure 1. The association between chronic family stress and children’s cortisol area under the

curve with respect to ground (AUC Ground) as a function of maternal depression history.

Figure 2. The association between poor parenting and children’s cortisol area under the curve
with respect to ground (AUC Ground) as a function of maternal depression history ........ 48
Figure 3. The association between child sex and children’s cortisol area under the curve with

respect to increase (AUC Increase) as a function of children’s maternal depression exposure

Figure 4. The association between poor parenting and children’s cortisol area under the curve
with respect to ground (AUC Ground) as a function of children’s maternal depression
EXPOSUIEC.. «.veeeuutteruteerureesauteesauteesseeeausteesasteesasaeesasaeeasseeeasseeesseeeasseesnsseesssseesssseesseeesnseeennseenns 54
Figure 5. The association between child sex and children’s cortisol area under the curve with
respect to increase (AUC Increase) as a function of paternal depression history................. 56
Figure 6. The association between S-HTTLPR genotype and children’s cortisol area under

the curve with respect to ground (AUC Ground) as a function of paternal depression history

Figure 7. Unconditional quadratic model of the cortisol trajectory in multi-level modelling
with standard error of the estimate..........c..coccoeriiiiiiiiiiiiieeee e 62
Figure 8. The association between poor parenting and children’s cortisol intercept, slope, and
curvature as a function of maternal depression hiStOry .........ccccceevvieeriieeniieeriieeniieerieeens 67
Figure 9. The association between poor parenting and children’s cortisol intercept, slope, and
curvature as a function of children’s maternal depression €Xposure ............ccceceeerveeenneennns 72

Figure 10. The association between 5-HTTLPR genotype and children’s cortisol intercept as

X



a function of chronic family StIESS ........c.eiviiiiiiiiiiiieie e 76
Figure 11. The association between 5-HTTLPR genotype and children’s cortisol intercept as
a function of paternal lifetime depresSion.......c.c.eevvirieirieriiieniere et 77
Figure 12. The association between child sex and children’s cortisol intercept as a function of

POOT PATEIIEINE ...eeuvieeetieeeiiieesiieeeeiteeestteeeseteeesateeesateestteesssteesasteessseeesasteesasaeesaseeenaseeennseesnnseens 79



List of Appendices

Appendix A: Timeline showing study data collection

Appendix B: Parent-child interaction tasks coding manual and record form.......................

X1



Introduction

Depression is a serious and often incapacitating disorder. According to Health
Canada, approximately 11% of men and 16% of women in Canada will experience major
depressive disorder during their lifetimes (2002). Data from a Canadian community health
survey indicated that over two million individuals in Canada aged 12 and older suffered from
a mood disorder in 2011 (Statistics Canada, 2012), and depression costs the Canadian
economy approximately $14.4 billion every year (Office of the Auditor General of Canada,
2001). Speaking further to its impact, research indicates that the onset of depression may
occur earlier than previously thought (Luby et al., 2003), potentially disrupting important
developmental goals of adolescence and early adulthood. Most experts agree that depression
is etiologically heterogeneous and likely rooted in both biological and environmental factors,
highlighting the importance of research that attempts to capture this complexity by modeling
multiple domains that likely influence emerging vulnerability. Such work would have
implications for preventative and intervention strategies. Unfortunately, research on
vulnerability to depression has traditionally progressed in a piecemeal manner, testing
narrowly defined etiological theories, rather than incorporating a top-down strategy that
accounts for the interactive effects of biological and contextual factors.

Work that seeks to identify markers of depression risk will benefit from an
examination of mediators of early vulnerability; one such key mediator appears to be
hypothalamic-pituitary-adrenal (HPA) axis dysregulation, a heritable and early-emerging risk
factor for depression (Dougherty et al., 2009; Goodyer, Herbert, Tamplin, & Altman, 2000;
Harris et al., 2000; Steptoe et al., 2009). HPA axis activity is often measured via its
glucocorticoid end product, cortisol. The hormone cortisol is an attractive substance by

which to gage HPA reactivity, as it is readily accessible through saliva sampling (Inder,



Dimeski, & Russell, 2012), thereby providing a non-invasive means of indexing HPA
reactivity. It is well known that activation of the HPA system following a stressor is an
adaptive response (Selye, 1956); however, the trajectory of cortisol activity following a
stressor may have important implications for adjustment, as the failure of the HPA system to
successfully downregulate post-stressor leads to prolonged exposure to cortisol (Selye,
1974). Such prolonged exposure may have detrimental effects on brain tissue as well as on
overall mental health, given that cortisol serves to suppress the immune system in order to
divert resources to other functions more central to immediate survival, and also has
neurodegenerative properties (de Felice et al., 2008; Gunnar & Talge, 2008; Pacak et al.,
2002). HPA axis activity indexed via cortisol appears to be a marker of current disorder,
often distinguishing individuals diagnosed with major depression, as well as some anxiety
disorders, from those without these conditions (Barden, 2004; Risbrough & Stein, 2006; Shea
Walsh, MacMillan, & Steiner, 2005). Further, recent research suggests that HPA
dysregulation in general, rather than hyperreactivity alone, may be vulnerability marker of
greater risk for depression (Guerry & Hastings, 2011; Lopez-Duran, Kovacs, & George,
2009). For example, depression risk indexed by subthreshold symptoms and familial risk has
been associated with an attenuated or “blunted” HPA reactivity in studies examining the
cortisol awakening response (Huber et al., 2006; Kuehner, Holzhauer, & Huffziger, 2007;
Stetler & Miller, 2005) and psychosocial stress reactivity (Ayer et al., 2013; Harkness,
Stewart, & Wynne-Edwards, 2011; Luby et al., 2003). Attenuation of HPA reactivity can
result from chronic activation of the HPA system over time, related to desensitization of
glucocorticoid receptors or damage to cortical regions (e.g., hippocampus) due to prolonged
cortisol exposure (Kudielka & Wiist, 2010). Thus, high-risk children who exhibit cortisol

HPA hyporeactivity to stress may be more susceptible to depression in part due to having an



unresponsive stress system, which may result in impairments in coping with stress (Hankin,
Badanes, Abela, & Watamura, 2010). Taken together, this research suggests that
dysregulation of the HPA system, in the form of either hyper- or hyporeactivity to stress,
may be an important marker of psychopathology risk.

An emerging body of research (Gotlib, Joormann, Minor, Hallmayer, 2008; Kryski,
Smith, Sheikh, Singh, & Hayden, 2013; Natsuaki et al., 2009) indicates that even young
children’s HPA axis responses to stress are relevant to their vulnerability to disorder, raising
the question of which factors are most important to shaping this early risk. A better
understanding of these factors would help build theory on the developmental
psychopathology of depression and potentially guide preventative interventions. Given the
complexity of the HPA axis system (Selye, 1974), it seems likely that many etiological
factors are involved; while a large body of work on the role of biological and contextual
variables in shaping physiological stress responses has emerged in recent decades, few
studies have explored a broad array of variables, tending to focus instead on individual
factors such as stressful life events, negative parenting, maternal depression, and genetic risk.
In addition, due to the expense and difficulty of collecting cortisol samples (with the latter a
concern in studies of young children; Kryski, Smith, Sheikh, Singh, & Hayden, 2011),
research has tended to use small sample sizes and inconsistencies in how cortisol reactivity is
elicited, sampled, and indexed are pervasive. These concerns limit the ability to apply basic
research findings on early experience and stress biology to preventative interventions for
children experiencing severe stress, such as maltreatment and neglect, early in life (Gunnar,
Fisher, & The Early Experience, Stress and Prevention Network, 2006).

This review will synthesize key domains of research on predictors of children’s

cortisol reactivity that have to date proceeded largely in isolation: life stress, parenting,



parent psychopathology, and specific genes, the most frequently studied biological and
contextual correlates of HPA axis reactivity in the literature to date. Research examining the
associations of these variables on basal cortisol, or trait-like HPA axis functioning (Gunnar &
Talge, 2008), and cortisol reactivity, a marker of HPA axis reactivity, will be reviewed. The
goal of this review will be to argue that these independent variables should be examined
within a multivariate framework as they relate to HPA axis activity (both basal and
reactivity), as some of these individual predictors may represent overlapping risks. Such an
approach will foster a more fine-grained analysis and identification of key early factors that
shape children’s cortisol function.
Life Stress and Child Cortisol

Given that a key function of the HPA axis system is to facilitate effective stress
responding, and in light of the strong associations between stress and depression onset in
both adulthood and adolescence (Hammen, 2005; Harkness, Bruce, & Lumlely, 2006),
exposure to life stressors has frequently been examined in relation to cortisol reactivity,
especially in the context of work on depression risk. Retrospective studies have reported
associations between severe early stress, such child abuse and maltreatment (Cicchetti &
Rogosch, 2001; Harkness et al., 2011; Kaufman et al., 1997), and increased HPA axis
reactivity, as well as less severe but more chronic stressors, such as low socioeconomic status
(Lorant et al., 2003; Lupien, King, Meaney, & McEwen, 2000; Smider et al., 2002). In
addition, exposure during childhood to early forms of chronic stress, such as abuse or neglect
(Harkness, Bruce, & Lumley, 2006) and maternal stress (e.g., maternal depression symptoms
and maternal parenting stress; Essex et al., 2002), may sensitize individuals to the negative
effects of later stressors. Overall, this research highlights the importance of chronic and

enduring stress in shaping cortisol reactivity.



Cortisol levels are responsive to both social stressors, particularly those emerging
from close interpersonal relationships, and low social support (Adam, Klimes-Dougan, &
Gunnar, 2007; Gunnar & Donzella, 2002; Repetti et al., 2002). In the context of early
childhood, parental marital functioning may index and influence these risks, as well as
marking the presence of negative influences on other developmental processes, such as the
child’s ability to regulate emotional states (Gottman & Katz, 1989). Research suggests that
the impact of marital discord on the child may be twofold, impacting both the quality of
parenting provided to the child (Erel & Burman, 1995; Keller & Davies, 2005), as well as the
broader family context (O’Leary, 2013; Pendry & Adams, 2007). Pendry and Adam (2007)
found that higher parental marital functioning was significantly associated with lower
cortisol levels in 32 kindergarten-aged children and 31 adolescents, and this effect was
independent of the impact of marital functioning on parenting. Notably, these researchers
examined only basal cortisol levels assessed at waking and bedtime, not reactivity, and did
not have an adequate sample size to permit analyses that would tease apart potential overlap
between marital functioning and parenting in predicting cortisol levels. As previous research
indicates strong interrelatedness of marital discord and parenting (Erel & Burman, 1995),
larger samples are needed to detect unique effects of each on children’s cortisol function.

It is important to note that a review of this literature shows that life stress is related
to both higher (Gunnar, 2000; Gunnar, Morison, Chisholm & Schuder, 2001; Koch et al.,
2010; Saridjan et al., 2010) and lower levels of children’s HPA activity, both at the level of
basal cortisol and cortisol reactivity (Heim, Newport, Bonsall, Miller, & Nemeroft, 2001;
Ronsaville et al. 2006), while others have found no relationship between stress and cortisol
function (Groeneveld et al., 2012). However, methodological issues related to how cortisol

reactivity has been assessed may have contributed to the variability in findings (Gunnar &



Donzella, 2002; Lopez-Duran, Hajal, Olson, Felt, & Vazquez, 2009). Many of the tasks that
have been used to elicit cortisol reactivity in childhood do not incorporate features that have
been shown to best elicit cortisol reactivity in adults (Dickerson & Kemeny, 2004) and
children (Gunnar, Talge, & Herrera, 2009; Kryski et al., 2011), such as negative social
evaluation, motivation, and uncontrollability. Importantly, Kryski and colleagues (2011)
demonstrated that a task incorporating these characteristics is capable of effectively eliciting
cortisol reactivity in early childhood.

Additionally, the mixed findings in this literature may be partially attributable to
heritable factors that influence reactivity to psychosocial stress, as well as shared variance
between familial psychopathology, genetic vulnerabilities, and psychosocial stress.
Regarding the former point, children may be more or less susceptible to the effects of life
stress as a function of their familial psychopathology history, or underlying genetic
predisposition (i.e., following a diathesis-stress model, Monroe & Simons, 1991).
Alternatively, children may be more likely to encounter life stress due to selective processes
related to biological or familial predisposition (gene-environment correlation). Indeed, while
research findings generally support social causation models described previsouly, in which
exposure to life stress results in higher rates of depression (Costello, Compton, Keeler, &
Angold, 2003; Monroe, Slavich, & Georgiades, 2009), social selection may also result in
greater exposure to stress in children of depressed caregivers (Johnson et al., 1999). As such,
these children may display dysregulated cortisol not only as a result of exposure to life stress
but as a function of their underlying biological predisposition, which is correlated with
adverse environmental conditions. One salient form of stress often linked to familial risk for
depression is poor parenting (Ormel, 2014); I review this literature and its links to child

cortisol function in the following section.



Early Caregiving and Child Cortisol

Poor parenting is a key predictor of negative child outcomes in general (O’Connor
& Scott, 2007), including childhood depression’s onset and course (Ormel, 2014), and a
review of the literature on family functioning and child outcomes by Repetti et al. (2002)
concluded that unsupportive parenting (including low levels of parental involvement,
support, and warmth) is a key factor implicated in negative child developmental outcomes.
Repetti and colleagues proposed that the effects of poor parenting on children’s HPA axis
activity may be an important pathway through which family factors influence child outcomes
(2002). Indeed, there is ample evidence associating parenting quality with children’s stress
hormone functioning (Gunnar, Brodersen, Nachmias, Buss, & Rigatuso, 1996; Gunnar &
Donzella, 2002), with negative parenting being strongly linked to child cortisol function
(Gunnar & Vazquez, 2006). Research has found associations between poor parental care and
cortisol functioning in both animals (Coplan et al., 1996) and infants (Bugental, Martorell, &
Barraza, 2003), with low maternal responsiveness associated with elevated cortisol levels in
infants (Blair et al., 2008; Morelius, Nelson, & Gustafsson, 2007). A similar effect on basal
cortisol has been reported when mothers use withdrawal as a control tactic (Bugental et al.,
2003), while physical punishment has been associated with heightened cortisol reactivity to
stress (Bugental et al., 2003).

Parenting has also been shown to both moderate and mediate the effects of other
environmental variables on children’s cortisol functioning. For example, positive parenting
has been shown to buffer against the effects of negative life events on child cortisol reactivity
(Hagan et al., 2011) while negative parenting practices have been shown to mediate the effect
of low socio-economic status on child diurnal cortisol levels in a large sample of families

(Zalewski, Lengua, Kiff, & Fisher, 2012); family stress is frequently positively associated



with harsh and generally poor quality parenting (Bradley & Corwyn, 2002; Conger &
Donnellan, 2007; Grant et al., 2003). Taken together, this literature suggests that it is
important to look at both poor parenting and other forms of life stress together in conjunction
to better understand their unique effects on child cortisol functioning.
Familial Risk for Depression and Child Cortisol

Familial psychopathology, particularly depression, is a well-established risk marker
for a range of negative outcomes in offspring, including depressive, anxious, and substance
use disorders (Goodman & Gotlib, 1999; Weissman et al., 2006). Additionally, offspring of
depressed mothers exhibit greater elevations in basal cortisol (Essex et al., 2011), heightened
cortisol in response to a psychosocial stressor very early in life (Azar, Paquette, Zoccolillo,
Baltzer, & Tremblay, 2007; Brennan et al., 2008; Dawson, Hessl, & Frey, 1994; Feldman et
al., 2009), and increased waking salivary cortisol levels (Mannie, Harmer, & Cowen, 2007).
However, the mechanisms linking parent depression and offspring vulnerability, including
cortisol function, are complex, and likely involve an array of biological and environmental
mechanisms, many of which are correlated. In a rare instance in which other relevant
influences on children’s cortisol associated with maternal depression were examined, Mannie
and colleagues (2007) found that the pronounced increase in waking salivary cortisol levels
(cortisol awakening response) in children at familial risk for depression was not accounted
for by differences in parent-reported parenting behavior, life events, or parental neuroticism.
However, these data should be interpreted with caution as parent-report questionnaires
pertaining to self-evaluative information, such as parenting style questionnaires, may be
biased when collected in the context of depression (Beck, 1967; Rehm, 1977; Richters, 1992;
Wisco & Nolen-Hoeksema, 2010a; 2010b). While observational measures of parenting have

the limitation of obtaining a relatively brief sample of behaviour, they reduce the impact of



caregiver social desirability or mood-related biases on parenting measures and have strong
predictive validity for child outcomes, superior to that associated with self-reported parenting
(Zaslow et al., 2006).

Aside from Mannie and colleagues (2007) few studies have attempted to distinguish
the effects of the environment, such as poor parenting, from genetic risk for depression on
the HPA axis. Children of parents with depression exhibit higher cortisol levels, especially
when the parent suffers from current depression (Young, Vazquez, Jiang, & Pfeffer, 2006).
This literature complements a host of other findings demonstrating that exposure to maternal
depression during the first few years of life is particularly important in shaping children’s
cortisol reactivity (Ashman et al., 2002; Essex et al., 2002; Halligan et al., 2004). Such work
indicates that the timing of children’s exposure to depression may be important, and also
tentatively speaks to the question of whether risk is transmitted through biological versus
environmental mechanisms. Research demonstrating that maternal withdrawal in depressed
mothers is associated with higher basal cortisol levels in infants suggests the importance of
early exposure to maternal depression (Murray et al., 2010). Other research suggests that
there is a sensitive period of exposure to maternal depression during the preschool years
during which children are particularly vulnerable (Naicker, Wickham, & Coleman, 2012).
Further, recent research suggests that the effect of timing of maternal depression may
moderate parenting in shaping children’s cortisol reactivity. Dougherty, Klein, Rose, and
Laptook (2011) found that parents who had a history of depression and who were more
hostile in observed parent-child interactions had children who displayed increases in cortisol
in response to a laboratory stressor. Importantly, this relationship only existed when children
were exposed to maternal depression during their first few years of life (Dougherty et al.,

2011), highlighting the importance of examining the timing of maternal depression when
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exploring its effects on depression risk in offspring. Importantly, depression is associated
with poorer quality parenting, even after depression has remitted (Lovejoy et al., 2000); thus,
even in samples in which parents are not currently depressed, disentangling the impact of
depression history and poor parenting on child outcomes may still be important.

There is further evidence that parental depression and parenting behavior
independently contribute to children’s HPA axis functioning, beyond the impact of
depression. For example, Azar and colleagues (2007) found that both lifetime depression in
mothers, as well as maternal over-control, were independently associated with children’s
cortisol reactivity, such that children who had a mother with lifetime depression or a mother
without depression who was overcontrolling had greater cortisol reactivity than children
whose mothers were not overcontrolling or did not have a history of depression.
Interestingly, the relationship found between maternal lifetime depression and children’s
increased cortisol reactivity was not accounted for by maternal depression during the child’s
life, as has been found in previous research (Dougherty et al., 2011).

To summarize, the literature reviewed here suggests that both familial depression
history and parenting influence children’s cortisol reactivity (Granger et al., 1998); however,
further efforts are required to disentangle the effects of familial depression and parenting,
especially given literature showing that maternal depression is associated with aspects of
negative parenting behaviors that are present even when mothers are not currently depressed.
(Beevers, Rohde, Stice, & Nolen-Hoeksema, 2007; Lovejoy et al., 2000).

Candidate Genes and Child Cortisol
S-HTTLPR. The serotonin transporter (5-HTT) gene has received attention in
studies examining genetic vulnerability to life stress, especially with respect to a

polymorphism in the promoter region of this gene (5-HTTLPR) (Caspi et al., 2003; Uher &
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McGulffin, 2008). The short allele (s allele) of 5-HTTLPR is thought to result in reduced
transcription of 5-HTT relative to the long allele (/ allele; Lesch et al., 1995), and has more
been linked to lower levels of 5S-HTT mRNA and lower 5-HTT expression (Heils et al., 1995;
Lesch et al., 1996). While the literature implicating this genetic variant in depression risk is
mixed and controversial (e.g., Karg, Burmeister, Shedden, & Sen, 2011; Risch et al., 2009),
interest in the role it plays in developmental psychopathology remains high, with work
suggesting it influences a number of potentially important processes relevant to depression
(e.g., Hayden et al., 2008; 2010; 2013; Gibb, Benas, Grassia, & McGeary, 2009; Li & Lee,
2014).

This gene has also been hypothesized to influence HPA axis function, with animal
studies providing some evidence that 5-HTT variation impacts HPA activity (Barr et al.,
2004; Jiang et al., 2009). Research with humans has found that the short allele of 5S-HTTLPR
is associated with higher basal cortisol levels (Chen et al., 2009; O’Hara et al., 2007; Wiist et
al., 2009) and greater cortisol reactivity in both children and adults (Alexander et al., 2009;
Gotlib et al., 2008; Jabbi et al., 2007; Mueller et al., 2010; Way & Taylor, 2010), although
some findings suggest that this association differs by gender, specific features of
neuroendocrine function such as receptor sensitivity, and personality factors such as trait
neuroticism (Jabbi et al., 2007; Wankerl et al., 2010; Wiist et al., 2009; Verschoor, 2011).
However, other studies have reported no relationship between 5S-HTTLPR and cortisol
reactivity (Bouma, Riese, Nederhof, Ormel, & Oldehinkel, 2010). The mixed findings in this
literature to date could indicate that other variables that influence cortisol reactivity, such as
the environment, need to be taken into account as moderators of genetic influences on
cortisol reactivity (e.g., Armbruster et al., 2011; Barr et al., 2003; Caspi et al., 2003).

Following diathesis-stress models (Ingram & Luxton, 2005; Monroe & Simons, 1991), not
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all children show negative outcomes in the context of early stress, such as caregiving or
stressful life events, with some children demonstrating the capacity for positive adaptation
despite less than optimal parenting or high life stress (Luthar, 2006; Masten, 2007).
Gene-environment interaction may be operating whenever there is evidence for marked
variation in responses to environmental risk (Moffitt, Caspi, & Rutter, 2005), as is the case in
children’s responses to early parenting (Pluess & Belsky, 2010); such interactions may also
be important predictors of individual differences in cortisol reactivity to stress, such that
heightened reactivity emerges in those with a genetic predisposition who are also exposed to
environmental factors that shape HPA axis development. Although the literature testing
measured gene-environment interaction in psychopathology is controversial (Dick, 2011;
Moffitt, Caspi, & Rutter, 2006), given the dynamic influence of the environment on cortisol
function (Miller, Chen, & Zhou, 2007), such interactive processes seem likely to play an
important role in cortisol function.

Consistent with this notion, research over the last decade has attempted to identify
genetic variants that increase risk for neurobiological dysregulation and psychopathology in
the context of stress (Armbruster et al., 2011; Barr et al., 2003; Caspi et al., 2003; Lesch et
al., 2010; Mueller et al., 2011; Ouellet-Morin et al., 2009). With respect to such work, the
association between genes in the serotonin pathway and cortisol reactivity to laboratory stress
may be moderated by the experience of stressful life events (Armbruster et al., 2011). In
particular, this type of gene-environment interaction for cortisol reactivity has been examined
in adults, with Alexander and colleagues finding that men homozygous for the s allele with a
significant history of life events exhibited exaggerated cortisol reactivity in response to
psychosocial stress, relative to men with at least one | allele and s homozygotes without a

history of life events (2009). This finding has been replicated in a sample of young adults
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aged 18-31 (Mueller et al., 2011), although researchers have failed thus far to replicate this
finding in children (Mueller et al., 2011). For example, Mueller and colleagues (2011)
examined interaction between 5S-HTTLPR genotype and stressful life events in predicting
reactivity to psychosocial stress in a sample of 115 children aged 8-12, finding a main effect
of the 5-HTTLPR but no interaction with stress in this age group. Other studies have failed to
find an interaction between 5-HTTLPR and variables such as attachment style in predicting
cortisol reactivity in toddlers (Frigerio et al., 2009), although the sample in this study was
also small. Indeed, most research examining interactions between 5-HTTLPR and
behavioural phenotypes in association with cortisol reactivity tends to use smaller sample
sizes (i.e., Ns around 100), likely due to the expense entailed in assessing cortisol reactivity
(e.g., Frigerio et al., 2009; Mueller et al., 2011). While the specific sample size required to
detect a genetic influence on cortisol reactivity is unknown, most would agree that sample
sizes in this range may have limited power to detect smaller genetic effects (Hong & Park,
2012).

BDNF val66met. Brain-derived neurotrophic factor (BDNF), a member of the
neurotrophin family of growth factors, is hypothesized to influence neuroendocrine responses
to stress. BDNF is a key component of models that view neurobiological responses to stress
as playing a central role in understanding the pathophysiology of stress-related disorders
(Duman & Monteggia, 2006). BDNF is widely expressed in the brain and is implicated in
neurogenesis, differentiation, survival, and synaptic plasticity (Bath & Lee, 2006; Bergstrom
et al., 2008); further, animal research indicates that BDNF influences HPA axis activity in
rats (Givalois et al., 2004; Naert et al., 2006), suggesting that BDNF may be involved in
mechanisms underlying HPA axis function in humans.

A single nucleotide polymorphism in the BDNF gene consisting of a valine (val) to
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methionine (met) substitution at codon 66 (val66met) has been the focus of most research.
The less common met variant has been associated with reduced BDNF activity (Chen et al.,
2004), reduced hippocampal volume (Frodl et al., 2007), and impaired memory and
hippocampal function (Hariri et al., 2003; Matsuo et al., 2009), and has been linked to
anxiety-like symptoms in animals (Chen et al., 2006) and stress-related symptoms in humans
(Kim et al., 2007; Wichers et al., 2008). In addition, studies of humans have reported an
association between the BDNF val66met polymorphism and HPA axis activity; for example,
Schule et al. (2006) found that met homozygotes evidenced greater HPA axis activity, and
Shalev et al. (2009) found that female met carriers exhibited a greater rise in cortisol in
response to a laboratory challenge than val homozygotes, whereas the opposite was found for
males suggesting that moderation by child sex should be explored in future research. Colzato
and colleagues (2011) found that met carriers had a higher anticipatory cortisol response to
laboratory stressor than val homozygotes. In contrast, another paper reported that met carriers
evidenced an attenuated cortisol response to psychosocial challenge relative to val
homozygotes (Alexander et al., 2010). Thus, like the findings concerning 5S-HTTLPR, the
lack of consistency in this literature suggests that environmental moderators may have been
omitted from these models, which would be consistent with a small literature suggesting that
the BDNF met allele confers increased sensitivity to both positive and negative environments
(Hayden et al., 2010), or that samples may have been too small to detect genetic effects.
Despite the inconsistency in the current literature examining BDNF val66met genotype and
cortisol, evidence exists for an association between BDNF val66met and depression,
particularly in the context of life stress, supporting the notion that BDNF may be a genetic
factor that shapes the development of cortisol dysregulation (Hosang, Shiles, Tansey,

McGuffin, & Uher, 2014).
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In summary, while research examining associations between these two variants and
cortisol activity suggests that both play a role in shaping the HPA system (Goodyer et al.,
2010), findings are inconsistent regarding which variants increase risk and whether
environmental moderators are important. It should be acknowledged that biochemical
activity in any of these systems (such as serotonin) is a function not of a single gene but of a
series of genes that interact to shape the synthesis and metabolism of the transmitter and its
binding to its receptors (D’Souza & Craig, 2006). This means that single gene associations
may be difficult to replicate if the effects of one gene are small. While adequate sample sizes
help with this issue, another way to increase power is to use precise measures of the
phenotype of interest, thus mitigating the need for a very large sample by reducing
measurement error (Moffitt, Caspi, & Rutter, 2005). Additionally, these mixed findings may
indicate that interactive effects between genetic variants and environmental factors, such as
parenting and life stress, need to be accounted for in order to gain a full understanding of
which genes play a role in shaping stress sensitivity, indexed via cortisol reactivity.

The Current Study

There is no question that the development of a complex psychophysiological system
such as the HPA axis is shaped by multiple, potentially overlapping biological and contextual
factors, although most previous research has focused on individual factors in isolation. This
study seeks to address this complexity by testing broader models that include multiple
domains previously implicated in children’s cortisol stress reactivity, such as biological risk
markers (i.e., specific genes), as well as contextual factors (i.e., parenting and life stress) and
parent depression, which reflects both biological and contextual risk.

As reviewed, genetic polymorphisms (especially S-HTTLPR and BDNF val66met)

have been explored independently in association with cortisol reactivity, and as such, these
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variables were examined as genetic influence in this study. Parent depression can reflect both
biological and contextual risk and will be conceptualized as both a biological and contextual
risk variable in analyses. A multi-method approach to assessing environmental factors that
may shape children’s cortisol reactivity was used, tapping negative parenting and life stress
assessed using observational, interview, and questionnaire measures. The specific goal of this
research was to better understand how parent depression, specific genes (5S-HTTLPR and
BDNF val66met), parenting, and life stress influence cortisol reactivity in early childhood,
both in terms of main effects and interactions between familial and contextual risk.

Another major goal of this study was to improve upon the methodology used in
previous work examining predictors of children’s cortisol reactivity to stress. Studies
examining familial risk for psychopathology together with parenting often use self-reports of
both constructs, increasing the potential for shared method variance or parent bias to
influence findings. More specifically, self-reports of parenting may be biased as individuals
may over- or underestimate the quality of their parenting ability, particularly when they
suffer from mental health problems (Chilcoat & Breslau, 1997; De Los Reyes & Kazdin,
2005; Najman et al., 2001). The current study used a multi-method approach comprised of
largely independent methods of assessment to examine the relationship between biological
and contextual risk factors and children’s HPA axis reactivity. This study also used a stress
task known to elicit a mean increase in cortisol in this age group (Kryski et al., 2011), an
effect that is frequently not achieved by many paradigms used with young children (e.g.,
Dougherty et a., 2011; Lewis & Ramsey, 2002). In addition, as cortisol recovery following a
stressor may be as critical to assess as reactivity, since impairments in the capacity to
downregulate the cortisol system following a stressor leads to increased exposure to the

hormone (Linden, Earle, Gerin, & Christenfeld, 1997; Sapolsky et al., 2000), this study
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sampled cortisol at multiple time points across a fairly extensive post-stress period.

As this study is the first to examine a broad range of familial and contextual
variables in influencing children’s cortisol reactivity, I took an exploratory approach to
hypothesis testing, albeit one grounded in past research when relevant work was available. I
expected that familial risk for depression indexed by parental history of depression,
5-HTTLPR and BDNF val66met genotypes, as well as contextual stressors such as life stress,
and parenting, would predict unique variance in children’s cortisol reactivity, despite the
potential for these risks to overlap with one another (e.g., parent depression and life stress).
However, it is also likely that biological and contextual variables interact to predict
children’s cortisol reactivity, with indices of biological risk previously linked to heightened
reactivity having an impact only under adverse environmental contexts (e.g., Dougherty et
al., 2011).

I tested these main effects and interactions in a sample of 409 three-year-old
community-dwelling children from southwestern Ontario with the aim of developing a more
comprehensive model of the development of cortisol reactivity to stress. This study indexed
cortisol reactivity in two ways: area under the curve and multi-level modeling. Each of these
indices likely represents a slightly different physiological process within the HPA system
(e.g., baseline cortisol, reactivity, and recovery), although previous studies have typically
focused on only one of these. Examining multiple cortisol indices permits the identification
of unique and shared predictors of each index, and facilitates linking my findings to previous
literature.

In order to better understand the transmission of familial risk for depression, the role
of maternal and paternal depression risk will be explored separately. The role of paternal

depression as a risk marker of depression risk has been largely ignored in the extant
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literature, despite meta-analytic support linking it to child internalizing psychopathology
(Kane & Garber, 2004). The paucity of research linking paternal depression and child
cortisol is even more pronounced, with the vast majority of literature focusing only on
maternal depression (for exceptions see Mackrell et al., 2014; Laurent et al., 2012). As a
preliminary, admittedly limited test of whether the effect of parent depression on child
cortisol requires direct exposure to a parent’s depressive episode, I examined both parent
depression experienced during the child’s lifetime and at any point in the parent’s lifetime.
Method

Participants

Participants were an unselected community sample of 409 children (201 boys; 49%)
between 3- and 4-years old (M = 3.44, SD = 0.30) and their caregivers recruited for a study of
child emotional development. Children were recruited by contacting families through a
university’s research participant pool and by advertisements placed in local daycares,
preschools, recreational facilities, and on websites. Children with significant medical or
psychological problems were excluded from participation via a screening procedure
administered by trained study personnel at the recruitment stage. The mean age of primary
caregivers was 34.00 years (SD = 4.85) and they were usually children’s mothers (N = 382;
93%). Family income varied widely (4% < $20,000; 11% = $20,000-$40,000; 24% =
$40,001-$70,000; 30% = $70,001-$100,000; 31% > $100,001). Children were mostly
Caucasian (93%) and of average cognitive ability (M = 112.00, SD = 14.04) as assessed by
the Peabody Picture Vocabulary Test-Fourth Edition (PPVT; Dunn & Dunn, 2007). The
remainder of children were identified as Asian (2%), African-Canadian (0.5%), Hispanic
(1.7%), or other/mixed race (2.4%). The family demographic data for this sample closely

resembles the most recent London, Ontario census data available (Statistics Canada, 2006).
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See Table 1 for a summary of sample characteristics.
Procedure

Data were collected in three waves. The first wave, collected over a period of 2
years, consisted of a 2-hour laboratory visit during which child DNA and observed parenting
data were collected, a 2.5-hour home visit conducted within approximately two weeks (M =
2.32, SD = 1.78) of the laboratory visit during which child cortisol data and observed
parenting data were collected, and a set of questionnaires from which data on basic
demographic information, marital discord, and parenting was gathered. Primary and
secondary caregivers completed separate ratings of marital discord as well as self and
informant reports of parenting as data from multiple informants has been shown to be
differentially associated with child outcomes (Burt et al., 2005). The second wave began
approximately 15 months after the initial laboratory visit and consisted of a telephone
interview during which information on chronic life stress was obtained from the primary
caregiver. The third wave began approximately 30 months after the initial laboratory visit
and consisted of a telephone or face-to-face interview during which a structured clinical
interview covering parents’ history of depression and anxiety also occurred. See Figure 1A in
Appendix A for a graphical representation of the time frame during which data were
collected.
Cortisol Reactivity to Stress

Each child participated in a stress task (Kryski et al., 2011) adapted from previous
work by Lewis and Ramsey (2002) in which 4-year-old children matched colored stickers to
four different animals on a worksheet using a key. Observations of pilot participants
indicated that this task was too challenging for three-year-olds; therefore, the task was

simplified to make it developmentally appropriate for younger children, and was further



Table 1

Sample characteristics

Variable N (%) Mean (SD)

Child Sex

Males 201 (49.1)

Females 208 (51.7)
Child Age (years) 3.44 (0.3)
Child PPVT Scores 112.0 (14.0)
Child Race/Ethnicity

Caucasian 382 (93.4)

African-Canadian 2(0.5)

Asian 8(2.0)

Hispanic 7(1.70

Other/Mixed 10 (2.4)
Primary Caregiver Age 34.0 (4.9)
Maternal Age 33.3 (4.6)
Paternal Age 35.0 (4.9)
Primary Caregiver Identity

Mother 382 (93.4)

Father 26 (6.4)

Other 1(0.2)
Family Income

< $20,000 16 (4.1)

$20,000-$40,000 44 (11.3)

$40,001-$70,000 92 (23.7)

$70,001-$100,000 115 (29.6)

>$100,001

122 (31.4)

20
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modified to include a greater number of features thought to increase cortisol reactivity
(Dickerson & Kemeny, 2004; see section describing task stimuli). Trained study personnel
conducted this task during a visit to the child’s home. Families’ homes were chosen as the
setting for this assessment in part to reduce the influence of a novel laboratory setting on
children’s cortisol levels (Gunnar & Talge, 2008). To further reduce irrelevant influences on
cortisol, all children were already familiar with the female experimenter conducting the
cortisol task, having met her previously during a visit to a research laboratory for other study
procedures. All home visits began between 12:00pm and 3:30pm to address diurnal variation
in children’s cortisol levels, as cortisol levels are more stable in the early afternoon than at
other times of day (Schmidt-Reinwald et al., 1999). Parents were instructed to not allow their
child to eat or drink anything but water for one half hour prior to the visit, as certain
substances, such as bovine cortisol in milk products, can cross-react with anti-cortisol
antibodies and cause erroneous results in cortisol assays derived from human saliva
(Magnano, Diamond, & Gardner, 1989), and because acidic or high sugar foods can alter
saliva pH and compromise assay performance (Salimetrics, 2008).

At the beginning of the home visit, the child and experimenter played together
quietly with a set of standardized toys (e.g., books, coloring, children’s videos, blocks,
sticker, and puzzles) for 30 minutes. This quiet play period was to allow any increases in
salivary cortisol due to the arrival of study personnel to dissipate before baseline samples
were taken. During this time, the child was encouraged to stay seated and engage in minimal
activity, as cortisol levels are also influenced by high levels of physical activity (Wellhoener,
Born, Fehm, & Dodt, 2004). After 30 minutes had passed, a baseline salivary cortisol sample
was collected, followed by the stress task described below. Following the stress task, the

child and experimenter again resumed quiet play while the remaining cortisol samples were
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collected at 10, 20, 30, 40, and 50 minutes post-stressor. The stress task was videotaped by a
female research assistant for subsequent coding of affective responses to the task and to
increase the social-evaluative nature.

Stress task. To assess children’s psychophysiological reactivity to stress, each
child participated in a color-matching game that was designed to be impossible to
successfully complete. For the task, each child and the experimenter were seated beside each
other at a table (usually a dining room or kitchen table) in front of a large felt board on which
numerous bear and frog icons had been affixed. A large toy replica of a traffic light with a
green, yellow, and red light was placed adjacent to the board, and the experimenter had an
unobtrusive remote control used to manipulate the traffic light. A research assistant operating
a video camera was seated opposite the experimenter and child to videorecord the task and to
contribute to the social-evaluative nature of the task.

At the beginning of the task, the child was allowed to choose a prize from an
assortment of small toys. The desired toy was then placed where the child could see it. The
child was told that the experimenter would like them to play a matching game. Children were
told that each bear on the felt board should be matched to a blue colored ball and that each
frog should be matched to a red colored ball (the “balls” being blue and red game pieces with
adhesive Velcro backing to allow them to adhere to each animal on the game board). The
child was shown how to place each game piece of the appropriate color on a bear or frog on
the board based on a key at the top of the board. To ensure comprehension of the task,
children were given several opportunities to practice matching the animals with the correct
color game piece prior to starting the task. The child was then told that he or she did not have
much time to complete the task, and that the traffic light would show how much time they

had to finish. More specifically, the children were told that they had plenty of time to work
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when the light was green, but that when the light turned yellow they were running out of
time, and that when the light turned red, they were out of time. The red light was
accompanied by a loud buzzer sound. The experimenter demonstrated each light color for the
child while explaining the meaning of each light. Children were told that they must match all
the animals on the board with the right “ball” to get their preferred prize (the previously
selected toy). If they did not finish in time, children were told that they would receive a
sticker instead (actually a white hole punch reinforcement). To enhance the stress-inducing
nature of the task, children were also told that matching all the pieces was easy to do, and
that even “little kids” could do so.

The matching portion of the task began when the experimenter cued the child to
start matching by saying “ready, set, go.” For most children, the green light on the stoplight
was allowed to shine for 2 minutes and 20 seconds. Next, the light was changed to yellow
and the experimenter exclaimed that the child was running out of time. After another 40
seconds, the experimenter switched the light to red, which triggered the loud buzzer. At this
time, the experimenter told the child that they did not finish in time and that they would not
get the preferred toy; instead, children were given the white “sticker” (i.e., the hole punch
reinforcer). Throughout the task the child was corrected verbally and the adhesive piece
removed whenever a game piece was matched incorrectly, and the experimenter recorded
how many pieces the child placed correctly and incorrectly for each consecutive trial. After
the first attempt to complete the matching task, two subsequent and identical trials occurred
in which children were again unsuccessful at finishing the task. Upon the third failure, the
experimenter looked at the stop light in a puzzled fashion, and explained to the child that the
light was broken and that the child hadn’t been given enough time to finish the task. The

child’s matching skills were then praised and the child received his or her preferred toy. We
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previously showed that this task successfully elicits an initial cortisol increase and
subsequent decline (Kryski et al., 2011). As further evidence of this task’s stress-inducing
nature, coding of child affect during the introduction and stressful portion of the task showed
a significant increase in child negative affect and a significant decrease in positive affect as
the task progressed (Kryski et al., 2011).

Cortisol sampling procedures. As previously described, cortisol samples were
obtained at baseline immediately before the introduction of the stress task and at ten-minute
intervals following completion of the task, for a total of five samples post-stressor. To
facilitate accurate timing of the sample collection, as well as to record the time the samples
were obtained, the start and stop times of the matching task and each cortisol sample were
recorded.

To collect saliva, children were asked to chew on an absorbent cotton dental roll
until it was wet. To facilitate sampling with three-year-olds, collection procedures were
presented as a game in which the child raced the main experimenter to get a few grains of
Kool-Aid out of a colorful Dixie cup, receiving stickers upon completion of each sample.
The child received a new cup and dental roll for each “game” to avoid cross-contamination
of samples. This approach not only made sampling pleasant for the child, thus enhancing
compliance, but also promoted the flow of saliva since the Kool-Aid stimulated the salivary
glands. Kool-Aid was used sparingly, and previous work shows that its use does not
compromise the quality of the assays as it does not significantly alter the pH of the saliva
(Talge et al., 2005). Red-colored Kool-Aid was used as the color red has an optical density of
upwards of 600nm and is the least likely to interfere with assay protocol.

Sampling non-compliance was very low (2.1%; 51 out of the 2454 samples that

study personnel attempted to collect); 392 children provided all six cortisol samples (95.8%)
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while the remaining seventeen children (4.2%) did not provide a sample at at least one time
point (four children refused all samples, < 1%). Non-compliance rates for cortisol sampling
with young children generally range anywhere for 8-10% (Blair et al., 2008; Lewis &
Ramsay, 2002; Mills et al., 2008); thus, compliance was exceptionally high in the current
study.

After the collection, saliva was expunged into a micro tube and frozen at -20c until
assayed in duplicate using an expanded range, high sensitivity, salivary cortisol enzyme
immunoassay kit (Salimetrics, PA, USA). Optical density was read on a standard plate reader
at 450 nm and corrected at 650 nm (Molecular Devices, Sunnyvale, CA, USA). All samples
from the same child were assayed in the same batch with no duplicates varying more than
5%. Enzyme immunoassays were run according to manufacturer instructions and average
intra- and interassay coefficients were 3.5 and 5.1% respectively. Studies consistently report
high correlations of cortisol levels when comparing saliva to serum concentrations (Daniel et
al., 2006; Dorn et al., 2009; Eatough, Shirtcliff, Hanson, & Pollak, 2009). Standard curve and
concentration of unknown samples were generated according to manufacturer’s instructions
using a 4-parameter sigmoid minus curve fit (SPSS 16.0). Cortisol concentrations are
reported in micrograms per decilitre (ug/ dl)l.

As markers of overall cortisol output and reactivity, cortisol area under the curve was
calculated for each child with respect to ground (AUCg) and increase (AUCi) (Pruessner,
Kirschbaum, Meinlschmid, & Hellhammer, 2003). AUCg is an estimate of total cortisol
secretion, and the AUCI is an estimate of the change in cortisol that best captures overall

reactivity (Pruessner et al., 2003). These two indices are derived using the following

1 . . . . .

Due to the small unit of measurement for cortisol, unstandardized regression coefficients are small
in magnitude even when an effect is robust; as such, cortisol results will be reported to three decimal
places to ease interpretation.



26

equations where m denotes the individual measurements, ¢ the time between measures, and n

the total amount of measures:

(m(,+1) + my)t;

AUC; = Z

Equation 1 (Pruessner et al., 2003)

AUC, = ( Z —(m('“) £ m )—( my- 5,1 z,f)
< 2 A Sy
Equation 2 (Pruessner et al., 2003)

AUCg and AUCi were calculated using raw cortisol values, although the final scores
were positively skewed, as is typical for such measures, and thus were log10 transformed
prior to analysis (Gunnar & Talge, 2008). As both AUCg and AUCi contained either
negative values (AUCi) or values less than 1 (AUCg and AUC1), a constant was added to
bring the minimum AUC values to 1 prior to performing the log transformation.

Assessment of Parenting

Parenting data were collected via observed ratings of parenting behavior and self
and informant ratings of parenting style. The methods for collecting these data are described
as follows.

Observed parenting. Two semi-structured parenting tasks (the three-bag and
prohibition tasks) were conducted in the home following the cortisol assessment described
previously; all 409 primary caregivers completed these two tasks although a technical issue
resulted in data being unavailable for one participant. A third parenting task was conducted
during a separate laboratory visit during which child genetic data were obtained;
videorecorded data were collected for all 409 primary caregivers for this task. Observational

measures of parenting such as these have been shown to have strong predictive validity for



27

child outcomes (Zaslow et al., 2006).

Three-bag task. This task was based on a protocol developed by the National
Institute of Child Health and Human Development (1997), modified by Ipsa and colleagues
(Ipsa et al., 2004). The primary caregiver and their child were instructed to play together with
three bags of toys. The first bag contained a book, the second contained a set of toy kitchen
items, and the third bag contained a farmhouse play set. The pair was told to play with the
toys in order and to put away one set of toys before moving on to the next set. This free play
paradigm lasted approximately 10 minutes.

Prohibition task. This task was designed to elicit negative parenting behaviours.
The primary caregiver and the child were presented with two boxes of toys. The first box
contained toys that would be fun or exciting for children in this age group (e.g., a toy
electronic guitar). The second box contained unexciting and age-inappropriate toys that were
missing pieces or batteries, such as a plastic cone and pieces for Mr. Potato head without the
head. Initially, the primary caregiver was instructed to keep his or her child from playing
with the appealing toys, thus requiring the caregiver to engage the child in play with the
uninteresting toys. After 3 minutes, the primary caregiver was told that they could allow their
child to play with the toys in either bin, and after a 6-minute play period, the caregiver was
told to have the child put away the toys. The child was then given 5 minutes to tidy up. The
experimenter gave instructions to the primary caregiver on printed instruction cards to
increase the child’s perception that these were the caregiver’s commands rather than the
experimenter’s.

Teaching task. This task was completed during a separate laboratory visit that was
conducted approximately two weeks prior to the home visit assessment. Based on the

Teaching Tasks battery (Egeland, Weinfield, Hiester, Lawrence, Pierce, & Chippendale,



28

1995), the primary caregiver and child were presented with a challenging block puzzle and
were instructed to work on it together. The puzzle could be solved six different ways to look
like pictures on cards provided. To increase motivation for puzzle completion the dyad was
told to place the pictures of completed puzzles in the upper corner of the work desk so that
the experimenter could see how many they finished after 5 minutes.

Coding of observed parenting. Video-recordings of the laboratory and home
parenting tasks were coded by trained graduate and undergraduate raters using a coding
manual that was based on the Teaching Tasks coding manual (Weinfield, Egeland, & Ogawa,
1997) and the Qualitative Ratings for Parent-Child Interactions scale (Cox & Crnic, 2003).
Raters were trained to an intraclass correlation of .80 with a master coder (this author). Once
interrater reliability was established, intermittent reliability checks were performed on 15%
of all recordings. Reliability for each task was high (calculated on 15% of videos; three bag
ICC = .86; prohibition ICC = .87; teaching task ICC = .90). Coders met periodically and
reviewed recordings together to prevent observer drift. Parent-child interaction tasks were
coded on a total of 9 Likert scales: sensitivity, detachment, supportive presence,
intrusiveness, hostility, confidence, quality of instruction (only coded for the teaching task),
positive affect, and negative affect (see Appendix B for the coding manual).

Self- and informant-reports of parenting. Self- and informant- ratings of an
abbreviated (32-item) version of the Parenting Styles and Dimensions Questionnaire (PSDQ;
Robinson et al., 2001) were completed independently by 405 primary and 367 secondary
caregivers, with secondary caregivers providing informant accounts of the primary
caregivers’ parenting behaviour. Informant data were collected only when an informant was
available who had lived with the primary caregiver during the child’s lifetime, and thus had

opportunity to observe their caregiving. Thus, missing data are due to the absence of a
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secondary caregiver as well as the failure of an appropriate secondary caregiver to return
completed questionnaires. The PSDQ is designed to measure self- and spouse-reported
practices for parents of preadolescent children, and calls for the respondent to describe the
frequency of the use of various parenting practices using a 5-point Likert scale response
format ranging from never (1) to always (5). The PSDQ is split into 3 parenting domains:
authoritative, authoritarian, and permissive. These are further split into parenting
sub-dimensions: connection, autonomy, regulation, verbal hostility, physical coercion,
non-reasoning/punitive and indulgence. The PDSQ scales have moderate to good internal
consistency, as reported elsewhere (Robinson et al., 2001) and in this sample, with alphas
ranging from .74 to .92 for informants and .68 to .87 for self-reports in the present study.
Parenting data reduction. To reduce the number of analyses, aggregates of the
parenting measures were formed by standardizing and combining relevant scales. The
positive parenting scale consisted of a standardized aggregate of the following individual
scales: sensitivity, supportive presence, confidence, and positive affect from the three bag,
prohibition, and puzzle tasks, quality of instruction from the puzzle tasks, and the connection,
autonomy, and regulation subscales from the self- and informant-reports on the PSDQ.
Internal consistency for the positive parenting scale was good (o = .82). The negative
parenting scale consisted of a standardized aggregate of the following individual scales:
detachment, hostility, intrusiveness, and negative affect from the three bag, prohibition, and
puzzle tasks, and the verbal hostility, physical coercion, non-reasoning/punitive, and
indulgence subscales from the self- and informant-reports on the PSDQ. Internal consistency
for the negative parenting scale was also good (a = .78). Scales were constructed such that
children had to have data from at least one index of parenting in order to have a score

generated, although most children (N = 405; 99%) had both home-observed,
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laboratory-assessed, and questionnaire data (either self- or informant- report). As the
negative and positive parenting scales were strongly, negatively correlated (» =-.70; p <
.001), these variables were further combined by first reverse-coding positive parenting (so
that higher scores reflected less positive parenting) then summing negative parenting and the
reversed-coded positive parenting scale. This new variable reflects “poor parenting” and will
be referred to as such for the remainder of the paper. After data reduction, a parenting score
was available for all 409 participants.
Assessment of Life Stress

Several factors known to serve as sources of early psychosocial stress were examined:
familial chronic stress (Burge & Hammen, 1991), marital discord (Hammen, Brennan, &
Shih, 2004), and socioeconomic status (SES; Lupien, King, Meaney, & McEwen, 2000).

UCLA Life Events Interview. The UCLA Life Stress Interview (Hammen et al.,
1987) was used to assess chronic stress in the family as reported by the primary caregiver.
Interviews were conducted by trained Ph.D. candidates from the clinical psychology program
at Western University. 401 primary caregivers completed the interview; missing data for the
remaining 8 caregivers were due to inability to reach them at the time of assessment.
Interviews were conducted over the phone and in-person; phone interviews have been shown
to yield similar results to face-to-face interviews (Rohde, Lewinsohn, & Seeley, 1997). All of
the training for these interviews was done by a Ph.D. level psychologist, the principal
investigator on the larger study for which these data were collected. Following the structure
of the interview, interviewers gathered information from the primary caregivers regarding
stress in their intimate/romantic relationships, close friendships, social life, family
relationships, childcare hassles, work, finances, health of the primary caregivers, and health

of close family members (Adrian & Hammen, 1993; Hammen, 1991). The interviewer then
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assigned Likert-style ratings to the level of stress present in each domain from low (1) to high
(5). These interviews were conducted 15 months after the assessment of child cortisol, and
covered the time frame at, and immediately following, the assessment of child cortisol
reactivity to stress. As chronic stress is stable over time (Hammen, Kim, Eberhart, &
Brennan, 2009), these assessments index chronic stress levels concurrent to children’s
cortisol assessment. Reliability was assessed by having a second coder rerate the information
on chronic stress in each domain for 12 of the interviews (average ICC = .78). Although the
number of interviews coded for reliability varies widely in behavioural research, the choice
to re-code 12 was based on a review of available past research, although Ns for reliability are
frequently not reported (e.g., Connolly, Eberhart, Hammen, & Brennan, 2010; Eames et al.,
2014; Raposa et al., 2014). Scores on all domains of chronic stress were averaged to create
an overall chronic stress scale.

Marital discord. Primary caregivers’ reports of relationship adjustment were collected
during the first wave of the study using the Dyadic Adjustment Scale (DAS; Spanier, 1976).
The DAS is a 32-item questionnaire of marital adjustment designed for use with either
married or unmarried cohabiting couples. The instrument provides a global score of dyadic
adjustment that can range from 0 to 151, with higher scores reflecting greater dyadic
adjustment. Previous research has demonstrated the reliability and validity of this measure
(Baillargeon, Dubois, & Marineau, 1986). In this sample, internal consistency for global
dyadic adjustment was good (o = .92). DAS data were available for 366 primary caregivers.
Missing data were due to the absence of a secondary caregiver (N = 30), failure to return the
DAS when it was issued (N = 1), or the secondary caregiver being someone other than a
romantic partner (e.g., divorced partner or live-in grandparent; N = 12).

Socioeconomic status. Family income was reported by one caregiver as an index of
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family SES. These data were collected on a generic demographic form along with other basic
demographic characteristics. Family income scores were generated that ranged from 1 (<
$20,000) to 5 (> $100,000). The distribution of these scores is in the participants section of
this paper. Before creating an aggregated life stress variable, family income was
reverse-coded so that higher scores reflected lower family income and greater socioeconomic
stress. Information on family income was provided by 389 families due to failure to return
the demographic form entirely (N = 4) or failure to provide information on family income (N
=16).

Life stress data reduction. UCLA life stress interviews, marital discord, and family
income stress were aggregated to form a measure of chronic family stress in the home.
Creating such cumulative stress/risk aggregates is a widely used approach in developmental
research (e.g., Essex et al., 2002; Nederhof, Ormel, & Oldehinkel, 2014; Pinna, 2012; Suglia
et al., 2010; Zalewski, Lengua, Kiff, & Fisher, 2012) and permits the examination of total
stress exposure from a variety of sources (e.g., Adrian & Hammen, 1991; Sprague, Verona,
Kalkhoff, & Kilmer, 2011). In addition, aggregate measures have been shown to be related to
markers of stress vulnerability (Lakey & Edmundson, 1993) such as HPA axis reactivity.
Family income and DAS scores were first reverse-coded so that higher scores reflected
greater socioeconomic stress and greater marital discord, respectively. Next, UCLA chronic
stress ratings, family income (reversed), and DAS scores (reversed) were standardized and
aggregated to create the final chronic family stress aggregate used in analyses. At least two
scores were required for the aggregate. After data reduction, a life stress score was available
for 406 participants.

Familial Risk Data

Genetic data. DNA was collected at the initial laboratory visit from all 409
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participants by gently rubbing the inside of the child’s cheek with a buccal swab (Epicentre,
Madison, WI, USA), and was extracted using the Qiagen DNA MicroKit® (Mississauga,
ON, Canada) according to manufacturer’s protocols. Children were genotyped for the
serotonin transporter promoter (5S-HTTLPR s/1) and BDNF val66met gene variants using
allele-specific TagMan polymerase chain reaction (Sheikh, Hayden, Kryski, Smith, & Singh,
2010). Genotyping was successful for 403 children for the S-HTTLPR polymorphism and for
all 409 children for the BDNF val66met polymorphism. For 5-HTTLPR, genotype
frequencies were as follows: I/1 = 127 (31%); s/l = 193 (48%); and s/s = 85 (21%). This
genotype distribution is consistent with Hardy-Weinberg equilibrium (X° (1) = .54, p =.46).
For BDNF val66met, allele frequencies were val/val =258 (63%), val/met = 134 (33%), and
met/met = 17 (4%), which is also consistent with Hardy-Weinberg equilibrium (X (1) = .01,
p =.94). Although research regarding the functionality of the s variant is mixed, with findings
supporting both s dominant (Heils et al., 1996; Kim et al., 2007) and recessive models
(Kendler et al., 2005), I treated the s variant as dominant, consistent with the bulk of previous
studies (e.g., Hariri et al., 2002; Steiger et al., 2008) and to limit the number of variables in
analyses. Consistent with previous literature and due the infrequency of the met/met
genotype, the met variant of BDNF val66met was treated as dominant in analyses (Hosang et
al., 2014); thus, children with the s/s and s/l genotypes of 5-HTTLPR (N = 278) were
contrasted to children with the I/ genotype (N = 127) and children with val/met and met/met
genotypes of BDNF val66met (N = 151) were contrasted to children with the val/val
genotype (N =258). As 5S-HTTLPR and BDNF val66met genotype frequencies vary amongst
different racial groups (Gelernter, Kranzler, & Cubells, 1997; Pivac et al., 2009), all
significant genetic associations were reanalyzed excluding non-white participants; these

reanalyses yielded highly consistent findings with those resulting from use of the entire
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sample, and are therefore not discussed further.

Parent psychopathology. The full Structured Clinical Interview for DSM-IV (SCID;
First, Spitzer, Gibbon, & Williams, 1996) was conducted with all biological parents of
children in the study when possible. Interviewers were trained Ph.D. candidates in the
Clinical Psychology program at Western University and were trained by a Ph.D.-level
psychologist and principal investigator on the larger study. Interviewers were not involved in
collecting any other study data, and did not have access to any of the data on the children. If
a second biological caregiver was unavailable to complete the SCID, a family history
interview was conducted with the primary biological caregiver when possible (Andreasen,
Endicott, Spitzer, & Winokur, 1977). In total, family history interviews were conducted to
collect data for 11 biological fathers.

Diagnostic data on lifetime major depressive disorder (MDD) or current dysthymic
disorder (DD) were available for 392 mothers and 349 fathers. Information on the timing of
maternal and paternal depression was obtained using the SCID to gain a better understanding
of how the effects of parent depression on child cortisol reactivity can be transmitted both
biologically and contextually. Comorbidity between depression and anxiety is high, with as
many as 67-75% of individuals with depression also meeting criteria for an anxiety disorder
(Lamers et al., 2011); as such, information on lifetime history of any anxiety disorder (panic
disorder, agoraphobia without panic disorder, social phobia, obsessive-compulsive disorder,
post-traumatic stress disorder, generalized anxiety disorder, or anxiety disorder not otherwise
specified) was used in the present study in order to examine whether any influence of
depression remained when a lifetime history of anxiety was included in models. Interrater
reliability for the SCID was computed based on 33 audiotaped interviews (21 mothers and 12

fathers). Interrater reliability was perfect for all diagnoses used in this study (Lifetime MDD
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Kappa = 1.00; Current DD’ Kappa = 1.00; any Lifetime Anxiety Disorder, Kappa = 1.00).

MDD and DD were collapsed into a single category by coding no history of MDD or
DD as 0 and a history of MDD or DD as 1; these variables are referred to as maternal and
paternal depression throughout the rest of the thesis (see Table 2)3‘ In this sample, 23% of
mothers and 17% of fathers with a history of either MDD or DD also had a lifetime history of
an anxiety disorder. As the timing of parent depression may influence its impact on children
(Dougherty et al., 2011), a variable was also created to examine whether maternal depression
occurring during the child’s lifetime was related to children’s cortisol reactivity. This was
done by coding maternal depression occurring during their child’s lifetime as 1 (N = 67;
17.0%), and coding either no maternal depression history or none during the child’s lifetime
as 0. For ease of interpretation, the new variable reflecting child exposure to maternal
depression during their lifetime will be referred to as children’s maternal depression
exposure throughout the remainder of the paper. As the frequency of paternal depression
occurring during the child’s lifetime was quite low (N=19; 5.4%), I did not examine
children’s paternal depression exposure.

Results

Data Analytic Strategy

Multiple cortisol reactivity indices have been used in previous research, including AUC
(e.g., Harkness, Stewart, & Wynne-Edwards, 2011; Mackrell et al., 2014; Pruessner et al.,
2003) and multi-level modeling (MLM; e.g., Dougherty et al., 2011; Kryski et al., 2011;
2013a; 2013b; Mackrell et al., 2014). Missing cortisol values were imputed for all children

with at least one cortisol value using a fully conditional specification method (Graham,

2 The SCID assesses current DD only.

3 Very few mothers and fathers had DD in the current study (mother N = 0; father N = 2).



Table 2

Frequency of parent depressive and anxiety disorder

o ]
Variable N (%) with lifetime N (%) Wéth.
history of disorder CPICSSION CUTIng
child’s lifetime
Maternal Disorder

Major Depressive Disorder or

Dysthymic Disorder 102 (26.0)

Any Anxiety Disorder 71 (18.2)
Paternal Disorder

Major Depressive Disorder or 47 (13.5)

Dysthymic Disorder
Any Anxiety Disorder 31(8.9)

67 (17.0)

not applicable

19 (5.4)

not applicable

36
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2009), resulting in a sample size of 405 for the dependent variables in both AUC and MLM
analyses.

My primary aim was to explore interactions between biological and contextual
variables in shaping children’s early emerging cortisol reactivity to stress, indexed via AUCI,
AUCg, and by using MLM. Having said that, our sample size, while large for this kind of
study, would not permit testing all two-way interactions in our sample, nor were all two-way
interactions thought to be equally important or anticipated based on previous research (e.g.,
Dougherty et a., 2011; Mueller et al., 2011). For these reasons, I made the a priori decision to
focus on interactions between familial/heritable and contextual variables in the current
study4; specific interactions terms included in AUC and MLM models will be listed in the
corresponding sections. As parent depression likely impacts children via both genetic and
environmental pathways, parent depression was treated as a marker of both familial/genetic
and contextual risk in interactions.

Separate models were run examining the effects of maternal depression, children’s
maternal depression exposure, and paternal depression. As females show a preponderance of
depression beginning in adolescence and some research suggests that differences in stress
reactivity early in life may play a role (Kryski et al., 2013; Natsuaki et al., 2009), analyses
were conducted to explore whether child sex moderated the effect of any of the major
independent variables in predicting AUCi and AUCg or cortisol intercept, slope, or curvature
in MLM. All non-significant interaction terms were dropped from final models to conserve

power (Aiken & West, 1991). Child sex was also dropped from final models when no

4 Although chronic stress and parenting show some degree of heritability (Federenko et al., 2006;
McGuire, 2003), based on previous theory and research, I elected to conceptualize these as
environmental constructs in the present study. Further, these constructs are more readily modifiable
than specific genes, and possibly parental depression.
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significant sex interactions were found. Lastly, main effects of maternal and paternal
depression recurrence and age of onset were explored in association with AUCi and AUCg as
well as with cortisol intercept, slope, and curvature in MLM.
Bivariate Correlations

Table 3 presents the correlations between all major study variables. AUCi and AUCg
were positively correlated with each other, as well as with cortisol levels at each time point
with one exception: baseline cortisol was unrelated to AUCi. Poor parenting was positively
correlated with cortisol at 30- and 40-minutes post-stress. Poor parenting was significantly
associated with higher rates of maternal depression, children’s maternal depression exposure,
and chronic family stress, as well as with lower child PPVT scores. Greater chronic family
stress was significantly associated with higher AUCi and AUCg and cortisol at all time
points with the exception of the final sample (50 minutes post-stress). In addition, higher
chronic family stress was significantly associated with higher rates of maternal depression,
children’s maternal depression exposure, and maternal anxiety, as well as paternal
depression. Higher chronic family stress was significantly associated with lower child PPVT
scores and lower primary caregiver age. Child BDNF genotype was significantly correlated
with cortisol at 10 minutes post-stress such that children with at least one copy of the met
allele had lower cortisol immediately after the stressor. In addition, child BDNF genotype
was significantly correlated with primary caregiver age. Maternal depression was associated
with significantly higher rates of all other maternal and paternal disorder indices, with the
exception of paternal anxiety. Children’s maternal depression exposure was significantly
associated with higher cortisol at 20 minutes post-stress and higher AUCg. Maternal anxiety
was significantly associated with higher AUCi and lower primary caregiver age. Paternal

depression was associated with significantly higher rates of paternal anxiety. Paternal anxiety
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Correlations among all major variables
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1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Baseline Cortisol -

2. Cortisol 10 minutes S8** -

3. Cortisol 20 minutes AT7F* T1E* -

4. Cortisol 30 minutes S4%* 0 63*%*  61** -

5. Cortisol 40 minutes S5%% 0 56%*%  65%*  [72%* -

6. Cortisol 50 minutes A0%* 33wk 35k 44wk g -

7. AUCg 66%*  8O¥E  TIRE RSwE  gakk g3k -

8. AUCi 02 50%% 83wk gTRE 7R 4wk 75k -

9. Poor Parenting .08 .05 07 09" 107 .06 07 .05 -

10. Chronic Family Stress A% 20%% 18%x  11*  10% .06 A6k 12% 41%* -

11. 5-HTTLPR -04  -01 .02  -03 -02 -.08 -.05 -03  -05 -.02 -

12. BDNF val66met 03 -10%  -02  -04  -.00 .00 -.04 -07  -04  -09"  -02 -

13. Mat. Depression .08 08 .08 01 04 -01 .06 01 A% 24%% 07 .06 -

;‘p giﬁre“Mat' Depression ¢ 09" 12* 04 06  -01 090 .04 1% 23 .01 02 75 -
15. Mat. Anxiety -03 .08 07 .06 .08 01 .06 A% 201 22%F 07 -08  22%F 8%
16. Pat. Depression 01 -04  -02 .06 .02 .02 01 -.00 .06 A3*  -04 01 .03 .05
17. Pat. Anxiety 02 -01 .06 .09" .07 03 07 100 -0l .08 -06 .01 .05 .08
18. PPVT Scores 02 -00 -04 .04 .00 -.02 .02 03 -32%%  _11* 03 -08  -.05 03
19. Child Sex -07  -01 .02 -0l .02 -.04 -.00 .05 -.04 04 07 -0l  -04  -04
20. Child Age S13%% 07 .00  -09"  -07 -07 -07 .02 -.08 -07  -07 .05 -01 .06

(continued)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14
21. Primary Caregiver Age’ -03  -11%  -04 -15%*  -08 -.06 -.107 S11% 2107 -18%F  -06  .20%* 03 -.01
22. Mat. Age -02  -11*  -03 -13%* -.08 -.06 -.09" -11%  -10%  -20%*  -04  17** -.02 -.01
23. Pat. Age .05 -06 .02 -.09" -.02 -.03 -.04 -.08 -.10%* -11% -12* 11 -.03 -.03
Mean 026 .037 .041  .037 .037 .036 13 23 .00 .00 - - - -
SD 017 .032  .041  .029 .035 .037 .09 .07 .92 2.05 - - - -
15 16 17 18 19 20 21 22 23
16. Pat. Depression 13 -
17. Pat. Anxiety -01  21%* -
18. PPVT Scores .02 .09 -.01 -
19. Child Sex .02 .04 -.07 .07 -
20. Child Age -.04 -03  -.05 .05 .07 -
21. Primary Caregiver Age -10%  -.01 .01 .06 .01 4% -
22. Mat. Age -10¥  -.03 .02 .07 -.04 -.04 95%* -
23. Pat. Age -100 -04 .06 .06 -.01 3% 5% 2% -
Mean - - - 112.00 - 3.44 34.00 33.25 35.01
SD - - - 14.04 - .30 4.85 4.62 4.89

fp < .10, *p < .05, **p < .01; all correlations involving a dichotomous variable are point-biserial; cortisol levels are measured in
micrograms per liter (ug/dl) and have been log10 transformed; Mat. = maternal; Pat. = paternal; child sex: male = 0 and female = 1;
5-HTTLPR: I/l = 0 and s/s or s/l = 1; BDNF val66met: val/val = 0 and val/met or met/met = 1; all parent psychopathology variables:

disorder absent = 0 and disorder present = 1

Primary caregiver age was included as chronic family stress and parenting data were obtained from the child’s primary caregiver.
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was associated with higher cortisol at 30 minutes post-stress. Child age was significantly
associated with lower baseline cortisol and greater caregiver age. Higher primary caregiver
age was significantly associated with lower child cortisol at 10 and 30 minutes post-stress.
Effects for maternal and paternal age were very similar for those for primary caregiver age,
except for a lack of association between paternal age and cortisol at 10 minutes post-stress
and AUC], and a significant negative correlation between paternal age and child 5S-HTTLPR
genotype.
Area Under the Curve Analyses

I tested 3 separate models predicting AUCi and 3 models predicting AUCg using IBM
SPSS Statistics (IBM, 2012); to keep the number of variables in models acceptable for this
sample size, analyses were organized based on the following variables, and will be presented
accordingly: 1) maternal depression, 2) children’s maternal depression exposure, and 3)
paternal depression6. For testing interactions between biological and contextual variables, all
moderation analyses were conducted using the procedures and macro described by Hayes and
Matthes (2009). Interactions were probed by examining the conditional effects for two-way
interactions between predictors (Aiken & West, 1991). When examining an interaction

between a dichotomous moderator and a continuous focal predictor, the effect of the

6 Relatives of probands with early onset and recurrent forms of depression are at particularly high
risk for depression (Klein, Lewinsohn, Rohde, Seeley, & Durbin, 2002; Sullivan, Neale, & Kendler,
2000). This suggests that dysregulated cortisol reactivity may be especially pronounced in the
children of parents with early onset or recurrent forms of depression; I examined this possibility in
secondary analyses. As previous studies have often used a cutoff of age 21 to distinguish early from
late onset (Durbin, Klein, Hayden, Buckley, & Moerk, 2005; Olino, Klein, Dyson, Rose, & Durbin,
2010) I used this convention to create three-level early onset depression variables for maternal and
paternal depression: 0 = no MDD; 1 = late onset (= age 21) MDD; 2 = early onset (< age 21) MDD. |
also created three-level variables for recurrent depression: 0 = no MDD; 1 = single episode; 2 =
recurrent MDD. These variables were also created using data from the SCID. Models were run by
substituting these variables for depression in the described AUC and MLM models containing main
effects only. Thus, these models contained all the other biological and contextual predictors as the
previous models. However, no significant main effects involving these parental depression variables
were found for AUCg, AUCi, or MLM (ps = .117).
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continuous focal variable was examined at each level of a dichotomous moderator (Aiken &
West, 1991). In the case where both I'Vs in an interaction were dichotomous, the effect of the
moderator was examined at each level of the dichotomous focal predictor (Aiken & West,
1991). The Johnson-Neyman technique was used to derive regions of significance (ROS) for
the conditional effects of a moderator at varying levels of a continuous focal predictor (Aiken
& West, 1991; Johnson & Neyman, 1936). ROS values were obtained using the procedures
and macro described by Hayes and Matthes (2009). Used in this context, the
Johnson-Neyman technique allows one to determine the level of the continuous focal
predictor at which the conditional effect of the moderator reaches significance, and is used in
conjunction with Aiken and West’s procedures to fully probe all aspects of an interaction
(Pedhazur, 1997).

Variables were entered into a multiple regression model by first entering primary
caregiver age and parent (maternal or paternal) anxiety disorder, followed by child sex,
BDNFval66met, 5S-HTTLPR, chronic family stress, poor parenting, and parent (maternal or
paternal) depression, followed by two-way interactions of interest’. The following interaction
terms were created by first centering continuous predictors, then taking the product of the
two terms: BDNF val66met X poor parenting, BDNF val66met X parent depression, BDNF
val66met X chronic family stress, S-HTTLPR X poor parenting, S-HTTLPR X chronic
family stress, S-HTTLPR x parent depression, parent depression X poor parenting, parent
depression X chronic family stress, child sex X BDNF val66met, child sex X 5S-HTTLPR,

child sex X parent depression, child sex X chronic family stress, and child sex X poor

7 As child PPVT scores, child age, and primary caregiver age were significantly associated with
several other independent variables of interest, they were explored as potential covariates in initial
models, then dropped when they did not contribute unique variance. Only primary caregiver age was
found to predict unique variance in some models and was thus retained as a covariate in all analyses
along with parent anxiety.
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parenting. All non-significant interaction terms were dropped from final models to conserve
power. When interactions were expected based on prior theory or research, these are noted;
otherwise, these are not discussed.

Maternal depression and AUCi and AUCg.

AUCi. Child sex was dropped from the maternal depression model predicting AUCI, as
it did not significantly predict AUCi and was not a primary IV of interest; no interactions
predicted AUCi either, and were thus dropped as well. The final model therefore consisted
solely of main effects, none of which was significant (see Table 4).

AUCg. The following interactions were dropped from the final model as they were not
significant: BDNF val66met X poor parenting, BDNF val66met X maternal depression,
BDNF val66met X chronic family stress, 5S-HTTLPR X poor parenting, S-HTTLPR X
chronic family stress, 5-HTTLPR x maternal depression, child sex X BDNF val66met, child
sex X 5-HTTLPR, child sex X maternal depression, child sex X chronic family stress, and
child sex X poor parenting. Thus, in contrast to previous research (e.g., Alexander et al.,
2009; Hayden et al., 2010) I did not find a significant interaction between 5S-HTTLPR or
BDNF and life stress (chronic family stress or poor parenting) in association with cortisol
reactivity, nor were other gene-environment interactions found. Child sex was also dropped
as it did not significantly predict AUCg, nor were any sex interactions significant.

The final model for AUCg can be found in Table 5. There were no significant main
effects of BDNF, 5S-HTTLPR, poor parenting, or maternal depression. Chronic family stress
was associated with significantly higher AUCg; however, the main effect of chronic family
stress was qualified by a significant interaction with maternal depression. Specifically, higher
chronic family stress was associated with significantly higher AUCg only in children with a

history of maternal depression, b = .02, #(368) = 2.87, p < .01 (see Figure 1). Children with
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Table 4
Maternal depression and other factors predicting children’s area under the curve with

respect to increase

Overall Model
Variable df R’ F AR’ b
7,369 .033 1.824
Primary Caregiver age -.001
Maternal Anxiety 017"
BDNF Val66met -.004
5-HTTLPR -.005
Chronic Family Stress .003
Poor Parenting .000
Maternal Depression -.005

fp<.10, *p < .05, 5-HTTLPR: I/l = 0 and s/s or s/l = 1; BDNF val66met: val/val = 0 and
val/met or met/met = 1; both depression and anxiety were coded as 0 = no lifetime history of

disorder, 1 = lifetime history of disorder.
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Maternal depression and other factors predicting children’s area under the curve with

respect to ground

Overall Model

Variable df R’ F AR’ b

Step 1 7,369  .030 1.604
Primary Caregiver age -.001
Maternal Anxiety .007
BDNF Val66met -.003
5-HTTLPR -.013
Chronic Family Stress .006*
Poor Parenting -.001
Maternal Depression .004

Step 2 9,367 .051 2.185* .021
Primary Caregiver age -.001
Maternal Anxiety .004
BDNF Val66met -.003
5-HTTLPR -.016
Chronic Family Stress .002
Poor Parenting .009
Maternal Depression .002
Maternal Depression X 013*
Chronic Family Stress '
Maternal Depression X Poor _033%*

Parenting

*p <.05, **p <.01; 5-HTTLPR: I/ = 0 and s/s or s/l = 1; BDNF val66met: val/val = 0 and

val/met or met/met = 1; both depression and anxiety were coded as 0 = no lifetime history of

disorder, 1 = lifetime history of disorder.
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Figure 1. The association between chronic family stress and children’s cortisol area under the
curve with respect to ground (AUC Ground) as a function of maternal depression history.

ROS = Region of Significance.
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and without a maternal depression history differed significantly in AUCg at high levels of
chronic family stress (> 1SD above the mean), specifically at values > 2.53; thus, chronic
family stress only needed to be slightly higher than average in our sample for the difference
in AUCg between children with and without maternal depression to become significant.

An interaction was also found between maternal depression and poor parenting in
predicting AUCg, such that poorer parenting was associated with significantly lower AUCg
only in children with a maternal depression history, b = -.02, #(368) = -2.29, p = .02 (see
Figure 2). Children with and without a maternal depression history differed significantly in
AUCg at both low and high levels (> 1SD below and above the mean) of poor parenting,
specifically at values of poor parenting <-1.01 and > 1.16; thus, poor parenting only needed
to be slightly below or above average levels of poor parenting in the sample for these effects
to be seen.

Children’s maternal depression exposure and AUCi and AUCg. To further
disentangle the effects of exposure to maternal depression on cortisol reactivity, the effect of
children’s maternal depression exposure was also explored. This was done by substituting the
variable contrasting maternal depression occurring during the child’s lifetime to no maternal
depression or episodes occurring prior to the child’s birth for the maternal lifetime depression
variable (and associated interaction terms).

AUCi. The following interactions were dropped from the final model as they were not
significant: BDNF val66met X poor parenting, BDNF val66met X children’s maternal
depression exposure, BDNF val66met X chronic family stress, S-HTTLPR X poor parenting,
5-HTTLPR X chronic family stress, S-HTTLPR x children’s maternal depression exposure,
children’s maternal depression exposure X poor parenting, children’s maternal depression

exposure X chronic family stress, child sex X BDNF val66met, child sex X 5-HTTLPR,
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Figure 2. The association between poor parenting and children’s cortisol area under the curve
with respect to ground (AUC Ground) as a function of maternal depression history. ROS =

Region of Significance.
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child sex X chronic family stress, and child sex X poor parenting. As with maternal
depression models and contrary to previous research, I did not find significant interactions
between 5S-HTTLPR genotype and life stress, or BDNF genotype and life stress (e.g.,
Alexander et al., 2009; Hayden et al., 2010), nor were any other gene-environment
interactions found.

The final model summary can be found in Table 6. No significant main effects were
found, although a significant interaction between child sex and children’s maternal
depression exposure was obtained. Specifically, a significant effect of child sex on AUCi was
found only for children exposed to maternal depression during their lifetime
b = .04, 1(369) = 2.34, p = .02, showing higher cortisol reactivity in girls relative to boys (s
for children without maternal depression exposure; see Figure 3). Children with maternal
depression exposure did not differ significantly from children with no maternal depression
exposure, nor did boys and girls without maternal depression exposure differ from each
other.

AUCg. The following interactions were dropped from the final model as they were not
significant: BDNF val66met X poor parenting, BDNF val66met X children’s maternal
depression exposure, BDNF val66met X chronic family stress, S-HTTLPR X poor parenting,
5-HTTLPR X chronic family stress, S-HTTLPR x children’s maternal depression exposure,
children’s maternal depression exposure X chronic family stress, child sex X BDNF
val66met, child sex X 5-HTTLPR, child sex X chronic family stress, and child sex X poor
parenting; thus, no gene-environment interactions were found in predicting AUCg in this
model, in contrast to past work (e.g., Alexander et al., 2009; Hayden et al., 2010). Child sex
was also dropped from this model as it was not significantly associated with AUCg, nor were

any interactions between sex and other study variables significant.
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Children’s maternal depression exposure and other factors predicting children’s area under

the curve with respect to increase

Overall Model
Variable df R’ F AR’ b
Step 1 8,369 .035 1.656
Primary Caregiver age -.0017
Maternal Anxiety 015"
Child Sex .005
BDNF Val66met -.005
5-HTTLPR -.006
Chronic Family Stress .002
Poor Parenting -.000
Children’s Maternal
Depression Exposure 001
Step 2 9,368 .048 2.077* .013
Primary Caregiver age -.001
Maternal Anxiety 012
Child Sex -.002
BDNF Val66met -.004
5-HTTLPR -.004
Chronic Family Stress .003
Poor Parenting .000
Children’s Maternal
Depression Exposure ~018
Child Sex X Children’s 043

Maternal Depression Exposure

fp < .10, *p < .05; child sex: males = 0 and females = 1; 5-HTTLPR: I/l =0 and s/s or s/l = 1;

BDNF val66met: val/val = 0 and val/met or met/met = 1; both depression and anxiety were

coded as 0 = no child exposure/lifetime disorder, 1 = child exposure/lifetime disorder.
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The final model summary can be found in Table 7. No significant main effects were
found. A significant interaction was found between children’s maternal depression exposure
and poor parenting in association with AUCg (Figure 4), such that poorer parenting was
associated with significantly lower AUCg only in children who were exposed to maternal
depression during their lifetime b = -.03, #368) = -2.14, p = .03, (ns for children with no
exposure). Children with and without exposure to maternal depression differed significantly
in AUCg at high levels of poor parenting (> 1SD above the mean), specifically values of
poor parenting > 1.43; thus, parenting only needed to be slightly poorer than average for this
sample for this effect to be seen.

Paternal depression and AUCi and AUCg.

AUCi. The following interactions were dropped from the final model as they were not
significant: BDNF val66met X poor parenting, BDNF val66met X paternal depression,
BDNF val66met X chronic family stress, 5S-HTTLPR X poor parenting, S-HTTLPR X
chronic family stress, 5S-HTTLPR x paternal depression, paternal depression X poor
parenting, paternal depression X chronic family stress, child sex X BDNF val66met, child
sex X 5-HTTLPR, child sex X chronic family stress, and child sex X poor parenting. Once
again, in contrast to previous research (e.g., Alexander et al., 2009; Hayden et al., 2010), I
did not find an interaction between S-HTTLPR or BDNF genotypes and life stress (chronic
family stress or poor parenting) in association with cortisol reactivity as indexed by AUCi.

The final model summary can be found in Table 8. Paternal anxiety was associated
with significantly higher AUCi; no other main effects reached significance. An interaction
was found between child sex and paternal depression such that girls with a history of paternal
depression had significantly lower AUCi than girls with no paternal depression, b = -.03,

#(325) =-2.33, p = .02 (see Figure 5), and were also significantly lower than boys with a
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Children’s maternal depression exposure and other factors predicting children’s area under

the curve with respect to ground

Overall Model
Variable df R’ F AR’ b
Step 1 7370 033 1.781"
Primary Caregiver age -.001
Maternal Anxiety .006
BDNF Val66met -.004
5-HTTLPR -.012
Chronic Family Stress .005°
Poor Parenting -.001
Children’s Maternal
. .014
Depression Exposure
Step 2 8,369 .047 2.300* .014
Primary Caregiver age -.001
Maternal Anxiety .001
BDNF Val66met -.005
5-HTTLPR -.012
Chronic Family Stress .005
Poor Parenting .005
Children’s Maternal
. .020
Depression Exposure
Children’s Maternal
Depression Exposure X Poor -.034*

Parenting

fp < .10, *p < .05; child sex: males = 0 and females = 1; 5-HTTLPR: I/l =0 and s/s or s/l = 1;

BDNF val66met: val/val = 0 and val/met or met/met = 1; both depression and anxiety were

coded as 0 = no child exposure/lifetime disorder, 1 = child exposure/lifetime disorder.
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Figure 4. The association between poor parenting and children’s cortisol area under the curve
with respect to ground (AUC Ground) as a function of children’s maternal depression

exposure. ROS = Region of Significance.
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Paternal depression and other factors predicting children’s area under the curve with

respect to increase
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Overall Model

Variable df R’ F AR’ b

Step 1 8,326 .036  1.520
Primary Caregiver age -.0017
Paternal Anxiety 0217
Child Sex .002
BDNF Val66met -.004
5-HTTLPR -.008
Chronic Family Stress .002
Poor Parenting .002
Paternal Depression -.007

Step 2 9,325 .057 2.181* .021
Primary Caregiver age -.0017
Paternal Anxiety 017
Child Sex .008
BDNF Val66met -.004
5-HTTLPR -.009
Chronic Family Stress .002
Poor Parenting .002
Paternal Depression .021
Child Sejx X Paternal _052%*
Depression

Tp <.10, **p < .01; child sex: male = 0 and female = 1; 5S-HTTLPR: 1/ =0 and s/s or s/l = 1;

BDNF val66met: val/val = 0 and val/met or met/met = 1; both depression and anxiety were

coded as 0 = no lifetime history of disorder, 1 = lifetime history of disorder.
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paternal history of depression, b = -.04, #325) = -2.41, p = .02. There was no effect of child
sex for children with no paternal depression history, nor did boys differ significantly from
one another depending on whether they had a paternal history of depression.

AUCg. The following interactions were dropped from the final model as they were not
significant: BDNF val66met X poor parenting, BDNF val66met X paternal depression,
BDNF val66met X chronic family stress, 5S-HTTLPR X poor parenting, S-HTTLPR X
chronic family stress, paternal depression X poor parenting, paternal depression X chronic
family stress, child sex X BDNF val66met, child sex X 5S-HTTLPR, child sex X paternal
depression, child sex X chronic family stress, and child sex X poor parenting. No interactions
between BDNF and contextual variables were found, in contrast to prior work (Hayden et al.,
2010; Hosang et al., 2014). Child sex was also dropped from this model because it did not
significantly predict AUCg and no sex interactions reached significance.

The final model summary can be found in Table 9. A main effect of chronic family
stress was found, indicating higher AUCg with higher levels of chronic stress. A main effect
of 5-HTTLPR genotype was also found in this model, such that carrying a s allele was
associated with significantly lower AUCg; however, this effect was qualified by a significant
interaction with paternal depression (see Figure 6). A significant effect of 5-HTTLPR
genotype on AUCg was found for children with no history of paternal depression, b = -.03,
#(325) = -3.04, p = .00 (ns for children with a history of paternal depression), indicating
higher AUCg in children homozygous for the 1 allele. Additionally, there was a significant
effect of paternal depression on AUCg only in | homozygotes, b = -.05, #(368) =-2.12,p =
.03, (ns for children carrying at least one s allele), indicating significantly higher cortisol in

children with a paternal depression history.
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Paternal depression and other factors predicting children’s area under the curve with

respect to ground

Overall Model
Variable df R’ F AR’ b
Step 1 7,327 .047 2.302*
Primary Caregiver age -.002
Paternal Anxiety .016
BDNF Val66met -.001
5-HTTLPR -.024*
Chronic Family Stress .006*
Poor Parenting -.001
Paternal Depression -.009
Step 2 8,326 .060 2.622** 013
Primary Caregiver age -.002
Paternal Anxiety .024
BDNF Val66met -.002
5-HTTLPR -.033%**
Chronic Family Stress .005
Poor Parenting -.001
Paternal Depression -.052*
S5-HTTLPR X Paternal 064%

Depression

*p <.05, **p <.01; 5-HTTLPR: I/l = 0 and s/s or s/l = 1; BDNF val66met: val/val = 0 and

val/met or met/met = 1; both depression and anxiety were coded as 0 = no lifetime history of

disorder, 1 = lifetime history of disorder.
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Multi-level Modeling Analyses

I next analyzed predictors of children’s cortisol reactivity to stress using multi-level
modeling (MLM) conducted in the HLM statistical program version 7 (SSI Inc.,
Lincolnwood, IL). MLM allows the data to be modeled at two levels (Level 1, which
captures within-individual change over time, and Level 2, which allows one to test predictors
of any interindividual differences in change (Singer & Willett, 2003). For this study, Level 1
consisted of cortisol time points (baseline, 10, 20, 30, 40, and 50 minutes) while Level 2 was
individual children and consisted of the individual measures. On the second level, I estimated
equations to predict differences in Level 1 intercepts (baseline cortisol), instantaneous rate of
change (hereby referred to as “slope”), and curvature from the following Level 2 predictors
(primary caregiver age, parent anxiety, child sex, S-HTLPR and BDNF val66met genotypes,
poor parenting, chronic family stress, parent depression, and relevant two-way interactions).
Two adjustments were made to the data to ease interpretation of the results: First, time was
anchored at baseline (at baseline, time = 0) so that the cortisol intercepts (Bo) would reflect
the average individual’s cortisol level at baseline; and second, all Level 2 between-person
variables were centered at their grand mean.

These models can be understood as a within-subjects regression of an individual’s
cortisol values onto the time of each assessment. To evaluate these models, the following
function was specified to describe the data from each individual:

Level 1: Y;i=Po; +B1;(Time)+Py;(Time”)+r;
Level 2
Intercept: Boj = Yoo + Ug;
Slope: Bij = Y10 + uy;

Curvature: Boj = y20 +uy;
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Equation 3
where Yj; is the cortisol value of individual j at time 1; ; is the cortisol value of individual j
at Time 0, (i.e., the baseline cortisol value of individual j); B is the rate of the linear change
in cortisol for individual j over the course of the home visit; 3; is the rate of the curvature in
cortisol; and rj is the residual variance in repeated measurements for individual j, assumed to
be independent and normally distributed across subjects. Cortisol data were log 10
transformed prior to all analyses to remove a positive skew, a standard procedure with
cortisol data (Gunnar & Talge, 2008). As measures were taken during data collection to
obtain an accurate baseline cortisol sample by minimizing potential confounds (e.g., time of
day, activity level, novel experimenter, etc.,) and eliminating the well-established laboratory
effect on cortisol (Gunnar & Talge, 2008), it is reasonable to assume that cortisol intercept in
these MLM analyses can be described as indexing resting or baseline cortisol. In contrast,
cortisol slope and curvature can be identified as the reactivity components of the model and
will thus be referred to as such throughout.

Figure 7 shows the unconditional model. Overall, children demonstrated an increase in
cortisol from baseline to 30 minutes post-stress followed by a subsequent decline.
Confirming the selection of a quadratic model, a chi-square test of the deviance statistics
between unconditional linear and quadratic models indicated that adding a quadratic term to
the model resulted in a significant improvement in model fit, X (1) = 550.31, p < .001. Tests
of unconditional models showed significant variation in intercept, slope, and curvature,
confirming the appropriateness of testing Level 2 predictors of change (ps <.001; Singer &
Willett, 2003).

Three MLM interaction models were run examining the effects of: 1) maternal lifetime

depression, 2) children’s maternal depression exposure, and 3) paternal lifetime depression.
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Main effects and interactions were tested by entering all IVs and interaction terms at Level 2
of the model, and allowing them to predict cortisol intercept, slope, and curvature. The
following interaction terms were created by first centering continuous predictors, then taking
the product of the two terms: BDNF val66met X poor parenting, BDNF val66met X parent
depression, BDNF val66met X chronic family stress, S-HTTLPR

X poor parenting, S-HTTLPR X chronic family stress, 5S-HTTLPR x parent depression,
parent depression X poor parenting, parent depression X chronic family stress, child sex X
BDNF val66met, child sex X 5S-HTTLPR, child sex X parent depression, child sex X chronic
family stress, and child sex X poor parenting. As with AUC analyses, non-significant
interaction terms were dropped to conserve power. Child sex was also dropped from models
in which there were no significant interactions between child sex and the primary IVs of
interest.

Significant interactions were probed using procedures outlined by Aiken and West for
use in multiple regression (1991); these procedures are also appropriate for MLM as an
extension of standard multiple regression (Curran, Bauer, & Willoughby, 2006). Specifically,
I examined the conditional effects of the focal predictor at each level of the moderator
(simple slopes; Aiken & West, 1991). For dichotomous moderators (e.g., maternal
depression), this was accomplished by reverse-coding the dichotomous moderator, recreating
the interaction terms, and re-running the model, which allows one to view the effect of the
focal predictor at different levels of the moderator. For continuous moderators, this was done
by recentering the continuous moderator at values 1 SD above and below the mean,
recreating the interaction terms, and rerunning the model. In doing so, one can examine the
effect of the focal predictor at low and high levels of the moderator. Lastly, as MLM

incorporates interactions with time, time is held constant while Level 2 variables are allowed
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to vary; thus, in order to fully dismantle the interaction, the effect of the original moderator
must then be examined at various levels of the focal predictor using the same recentering
procedures described above (Aiken & West, 1991).

Maternal depression and cortisol intercept, slope, and curvature. The following
interactions were dropped from the final model as they were not significant: BDNF val66met
X poor parenting, BDNF val66met X maternal depression, BDNF val66met X chronic family
stress, S-HTTLPR X poor parenting, S-HTTLPR X chronic family stress, 5-HTTLPR x
maternal depression, child sex X BDNF val66met, child sex X 5S-HTTLPR, child sex X
maternal depression, child sex X chronic family stress, and child sex X poor parenting. In
contrast to previous research finding interactions predicting related outcomes (Alexander et
al., 2009; Hayden et al., 2010; Hosang et al., 2014), no interactions were found between
5-HTTLPR or BDNF val66met and life stress in association with cortisol intercept, slope, or
curvature. Child sex was dropped from the final model as it did not significantly predict
cortisol intercept, slope, or curvature, and no sex interactions reached significance.

The final model can be found in Table 10. No significant main effects were found.
However, an interaction was found in which maternal depression interacted with poor
parenting to significantly predict cortisol intercept and curvature (see Figure 8).

Maternal depression was associated with a significantly higher cortisol intercept at low levels
of poor parenting, unstandardized intercept coefficient = .008, SE = .004, t(368) =2.114, p =
.035. For children with a history of maternal depression, poorer parenting was associated
with a significantly faster rate of quadratic growth, unstandardized curvature coefficient =
001, SE =.000, #(368) = 2.065, p = .040, indicating that children exposed to poorer parenting
had a greater immediate decline in cortisol from 10-20 minutes post-stress than children

exposed to low levels of poor parenting.
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Maternal depression and other factors predicting children’s cortisol intercept, slope, and

curvature in multi-level modeling

Fixed Effect Coefficient t-value Variance  Chi-squared
(SE) component test of
(SD) variance
Cortisol intercept
Intercept .028(.001) 29.023*** . 000(.013)  459.503***
Primary Caregiver Age -.000(.000) -.167
Maternal Anxiety -.003(.003) -1.204
BDNF val66met -.001(.002) -.466
5-HTTLPR -.002(.002) -.852
Chronic Family Stress .001(.001) 1.682"
Poor Parenting .001(.001) 507
Maternal Depression .003(.002) 1.345
Maternal Depression X .001(.001) .507
Chronic Family Stress
Maternal Depression X Poor -.005(.003) -2.076*
Parenting
Cortisol slope
Intercept .008(.001) 7.814%** 000(.016)  632.600%**
Primary Caregiver Age -000(.000) -1.033
Maternal Anxiety .005(.003) 1.447
BDNF val66met -.001(.002) -.427
5-HTTLPR .001(.002) 365
Chronic Family Stress .000(.001) .095
Poor Parenting .002(.002) 1.038
Maternal Depression -.001(.002) -.282
Maternal Depression X .003(.002) 1.809°
Chronic Family Stress
Maternal Depression X Poor -.006(.003) -1.9287

Parenting

(continued)



Cortisol curvature

Intercept -.001(.000)
Primary Caregiver Age :000(.000)
Maternal Anxiety -.001(.001)
BDNF val66met .000(.001)
5-HTTLPR -.000(.001)
Chronic Family Stress -.000(.000)
Poor Parenting -.000(.000)
Maternal Depression -.000(.001)
Maternal Depression X -.001(.001)
Chronic Family Stress

Maternal Depression X Poor .001(.001)
Parenting

-5.697%**
729

-1.155
701
-.720
-429
-.609
224
-1.7217

2.027*

.000(.004)

66

816.370%**

Tp <.10, *p < .05, ***p < .001; 5S-HTTLPR: I/ = 0 and s/s or s/l = 1; BDNF val66met:

val/val = 0 and val/met or met/met = 1; both depression and anxiety were coded as 0 = no

lifetime history of disorder, 1 = lifetime history of disorder.
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Figure 8. The association between poor parenting and cortisol intercept, slope, and curvature

as a function of maternal depression history.
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Examination of the cortisol trajectories estimated in Figure 8 suggested that children
with a history of maternal depression who are exposed to high levels of poor parenting
display a slow and steady increase in cortisol post-stress. To test this possibility, which
requires looking at variation in intercept and slope at a specific time point, I recentered time
at the fifth cortisol sample (taken at 40 minutes post-stress) by recoding the Level 1 variable
time from “0, 1, 2, 3, 4, 5, to “-4, -3, -2, -1, 0, 1” and examining the slope coefficients in the
linear model, which now reflect cortisol slope at the new zero time point (Kryski et al.,
2013b). In this model, there was a trend level effect of poor parenting on cortisol slope for
children with a history of maternal depression, suggesting a higher cortisol slope (trend level)
with higher levels of poor parenting, unstandardized slope coefficient = .001, SE = .001,
#(369) = 1.753, p = .080. This effect was not seen when time was centered at the baseline
sample and suggests that there is delay in recovery in children with a history of maternal
depression who are exposed to high levels of poor parenting. There was no effect of poor
parenting on cortisol slope for children with no maternal depression at this time point.

Children’s maternal depression exposure and cortisol intercept, slope, and curvature.
Effects of children’s maternal depression exposure on cortisol intercept, slope, and curvature
were also explored by substituting the variable contrasting maternal depression occurring
during the child’s lifetime to no maternal depression or episodes occurring prior to the child’s
birth, for the maternal depression variable and its interactions terms in the preceding model.
The following interactions were dropped from the final model as they were not significant:
BDNF val66met X poor parenting, BDNF val66met X children’s maternal depression
exposure, BDNF val66met X chronic family stress, S-HTTLPR X poor parenting,
5-HTTLPR X chronic family stress, 5S-HTTLPR x children’s maternal depression exposure,

children’s maternal depression exposure X chronic family stress, child sex X BDNF
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val66met, child sex X 5-HTTLPR, child sex X children’s maternal depression exposure,
child sex X chronic family stress, and child sex X poor parenting. Once again, no interactions
were found between 5S-HTTLPR or BDNF val66met and life stress in association with
cortisol intercept, slope, or curvature (Alexander et al., 2009; Hayden et al., 2010; Hosang et
al., 2014). Child sex was also dropped as it did not significantly predict cortisol intercept,
slope, or curvature, and no sex interactions reached significance.

The final model, which yielded results highly similar to those found in the model using
maternal lifetime depression, can be found in Table 11. Higher chronic family stress was
associated with a significantly higher cortisol intercept. Children’s maternal depression
exposure interacted with poor parenting to significantly predict cortisol intercept and
curvature (Figure 9). For children exposed to maternal depression during their life, poorer
parenting was associated with a significantly lower cortisol intercept, unstandardized
intercept coefficient = -.008, SE = .003, #369) = -2.888, p = .004. In addition, at low levels of
poor parenting, exposure to maternal depression was associated with a significantly higher
cortisol intercept, unstandardized intercept coefficient = .012, SE = .005, t(369) = 2.616, p =
.009. With regard to cortisol curvature, for children exposed to maternal depression, poorer
parenting was associated with a significantly faster rate of quadratic growth, unstandardized
curvature coefficient = .001, SE = .001, #(369) = 2.027, p = .043. At low levels of poor
parenting, exposure to maternal depression was associated with slower rate of quadratic
growth, unstandardized curvature coefficient = -.002, SE = .001, #(369) = -2.110, p = .036.

Paternal depression and cortisol intercept, slope, and curvature. The following
interactions were dropped from the final model as they were not significant: BDNF val66met
X poor parenting, BDNF val66met X paternal depression, BDNF val66met X chronic family

stress, S-HTTLPR X poor parenting, paternal depression X poor parenting, paternal
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Children’s maternal depression exposure and other factors predicting children’s cortisol

intercept, slope, and curvature in multi-level modeling

Fixed Effect Coefficient t-value Variance  Chi-squared
(SE) component test of
(SD) variance
Cortisol intercept
Intercept 028(.001)  29.103***  .000(.013)  456.620**
Primary Caregiver Age -.000(.000) -.142
Maternal Anxiety -.004(.003) -1.408
BDNF val66met -.001(.002) -.538
5-HTTLPR -.002(.002) -.824
Chronic Family Stress .002(.001) 2.369*
Poor Parenting .001(.001) .609
Children’s Maternal Depression .004(.003) 1.524
Exposure
Children’s Maternal Depression ~ -.008(.003)  -2.924%**
Exposure X Poor Parenting
Cortisol slope
Intercept 008(.001)  7.466***  .000(.016)  640.050***
Primary Caregiver Age -.000(.000) -892
Maternal Anxiety .004(.003) 1.172
BDNF val66met -.001(.002) -.608
5-HTTLPR .002(.002) 740
Chronic Family Stress .001(.001) 1.206
Poor Parenting .001(.002) 575
Children’s Maternal Depression .004(.004) 1.080
Exposure
Children’s Maternal Depression  -.004(.003) -1.632
Exposure X Poor Parenting
Cortisol curvature
Intercept -.001(.000) -5.683***  .000(.004) 820.579***

(continued)



Primary Caregiver Age :000(.000) 622

Maternal Anxiety -.001(.001) -.855
BDNF val66met .000(.000) .860

5-HTTLPR -.001(.001) -1.042
Chronic Family Stress -.000(.000) -1.466
Poor Parenting -.000(.000) -.260
Children’s Maternal Depression ~ -.001(.001) -1.442
Exposure

Children’s Maternal Depression .001(.001) 2.152%
Exposure X Poor Parenting

71

*p <.05, **p <.01, ***p <.001; 5S-HTTLPR: I/l = 0 and s/s or s/l = 1; BDNF val66met:
val/val = 0 and val/met or met/met = 1; both depression and anxiety were coded as 0 = no

child exposure/lifetime exposure and 1 = child exposure/lifetime disorder.
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Figure 9. The association between poor parenting and cortisol intercept, slope, and curvature

as a function of children’s maternal depression exposure.
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depression X chronic family stress, child sex X BDNF val66met, child sex X 5-HTTLPR,
child sex X paternal depression, and child sex X chronic family stress. In contrast to previous
literature, no interactions were found between BDNF val66met and life stress in association
with cortisol intercept, slope, or curvature (Hayden et al., 2010; Hosang et al., 2014).

The final model can be found in Table 12. Main effects were found in which paternal

anxiety was associated with a significantly higher cortisol slope and slower rate of quadratic
growth. Main effects of 5-HTTLPR genotype, chronic family stress, poor parenting, and
paternal depression on cortisol intercept were qualified by the following significant
interactions: 5S-HTTLPR X chronic family, 5-HTTLPR X paternal depression, and child sex
X poor parenting. These three interactions will be discussed in the following paragraphs.

First, an interaction between S-HTTLPR and chronic family stress in association with
cortisol intercept was probed (see Figure 10). In children homozygous for the | allele of
5-HTTLPR, higher chronic family stress was associated with a significantly higher cortisol
intercept, unstandardized intercept coefficient = .005, SE = .001, #322) = 4.347, p < .001;
this effect was not significant for children with an s allele. At high levels of chronic family
stress, carrying at least one s allele was associated with a significantly lower cortisol
intercept, unstandardized intercept coefficient = -.014, SE = .004, #(322) =-3.982,

p <.001; this effect was not significant at low levels of chronic family stress..

An interaction was also found between 5-HTTLPR genotype and paternal depression in
predicting cortisol intercept (see Figure 11). Carrying at least one s allele was associated with
a significantly lower cortisol intercept only in children with no history of paternal depression,
unstandardized intercept coefficient = -.007, SE = .002, #(322) = -3.090, p = .002, this effect
was not significant for children with a paternal depression history. Additionally, having a

history of paternal depression was associated with a significantly lower cortisol intercept



Table 12

Paternal depression and other factors predicting children’s cortisol intercept, slope, and

curvature in multi-level modeling

Fixed Effect Coefficient t-value Variance Chi-
component  gqyared test
8 (SD) ocif variance
Cortisol intercept
Intercept .027(.001)  30.554***  000(.010)  405.587**
Primary Caregiver Age -.000(.000) -.009
Paternal Anxiety -.004(.003) -1.431
Child Sex -.001(.001) -.696
BDNF val66met -.000(.002) -.089
5-HTTLPR -.007(.002) -3.090**
Chronic Family Stress .005(.001) 4.347%**
Poor Parenting -.003(.002) -2.402%
Paternal Depression -.010(.005) -2.145%
5-HTTLPR X Chronic -.004(.001)  -3.584%*x*
Family Stress
5-HTTLPR X Paternal .013(.007) 2.003*
Depression
Child Sex X Poor Parenting .004(.002) 2.105%*
Cortisol slope
Intercept .008(.001) 7.814***  000(.015)  627.224***
Primary Caregiver Age -000(.000) -1.440
Paternal Anxiety .009(.004) 2.404*
Child Sex .003(.002) 1.364
BDNF val66met -.001(.002) -.582
5-HTTLPR .001(.003) 274
Chronic Family Stress -.001(.002) -.753
Poor Parenting .002(.002) 1.118
Paternal Depression -.004(.005) -.814

(continued)
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5-HTTLPR X Chronic .002(.002) 1.079
Family Stress

5-HTTLPR X Paternal .004(.007) 621

Depression

Child Sex X Poor Parenting  -.002(.003) -.809

Cortisol curvature

Intercept -.001(.000)  -5.692***  .000(.004) 862.038***
Primary Caregiver Age -000(.000) 1.064
Paternal Anxiety -.001(.001) -2.142%
Child Sex -.001(.000) -1.443
BDNF val66met .000(.001) 782
5-HTTLPR -.000(.001) -.560
Chronic Family Stress .000(.000) .549
Poor Parenting -.000(.001) -.809
Paternal Depression .000(.001) .643
5-HTTLPR X Chronic -.000(.000) -.885
Family Stress

5-HTTLPR X Paternal -.001(.001) -.404
Depression

Child Sex X Poor Parenting .000(.001) 761

Tp <.10, *p < .05, **p < .01, ***p < .001; child sex: males = 0 and females = 1;
5-HTTLPR: I/ = 0 and s/s or s/l = 1; BDNF val66met: val/val = 0 and val/met or met/met =
1; both depression and anxiety were coded as 0 = no lifetime history of disorder, 1 = lifetime

history of disorder.
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only in children homozygous for the 1 allele of 5-HTTLPR, unstandardized intercept
coefficient = -.010, SE = .005, #(322) = -2.145, p = .033, but was not associated with cortisol
intercept in s carriers.

Finally, an interaction was found between child sex and poor parenting in predicting
cortisol intercept (Figure 12). Poorer parenting was associated with a significantly lower
cortisol intercept in boys only, unstandardized intercept coefficient = -.004, SE = .002, #(322)
=-2.402, p = .017,; this effect was not significant for girls. There was no significant effect of
child sex at high or low levels of poor parenting.

Discussion

In the present study, I examined interactions between key biological and contextual
markers of depression risk in association with cortisol reactivity to psychosocial stress in
early childhood. To my knowledge, this study is the first to take a broad, multivariate
approach to understanding correlates of early child cortisol reactivity to stress, examining
multiple markers of biological and contextual risk together. I found evidence for interactions
between several biological and contextual risk factors for depression in association with HPA
axis functioning in this sample. Overall, my findings suggest that factors contributing to
children’s early HPA system functioning are complex, and that greater attention should be
paid to how environmental stress is operationalized in diathesis-stress models of early
cortisol function. Further, findings varied depending on how cortisol reactivity was indexed,
suggesting that a greater understanding is needed regarding how different indices of cortisol
function relate to vulnerability.

More specifically, with regard to how life stress is operationalized, I found that
chronic stress and poor parenting, two salient forms of environmental stress for children this

age (Lorant et al., 2003; Lupien, King, Meaney, & McEwen, 2000; Ormel, 2014; Smider et
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al., 2002), had very different associations with cortisol reactivity, particularly in the context
of parent depression history. More specifically, marked cortisol reactivity indexed by AUCg
was found in children of depressed caregivers exposed to high levels of chronic family stress,
while attenuation of the cortisol response was found in these children when exposed to high
levels of poor parenting. The latter finding is not inconsistent with previous literature finding
decreased or “blunted” cortisol reactivity in individuals who experience early childhood
maltreatment (e.g., Carpenter, Shattuck, Tyrka, Geracioti, & Price 2011; MacMillan et al.,
2009; Sumner, McLaughlin, Walsh, Sheridan, & Koenen, 2014), although the association
between poor early care and cortisol was restricted to children with a depressed mother.
Importantly, studies of the association between cortisol reactivity and more extremely
negative aspects of early care (i.e., early maltreatment) generally do not take into account
other risk factors, such as parent depression, which may be a crucial oversight if multifinality
of the cortisol response is present based on such risks. In addition, it appears that the
processes involved in cortisol reactivity in early childhood are somewhat different from the
processes involved in baseline cortisol as it relates to HPA functioning, with paternal
depression being more strongly associated with the latter.

Regarding how cortisol function is indexed, I found that the associations between
poor parenting and child cortisol reactivity differed depending on the outcome, with MLM
offering unique information that AUC cannot capture regarding both recovery and delayed
reactivity. This suggests that studies examining cortisol reactivity as a risk marker may wish
to use both indices (AUC and MLM)), collect more than 5 samples post-stress, and include
consideration of the potential limitations of the index chosen when interpreting results. In the
sections that follow, I will review and discuss my findings in detail with attention to what

component of HPA activity was being indexed in the model at hand.
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Assessing Cortisol Reactivity to Psychosocial Stress

HPA reactivity to stress is an adaptive response, as it enables individuals to respond
to potential threat (Selye, 1956). Dysregulation in this system, which can be expressed in
terms of both hypo- and hyper-reactivity of the HPA response to psychosocial stress (Selye,
1974), represents a pathognomonic process that places individuals at risk for a variety of
psychological and physiological problems (Jokinen & Nordstrom, 2009; Padgett & Glaser,
2003; Shea et al., 2005; Sapolsky, 2000; Sapolsky, Krey, & McEwen, 2002). This study used
cortisol reactivity to psychosocial stress as an index of HPA function. Further, I used several
different statistical procedures to model cortisol reactivity, procedures that are often used
interchangeably in the literature. Importantly, findings were not always consistent across
different indices of reactivity (AUCi, AUCg, and MLM), suggesting that the conclusions
drawn from these various operationalizations of reactivity will differ, and must be considered
in light of the different aspects of HPA axis function they purportedly tap. As consideration
of how cortisol is operationalized will be pertinent to the interpretation of my findings, a
brief review of the various cortisol indices is provided in the next section.

Cortisol indices and the HPA system. As the glucocorticoid end-product of the
HPA system, cortisol exhibits diurnal fluctuation such that is it highest in the morning and
declines throughout the day, reaching its lowest point a few hours after the onset of sleep
(Selye, 1974). As cortisol levels are most stable during the afternoon (Schmidt-Reinwald et
al., 1999), this is the optimal time during which to assess both baseline cortisol and
reactivity, as values will be less influenced by diurnal rhythm. Baseline cortisol is often
thought of as being a more trait-like and stable marker of HPA function, such that baseline
cortisol is an index of the levels of cortisol that an individual is exposed to on a daily basis,

across a long period of time, and independent of environmental conditions (Gunnar & Talge,
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2008). In contrast, salivary cortisol values in response to stress are considered a state-like
marker of HPA function and represent responsivity of the system to input from the
immediate environment. Further, reactivity of the system includes both the initial cortisol
increase post-stress and the system’s recovery, or its ability to down-regulate to pre-stress
levels following cessation of the stressor (Gunner & Talge, 2008). These different aspects of
HPA system function are differentially emphasized depending on how cortisol reactivity is
modelled. It can be argued that baseline cortisol, in a well-controlled study such as this one,
can be indexed by examining cortisol intercepts via multi-level modelling techniques,
although multiple data collection points are preferred when indexing basal or trait-life
cortisol function (e.g., Dougherty et al., 2013). When cortisol is modelled at Level 1 in HLM,
the intercept is a reflection of baseline cortisol within the sample, when time is grounded at
the baseline making the cortisol intercept in MLM most akin to trait-like or basal HPA
function.

However, other indices of cortisol also capture the influence of baseline cortisol.
AUCg is a measure of total cortisol across a sampling period and is in large part influenced
by baseline cortisol values (Pruessner et al., 2003). In contrast, AUCi indexes cortisol
reactivity over and above baseline functioning and may be a better index of stress reactivity
(Pruessner et al., 2003). We would therefore expect predictors of AUCg to be more similar to
those of cortisol intercept in MLM, and predictors of AUCIi to be most similar to those of
cortisol slope (and curvature) in MLM, which was generally the case in the present study.
This is further supported by the fact that AUCi was positively correlated with all cortisol
levels post-stress in this sample, but was not correlated with baseline cortisol. In contrast,
AUCg was positively correlated with baseline cortisol, suggesting that it is indeed partly

reflective of trait-like cortisol function. Using both MLM and AUC indices allows stronger
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inferences regarding which aspects of HPA function are influenced by these biological and
contextual correlates.

Importantly, both AUCg and AUCi are incapable of capturing variation in the rate of
HPA (cortisol) reactivity or recovery of the system over time. For example, an individual
exhibiting a very slow and gradual increase in cortisol over a 50-minute sampling period may
have AUC values that are quite low, despite the fact that this individual may have shown
prolonged exposure to cortisol over time, if recovery was unusually slow and cortisol release
extended far beyond the sampling period. This may have been true for children of depressed
caregivers in our sample who were exposed to high levels of poor parenting; these children
appeared to have a blunted response in AUC analyses as their AUC was significantly lower
than children with a history of caregiver depression who were exposed to low levels of poor
parenting. However, MLM revealed information that was not evident in models predicting
AUC: namely, MLM analysis showed that, later in the sampling period, children with a
maternal depression history who were exposed to high levels of poor parenting had a higher
cortisol slope than children with a primary caregiver depression history who were exposed to
low levels of poor parenting, consistent with the notion that the children with both risks
exhibited a delayed recovery. Such a pattern of cortisol activity may indicate deficits in the
capacity of the system to effectively downregulate, and can only be characterized with the
use of multi-level modelling. It also suggests that especially long sampling periods
post-stress may be required to fully understand the recovery process in children at such risk;
even the fairly extensive sampling period used in the current study may not have been
sufficiently long to fully capture this process.

In summary, interpretation of the effects of individual risk factors on HPA activity,

indexed via salivary cortisol, should be informed by the specific statistical technique used to
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index cortisol reactivity. Further, in cases in which downregulation of the cortisol response is
thought to be relevant to the phenomenon of interest (e.g., depression vulnerability), MLM
may be the methodology of choice, and extensive post-stress sampling may be warranted.
Despite cortisol measures often being correlated, as they were in this sample, cortisol indices
of HPA reactivity do not yield redundant results, despite largely being treated as
interchangeable in the extant literature. As such, special attention will be paid to this issue
when interpreting the results of this study.

Maternal depression models.

MLM analyses showed a moderated effect of maternal depression on both cortisol
intercept and curvature, indicating that maternal depression may influence recovery of the
HPA system, as well as basal functioning, in the context of poor parenting and chronic stress.
No significant main effects or interactions were found in maternal depression models
predicting AUCI, suggesting that there may be a stronger association between maternal
depression and baseline or trait-cortisol than reactivity; however, a significant effect was
found on cortisol curvature in MLM, indicating that maternal depression is associated with
post-stress recovery of the HPA axis. The impact of exposure to maternal depression during
the child’s lifetime on child cortisol was also moderated by poor parenting in association
AUCg, and with cortisol intercept and curvature in MLM. Indeed, whether children had
experienced maternal depression exposure did not appear important for cortisol function
when considering interactions between maternal depression and poor parenting, but it did in
the context of chronic stress. Specifically, children’s maternal depression exposure models
showed similar results to those considering whether maternal depression history was present
in models testing interactions with poor parenting; however, there was no interaction

between children’s maternal depression exposure and chronic stress in predicting AUCg,
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whereas there was for /ifetime maternal depression. Children’s maternal depression exposure
interactions and their implications will be discussed in more detail later in the discussion.

A key finding among the interactions with maternal depression is the different pattern
of effects of chronic family stress and poor parenting on child cortisol function. While high
chronic family stress was associated with heightened reactivity in this group, poor parenting
was associated with the opposite effect, such that children with a depressed mother had a
distinctively low cortisol response in the context of high levels of poor parenting, as indexed
by AUCg and by a faster rate of curvature (i.e., a faster initial reduction in slope following
the stressor) in MLM. Children with a maternal depression history were most reactive when
exposed to low levels of poor parenting, by virtue of having a significantly higher AUCg
relative to children with a maternal depression history exposed to high levels of poor
parenting, and children with no maternal depression exposed to low level of poor parenting.
Interestingly, children with no history of maternal depression did not show associations
between indices of cortisol reactivity and either chronic stress or poor parenting, displaying
no significant change in cortisol at high or low levels of these environmental stress variables.
This suggests that familial risk for depression transmitted via the mother may be associated
with depression risk by virtue of its ability to sensitize offspring to different forms of early
environmental stress. This study was not well-equipped to speak to the mechanisms by which
such sensitization could occur; future studies may wish to examine whether maternal
negative affect, negative cognition, or other processes play a role in mediating this effect. It
is also likely that mothers’ depression marks the presence of heritable factors that influence
offspring stress reactivity; this idea will be discussed further in later sections.

Evolutionary theory posits that heightened reactivity during times of environmental

stress is an adaptive response (Selye, 1956); in this light, the pattern of what could be
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considered more normative cortisol reactivity displayed by children with a familial
depression history in the context of chronic family stress could be considered adaptive,
whereas the attenuated cortisol reactivity profile observed in children of depressed mothers
with high poor parenting could be interpreted as maladaptive under their current
environmental conditions. However, compared to children with no history of maternal
depression, children with a maternal depression history exhibited an elevated total cortisol
response when exposed to high level of chronic family stress, indicating that this response
marks a pattern of cortisol dysregulation, albeit one distinct from the children of depressed
mothers experiencing poor parenting. It is also important to note that children exposed to low
levels of poor parenting who had a maternal depression history exhibited the highest levels of
baseline cortisol, which may lead to prolonged exposure to cortisol over time and negative
physical and psychological outcomes (de Felice et al., 2008; Gunnar & Talge, 2008; Pacak et
al., 2002). While speculative, the exaggerated cortisol reactivity and high baseline cortisol in
children with familial risk for depression at low levels of poor parenting suggests that
children with maternal depression may be at risk for the development of a first episode of
depression that is “reactive” in nature, or easily triggered by a major life event, by virtue of
having especially heightened cortisol reactivity to stress that is readily triggered in response
to environmental stimuli. Intriguingly, children without a maternal depression history who
had high levels of poor parenting showed a similar pattern of exaggerated stress reactivity, as
indexed by MLM models. This is consistent with notions of equifinality, in that there may be
two distinct pathways to heightened cortisol stress reactivity, one related to familial
depression vulnerability and another related to exposure to early adversity in the form of

negative early care. Although the current study was not equipped to test such mechanisms,
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the latter pathway is suggestive of underlying epigenetic programming of stress responses
through variations in maternal care (Heim & Binder, 2012; Oberlander et al., 2008).

In contrast, children who experienced high poor parenting and had a history of
maternal depression exhibited an attenuated cortisol response to a laboratory stressor,
indexed via AUCg and curvature in MLM. However, visual inspection of the cortisol
estimates in MLM and analysis of recentered data suggest that these children exhibit a slow,
steady increase in cortisol over the 50-minute sampling period. This information was not
evident in analyses operationalizing cortisol reactivity using AUC. Had the sampling period
extended further, it is possible that this group of children would have shown a return to
baseline levels of cortisol later than other groups, and could suggest impairments in the
capacity to downregulate the stress response system. While speculative, such impairments in
downregulation could be related to biological differences in this group, such as other genetic
influences not tested here (Sheikh, 2014). It is also possible that behavioural or cognitive
processes occurring after cessation of the stress task contributed to this maladaptive pattern
of reactivity. Indeed, children with a history of maternal depression who have experienced
poor parenting may exhibit poor emotion regulation following the stressor, corresponding to
literature showing such processes in children of depressed mothers and those exposed to poor
parenting (e.g., Chang, Schwartz, Dodge, & McBride-Change, 2003; Feng et al., 2008); low
regulatory traits have also been linked to depression vulnerability in middle childhood
(Kotelnikova, Mackrell, Jordan, & Hayden, 2014). The children of depressed mothers
exposed to poor parenting may have sustained negative affect following the stressor that they
are ill-equipped to downregulate, resulting in a gradual increase in cortisol after the stressor
has ceased. This finding complements work showing that post-stress rumination is linked to

poor cortisol recovery post-stress in adolescence (Stewart et al., 2013). This notion could be
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more directly tested in future work by extending the post-stress sampling period and coding
child emotion and behavior during that time.

Additionally, future research may wish to examine neural correlates that characterize
trait rumination in depressed individuals, such as heightened activation in brain systems
including the default mode network (DMN) (Berman & Jonides, 2011; Thomason, Hamilton,
& Gotlib, 2011). When the brain is not engaged in a specific attention-demanding or
stimulus-dependent task, it switches gears into a default mode of stimulus-independent
thought that is thought to be characterized by personal introspection, autobiographical
memories, and thoughts of the future (Buckner, Andrews-Hanna, & Schacter, 2008). This
DMN consists primarily of activation in the medial prefrontal cortex, posterior cingulate
cortex, and the inferior temporal lobule, although other areas have been implicated
(Whitfield-Gabrieli & Ford, 2012). Associations established between heightened DMN
activity and poor cortisol recovery post-stress would lend support to the hypothesis that
children with a history of maternal depression who are also exposed to poor parenting have
difficulty disengaging emotionally from the stress task once it is over, thereby resulting in
prolonged elevation in cortisol post stress. This would further improve our understanding of
the neural substrates of HPA dysfunction in children at risk for depression. Importantly,
research also shows that task engagement reduces DMN activity in depressed individuals
such that they appear more like controls (Berman & Jonides, 2011), suggesting that this
research could inform early preventative intervention in the form of the introduction of
coping strategies (e.g., distraction) to children at risk for depression.

In discussing the interaction between maternal depression and poor parenting, the
potential reciprocal influences that cognitive processes and HPA reactivity have on one

another should also be considered (Schlosser, Wolf, & Wingenfeld, 2011). Given that
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mothers with depression are more critical and hostile towards their children, engage in more
coercive actions, and are more likely to negatively reinforce misbehaviour than control
mothers (Cummings & Davies, 1994), it is possible that children of mothers with depression
who also receive poor early care have acclimatized to psychosocial stress. Such habituation
to psychosocial stress is potentially associated with reduced neural activity in emotion
processing regions such as the amygdala or other regions of the frontal-limbic system during
these situations (Hooley et al., 2005). Reduced activation in these areas could be followed by
an attenuated HPA response, as these processes are “upstream” of the HPA axis, although
reciprocal influences also exist (Joorman, Eugene, & Gotlib, 2009). Future research should
examine both emotional and behavioural reactions to stress, in addition to functional neural
responses in emotion-focused brain regions and structural changes in these regions (e.g.,
prefrontal cortex, amygdala, hippocampus, etc.,) in children with and without exposure to
maternal depression and critical parenting. In conjunction, research examining cortisol and
neural responses to not only experimentally induced psychosocial stress, but also to maternal
criticism, would be warranted. Previous research has reported failure to activate the
dorsolateral prefrontal cortex in response to maternal criticism in individuals with a history
of depression (Hooley et al., 2005). Given the high heritability of depression, it is possible
that over-exposure to maternal criticism/poor parenting, related to maternal depression status,
desensitized these individuals to stimuli of a similar nature in adulthood. Replicating this
finding in children who are at familial risk for depression and including cortisol reactivity as
another phenotypic risk marker would be a valuable extension of this work. To this author’s
knowledge, no research has been done that would inform this theory, highlighting an

important gap in the literature to date.
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The interaction between maternal depression and poor parenting also indicates that
future research should follow children over time to better understand how different early
risks and patterns of HPA dysregulation relate to depression subtypes, given work linking
cortisol reactivity to such subtypes in both children (e.g., Luby et al., 2003; Luby et al., 2004)
and adults (e.g., Carroll et al., 1981; Gillespie & Nemeroff, 2005; Lamers et al., 2013). As
mentioned previously, children with a history of maternal depression who experience low
poor parenting, and children without a maternal depression history who experience high poor
parenting, may be at greater risk for “reactive” forms of depression that occur after a
significant life stressor. In contrast, children with a history of maternal depression who are
exposed to high poor parenting may be at greater risk for melancholic depression, due to their
attenuated reactivity profile which may leave them ill-equipped to cope with environmental
stressors and results in a poorer prognosis. Consistent with this hypothesis, research suggests
that melancholic depression may have greater genetic loading and tends to aggregate in
families (Kendler et al., 1996) in addition to being more severe and resistant to
pharmacological interventions (McGrath et al., 2008). This also corresponds with literature
linking a blunted cortisol response post-stress to early adversity for individuals with more
severe forms of depression (Harkness, Stewart, & Wynne-Edwards, 2011). Melancholic
depression is distinguished from other forms of depression by the inclusion of anhedonia, or
impaired reward function/lack of mood reactivity, as a key characteristic among other
factors. Thus, attenuation in HPA activity may partially account for this reduced mood
reactivity (or vice versa). Future research assessing the development of the HPA system and
the reward salience network in conjunction, could inform how these two potential

endophenotypes interact to produce different depression subtypes.
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Given the cross-sectional nature of this study, it is not possible to determine how or
when the attenuation of HPA reactivity occurs in children of depressed mothers who receive
poor parenting, but the current findings speak to pathways that can be tested in future
research. First, these findings suggest that prolonged exposure to heightened cortisol in
children at familial risk for depression early in development due to negative parenting
environment may have led to downregulation of the cortisol response to psychosocial stress.
This theory is supported by previous literature showing that depressed youth often exhibit
cortisol hyporeactivity to psychosocial stress after chronic mood dysregulation, chronic
depression, or after a history of maltreatment, with this attenuated reactivity predicting
greater depression severity (Ayer et al., 2013; Booij, Bouma, de Jonge, Ormel, & Oldehinkel,
2013; Burke et al., 2005; Harkness, Stewart, & Wynne-Edwards, 2011). The fact that
children with a depressed mother who were exposed to chronic family stress, a more distal
type of environmental stress in the life of a three-year old, exhibited heightened cortisol
reactivity suggests that this hypothesis may have some merit. Indeed, chronic family stress
may be a less potent environmental stressor for preschoolers, relative to the caregiving
received. It is possible that children exposed to chronic family stress may also exhibit
blunting of the cortisol response later in childhood as low SES, marital discord, and other
chronic family stressors become more salient.

Children of depressed mothers, regardless of whether they had been exposed to
maternal depression, exhibited significantly higher baseline cortisol and AUCg with lower
levels of poor parenting as well as reduced curvature, indicating that, even in sensitive
parenting contexts, these children are exposed to prolonged elevations in cortisol relative to
children whose mothers were not depressed during their lifetime. This suggests the

possibility that children at familial risk for depression have a genetic vulnerability to exhibit
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downregulation of the cortisol system only affer prolonged exposure to poor parenting and
maternal depression, with these two stressors acting in conjunction to suppress the system.
Contrary to the lifetime maternal depression model, a significant interaction between
maternal depression during the child’s lifetime and chronic family stress in association with
AUCg was not found. While also a function of the smaller sample of mothers available for
this analysis, it also suggests that direct exposure to maternal depression does not contribute
over and above the effect of lifetime maternal depression when considering the relationship
between chronic life stress and AUCg. Perhaps the more important interaction found
involving children’s maternal depression exposure is that with child sex in predicting AUCI.
This was the only effect present in children’s maternal depression exposure models that was
not present in /ifetime maternal depression models. This effect existed despite no main effect
of sex on any aspect of cortisol function being found in this sample. The absence of a sex
difference in cortisol reactivity in our sample is consistent with the larger literature on
salivary cortisol in childhood (Dettling et al., 1999; Lewis and Ramsay, 2002; for an
exception, see Essex et al., 2002), as sex differences on this particular aspect of stress
reactivity tend to emerge later in childhood and adolescence as children move through
puberty (Stroud et al., 2011). Thus, it is possible that changes in other forms of risk that
predominantly effect females and emerge later in life, such as biological changes, (e.g.,
hormonal) or increases in life stress, interact with cortisol reactivity to stress, leading to the
emergence of sex differences in cortisol that are not evident earlier in development. My
findings were consistent with this idea, as the sex by maternal depression interaction in this
sample showed that girls exposed to maternal depression had significantly higher cortisol
reactivity than boys who were similarly exposed. This is consistent with previous findings

from this sample showing that females with higher levels of depressive symptoms had
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greater cortisol reactivity in early childhood, whereas males did not (Kryski et al., 2013). As
early emerging depressive symptoms and familial depression risk are both putative risk
factors for the development of later disorder (Boland & Keller, 2009; Hammen, 2009), these
findings complement each other, and provide further evidence for the existence of sex
differences in risk that emerge earlier in life than perhaps previously thought. The current
findings lend further support to the idea that heightened sensitivity to psychosocial stress
may play a key role in explaining the preponderance of females who develop depression in
early adolescence, a time when social evaluative pressures increase substantially (Compas,
Orosan, & Grant, 1993).

Paternal depression models.

Although linkages between paternal anxiety and children’s cortisol function were not
the focus of the current research, an interesting finding was that paternal anxiety was
significantly associated with children’s cortisol slope and curvature such that children with a
history of paternal anxiety had heightened reactivity to the stressor relative to children with
no history of paternal anxiety. This could suggest that paternal anxiety has particularly strong
biological associations with HPA function, and that children of anxious fathers have a
biological predisposition to be more reactive to psychosocial stress. However, it could also
be the case that fathers’ anxiety is especially salient to even young children, and that early
modeling or other environmental mediation of risk occurs, leading to heightened cortisol
reactivity. While there is strong meta-analytic support suggesting that paternal depression is
associated with greater child internalizing psychopathology (Kane & Garber, 2004), this
study did not account comorbidity between paternal depression and other forms of
psychopathology, such as anxiety. To this author’s knowledge, this is the first study to

examine the association between paternal anxiety and HPA reactivity, while taking into
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account the effects of paternal depression, as well as other known biological and contextual
risk factors. However, future research seeking to replicate this finding is warranted as the
number of fathers in this study with anxiety was low.

In contrast to maternal depression models, where effects may have been most
pronounced for girls, it appears that having a lifetime history of paternal depression may be
particularly detrimental for boys. Specifically, an interaction was found between child sex
and lifetime paternal depression in predicting AUCi indicating that boys with a paternal
depression history had significantly higher cortisol reactivity than both boys with no paternal
depression history, and girls with a paternal depression history. These findings contradict
previous literature demonstrating that adolescent girls were more impacted by paternal
depression than boys (Reeb, Conger, & Wu, 2010), although Reeb and colleagues examined
different indicators of functioning (not cortisol reactivity) in a very different age group.
Regardless, to this author’s knowledge, this is the first study to show that maternal and
paternal depression differentially effect girls’ and boys’ psychophysiological depression risk.
Possible reasons for these differing associations may by due to both genetic transmittance of
paternal risk, or to the saliency of the mother-daughter and father-son relationship, making
exposure to depression or correlates of depression (e.g., parenting, personality traits, etc.,) in
a same-sex parent particularly detrimental to development. This would be consistent with
studies showing that closeness/cohesion and affective reactions of same sex parent-child
dyads are stronger than opposite sex dyads (Russell & Saebel, 1997).

Child 5-HTTLPR genotype also interacted with paternal depression history to predict
AUCg and cortisol intercept, showing higher total cortisol in children homozygous for the /
allele who had no history of paternal depression. This interaction, as well as the lack of a

main effect of the S-HTTLPR or interaction between 5-HTTLPR and life stress on cortisol
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reactivity, is inconsistent with meta-analytic evidence linking the s allele of 5S-HTTLPR to
higher basal cortisol (Chen, Joorman, Hallmayer, & Gotlib, 2009; O’Hara et al., 2007; Wiist
et al., 2009) and studies implicating the s allele in the context of gene-environment
interaction (Armbruster et al., 2011). While it is possible that paternal depression history is
an important moderator of the transmittance of 5S-HTTLPR’s effect on basal cortisol
functioning, meta-analytic findings are generally considered more reliable than the findings
produced by a single study, so it is possible that the interaction I found is a chance finding
that will not replicate. Alternatively, it is possible that attempts to replicate this finding will
reveal this effect to be robust, but only evident in young children, as the meta-analyses cited
examined studies in older individuals. Additionally, is it possible that results are also
dependent on how cortisol is operationalized. As previously stated, basal cortisol is typically
measured across multiple days and was not indexed as such in this study.

Two interactions not involving parent depression were significant in paternal
depression models, but not in maternal depression models; hence, these should be interpreted
with caution given that they may not be robust effects. First, S-HTTLPR interacted with
chronic family stress and child sex interacted with poor parenting to predict cortisol intercept,
or baseline cortisol, in the MLM model. Probing of the interaction between 5S-HTTLPR and
chronic family stress revealed that, surprisingly, the effect of life stress on baseline cortisol
was only significant for | homozygotes, whereas children carrying an s allele demonstrate
similar levels of baseline cortisol at high and low levels of chronic family stress. In addition,
children with and without an s allele differed significantly in baseline cortisol only at high
chronic family stress, with | homozygotes having significantly higher baseline cortisol. This
was not what was expected, as previous literature has found heightened reactivity in s

carriers versus | homozygotes in the context of high life stress (Mueller et al., 2011).
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Nonetheless, these findings suggest that | homozygotes display the expected increase in HPA
activity in the context of greater chronic family stress, whereas carriers of the s allele of
5-HTTLPR do not (Selye, 1974). The baseline cortisol of children carrying an s allele was
not associated with chronic family stress, which may suggest that these children lack the
appropriate psychophysiological coping mechanisms needed to cope with chronic stress, and
may be a harbinger of poor coping later on in development (Joorman, Eugene, & Gotlib,
2009).

A second, unexpected interaction that was present only in paternal depression models
showed that boys who received low levels of poor parenting had higher baseline cortisol
relative to boys exposed to high levels of poor parenting. In short, exposure to poorer
parenting was associated with a significant reduction in baseline cortisol for boys but not for
girls. This could indicate that harsher parenting may lead to lower baseline cortisol and less
internalizing disorder risk in boys, relative to sensitive caregiving. Interestingly, research has
linked harsher parenting to greater externalizing problems in boys (Barnett & Scaramella,
2013), which has in turn been linked to cortisol hypoactivity (Fairchild et al., 2012),
suggesting that low levels of poor parenting may also be driving boys’ baseline cortisol
down. Longitudinal research examining the effects of poor parenting on baseline cortisol
over time and the subsequent consequences in terms of internalizing or externalizing
sequelae is warranted, although I again note that this interaction, which was limited to
models in which maternal depression was not included, must be interpreted with caution.

Other genetic findings. Contrary to previous research, I did not find any main effects
of BDNF or 5-HTTLPR genotype on child cortisol (Chen, Joorman, Hallmayer, & Gotlib,
2009; Colzato et al., 2011). In addition, BDNF val66met genotype did not interact with life

stress in any models to predict child cortisol (basal or reactivity), which would have been
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consistent with previous work suggesting that BDNF val66met genotype moderates
environmental influences on depression risk (Hayden et al., 2010). I also found no interaction
between 5S-HTTLPR genotype and life stress in association with cortisol reactivity (Mueller
et al., 2011), although interactions were found relating to other aspects of cortisol function.
The interaction I did find (i.e., the previously discussed interaction between S-HTTLPR and
chronic family stress predicting cortisol intercept in the context of paternal depression) was
unexpected and contrasts with previous work on the 5S-HTTLPR. The absence of previously
reported effects in this sample was likely due to a wide variety of factors including sample
size, how stress and cortisol were operationalized, and the age group being examined. In
addition, as functioning in a system as complex as the HPA axis is due to a wide variety of
genes working in concert in the cortisol signalling pathway, such as corticotropin-releasing
hormone system polymorphisms (Sheikh, 2014; Sheikh, Kryski, Smith, Hayden, & Singh,
2013), it is possible that the genotypes selected for this study were not the most relevant to
cortisol reactivity in early childhood.
Strengths, Limitations, and Future Research

Our study had a number of strengths, including a relatively large sample size,
especially for a study comprised largely of observational, laboratory methods, and the use
of a task that has been shown to elicit cortisol reactivity in young children (Kryski et al.,
2011). We took steps to maximize the likelihood that we would obtain an accurate
baseline measure of children’s cortisol functioning, and obtained multiple cortisol
samples post-stress. Another important strength includes the use of multi-method
assessment of parenting, including the use of observational measures. Further, I examined
multiple biological and contextual factors together in association with HPA reactivity,

thus ensuring that any effects detected are present above and beyond shared variance with
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other known risk factors. As the model fit statistics for AUCi and AUCg suggest, even
the inclusion of many well-known risk markers accounts for only a small portion of the
variance in cortisol reactivity. This further suggests that individual effects are likely to be
small, and large samples such as this one may be needed in order to detect effects.

This study also indexed cortisol reactivity using both AUC and MLM, something
that has not typically been done in this literature, although they index different aspects of
the cortisol response. Inadequate sampling post-stress prevents many studies from
examining cortisol curvature, as a minimum of four time points is required for a quadratic
model (Singer & Willett. 2003); this was not a problem in the current research. Further,
MLM provides additional information that AUC cannot, particularly when a quadratic
model can be examined. For example, had MLM not been used in this study, we would
not have seen evidence for a delay in HPA activation following stress in children of
depressed mothers who were exposed to high levels of poor parenting, a finding which
suggests that future research should sample cortisol at intervals beyond 50 minutes
post-stress.

Despite the strengths of this study, several important limitations must also be
noted. First, [ ran multiple tests to examine the effect of biological and contextual risk
factors on child cortisol as indexed via three different methods. While such an approach
increases the likelihood of Type I error, I also did not want to overlook a potentially
important, novel finding by applying overly stringent corrections to hypothesis-testing.
Further, my analyses were designed to determine whether replication would be found
across different cortisol indices, thus necessitating the use of multiple tests. Nevertheless,
attempts at replicating these findings in future research are key.

Next, although I drew upon multiple waves of data collection, and although some



study factors clearly existed prior to child cortisol function (e.g., genetic factors), |
conceptualized the study as essentially cross-sectional in nature; thus, the ability to speak
to the processes through which the reported associations emerged is limited. Further, I
cannot rule out the possibility that child cortisol function marks the presence of specific
child behaviors that elicit poor parenting. Longitudinal data are needed to better
understand the relationship between contextual risk factors and HPA axis activity across
development; I consider this study an important initial step toward informing future
theory-driven research aimed at better establishing causal links between early risk
markers and HPA axis function. However, future research examining the mechanisms
through which exposure to poor parenting and maternal depression contribute to
children’s cortisol reactivity is needed. In particular, exploration of neural (structure and
function), emotional, and cognitive pathways to attenuated HPA reactivity in children
with maternal depression and high poor parenting is needed (Alloy, Abramson, Smith,
Gibb, & Neren, 2006; Taylor, Eisenberger, Saxbe, Lehman, & Lieberman, 2006). In
addition, longitudinal examination of HPA axis changes across development combined
with imaging techniques will help elucidate whether structural changes (e.g., reduced
hippocampal volume) in individuals with depression precede changes in cortisol
reactivity or are a result of chronic exposure to cortisol over time. Lastly, research
examining whether children of depressed caregivers who display poor parenting are less
emotionally reactive to parent criticism would address the question of whether these
children have truly attenuated HPA systems or simply are less sensitive to psychosocial
stress via chronic exposure to this type of threat. This research should be done in
conjunction with examination of reactivity of emotion salience systems (e.g., amygdala

activity) as biological changes in these systems related to chronic exposure to stress and



criticism could also be involved in attenuating the HPA response. A complement to this
research would be exploration of how cognition and perception of criticism also play a
role.

While attempts were made to examine differential effects of exposure to parent
depression versus familial risk, this study was not well-equipped to address this problem.
A larger sample would provide the power required for a more thorough examination of
the effect of parent depression exposure on child cortisol functioning. Specifically, a
larger sample would allow for fine-grained examination of the timing of depression
exposure, which has been shown to be relevant in previous research (Dougherty et al.,
2011). Future studies should also attempt to examine the effect of parent depression with
a first onset during the child’s lifetime to better disentangle parent depression chronicity
from the specific effect of episodes occurring during the child’s lifetime. Importantly,
studies should account for potential gene-environment correlations and associated
phenotypes (e.g., parent personality), which predate the onset of depression and may
account for associations found between exposure to parent depression and child cortisol
reactivity.

While this study sample was large for laboratory-based research, it is relatively
small for a molecular genetics study; thus, replication of the findings involving
5-HTTLPR and BDNF val66met (or lack thereof) is of critical importance. As previously
stated, exploration of other genotypes influencing HPA system function is also warranted.
Future studies could also examine different indices of chronic family stress (i.e., marital
discord, family income, and primary caregiver chronic stress) separately in association
with cortisol, especially as children age, as specific types of life events and stressors (e.g.,

interpersonal) have been found to better predict first episode of depression (Monroe,
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Rohde, Seeley, & Lewinsohn, 1999).

The findings of this study should not be generalized to children with clinical
levels of depression, as research suggests that depression may have a scar effect on HPA
axis activity. As such, findings of dysregulated HPA activity in clinical samples may
reflect a consequence of depression rather than a biological vulnerability. Our sample
reflects the demographics of the London community well. As such, the sample was
primarily Caucasian and extreme levels of poor parenting and extremely high levels of
chronic family stress were rare. Thus, our findings should not be generalized to diverse
samples and future research should seek to include a wider range of poor parenting and
chronic family stress.

Implications for Intervention

Although replication of these findings is needed, this study may have implications
for the formulation of preventative interventions for children at high risk for depression
via a history of maternal psychopathology. In particular, these findings suggest that
parenting training for mothers with depression, in combination with stress-coping skills
training for both mother and child, could be advantageous. This sort of targeted
prevention program could improve outcomes for children of depressed mothers in two
ways: First, parenting training could prevent attenuation of the cortisol response via the
minimization of poor parenting exposure. Second, the provision of coping strategies to
both mother and child would allow mothers to model more adaptive behavior for their
children, and could also help children cope with future life stressors that could trigger a
depressive episode. Family-based preventative interventions have been developed and
shown to be useful for the offspring of depressed parents (Compas et al., 2011).

Lastly, this study found a main effect of chronic family stress and parent anxiety



on child HPA function, resulting in heightened baseline levels and reactivity respectively.
This suggests that coping skills interventions may also be relevant for children at risk via
a parent history of anxiety, or greater adversity exposure such as low SES, marital
discord, or other chronic stressors. Targeted intervention for these children would most
likely include behavioural strategies such as relaxation, which have been shown to be
effective in young children (Courniere, 2004).

Conclusion

Our findings highlight the importance of considering how HPA reactivity is being
indexed in future studies, with a recommendation that multiple ways of indexing
reactivity be used whenever possible. This study found several unique associations
between biological and contextual risk markers and HPA activity in early childhood.
Importantly, some of these effects (e.g., those involving 5S-HTTLPR) did not replicate in
models in which primary caregiver or maternal psychopathology was controlled. The
implications for future research are that shared variance between multiple risk factors
should be accounted for when examining the effect of any one predictor, thus speaking
more clearly to targeted intervention strategies.

This study revealed robust interactions between primary caregiver/maternal
depression and poor parenting and chronic family stress in association with HPA
reactivity in early childhood. This has important implications for future research as well
potentially speaking to the development of targeted prevention programs for children at
familial risk for depression. I found that children with a maternal depression history
exhibited maladaptive, though distinct, stress responses in the context of high levels of
chronic family stress or poor parenting. As such, targeted preventative interventions for

children of depressed caregivers may be particularly advantageous. Future longitudinal
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research is needed with attention to behavioural and neural mediators of the relationship

between caregiver depression, poor parenting, chronic life stress, and HPA reactivity.
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Appendix A

Figure 14. Timeline showing study data collection
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Appendix B: Parent-child interaction tasks coding manual & record form

Note: This coding system is derived from the Teaching Tasks coding manual and Qualitative
Ratings for Parent-Child Interactions (Weinfield, Egeland, & Ogawa, 1998; Cox & Crnic,
2003).

CODING RATING SCALES

There are seven rating scales used for coding parent behaviour. The scales are:

Parent Sensitivity/Responsivity

Parent Detachment

Parent Supportive Presence

Parent Intrusiveness

Parent Hostility

Parent Quality of Instruction

Parent Confidence Parent Positive Affectivity
Parent Negative Affectivity

Each scale is presented here, containing an initial description of the goals of the scale and a

description of each rating point.

Parent Sensitivity/Responsivity: This scale focuses on how the parent observes and responds
to their child’s social gestures, expressions, and signals as well as how they respond to child
negative affect. The key defining characteristic of a sensitive interaction is that it is
child-centered. The sensitive parent is tuned to and manifests awareness of the child’s needs,
moods, interests, and capabilities, and allows this awareness to guide his/her interaction. A
sensitive parent provides stimulation that is appropriate to the situation. He/she provides the
child with contingent vocal stimulation and acknowledges the child’s interest, efforts, affect,
and accomplishments. A sensitive parent can spend time just watching the child but the
difference between them and a detached parent is that the sensitive parent seems to be
actively taking an interest in the child’s activities, as evidenced by comments and
embellishments when the child loses interest. A sensitive interaction is well timed and paced
to the child’s responses, a function of its child-centered nature. Such an interaction appears to
be “in sync”. The parent paces toys and games to keep the child interested and engaged, but
also allows the child to disengage and independently explore the toys. Some markers of

sensitivity include: (a) acknowledging the child’s affect; (b) contingent vocalizations by the
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parent; (c) appropriate attention focusing; (d) evidence of good timing paced to the child’s
interest and arousal level; (e) picking up on the child’s interest in toys or games; (f) shared
positive affect; (g) encouragement of child’s efforts; (h) providing an appropriate level of

stimulation when needed; and (i) sitting on floor or low seat, at child’s level to interact.

No Sensitivity. There are almost no signs of parent sensitivity. Thus, the parent is either
predominantly intrusive or detached. The parent rarely responds appropriately to the child’s
cues, and does not manifest awareness of the child’s needs. Interactions are characteristically
ill-timed or inappropriate. A parent who typically appears oblivious or punitive to the child’s

needs and affect would receive this score.

Very Low. This score would be given to parents who display weak or infrequent signs of
sensitivity/responsiveness. While the parent is sometimes sensitive, the balance is clearly in
the direction of insensitivity. The parent may give some delayed or perfunctory responses to

cues from the child but the parent clearly appears more unresponsive than responsive.

Low. This rating should be given to parents who display some clear instances of sensitive
responding. The parent can be characterized as sensitive to the child; however, the parent’s
behaviors may be mechanical in quality and ill-paced. The interaction can be characterized
by a mixture of well-timed and faster paced episodes, or by a parent who is trying to be
sensitive, but the interaction has signs of insensitivity. This rating may also be given to
parents who are trying to interact appropriately with their child but he/she may appear not to

know what to do. The parent is inconsistently sensitive and hard to categorize.

Moderate. This rating should be given to parents who are predominantly
sensitive/responsive. The parent demonstrated sensitivity in most interactions but may
neglect to give a fuller response or a well-timed, appropriate response. Some of the parent’s
responses are mixed, i.e. some are half-hearted or perfunctory, but the majority are full

responsces.

High. The rating should be given to parents who are exceptionally sensitive and responsive.
Instances of sensitivity are rare and never striking. Interactions are characteristically

well-timed and appropriate. Overall, most responses are prompt, appropriate, and effective.

Detachment/Disengagement: The detached parent appears emotionally uninvolved or
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disengaged and unaware of the child's needs. This parent does not react contingently to the
child's vocalizations or actions, and does not provide the "scaffolding" needed for the child to
explore objects in novel ways. Detached parents either miss or ignore the child’s cues for
help with toys and games, and their timing is out of synchrony with the child's affect and
responses (although not the overwhelming barrage of stimulation that intrusive parents
present). Simply allowing the child to play by him/herself is not necessarily a sure sign of
detachment; this can be appropriate at times, such as when the child is playing happily or
contentedly and the parent checks in with the child visually. The detached parent will remain
disengaged even when the child makes a bid for interaction with the parent. The detached
parent is passive and lacks the emotional involvement and alertness that characterizes a
sensitive parent. He/she appears uninterested in the child. There may be a “babysitter-like”
quality to the interaction in that the parent appears to be somewhat attentive to the child, but
behaves in an impersonal or perfunctory manner that fails to convey an emotional connection
between the parent and the child. Other parents may demonstrate a performance-orientation
in that the interaction is tailored towards performing for the camera rather than reacting to

and facilitating child-centered behavior.

Not Detached. This rating should be given to parents who display almost no signs of
detachment or under involvement. When interacting with the child, the parent is clearly

emotionally involved. These parents can be sensitive or intrusive.

Minimal Detachment. This rating should be given to parents who display minimal signs of
detachment. While they are clearly emotionally involved with the child during most of the

interaction, there may be brief periods of detachment.

Somewhat Detached. This rating should be given to parents who remain involved and
interested in the child while at the same time demonstrating the tendency to act in an
uninterested, detached or perfunctory manner. Parents alternate between periods of
engagement and disengagement. The periods of disengagement may be marked by
unemotional or impersonal behavior. There may be a low-level of impersonal/unemotional

behavior running throughout the interaction.
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Moderately Detached. This rating should be given to parents who are predominantly
detached. While there may be periods of engagement, the interaction is characterized chiefly
by disengagement. The parent may be passive and fail to initiate interactions with the child.
When interactions do occur, they may be marked by an impersonal, perfunctory style. Parent

may show a lack of emotional engagement throughout the interaction.

Highly Detached. This rating should be given to parents who are extremely detached. The
child plays without parent attention almost all of the time, even when the parent is within a
suitable distance for interacting. In the minimal instances of involvement, the parent's
behaviors are simple, mechanical, stereotyped, bland, repetitive, and perfunctory. The parent
is clearly not emotionally involved with the child, and appears to be "just going through the

motions".

Parent Supportive Presence: A parent scoring high on this scale expresses positive regard and
emotional support to the child. This may occur by acknowledging the child's
accomplishments on task the child is doing (e.g. building a house of blocks), encouraging the
child with positive emotional regard (e.g. "You're really good at this"/"You got another one
right”) and various other ways of letting the child know that he/she has their support and
confidence to do well in the setting (e.g. positive reassuring voice tone). If the child is having
difficulty with a task, the parent is reassuring and calm, providing an affectively positive
"secure base" for the child, perhaps leaning closer to the child to give a physical sense of
support. A parent scoring low on this scale fails to provide supportive cues. They might be
passive, uninvolved, aloof, or otherwise unavailable to the child. Such a parent also might
give observers the impression that they are more concerned about their own adequacy in the
setting than their child's emotional needs. A potential difficulty in scoring this scale is to
discount messages by the parents that seemingly are supportive in verbal content but are
contradicted by other aspects of the communication (e.g., the parent seems to be performing
a supportive role for the camera and not really engaged in what the child is doing or feeling).
Signs of such questionable support are improper timing of support, mismatch of verbal and
bodily cues, and failure to have the child's attention in delivering the message. These types of
supportive messages would not be weighted highly because such features suggest that
supportive presence is not a well practiced aspect of their interaction outside the laboratory

setting.
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Parent completely fails to be supportive to the child, either being aloof and unavailable or

being hostile toward the child when the child shows need of some support.

Parent provides very little emotional support to the child. Whatever supportive presence is
displayed is minimal and not timed well, either being given when the child does not really

need it, or only after the child has become upset.

Parent gives some support but it is sporadic and poorly timed to the child's needs. The
consistency of this support is uneven so as to make the mother unreliable as a supportive

presence.

Parent does a respectable job of being available when their child needs support. The parent
may lean closer as the child shows small signs of frustration and praise the child's efforts to
show that they are available and supportive, but inconsistency in this style makes support

unreliable or unavailable at crucial times in the session.

Parent provides good support, reassurance and confidence in the child's ability, but falters in
this at times when the child especially could use more support. Or, parent is universally

supportive but gives no evidence of modulation to the child's needs.

Parent establishes him/herself as supportive and encouraging toward the child and continues
to provide support when the child needs it. As the child experiences more difficulty, parent
support increases in commensurate fashion. The parent has some lapses, however, in which
the child's performance wavers for lack of support. Yet, they redouble support and attempt to

return the child to a level of confidence that is more optimal.

Parent skillfully provides support throughout the session. Parent sets up the situation from the
beginning as one in which they are confident of the child's efforts. Parent may reject
inadequate solutions to problems in a way that does not reduce their support and confidence
in the child's ability to get the correct solution. If the child is having difficulty, the parent
finds ways to encourage whatever solution the child can make. Parent not only is emotionally

supportive but continuously reinforces the child's success.

Parent Intrusiveness: A parent scoring high on this scale lacks respect for the child as an

individual and fails to understand and recognize the child's effort to gain autonomy and self
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awareness. This parent interferes with the child's needs, desires and interests or actual
behaviors. The parent’s behavior is guided more by their own agenda rather than the child's
needs. Reasonable or appropriate limit setting or directing the child's behavior to the task
may be intrusive, depending on the content of the parent's involvement. Setting limits is
crucial to the socialization process at this age, and giving the child directives is part of many
tasks. But behaviors are intrusive if they indicate a lack of respect for the child. Intrusiveness
can occur in a harsh physical manner (parent grabbing the child's arms or hands and placing
them somewhere else), or with affection (inappropriate contact which interferes with the
child's efforts, such as kissing, hugging, etc.), or if the parent does not allow the child
autonomy in problem-solving tasks (imposes directions and does not allow opportunities for
self-directed efforts). It is important that intrusiveness be evaluated from the perspective of
the child. Look at cues from the child preceding or after the parent's behavior to see how the
child has perceived the parent’s action; and what may seem as intrusive to the coders, may
not be to the child (e.g., if fast-paced stimulation from the parent is enjoyed by the child, as
shown by smiles or laughter, parental behavior that would otherwise be judged as intrusive
will not be counted as such. However, because this judgment is highly subjective, this aspect

should not carry a lot of weight when coding, but attention to context is important.)

No Intrusiveness: No sign of intrusiveness. The parent may be involved yet continues to

respect the child's needs, or may alternatively be totally uninvolved with the child and appear
withdrawn. In either case, the parent does not impose directives on the child unless it is clear
that the child needs direction. If directives are given, it is in a manner showing respect for the

child.

Very Low: Parent may show subtle signs of being intrusive, i.e. stepping in to help before the
child demonstrates need, but the child does not perceive these as intrusive and is not upset by

them.

Moderately Low: There is some indication of intrusiveness but it is not pervasive. These
instances are of low intensity and again may not cause the child to become upset. For
example, the parent may redirect the child to a new toy/task in a poorly timed fashion.
Alternatively, low level intrusiveness may be "chronic"; however, the child has the

opportunity to do some exploration.
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Moderate: Clear signs of intrusiveness and/or a feeling of intrusiveness that is easily or
clearly picked up by the coders, but parent still allows the child periods of exploration or
autonomy. The instances of intrusiveness are generally of low intensity (i.e. the parent
provides new instruction before the child has had a chance to complete the last task), yet
there may be one high level act at an inappropriate time or there may be an episode of rough

physical handling.

Moderately High: Clear signs that parent does not respect the child's needs and interests.
There may be a couple high intensity, or several low level intrusive interactions. E.g., parent
may often grab objects from the child, issue directives with no regard for child's response, or
do much of the task for the child. However, parent may allow the child some periods of

exploration or autonomy.

High: Clear incidents of intrusiveness throughout the session, and the parent’s agenda clearly
has precedence over the child's needs and interests. There may be either several high
intensity intrusive interactions or persistent low level intrusive interactions. E.g., the parent
may grab the child and physically direct behavior more than once, or the parent may be
uninvolved for long periods, but whenever they do interact, these interactions are consistently

intrusive. Parent also allows for less autonomy than exhibited in #5.

Very High: A highly intrusive parent’s agenda clearly has precedence over the child's. Parent
frequently intervenes inappropriately without cues from the child, and reacts to his/her own
schedule rather than the child's needs. Frequent high level indicators (i.e. takes stimulus out
of child’s hands, no regard for what child wants to do, > #6) are pervasive throughout the
session (i.e. parent appears to be doing task him/herself). Shows assertiveness to get the child

to comply with their wishes which are not task related.

Parent Hostility: This scale reflects the parent's expression of anger, frustration, annoyance,
discounting or rejecting of the child. A parent scoring high on this scale would clearly and
openly reject the child, blame him or her for mistakes, and otherwise make explicit the
message that they do not support the child emotionally. A parent scoring low on this scale
may be either supportive or cold and show some expressions of anger, frustration, or
annoyance, but they do not blame or reject the child. A rejecting parent may also show some

Supportive Presence (and the inconsistency of their behavior would be revealed by these two
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scores). Given the low frequency and the clinical relevance of rejecting one's child during a
videotaped session, any events which are clearly hostile should be weighted strongly in this

SCore.

1.Very low: Parent shows no signs of anger, annoyance, frustration, or rejection. They may
or may not be supportive, but they do not try to put down the child or avoid the child in
rejecting ways. Passive or emotionally uninvolved parents would be included here if the

parent did not reject the child or communicate hostility toward the child.

2. Low: Parent did one or two things that seemed to communicate a little hostility (i.e. anger,
frustration, annoyance) toward the child. These messages were not overt but rather muted
expressions toward the child (e.g., pulling away something with a jerk, putting hand on their
hip to show exasperation, giving a negative look at the child briefly, having an exasperated

tone of voice, parroting or mimicking the child in a negative fashion).

3. Moderately low: Signs of hostility again are very fleeting, but they occurred on several
occasions during the session, and at least one sign could be identified as clear and overt or an
accumulating sense of unexpressed anger and avoidance toward the child was seen in the

parent's behavior.

4. Moderate: Several instances of hostile or rejecting behaviors. Two or more of these events
are reliably clear to observers, but expressions are brief and do not set the tone of parent's

interactions immediately following the episodes.

Moderately high: Parent is overtly rejecting or hostile several times. Behaviors include overt
and clearly communicated rejections of child and expressions of hostility or anger which
appear intermittently through substantial periods of the session. This parent's behavior is
more rejecting than not, either by the frequency of hostile behavior or by the potency by

which rejection is communicated several times in the session.

High: Parent has frequent expressions of rejection and hostility directed toward the child.
There is little or no effort to show warmth during substantial portions of the session,
especially after parent becomes irritated with the child (i.e., parent may initially be warm and
then rejects the child strongly). Parent is frankly and directly rejecting and hostile (e.g.,
telling child they will leave him/her behind if he/she does not do the task/play with the toy,
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using negative performance feedback but little positive feedback, blaming the child for
incompetence on the tasks, and overtly refusing to recognize the child's success, e.g., "You
couldn't have done it without me showing you!"). Any warmth seems superficial relative to
the parent's distancing from the child, and rejection is used as a control technique against the

child.

7.Very high: Parent shows characteristics of the previous scale point, but expressions of
anger toward the child also are accompanied by strong, barely controlled emotions,

suggesting the possibility of physical abuse and neglect of the child in some situations.

Parent Quality of Instruction: The important features of this rating are how well the parent
structures the situation so that the child knows what the task objectives are and receives hints
or corrections while solving the problems that are: (a) timely to his/her current focus, (b)
paced at a rate that allows comprehension and use of each hint, (c) graded in logical steps
that the child can understand, and (d) stated clearly without unnecessary digressions to
unrelated phenomena or aspects of the task that might only confuse the child. The parent's
approach suggests that they have some sort of plan for how their instructions will help the
child. Yet, the parent is also flexible in their approach and uses alternative strategies or
rephrases suggestions when a particular cue is not working, and they coordinate their
suggestions to the effort that the child is making to solve the task. See attached list for a more

complete description of the components of quality instruction.

Parent's instructions are uniformly of poor quality. They either are totally uninvolved or fail
to structure the tasks so that the child understands what is required, and the parent gives clues
that are of no help to the child's problem-solving efforts and appear to embody no effective

plan of teaching.

Parent occasionally gives effective instruction. Parent may be able to structure the tasks so
that the child understands what to do and gives a few helpful hints to the child, but these are

minimal compared to the ineffectiveness of most of their attempts or lack of attempts.

Parent effectively structures some portions of the tasks and provides good hints, but their

assistance is inadequate for much of the session.

Parent provides adequate structure and instruction for the child to work on the tasks during
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much of the session, but overall their instruction is lacking in major ways at several points
during the session. Alternatively, the parent may approach tasks in a way that is very
structured but requires the child to attend primarily to their directives and allows little
opportunity for the child to engage the tasks directly (i.e., the parent therefore does not have
to coordinate their teaching to the child's efforts); the result is that the child does not gain a

sense of competence in performing the tasks.

Parent generally provides instruction that is sufficient and appropriate, but there are some
periods in which it is inadequate in amount or quality. Alternatively, the parent may approach
tasks in a way that is very structured but requires the child to attend primarily to their
directives and allows little opportunity for the child to engage the task directly (i.e., the
parent therefore does not have to coordinate their teaching to the child's efforts); yet, despite

their directiveness, child still gains a sense of competence.

Parent's instruction demonstrates most of the desirable features for this rating and in general

the parent appears to provide good help throughout the session.

Parent demonstrates almost all the characteristics of effective instruction consistently
throughout the session. The tasks are sufficiently structured so that the child understands the
objectives and can attempt to solve the problems directly. Parent's assistance coordinated to

the child's activity and needs for assistance.

Components of Quality of Instruction (indicative of high quality instruction)

obtains child's attention

explains the goal of the task in a developmentally appropriate manner

provides instructions which are contingent upon the child's previous action (e.g., child
picks up a block; parent then tells child to find one that looks the same)

structures the task into logical steps

has a range of strategies which they can apply in response to the child's actions
changes strategies when the current one is not working and does so in a timely manner
provides appropriate feedback (e.g., okay, that's it, try again)

uses developmentally appropriate language that their child can understand

times their instructions based on child's actions; does not present instructions too quickly
(while child is still working on previous step) or too slowly (long after the child first
shows indications of needing help)

persists despite difficulties; does not give up

Parent Confidence: Degree to which the parent seems to believe that they can work
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successfully with the child in the situation and that the child will behave appropriately
(whether this is more or less task oriented depends on parent's definition of the situation as a

social or achievement oriented activity).

Mostly unconfident: Parent is uncertain in interactions with their child, being either unduly
tentative, restricting, or appeasing (or a combination of these behaviors). Signs of a lack of
confidence include doing the tasks for the child, appeasing the child by letting him do what
he wants, overkill with strong reinforcement, showing clear signs of relief when the tasks go
successfully, periodic checking with the experimenter to see if they are "doing it right",
apologizing for behavior, and/or anxious laughter and giggling in response to their own or
their child's efforts. There may be a sense that they are trying to deal with problem situations
by using such tactics that distract from the issue rather than dealing with it directly.
Alternatively, a parent may not show tentativeness, but be overly power assertive/ intrusive

/grabby in their attempts to control her child's behavior.

Somewhat unconfident: Parent seems fairly confident that they can interact with the child in
ways that will be satisfactory; however they do show some evidence of hesitancy or

appeasement or anxiety in making requests of the child. A few signs of a lack of confidence
(as described above in 1) may be present but are not pervasive and do not persist throughout

the session.

Mostly confident: Parent is quite confident that their interactions with the child will proceed
in an acceptable manner and that they need not take special precautions to ensure this. Parent
seems relaxed about interacting with their child and seems to believe that they could deal
adequately with any problems that might arise. Parent trusts in their instincts and skills as a

parent (whether or not we as coders believe that they should!).

Parent Positive Affectivity: This scale is a measure of the frequency and intensity of the
parent’s expression of positive affect (PA). Positive affect includes facial, vocal, and bodily
components. A high score on this scale may be obtained even if the parent expresses negative

affect in the session.

Low Parent PA: Parent shows very little or no positive affect throughout entire session.
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Examples of low parent PA include lack of smiling, low energy, and subdued/ blunted/ flat

affect.

Moderate Parent PA: Parent exhibits a few instances of positive affect (i.e. slight smiles).
The majority of the PA displayed is of low intensity; however, there may be clear, but few,
instances of moderate/high intensity PA (i.e. laughing, hugging the child). These elements

are only minor elements of the session and are not expressed frequently or consistently.

High Parent PA: Parent clearly expresses PA at a level that is more intense and frequent than
in #2. Parent appears energetic and engaged. Parent may display frequent low level instances

of PA (i.e. contentment, smiling), but also displays several high level instances of PA.

Parent Negative Affectivity: This scale is a measure of the frequency and intensity of the
parent’s expression of negative affect (NA). Negative affect includes facial, vocal, and bodily
components. A high score on this scale may be obtained even if the parent expresses positive

affect in the session.

Low Parent NA: Parent shows very little or no negative affect throughout entire session.
Examples of low parent NA include lack of irritability, frustration, or any other form of NA

(i.e. anger, sadness, fear).

Moderate Parent NA: Parent exhibits a few instances of negative affect. The majority of the
NA displayed is of low intensity (i.e. slightly negative tone of voice). These elements are

only minor elements of the session and are not expressed frequently or consistently.

High Parent NA: Parent either expresses (1) consistent low levels of NA throughout the
session, or (2) at least two clear instances of NA that are of greater intensity than in #2 (i.e.

shouts at child, grabs child)



TASK NAME

SNUM

Scoring Sheet for Parent-Child Interaction Tasks Coding

Start time: Stop time:
Coder Initials: Date:
Behavior Notes/Comments Score

Parent Sensitivity/Responsiveness

Parent Detachment

Parent Supportive Presence

Parent Intrusiveness

Parent Hostility

Parent Quality of Instruction (code for
puzzles with parent task only)

Parent Confidence

Parent Positive Affectivity

Parent Negative Affectivity
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