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Abstract of the Dissertation
Salivary Cortisol and Depression Risk: Relationswith Child Temperament,
M aternal History of Depression, Parenting, and Life Stress
by
Lea Rose Dougherty
Doctor of Philosophy
in
Clinical Psychology
Stony Brook University
2008

Dysregulation of the HPA system has been consistastgciated with the affective
disorders. The current study aims to test the hypothestisow positive emotionality
(PE), a possible temperamental precursor to depressiassociated with HPA axis
functioning in children prior to the onset of a depresdigerder. This study also aims to
examine the unique and joint effects of some of the confpt#ors related to children’s
early HPA axis functioning and depression risk, including matenistory of depression,
parenting and life stress, alongside early temperaniiese factors were examined in
relation to children’s salivary cortisol levels in respemno a laboratory stressor and to
children’s home basal cortisol levels. One hundred &g six preschool-aged children
and their biological parents were recruited from a lasggtly examining temperamental
risk for mood disorders: 166 children completed all 4 saliearyisol samples during the
lab visit; 94 children provided a home morning salivary corample; and 93 children

provided an evening salivary cortisol sample. Child tempenaared parenting were



assessed using laboratory observational measures, antahdepression and child life
stressors were assessed with semi-structured clinteaviews. First, mixed effects
modeling was used to examine predictors of children’s laboratstigol reactivity. We
found that temperamental negative emotionality (NEhgvioral inhibition (BI), parental
hostility and life stress were significantly asso&ihtvith components of the trajectory of
cortisol during the lab visit. Furthermore, several sigant interactions emerged that
predicted greater laboratory cortisol reactivity, inclgdahild low PE X maternal
melancholic depression, child Bl X maternal melanchddipression, child low PE X
parental hostility, and maternal depression X parewstiliy. In addition, child Bl
interacted with parental support to predict lower laborabaseline cortisol levels. Next,
multiple regression was used to examine predictors tfrenis home basal cortisol
levels. We found that both child low PE and maternal nalalic depression were
significantly associated with higher morning cortis@klks, suggesting potential
depressive endophenotypes. The study’s findings are sumdharitgyms of risk,
resilience, and potentiation as they relate to the dpuwsdnt of neuroendocrine

dysfunction in young children, and suggest several palentenues for future research.
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INTRODUCTION

Dysregulation of the HPA system has been consistastigciated with the
affective disorders (Bradbury, Akana, & Dallman, 1994; deeKl1994; Johnson,
Kamilaris, Chrousos, & Gold, 1992), and prospective studigge evidence that
abnormalities of the HPA axis contribute to their etgyl (Goodyer, Herbert, Tamplin, &
Altman, 2000; Harris et al., 2000). Research suggests thetRAeaxis plays a central
role in mediating the effects of stress on psychopadfya(Arborelius, Owens, Plotsky,
& Nemeroff, 1999). During acute stress, there is a ragictase in the secretion of
cortisol, an adrenocortical steroid hormone, and inesietis from the corticotropin-
releasing factor (CRF). However, adaptive advantagefeed by cortisol secretion
during stress are limited to its acute effects, ratten thronic release, as chronic
elevation in cortisol is almost always deleterioud aray have long-term detrimental
consequences (Gold & Chrousos, 1999; Meyer, Chrousos, & B3i0d).

The present study aims to examine the factors associdtedeuroendocrine
dysfunction that may be involved in the subsequent deredopof depression via HPA
axis functioning. Similar to theoretical conceptualizagionthe development and course
of the depressive disorders, we plan to examine temperakrianilial and
environmental factors as likely factors associated matliroendocrine dysfunction, with
a particular emphasis on the relation between tesnpental vulnerability to depression
and HPA axis functioning. Recently, researchers hypothéisat an underactivation of
positive affect, approach behavior, and responsivenessviard (which we will refer to
as “positive emotionality” or PE) may constitute apenamental vulnerability to the

depressive disorders (Clark, Watson, Mineka, 1994; Davidson, M@#8)l, 1975). The



current study will examine the relation between low &Ea potential temperamental
precursor to depression, and HPA functioning in presch&dléhile several researchers
have examined the relation between other temperamentsioms, such as behavioral
inhibition (Bl) and HPA functioning (e.g., Kagan, Rezni&k$Snidman, 1987), very little
research has examined the relation between low PE BAdfhctioning in young
children. We are particularly interested in the uniqueatsfof child temperament on
HPA axis functioning in a young sample prior to the on$etepression. It is important
to establish this relation prior to the onset of a degpreslisorder in order to eliminate
any confound between temperament and psychopathology. Woréoe current study
aims to tease apart some of the complex factorseretatchildren’s early HPA axis
functioning and depression risk, including familial risk d@pression, parenting, and life
stress, alongside early temperament. This study shoulitipra foundation for future
longitudinal studies to prospectively test a more compraberausal model positing
that the relation between temperament and subsequaneisd®n is mediated in part by
the body’s major physiological stress response system.

Below, we will review the literature on the associatbetween depression and
abnormalities of the HPA axis, followed by a sectiortlmnrelation between
temperament and depression. Then, we will review thelafavental literature
examining the possible temperamental, familial, and envieoah contributions to
neuroendocrine dysfunction, including early child temperanmeaternal depression,
parenting, and life stress.

Depression and HPA axis functionirfgtudies over several decades have reported

abnormalities in cortisol secretion in a significamportion of adults with major



depressive disorder (MDD). The most prominent neuroendoabnormality in MDD is
hyperactivity of the HPA axis, occurring in approximately 56Pfpatients (Thase &
Howland, 1995). These elevated levels of cortisol areghbto be a function of
hypersecretion of CRF by the HPA system and an impatrofaregative feedback
regulation, preventing elevated cortisol levels frotam@ng to basal levels (Chrousos &
Gold, 1992). Studies have reported associations between H® Akmarmalities and
depression severity (Nelson & Davis, 1997), melancholigenicity (Rush, Giles,
Schlesser, Orsulak, Parker, Weissenburger et al., 1996 hateyteatures (Nelson &
Davis, 1997), length of current depressive episode (PodeeBattista, Williams,
Kraemer, Kalehzan, & Schatzberg, 2000), episode onsetigtdaial., 2000), chronicity
(Watson, Gallagher, Del-Estal, Hearn, Ferrier, &uxg, 2002), relapse (Aubry,
Gervasoni, Osiek, Perret, Rossier, Bertschy et al., 2@@d)ireatment response
(Vythilngam et al., 2004).

The link between depression and hypercortisolemia appeaesno &t
pronounced and prevalent in patients with melancholic depre@supfer, 1991). In
order to meet criteria for melancholic depressionviddials must meet criteria for
anhedonic mood, which is defined as a failure to derivesptedrom all or nearly all
activities and/or a lack of appetitive responding to usuddlgqurable stimuli, in addition
to at least three of the following: (a) depressive sympttivat are usually worse in the
morning, (b) early morning awakening, (c) psychomotor retamdafd) weight loss,
and/or (e) inappropriate guilt. The subtype of melanchadpression has been shown to
identify a subset of affected individuals with distinlinical features (e.g., greater

number of episodes, more impairment) and a particuttagly familial liability to



depressive illness (Kendler, 1997). Specifically, in a sarapfemale twins with major
depression, the presence of melancholic subtype itmanesubstantially increased the
risk for major depression in her co-twin, and the ineeearisk was due to the effect of
melancholic features, rather than a general effedirotal severity (Kendler, 1997).
Recent evidence suggests that melancholia arises fiffamedt etiologic mechanisms
than other forms of depression (Beauchaine, 2003; Beaucha#ash, 2006). Patients
with melancholic depression display elevated basaldefecortisol, despite normal
ACTH levels, in comparison with nondepressed individuatsd(3Calabrese, et al.,
1986; Holboer, Vonbardeleben, Girken, Stalla, & Muller, 1984ng et al., 2000;
Young, Carlson, & Brown, 2002); evidence an attenuated AC$pbrese, but similar
cortisol response, after administration of exogenouscotrophin-releasing hormone
(CRH) (Gold, Calabrese et al., 1986); evidence elevatethiepinal fluid
norepinephrine levels around the clock (Wong et al., 2@0@);evidence alterations in 5-
HT2a receptor density compared with individuals with neelancholic depression (e.g.,
Akin, Manier, Sanders-Bush, & Shelton, 2004).

HPA axis functioning has also been examined in other pabtgnd populations
of depressed individuals. In contrast to melancholic depmressatients with atypical
depression (a subtype of depression characterized by mactd/ity, increased appetite,
and hypersomnia) are hypothesized to have a downregulated HP@&axdl, Licinio,
Wong, & Chrousos, 1995); however, this hypocortisolemia appedre present only in
those individuals with atypical depression charactdrinean early onset (i.e., before age
20 years) and a chronic course (i.e., no spontaneoud&irll-greater than 2 months)

rather than in individuals with atypical depression veitiner a later onset or a less



chronic course of iliness (Levitan, Vaccarino, BrownkKé&nnedy, 2002; Stewart,
Quitkin, McGrath, & D. F. Klein, 2005). In addition, eticacortisol, rather than hyper- or
hypocortisolism, has been linked to HPA axis dysregulatiarutpatients with MDD
(Peeters, Nicolson, & Berkhof, 2003). Thus, the fundan@etaroendocrine deficit in
depression is complex and the type of dysfunction séewary according to specific
features of the depressive illness.

Research linking HPA axis dysfunction and depression idrgmland
adolescents has yielded an even more ambiguous arraglwig than for adults. In
contrast to findings in depressed adults, many investigatio?4-béur cortisol secretion
have demonstrated no differences between depressed childadescant outpatients and
control groups (Birmaher et al., 1992; Feder et al., 2004; iKutethal., 1991; Puig-
Antich et al., 1989), whereas a few studies have foundditfehences (Debellis et al.,
1996; Goodyer, Herbert, Altham, Pearson, Secher, & SHi888). Nevertheless,
alterations in the HPA system have been associatedowset of MDD in at-risk
adolescents (Goodyer et al., 2001; Goodyer, Herbert, Tgndphitham, 2000), chronic
depression in children and adolescents (Goodyer, Park, BeHe001), and
internalizing problems in clinic-referred children (Grangheisz, McCracken, ldeda, &
Douglas, 1996).

Interestingly, the specific relation between melanichi¢pression and
hypercortisolism appears to be present in depressed chiklvesllaas depressed adults.
Birmaher et al. (1996) found significantly higher baselingigol levels in children with
melancholic depression than children with nonmelanchigpression, and melancholic

depressed children evidenced lower ACTH secretion after i@fision (similar to



findings in adults with melancholic depression). In &ddj Luby et al. (2003) reported
elevations in salivary cortisol in depressed preschagarsicularly those with
anhedonia (a characteristic feature of melancholia), glarlaboratory separation
paradigm, compared to nondepressed children.

Origins of HPA axis dysfunction in depressiBesearch has provided support for
the hypothesis that dysregulation of stress hormones playajor role in the
pathophysiology of depression, especially as one patlovdgpression (Greden,
Gardner, King, Grunhaus, Carroll, & Kronfol, 1983; Holsboer, 26@flsboer, Liebl, &
Hofschuster, 1982). However, the origins of the neuroemu® dysfunction are not well
understood. On the one hand, some argue that neuroendbsiegulation is due to
cumulative physiological changes produced by excessivéenbal(i.e., allostatic load,;
McEwen, 1998), such that repeated or chronic psychosti@akers alter brain structure
and function in key regions thought to underlie depressi@mgoff, 1996). Indeed,
developmental research has shown that early neuroemelalysfunction is associated
with poor attachment relationships, neglect, maltreatpad trauma (Gunnar &
Donzella, 2002). Moreover, both animal and human reseaggests that the heightened
HPA axis reactivity associated with early adversity g&ssnto adulthood (Heim &
Nemeroff, 2001; Heim et al., 2000). On the other hand, geststimontend that MDD is
transmitted through an intermediate phenotype, suchemaerament trait, rather than
by the direct transmission of the depressive syndromiee(§il& Rutter, 2002). This trait
(or set of traits) may be associated with a tendenciA axis dysregulation that
renders individuals with the trait more vulnerable to strégereby increasing the risk of

a depressive episode. It may also be likely that a eompterplay between genetic



susceptibility and environmental exposures is involved in ¢eaendocrine dysfunction
in depression. This notion has been supported by findirgsnidthividuals with high
genetic risk for depression are more susceptible to thessgprespisode-triggering
effect of an adverse life event (Kendler, GardnePRré&scott, 2002).

As we aim to take a multifactorial and comprehensive agproaour
understanding of the origins of neuroendocrine dysfuncti@will first orient the reader
to the literature supporting early temperament as a dawvelotal precursor to
depression, particularly as early temperament has béen overlooked in models of
psychopathology. Then, we will review temperamentahilfal and environmental
contributors as possible determinants of neuroendocrimmgidnimg.

Temperamental precursors to depressibimeorists have long posited that the
predisposition for the depressive disorders may be rootiedividual differences in
temperament (e.g., Akiskal, 1989; Kraepelin, 1921). Temperarafems to characteristic
patterns of emotional reactivity and regulation thatratatively stable and at least
partially influenced by early-developing biological syssefiRothbart & Bates, 2006).
Two traits that are central to most models of child teapent and adult personality are
positive emotionality (PE) and negative emotionalit{fNPE is a higher order construct
that includes a number of facets, including: (a) posdifect and enthusiasm; (b)
approach, reward seeking, and appetitive behavior; (cygnectivity, and liveliness; (d)
affiliation, warmth, and gregariousness; and (e) asceedanrgency, and dominance
(Shiner & Caspi, 2003). It is generally viewed as orthogtmtie higher-order construct
of negative emotionality (NE), which includes such fa@es anxiety, sadness, irritability,

and negative mood reactivity [although see Russell an@IC&r®99) for an opposing



perspective]. Both PE and NE are partially heritable ainly fstable over time in both
adults and children (Durbin, Hayden, Klein, & Olino, 2007;d3atith, Buss, & Lemery,
1997; Roberts & DelVecchio, 2000).

Several theorists have developed temperament modelswthboth PE and NE
to depression. Most notably, Clark, Watson, and Mineka (1994)ajead the tripartite
model, which hypothesizes that low PE is a specific teampental predisposition to
depression while NE is non-specific to a variety ofrferof psychopathology, including
depressive and anxiety disorders. Other theorists havpad#ted that facets of PE, such
as low hedonic capacity (Hamburg, 1998; Meehl, 1975), reduced respmess to
reward (D.F. Klein, 1987), and appetitive and approach defigasidson, 1998; Depue
& lacono, 1989), are primary etiological factors involwedhe development of
depression.

A number of studies have examined the relations betweend®RE& and
depression in adults. Most of these studies, using baticalli(e.g., Brown, Chorpita, &
Barlow, 1998; Watson, Clark, & Carey, 1998) and community (geueCaspi, Moffitt,
Silva, & McGee, 1996; Trull & Sher, 1994) samples, have supgddhe hypothesis that
PE has a relatively specific association with depvesdisorders while NE is a non-
specific factor related to psychopathology in generaér@ is also a literature examining
the relations between PE and NE and depressive symptaingdiren and adolescents
(Chorpita, 2002; Joiner, Catanzaro, & Laurent, 1996; Lonigaog, David, & Kistner,
1999; Lonigan, Philips, & Hooe, 2003) that generally supporttigraatite model. In
addition, the specificity of the low PE-depression link baen further supported by

findings showing that low PE-related behaviors have lmdxserved in the infants of



depressed mothers (Cohn, Campbell, Matias, & Hopkins, F38la;, 1992) and were
linked to left frontal hypoactivation in the infants, whis hypothesized to reflect an
approach system deficit characteristic of depression ¢Dawt al., 1999). Lastly, in a
community sample of 100 children, low PE at age 3 was a$sdavith maternal

lifetime mood disorder, but was not related to other fasfissychopathology in mothers
(Durbin, Klein, Hayden, Buckley, & Moerk, 2005).

Although the majority of research linking temperament@eression has
consisted of cross-sectional studies, a few longitudinalies have found that lower
levels of PE-related behaviors in childhood predictieelopment of depressive
disorders (Caspi, Moffitt, Newman, & Silva, 1996; van &sal., 1997; Block, Gjerde, &
Block, 1991). For example, van Os et al. (1997) found thatheuld behavioral apathy
predicted both childhood onset and chronic depression ithadd. In addition, low
extraversion in childhood has shown links to depressmeptoms at age 18 (Block et al.,
1991). One longitudinal study has found associations betlveeRE at age 3 and other
factors implicated in risk for later depression, inohgdEEG asymmetry at age 5
(Shankman, Tenke, Bruder, Durbin, Hayden, & Klein, 2005),eks5pre cognitive
schemas at age 7 (Hayden, Durbin, Klein, & Olino, 2006) demdessive symptoms at
age 10 (Dougherty, Klein, Durbin, Hayden, & Olino, 2007). Largjital studies have
also suggested that NE may be a general risk factor faletredlopment of internalizing
disorders (Clark et al., 1994). For instance, NE in infaaray early childhood has been
related to maternal reports of anxiety and depression alntten were 7 years old
(Rende, 1993). Finally, NE in youth predicted changes in datiety and depressive

symptoms over a 7-month follow-up whereas PE uniquely gesticthanges in



depressive symptoms over time (Lonigan Philips, & Hooe, 200R)s, these
longitudinal studies support the hypothesis that PE represepiscific risk for the
development of depression whereas NE represents a esiefactor for mood,
anxiety, and possibly other disorders.

In addition to PE and NE, behavioral inhibition (Blshaso been related to risk
for mood disorders. The construct of Bl, though centrahost child temperament
models, has not been well integrated into adult temperamaaels. Bl, which is
characterized by fear, wariness and low exploraticagéf, 1997), has been linked to
depression; however, the results are less consistexdgiBnan et al., 1990; Biederman et
al., 1993; Kochanska, 1991) than the link between Bl and risknixiety disorders
(Goldsmith & Lemery, 2000; Schwartz, Snidman, & Kagan, 1997)nRertain
contexts, can appear very similar to low PE, but ismdjgished by different underlying
processes. While children with high Bl may exhibit low &@ah behavior and social
withdrawal, this is limited to unfamiliar contexts andmalizes with familiarity
(Laptook, Klien, Durbin, Hayden, Olino, & Carlson, 2008)ctmtrast, children with low
PE exhibit low positive affect, low approach behaviod aocial withdrawal on a stable
basis and across contexts and over time. Thus, thelatiyn between laboratory
measures of Bl and PE is relatively low (Durbin et2005; Pfeifer, Goldsmith,
Davidson, & Rickman, 2002). In sum, Bl is conceptually engbirically different from
PE and may be more highly associated with risk for aytietn depressive disorders.
Nevertheless, given that Bl may also play a rolthendevelopment of depression, that
anxiety often preceeds depression, and the high comorbelityeen depression and

anxiety, we believe that Bl provides an interesting camepa to PE. Furthermore, Bl is
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particularly important as social anxiety disorder sigatfity increased risk for
subsequent depression, and Bl uniquely predicted subsequent depaessgn
individuals with social anxiety disorder (Beesdo, Bitti&ne, Stein, Stein, Hofler et al.,
2007).

Temperament and HPA axis functioniGgme personality traits have been
associated with individual differences in physiologiesctivity to stressors which, in
turn, could increase susceptibility to depression. It shbelnoted, however, that the
direction of the relationship between temperament aoda@ndocrine stress reactivity
may be difficult to discern, and it is conceivable tigsmperament and physiological
stress reactivity reflect similar processes at diffetevels of analysis.

Over the past decade, there has been a proliferatgtadiés examining the
relation between physiological systems and children’stiemal development (Fox,
1994; Kagan, 1998). Negative emotionality/distress has Issexiated with elevated
cortisol levels (Ahnert,, Gunnar, Lamb, & Barthel, 20Bdchanan, Absi, & Lovallo,
1999; Buss et al., 2003; Davis, Donzella, Krueger, & Gunnar, 1999harelation has
been found in infants (Lewis & Ramsay; 2005; van BakeRil&sen-Walraven, 2002)
and children (Dettling, Parker, Lane, Sebanc, & Gunnar, Z2800nar, Tout, de Haan,
Pierce, et al., 1997). Similarly, high levels of neurotitia adults are associated with
increased salivary cortisol levels (Kunz-Ebrecht, ¢itsaum, Marmot, & Steptoe, 2004).

In addition to NE, researchers have focused on theiiidation of predictors of
individual differences in biobehavioral processes as iblaye to the tendency to
withdraw and approach in novel or challenging circum&siiGunnar 1994; Harmon-

Jones & Allen, 1998; Kagan, Reznick, & Snidman, 1987). Muchtadte has been given
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to the link between the withdrawal behaviors (e.g., Bt) AR A axis functioning. Bl has
been associated with elevated cortisol levels (Kagah,et987), as has shyness (de
Haan, Gunnar, Trout, Hart, & Stransbury, 1998) and sa@ahess (Schmidt et al.,
1997; Smider et al., 2002) in children. However, not all stugipsrt such associations
(Davis et al., 1999; Schmidt, Fox, Schulkin, & Gold, 1999).

Surprisingly, however, little research has examined tlha¢ioa between PE,
which is characterized by approach-type behaviors, and KHRBAumctioning in
children. One study reported that parent-reported approatifiation of children
between the ages of 3 to 5 years tended to be assbwidlbedecreases in cortisol across
the assessment session (Blair, Peters, & Granger,,200h suggests that high PE may
serve a protective function against HPA axis hyperactikitgontrast, a few studies have
reported a positive relation between constructs thetlay with PE, such as surgency,
extraversion and impulsivity, and cortisol levels imldren (e.g., Davis, Donzella,
Krueger, & Gunnar, 1999). Although these constructs aredetatPE, they also overlap
with activity level and sociability, and it may be tlkgel of arousal that is related to
increases in cortisol rather than the expression sifipe emotions (Pressman & Cohen,
2005).

Some studies have examined the relation between moaffect and HPA axis
functioning in adults; however, these studies are lohtiteself-reported positive moods.
Cortisol has been shown to typically decrease fafiguthe experimental induction of
positive moods (e.g., Hubert & de Jong-Meyer, 1990) andinatieasing levels of trait
positive affect (Cohen, Doyle, Turner, Alper, & Skor2003; Polk, Cohen, Doyle,

Skoner, & Kirschbaum, 2005). One study found that cortisolddee men low in trait

12



positive affect did not decrease in the afternoon ltiagun a relatively high, flat rhythm
(Polk et al., 2005), which is similar to the rhythm dysratjah observed in depression
(e.g., Deuschle et al., 1997; Weber, Lewicki, Deushle aCvlkecsei, & Heuser, 2000).

Not all studies reported associations between positeetadnd HPA axis
functioning in adults (Pressman & Cohen, 2005). It is jesshat positive emotions
interact with other intra-individual factors or envimaental factors to predict HPA axis
functioning. For example, Moskowitz and Epel (2006) found hiealthy daily cortisol
rhythms were predicted by the joint presence of positivatiens and positive
cognitions. This is especially interesting given theifigdhat low PE at age 3 predicted
the development of depressive cognitive styles at age d@tast al., 2006).

Despite the limited developmental research in thia,ahere is indirect evidence
for an association between low PE and HPA axis functgfrom neurophysiological
studies. A substantial body of research has suggestectktately greater left than right
frontal hemisphere activity is associated with appraatdted behaviors and positive
affect, and relatively greater right than left frordativity is associated with withdrawal-
related behaviors and negative affect (Davidson, 1995). Theisink between
PE/approach and HPA-reactivity is supported by evidence thiatdecreased left frontal
activity and increased right frontal activity are assise with cortisol levels during a
stranger approach task (Buss et al., 2003). In addition, Liuddy @003) found that
preschoolers with an anhedonic form of depression, whichaisacterized by low PE,
displayed greater cortisol reactivity than depressed anddapressed comparison

groups. Similarly, adults with melancholic depressioncWiis characterized by low PE,
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exhibit higher cortisol levels than adults with non-amelholic depression (Turkcapar et
al., 1999).

Factors influencing HPA axis functioning: maternal history of depression,
parenting and life stres®evelopmental studies have established that offspring of
depressed mothers exhibit greater elevations in comisesponse to a psychosocial
stressor very early in life (Dawson, Hessl, & Fr&994), in addition to increased waking
salivary cortisol levels (Mannie, Harmer, & Cowen, 2007 )addition, the observed
increased waking salivary cortisol levels in young peopfarailial risk for depression
was not accounted by differences in self-reported paigntiationships, life events, or
neuroticism (Mannie et al., 2007). Overall, these findinggpert a genetic risk for
depression on the HPA axis.

Nevertheless, it is difficult to distinguish the etfeof the environment, such as
poor parenting or early maltreatment, from genetic osldepression on the HPA axis.
Therefore, it remains unclear whether the HPA axsfuthction found in the offspring of
depressed individuals is due to the direct effects of aigengnerability for depression
or to insufficient care provided by the depressed parent fsfgman, Dawson,
Panagiotides, Yamada, & Wilkinson, 2002; Cohn et al., 198&sDa & Ashman, 2000;
Halligan, Herbert, Goodyer, & Murray, 2004). For instantédoen with MDD parents
showed higher cortisol levels, and this effect occurredgminantly in children whose
parents were currently depressed (Young, Vazquez, Jiantgf&ef?2006). These
findings support an environmental effect of MDD in a paeerdt are in line with studies
that have found associations between poor parentaandreortisol functioning in both

animals (Coplan, Andrews, Rosenblum, Owens, Friedmamén, & Nemeroff, 1996)
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and infants (Bugental, Martorell, & Barraza, 2003; Gunnar, 1988n§er, Schieche,
Maier, & Ackerman, 1994).

There is also evidence that both a familial (possibhetje) vulnerability for
depression and the effects of depression on parentingendently contribute to
children’s HPA axis functioning. For instance, Azar, Pag)&toccolillo, Baltzer, and
Tremblay (2007) found that both maternal lifetime depressimhmaternal overcontrol
were independently associated with children’s increasdsacbreactivity, and the
relation between maternal lifetime depression and @nldrincreased cortisol reactivity
was not accounted by maternal depression during the chitl’§levertheless, it is
possible that maternal rearing practices, combined witpdkeible genetic risk in the
offspring of affectively ill mothers, influence theess responses of offspring (Granger et
al., 1998). However, this is an area of research tletsmore attention.

Life stress within the child’s environment has also b®eamined in relation to
children’s HPA axis functioning. Numerous retrospectivel&ts of adults and children
have reported associations between increased reacthtihg HPA system and stressful
life events, including early trauma such as child abusenagtict (Cicchetti & Rogosch,
2001; DeBellis et al., 1999; Heim, Newport, et al., 2000; Kaafetaal., 1997), as well
as less severe concurrent stressors, such as faroesonomic status (Lupien et al.,
2000). For instance, preschoolers who were exposed to higls & concurrent maternal
stress and had a history of high maternal stress exposunfancy evidenced elevated
cortisol levels (Essex, M. J. Klein, Cho, & Kal02). While a number of studies have
found life stress within the child’s environment to beoagged with hypercortisolism

(Gunnar 2000; Gunnar, Morison, Chisholm & Schuder, 2001), otheestbdve found a
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link between life stress and hypocortisolism (e.g., Kaufret al., 1997; Heim, Newport,
Bonsall, Miller, & Nemeroff, 2001; Ronsaville, Municchi, lean Cizza, Meyer, Haim, et
al. 2006), similar to the hypocortisolism found in patiemts Post Traumatic Stress
Disorder (PTSD) and the offspring of individuals with PTX®2Ifuda, 2000; Yehuda et
al., 1993). It has been suggested that the differencewdindis may be due to certain
characteristics of the stressor (Gunnar & Donzell®2; Miller, Chen, & Zhou, 2007),
such as duration (Gunnar 2000; Gunnar, Morison, et al., 2001)naind (Essex et al.,
2002; Hessl et al., 1998) or whether the maltreated chilsensuffered from an
affective illness (Hart, Gunnar, & Cicchetti, 1996).

Current study.The current study aims to test the hypothesis thaPlBwa
possible temperamental precursor to depression, isiaiEsbwith HPA axis functioning
in children prior to the onset of a depressive disordery \ittle research has examined
the relation between PE and cortisol, and no studidateohave examined the
independent and joint effects of familial risk for depm@ssparenting, and life stress,
along with early temperament, in predicting children’esgrreactivity and basal cortisol
levels. Furthermore, we are aware of only one studyhizsexamined the effects of
parenting on HPA axis functioning in children beyond toddledn@meekens, Riksen-
Walraven, & van Bakel, 2007). Thus, we aim to add to thallditerature base and to
tease apart these complex and related constructs inremgrtheir unique and joint
effects in their relation to early HPA axis functiogurior instance, early temperament
will be assessed separately from child psychopathologiwe will examine life stress
separately from other overlapping constructs, such aimatr parent-child relationships,

maternal depression during the child’s life, marital @lid¢ and low socioeconomic
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status. Overall, we aim to set a foundation for longitaldstudies to examine
developmental pathways from neuroendocrine dysfunobidinet development of
depression.

This study will examine these predictors in relatioehddren’s cortisol in
response to environmental stimuli during a laboratory,\asitwell as under basal
conditions, both of which appear to be determined byreiffieunderlying processes.
These different underlying processes are important tadems extrapolating the
study’s hypotheses.

Basal activity follows a circadian rhythm with the hagh levels typically
occurring in the morning and then dropping throughout theAlégtnoon reflects a
more quiescent period of the circadian cycle. BartE5eus, Kirscbaum, Sluyter, and
Boomsma (2003) found significant genetic contribution to cartgssels after waking in
the morning, a moderate genetic contribution around nowhna genetic contribution
during early afternoon (see also Wust et al., 2000; Kuppar, &005; Schreiber,
Shirtcliff, Van Hulle, Lemery-Chalfant, M. H. Kleirikalin et al., 2006). In addition, one
study found genetic control over baseline in late aftarremotisol at the home and at the
laboratory but failed to find a significant genetic comptre the response to a social
stressor (Kirschbaum et al., 1992). However, the sasipdefor this study was small (13
monozygotic twin pairs and 11 dizygotic twin pairs), sugggdnat it remains unclear as
to the role hereditary plays in the adrenocorticgdoese to a social stressor. Overall,
these findings support the assertion that morning coréseld are under the most
genetic control, whereas cortisol levels later mdlay and in response to stressors are

potentially under less genetic control and greater envirataheontrol.

17



Due to these differences in genetic and environmentalibotitms to cortisol in
response to a stressor and basal cortisol levelaghout the day, we hypothesize that
the predictors of cortisol in response to the laboyattnessors will differ somewhat from
predictors of children’s basal cortisol levels. Firsg, lypothesize that the predictors of
children’s cortisol reactivity to the lab stressord witlude direct effects of both
intrinsic and/or biological (i.e., temperament, madémstory of depression) and
environmental (i.e., parenting, life stress) factorsmist salivary cortisol samples were
collected prior to late afternoon when environmentabiacappear to exert more control,
it is probable that some genetic control over cortisattivity is present. In addition, as
some studies have reported that environmental factorstbgemost control later in the
day and in response to stressors, we hypothesize thatreneintal factors will predict
children’s stress reactivity and evening cortisol levelshawe less of an impact on
children’s basal morning cortisol levels.

In considering this complex interplay between geneticearvitonmental factors
on HPA axis functioning, we hypothesize that the intriciaracteristics of the child,
such as temperamental low PE, high NE and high BI, anernadthistory of depression
will be associated with greater cortisol levels impasse to laboratory stressors. We also
hypothesize that environmental factors will predict cleitds cortisol reactivity, but the
direction of the relation will change depending on thdituiae characteristics of the
environmental demand. Specifically, we predict that paréotgility will be associated
with greater stress reactivity, and maternal supportiveepiee will be associated with
less stress reactivity, as previous studies have repsinddr findings in infants (e.g.,

Bugental, Martorell, & Barraza, 2003; Gunnar, Larson, gedsd, Harris, & Brodersen,
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1992). In addition, we hypothesize that children who expee@ihigh levels of family
stress in the 6 months prior to the laboratory viditevidence dampening of the cortisol
stress response, similar to that observed in patiatitsPSD. This is supported by a
recent study that reported chronic family stress wastivetjacorrelated with children’s
cortisol levels (Ronsaville et al., 2006).

In addition to the hypothesized direct effects, we pl=alict several moderated
effects. Given the inconsistent findings in the litara between temperament, familial
risk for depression and cortisol reactivity (Ellenbogealet2006; Gunnar & Donzella,
2002), it is possible that these vulnerabilities interatit environmental risk factors to
predict cortisol reactivity. In support of this contentiboth child temperamental NE and
Bl have been associated with increased cortisol in ns&ptm a stressor when quality of
care was poor (e.g., Gunnar, Brodersen, Nachmian, Busgau$, 1996; Nachmias,
Gunnar, Mangelsdorf, Parritz, & Buss, 1996). No researchteohdas examined any of
the other possible moderating effects between the stu@ples. However, as
individuals with a vulnerability to depression are more spsble to the depressive
episode-triggering effect of adversity (Kendler et2002; Kendler et al., 2004), we
predict that the risk factors selected for this studyuding child temperament, maternal
history of depression, parenting and life stress, willrexct to predict greater stress
reactivity.

Next, the basal morning salivary cortisol sample provademteresting
comparison to the lab coritisol reactivity data. Rege&ias shown that morning cortisol
levels are under the most genetic control and thaatdd morning cortisol levels are

specifically implicated in risk for depression. Therefat appears that morning cortisol
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levels may capture genetic/familial or trait-like fastthat put individuals at risk for
developing mood disorders. As such, we hypothesize thattehijpderamental PE and
maternal history of depression will be associated witliien’s morning cortisol levels.
Specifically, given the longitudinal findings supportinglgéemperamental low PE in
the development of depression and the increased incidédepression in children of
mothers with a lifetime history of depression, we hypsittesthat children low in
temperamental PE and children of mothers with a lifetmstory of depression will
exhibit elevated morning cortisol levels.

This hypothesis is supported by Ellenbogen et al. (2006)’s findimagsat risk
offspring evidence higher daytime levels of cortisol iitimatural environment, but did
not show differences in the cortisol response todheriatory psychosocial stressor.
These findings suggest that predictors of elevated mornntigaanight be part of an
endophenotype predisposing the individual to the developofeigpression.
Furthermore, we hypothesize that the relation betwesternal history of depression and
elevated offsprings’ cortisol levels will be most pranoed in the offspring of mothers
with melancholic depression, given the findings betweenrogpisolism and
melancholic depression in both depressed children and .adults

We also predict that parenting behaviors and life stkdsbave less of an
influence on morning cortisol levels and a greater infteern evening cortisol levels, as
cortisol collected in the morning appears to be less dependeenvironmental factors,
whereas cortisol collected later in the day appears tadre dependent on
environmental factors. Lastly, in addition to environméfatetors, we predict that

temperament and maternal history of depression wilsbe@ated with elevated evening
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cortisol levels as depression has been linked to distcelsan the temporal pattern of
secretion including a flattened circadian curve (Deusdhad,€1997), a reduced duration
of nocturnal quiescent period (Halbreich et al., 1985]),aamearlier (Pfohl et al., 1985)
or elevated nadir (Yehuda et al., 1996).

In sum, we aim to examine the unique and joint effecthitd temperament,
maternal history of depression, parenting behaviors #ndtltiess on children’s cortisol

levels in response to a laboratory stressor and chitbasal cortisol levels.
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METHOD
Participants

RecruitmentOne hundred and sixty-six participants from a consecsaves of
210 children were recruited during their first laboratoryt ¥eg a larger study examining
temperamental risk for mood disorders in preschoolersicipants from the larger
project were recruited from a commercial mailing litild@ren between the ages of 3
and 4 who live with at least one biological parent wedigible. From the subset of
children who participated in the cortisol assessmeneschitd was excluded due to a
significant medical or developmental disability.

As a result, the final sample of participants included (B36females and 83
males) children between the ages of 3 years, 0 monthd gears, 1 month and their
biological parents. One-hundred sixty children (80 fema&@smales) completed all 4
salivary cortisol samples during the lab visit. Fifty éiddal participants declined to
participate or were excluded due to reasons pertaining tmttisol assessments; 27
children refused to participate; 16 children did not compliétée salivary cortisol
assessments; 4 parents did not want their children teipatg in the salivary cortisol
assessments; 2 children were sick and one child was takibgp#cs.

Ninety-four children provided a morning salivary cortisol seenpnd 93 children
provided an evening salivary cortisol sample. Ninety-two adilgrrovided both morning
and evening cortisol samples; 87 children provided the mormithgg@ening cortisol
samples on the same day, and 5 children provided the saonpte® separate days. Six

children participated in the home cortisol assessmergicg they did not complete all 4
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laboratory cortisol assessments, they were not inclundégk laboratory cortisol
analyses.

No children met criteria for a mood disorder diagnosiasaessed using the
Preschool Age Psychiatric Assessment (PAPA; Egger, t249). All families were
compensated financially.

T-tests comparing laboratory cortisol participants to-participants yielded
significant differences on several variables. Non-pgnts exhibited significantly
higher temperamental NE and Bl and significantly lowéerest during the laboratory
assessment of temperament compared to participating childraddition, parents of
non-participants were rated as higher on parental pstilring the parent-child
interaction battery compared to parents of particigatimldren. There were no
significant differences in rates of maternal psychaglatiy, parental supportive
presence, or stressful life events. T-tests comparing lcontisol participants to non-
participants yielded significant differences on matehaetility and stressful life events.
Parents of children who did not complete the homesmriissessment were rated as
higher on parental hostility during the parent-child int&cen battery compared to
parents of participating children. In addition, childrerovalid not complete the home
cortisol assessments experienced more stressfeMgits in the six months prior to the
home cortisol assessment compared to participating child@ireere were no significant
differences in rates of maternal psychopathologyemat supportive presence, or child
temperament.

Descriptive CharacteristicsThe demographic characteristics of the sample were

consistent with the 2000 census data from Suffolk County; Xerk. Participants
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identified themselves as Caucasian (N = 155; 93.3%), Afidcaarican (N = 2; 1.2%),
Asian American (N = 2; 1.2%), or other race (N = 7; 4.4%6)(10.0%) participants
identified themselves as Hispanic. Over half of famiE& 1%) reported a family
income ranging from $40,000-$100,000; 39.3% of families reported ayfarodme
greater than $100,001, and 2.6% of families reported a famdynacanging from
$20,000-$40,000. Approximately half of the mothers (48.4%) and fath@rg%o) either
graduated from high school (or received a GED), attend®eé sollege, or received a 2-
year degree; and, approximately half of the mothers (51a@%bfathers (49.7%)
received a 4-year college degree or beyond. The mearf pgesats was 36.6 yearS[)

= 3.9) for mothers and 38.8 yea&)= 4.8) for fathers. The mean age of child
participants was 3.6 yearSI[P = 0.2), and 50% were female. The vast majority (98.1%)
of the children came from two-parent homes, and 53.2%eahththers worked outside
the home part- or full-time; 15.7% worked more than 35 hparaveek. Children were
administered the Peabody Picture Vocabulary Test (PPJimn & Dunn, 1997) and the
Expressive One-Word Picture Vocabulary Test (EOWPVByBiell, 2000) to screen for
gross cognitive impairmenM = 105.04SD= 14.13;M = 100.48SD= 12.34,
respectively).

T-tests comparing boys and girls on temperament ttaiteot show significant
differences on PE, NE or Bl. Boys and girls did ndéfiedion parental supportive
presence or hostility. However, girls experienced sigaifily more stressful life events
in the 6 months prior to the lab visi{164) = -2.23p = .03), and parents reported that
girls had marginally significantly higher scores on tf0OC Affective Problems scale

(t(155) = -1.93p = .06) than boys.
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Laboratory Assessment of Child Temperament

The laboratory assessment of child temperament lagpi@eximately 2.5 hours,
during which children were videotaped while participating \&iflemale experimenter in
12 standardized tasks selected from the Laboratory TempataAssessment Battery
(Lab-TAB; Goldsmith, Reilly, Lemery, Longley & Prastt, 1995). The tasks were
designed to elicit behavioral expressions of a broad rahgmotional and other
temperamental traits. Episodes were ordered so as tapearey-over effects in that no
episodes presumed to evoke similar affective resporsesred consecutively, and each
was followed by a brief play break to allow the childéturn to a neutral state. Mothers
were present in the room for all episodes, with twaepkons noted below. Episodes are
described in the order in which they were conducted.

Risk Room (behavioral inhibition and activity levét) this episode, which has
been used in studies of behavioral inhibition (Kagan, 198&)child was allowed to play
freely by him/herself with a set of novel and ambigudimdi (e.g., a cloth tunnel,
small staircase, mattress, Halloween mask, balarera,l@nd a large, black cardboard
box). After 5 min. the experimenter returned and askedhha to approach each object.

Tower of Patience (inhibitory control, interesthe child and the experimenter
took turns building a tower of cardboard blocks. The exparier adhered to a schedule
of delays of increasing length before placing her blockendwer (5, 10, 15, 20, and 30
secs.), forcing the child to wait longer each time ke tiais or her turn.

Arc of Toys (PE, interest, NEJhe child was allowed to play freely by him or
herself in a room full of toys. After a few minutelse texperimenter returned to ask the

child to clean up the play area by putting the toys inxa bo
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Stranger Approach (behavioral inhibitiort the beginning of this episode, the
child was left alone in the main experimental areéerd few moments, a friendly male
research assistant entered the room and spoke to thevttig gradually walking closer.

Make That Car Go (PE, interesth this episode, the experimenter and child
raced with two remote-controlled racecars.

Transparent Box (persistence, interest, NHje experimenter locked an
appealing toy in a transparent box. The child was thémvidf a set of inoperable keys to
use to open the box. After several minutes, the expet@neeturned, explaining that
she had accidentally given the child the wrong keys. The walais then allowed to play
with the toy.

Pop-Up Snakes (PET.he experimenter showed the child what appeared to be a
can of potato chips, actually containing coiled spring snakeschild was then
encouraged to surprise his or her mother with the snakes.

Impossibly Perfect Green Circles (NE, persistentég child was asked by the
experimenter to draw a circle on a piece of paper.ekperimenter responded by mildly
criticizing the child’s work and asking the child to draw o circle. This process was
repeated for 2 min.

Popping Bubbles (PE, interest, activitfhe child and the experimenter played
together with a bubble-shooting toy.

Exploring New Obijects (Bl, NEThe child is presented with the opportunity to
explore new objects, including a tent, a small pet qarigeoey” toys, a remote
controlled spider, and a plastic head covered with @logd. The mother is present, but

is told to remain neutral.
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Snack Delay (inhibitory control)lhe child was instructed to wait for the
experimenter to ring a bell before eating a pieceantlg. The experimenter waited a
systematic series of delays before ringing the bell200and 30 secs.).

Box Empty (NE)The child was given a wrapped empty box to open, under the
pretense that an appealing toy was inside. After a btirfvial in which the child was left
alone to discover that the box was empty, the expeteneeturned with several small
toys for the child to keep, explaining that she had forgattgrtace the toys inside.

Coding of laboratory datal'wo different methods of coding the videotape data
were employed. The first method was based on a gtmlotihg system (developed by and
described in Durbin et al., 2005), which allowed raters to wsekhowledge of child
behavior and contextual influences to derive ratings to sarmmenobserved behavior
across the entire task. This method allows for ai@ges to be coded for the same set of
emotions and behaviors. The second approach only penains toding of Bl and
involved making ratings at discrete time intervals basedighly specific behavioral
codes. This microcoding method is similar to the vast migjof previous studies that
have examined Bl and was used to code the three epiguatafically designed to assess
Bl: Risk Room, Stranger ApprogamdExploring New Objects

The global coding system considered facial, bodily av@hVindicators of
positive affect (PA), fear, sadness and anger. Asirajlng was made per episode,
which was based on all behaviors that were relevagh¢b dimension during that
episode. Ratings of PA were made with consideratidheofualitative and quantitative
aspects of displays of joy and enthusiasm. Overallrd®iAgs were computed as the

average standardized weighted sum of instances ohtowerate, and high displays of
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facial, vocal, and bodily PA across all episodes.il@nh, overall ratings of sadness,
anger, and fear were computed as the average standardigbtedesum of instances of
low, moderate, and high displays of facial, vocal, laodily of the respective form of
affect from all episodes. In addition, included in thgragate measure of PE, child
anticipatory PA and interest were coded. Instancestidipatory PA, which tap the
approach/motivational and reward seeking aspects of PA eoeled separately.
Anticipatory PA is defined as the expression of PA iticgration of a positive
event/rewarde.g., the snack iBnack Delaywaiting to surprise mom with snakes in
Pop-up Snakgsinterest ratings were based on the child’s comsabbut the activity
and how engaged the child was in play. The following scaégs used to create the
study’s aggregate temperament variables (described beloavintarnal consistency
estimates, as measured by alpha, were adequate: paffitioe( = .86), anticipatory
positive affect @ = .64), interestd = .66), sadnessi(= .73), angerd = .65), and fear(
= .64).

For micro-level coding of episodes eliciting BlI, rativgsre made for each epoch,
which spanned 20-30 seconds depending on the particular epidtettivA codes were
based on a system developed for the Lab-TAB by Goldqi@midsmith et al, 1995),
which draws from the Affex system of deriving affectiveaning from facial muscle
movements (lzard, Dougherty, & Hembree, 1980). Within epolele a maximum
intensity rating of facial, bodily, and vocal fearsm@aded on a scale of O (absent) to 3
(highly present and salient). The definition of Bl in gresent study was largely based
on Durbin et al. (2005), and was computed as the averagerstaedaatings of latency

to fear (reversed); facial, vocal, and bodily feRisk Room, Stranger Approaand
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Exploring New Objec)s latency to touch objects; total number of objectstedc
(reversed); tentative play; reference parent; proxitaityarent; reference experimenter;
time spent playing (reverseRisk Roonand Exploring New Objecjsstartle Exploring
New Objects)sad facial affectExploring New ObjectandStranger Approach latency
to vocalize; approach towards the stranger (reverseigance of the stranger; gaze
aversion; and verbal/nonverbal interaction with thargier (reverse)Stranger
Approach).

Data reduction. Aggregate constructs capturing PE, NE and Bl were crégted
averaging standardized scores of facial, bodily, andlvatiags across episodes. The
construct of Bl was created as described above. TheaR&ble consists of the average
of facial, bodily, and vocal PA, including anticipatd®, and interest across all
episodes. Similarly, the NE composite consisted ofaaueg ratings of facial, bodily,
and vocal anger, sadness, and fear. Internal consesteoc PE, NE, and Bl scales were
.71, 78, and .81 respectively. Interrater reliability, @exed by the intraclass correlation
(ICC) and based on a subsample of 17 cases, was adequagdomposite scales of PE
(ICC =.79), NE (ICC = .78), and BI (ICC = .87).

Child depressive symptonfaimary caregivers (149 mothers; 8 fathers)
completed the Child Behavior Checklist/1%2-5 (CBCL/1%2-5; Atiaeh & Rescorla,
2000), which measures children’s emotional and behavioral pneblRarents rated each
item on a scale from ¢t trug to 2 (ery or often trugfor their child’s behavior in the
past 6 months. The CBCL/1%-5 yields two broadband factsessisg internalizing and
externalizing problems, as well as several subscal@shwunclude withdrawn, attention,

aggression, somatic complaints, anxious/depressed, e@lbticeactive, and sleep
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problems. The original CBCL scales did not distinguish betwanxiety and depressive
problems. However, the newer version of the CBCL/1%s5skales that are based on the
DSM-IV. For the purpose of this study, we used the CBCLA%ffective Problems
scale, which consists of 10 items (Cronbaoh .59) covering sadness, lack of interest,
loss of energy, and sleep and eating problems. As exp@eteshts reported few
symptoms on the CBCL Affective Problems sciMe<2.65,SD = 2.25). The CBCL was
not available for 9 children due to missing questionnaire data

Maternal depressianSemi-structured diagnostic interviews, using the Strudture
Clinical Interview for DSM-IV (SCID; First, SpitzeGibbon, & Williams, 1996), were
conducted with 94% of the biological mothers. The SClan®ng the most widely used
diagnostic interviews. The diagnostic interviews wasaducted by two Masters-level
clinicians. The primary interviewer who conducted theomigj of the interviews
(69.3%) completed a formal training course on the SCID addshveral years of
experience conducting SCIDS in other studies. The intemeliability between the
primary interviewer and the secondary interviewer wagth@n 30 audiotaped
interviews (20 mothers and 10 fathers) conducted by the primtaryiewer for the
larger project. The 30 tapes were selected to oversamipkecss with a range of
diagnoses. Interrater reliability was very good fbdegnoses used in this study
(Lifetime MDD and/or DY, Kappa = .93; Lifetime Mood Distar (including NOS
diagnoses), Kappa = .87; Lifetime Anxiety Disorder, Kapp@l Lifetime Substance
Use Disorder, Kappa = 1.00). Both interviewers were not waebin collecting, and did

not have access to any of the data on the children.
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Rates of lifetime diagnoses of mood disorders in metaex similar to those from
recent epidemiological studies (Kessler, Berglund, &2e, 2005): lifetime Major
Depressive Disorder (MDD; N = 37, 23.7%); lifetime Dysthymisorder (DD; N = 20,
12.8%); lifetime Depression Not Otherwise Specified (DEPSNN = 25, 16.0%);
lifetime MDD or DD (N = 47, 30.1%); lifetime MDD, DOyr Dep-NOS (N = 70;
44.9%); lifetime melancholic depression (N = 14; 8.9%). Noheomet criteria for
Bipolar | or Bipolar 1l disorder. One mother met crigefor current MDD, 4 mothers met
criteria for current DD, and 2 mothers met criteriadorrent Dep-NOS. Rates of lifetime
diagnoses of non-mood disorders in mothers are afssistent with epidemiological
studies: any lifetime anxiety disorder (N = 55, 35.3%) #rtirhe substance
abuse/dependence (N = 34, 21.8%).

Parenting.Parent-child relationship quality was assessed using an abseal
measure of parent-child interactions for preschool agddrehi Based on the Teaching
Tasks battery (Egeland, Weinfield, Hiester, Lawrenagce, & Chippendale, 1995), it
consisted of six tasks (book reading, block building, ngmibjects with wheels,
matching shapes, completing a maze using an etch-sketchftgmegentation), which
the primary caregiver and child work on together. The parfeild interaction assessment
was completed during a second laboratory visit. The lyattdrich takes approximately
25 minutes, was videotaped for subsequent coding on 16 five-pales sapping parent,
child, and dyadic variables. The present study used twessbaked on Weinfield,
Egeland, and Ogawa (1998). The parental supportive presenedracgie = 1-5)
captures parental emotional support and encouragementaffiltheluring the tasks.

Higher scores indicate greater supportiveness. Ifteonsistency and interrater

31



reliability of the parental supportive presence scaleevadequaten(= .86 and ICC =
.81, respectively). The parental hostility scale (rande5) captures punitive, coercive,
and hostile behavior during the tasks, including the parexpi®ession of anger,
frustration, and annoyance, and discounting or rejethiaghild. Higher scores indicate
greater harshness. Internal consistency and interdigipility (N = 53) of the hostility
scale were also adequate=£ .81 and ICC = .72, respectively). One-hundred and fifty-
one parents (144 mothers and 7 fathers) and children conhghetd eaching Task
battery; parenting data was not available for 14 families did not participate in the
second laboratory visit. One parent-child interaction m@svideotaped due to technical
problems.

Life events Life events were assessed using the Preschool Agaigsyc
Assessment (PAPA; Egger et al., 1999) interview. Paréb& Nothers, 8 Fathers) were
asked whether 27 major life events (e.g., parents split divorced; parental arrest;
child was seriously ill, injured, or hospitalized for méman 24 hours) occurred during
the child’s life, the extent to which the child was afféecby the event, and the date of the
event. The interviewer determined whether or not thatéa@ndition matched with the
defined criteria. For the purposes of this study, we surtime total number of events
that occurred 6 months prior to the laboratory visit anabéths prior to the home
cortisol sampling. If the date of the home cortisshgbng occurred after the PAPA
interview, we summed the total number of life events ticcurred 6 months from the
time of the PAPA interview. The interview typicallgaurred after the home cortisol
assessment, but when it was before it usually occurttbthiwo weeks from the time of

the home cortisol assessment. For the present asalyseexamined only the life events

32



during the 6 months prior to each cortisol assessmentlegr to examine the effect of
recent major life events on current HPA functioning.

Parental marital satisfaction and maternal current depressive symphMatkers
completed the Dyadic Adjustment Scale (DAS; Spad@r6;a = .95) to measure
relationship discordM = 111.79SD = 18.95) and the Diagnostic Inventory for
Depression (DID; Zimmerman, Sheeran, & Young, 2@04;.89) to measure current
depressive symptoniM = 4.88,SD= 4.69); 103 mothers completed the DAS, and 114
mothers completed the DID. Higher scores on the i ate greater marital
satisfaction. Higher scores on the DID indicate gnedepression symptomatology.

Socioeconomic statul order to examine the relation between socioeconomi
status (SES) and HPA functioning, a variable based ontpaeztucation level was
created as a proxy for SES: 0 = Both parents had lesathayear college degree (28%);
1 = At least one parent received a 4-year college degta=yond (39.1%); and 2 = Both
parents received a 4-year college degree or beyond (32.9%).

Laboratory Salivary Cortisol Collectiorsalivary cortisol was collected 4 times at
specifically designated intervals during the assessmalwaSor cortisol determination
was obtained by having the children dip 2 in. long cotton tlesita into small cups
containing approximately .025 g of sugar-sweetened cherry Kabdidmnk mix.

Children then placed the cotton rolls in their mouthsl saturated. These procedures are
known to have little-to-no effect on cortisol congatibns given the assay procedures
used (Schwartz, Granger, Susman, Gunnar, & Laird, 1998; Tatgeella, Kryzer,
Grierens, & Gunnar, 2005). The procedures took approximatelp@es. The wet

cotton was collected and then expressed into vialsdoage at -20 C until assayed.
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Salivary cortisol assessments were taken on the ddnedéboratory visit and on a
separate day at home (described below).

The timing of the laboratory cortisol samples was deitegd based on the
presumed stress of the episodes, previous studies usingaa pemadigm (Luby et al.,
2003), and the principle that cortisol levels are believa@flect the level of stress
experienced about 20-40 minutes prior (Dickerson & Kemeny, 2824ed on this, the
first sample (baseline) was taken upon arrival todberatory after parents gave consent.
It reflected the pre-assessment time with a parenthwhias not hypothesized to be
stressful. However, during this time, children were nligsty on route to the laboratory,
a situation that is new and unfamiliar to the childrenctvimay have increased cortisol
levels in some children. The second sample was call&feninutes following the
Stranger Approach task of the Lab-TAB, the most stuésgisode in the battery, during
which the child was separated from his/her parent anéiaggr entered the room. The
third salivary cortisol sample was taken 30 minutes kter qualitatively different
frustration-inducing laboratory stressors, with sometpesepisodes interspersed. This
second set of frustrating and distressing episodes weswstd play tasks designed to
produce transient and mild frustration or anger in thielchiypically, the third sample
was taken 30 minutes after theansparent Boepisode, a frustration-inducing task in
which the child is unable to unlock a box with a desirabyeiriside. The final (4)
sample was collected 20 minutes after the completiat €ab-TAB tasks. The final
saliva sample aimed to assess the entire recovergggdom all Lab-TAB tasks. To
control for non-stress related elevations of coktiassessments were conducted at either

10 AM (68.8% of the sample) or 2 PM. Time of day (assesttimae) was considered as
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a potential confounding variable in all analyses usindatiberatory assessments of
cortisol. Families were instructed prior to coming to #imlatory that the child should
not eat a meal within one hour before their schedulesiith and to avoid caffeine for
at least two hours and dairy for at least 15 minutes fwiarrival.

Home Salivary Cortisol Collectiofzach parent was given a home salivary
cortisol collection kit in order to collect the chi#dsaliva 30 minutes after wakening and
30 minutes before falling asleep on a typical day for tile.cThe saliva samples were
collected with reference to the child’s usual time of @r@kg and sleep rather than at a
fixed clock time. This methodology was utilized becausectitdsol response to
awakening has been found to have more test-retest stéhiitvards, Clow, Evans, &
Hucklebridge, F., 2001; Pruessner, Hellhammer, & Kirschbd989; Wust et al., 2000 )
than single point measures yoked to clock time (Costau&tr Letrait, & Bertagna,
1994), especially in populations with greater variabilityhiair sleep/wake cycles, such
as young children. Parents were instructed to selgpicat day for sampling, rather than
an especially exciting or troublesome day; to avoid sith@ycare days unless the child
is in school/daycare almost every weekday; to avoidifgetheir child a meal within one
hour before the evening sample; to avoid caffeine ftaaat two hours and dairy for at
least 15 minutes prior to sampling; and to refrain fromhongsthe child’s teeth before
sampling. Parents refrigerated the samples and mailedliaek to our laboratory where
they were stored at -20 C until assayed.

Once all laboratory and home samples were colletheg,were assayed using a
time-resolved fluorescence immunoassay with flouroimend point detection

(DELFIA). All samples were assayed in duplicate. Saspielding values above 44
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nanomoles per liter (nmol/L) were excluded, which appled kboratory samples from
4 different individuals and one home evening sample. Thelation between duplicates
was .99 for both the laboratory and home samples. Tée end intra-assay coefficients
of variation (CV) for the laboratory and home samplese between 7.1% - 9.0% and
4.0% - 6.7%, respectively.

Laboratory data analysis strateggecause the 4 laboratory cortisol samples are
nested within individuals, we estimated the effects déiodm’s temperament, maternal
psychopathology, parenting, and life stress with mukill@r hierarchical linear analysis,
a variant of multiple regression appropriate for nedigd (Singer & Willet, 2003).
Mixed effects models allow an assessment of individuadtleortisol change (level-1)
and prediction of individual-level differences in chang¢€l-2), if they exist. The
multilevel model was estimated using the Hierarchical&irModeling statistical
program version 6 (SSI Inc., Lincolnwood, IL).

A log10 transformation of the raw cortisol values yieldeadunskewed response
variable. To address the hierarchical structure of the tradevels of equations were
estimated. On the first level, we estimated each iddal's baseline cortisol level (i.e.,
intercepts) and cortisol reactivity (i.e., slope and ature). For all analyses, log 10
transformed cortisol values were treated as the depewvaleable. Both linear and
guadratic growth models were used to examine a within-sghjegtession of an
individual’'s HPA reactivity onto the time of each assamst. On the second level, we
estimated equations to predict differences in level-draefpts, slopes, and curvature
from the following level-2 predictors: child sex, child enament, child depressive

symptoms, maternal psychopathology, parenting, maigabdd, SES, and stressful life
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events. Finally, we examined whether any of the betwebjest variables (i.e.,
temperament, maternal depression, parenting, and kss$tinteracted to predict
children’'s HPA axis reactivity.

Three adjustments were made to the data to ease ettnpn of the results.
First, time was anchored at baseline (at baseline,zif)eso that the cortisol intercepts
(o) would reflect the average individual's cortisol levebaseline. Second, all level-2
between-person variables were centered at their graad.nibird, we used a pairwise
missing data procedure to handle any missing data at leasetdlany cases with missing
data at level-2 were excluded from the analyses.

Home data analysis strateglyhe purpose of the home analyses was to examine
predictors of children’s morning and evening cortisol leval®il&r to the laboratory
analyses, raw cortisol values were log10 transforméd;hwyielded unskewed response
variables for both morning and evening cortisol values. Ydenhed the associations
between morning and evening basal cortisol levels anatlogving variables: child sex,
child temperament, child depressive symptoms, maternal psttftedogy, maternal
depressive symptoms during the child’s life, parenting, mafigabrd, SES, and
stressful life events. Lastly, we examined whetherddriie between-subject variables
(i.e., temperament, maternal depression, parentingjfargtress) interacted to predict

basal cortisol levels.
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RESULTS

Laboratory Cortisol Results

Cortisol Reactivityln order to investigate whether there was any systemati
change over time, baseline trajectory models wemnattd. Models of linear and
guadratic change were examined. These models can be undesstwdtlan-subjects
regression of an individual's cortisol values onto theetof each assessment. To
evaluate these models, the following function was sieelcib describe the data from
each individual:

Level 1: Y;=Bo; +B;(Time)+By(Time?)+r;
Level 2
Intercept:Boj = yoo + Lo;
Slope:Bij = y10 + W
Curvature By = v20 +p;
(Equation 1)

where Y; is cortisol values of individual j at timefly; is the cortisol value of individual j
at Time O, (i.e., the baseline cortisol value of imdial j); B1; is the rate of the linear
change in cortisol for individual j over the coursetef laboratory visitp,; is the rate of
the curvature in cortisol; angl is the residual variance in repeated measurements for
individual j, assumed to be independent and normally digggbacross subjects.

As seen in Table 2 and Figure 1, the baseline trajectodehdemonstrated that
there was a significant linear decrease in cortisalesafrom baseline (20 minutes prior
to the laboratory visit) to the children’s cortisol leviellowing the separation stressor

(sample 2). The observed linear decrease in cortsol fample 1 to sample 2 was
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unexpected. We had expected a linear increase in reqpotigeseparation stressor;
however, similar decreases in response to stressaeslkeawn observed in other studies
(Gotlib, Joorman, Minor, & Cooney, 2006; Luby et al., 2003g&aBruce, Donzella, &
Gunnar, 2003). Following the separation stressor, childremtsal levels began to rise
for sample 3 (typically in response to a frustrating tasi) sample 4 (20 minutes after
the laboratory visit), as indicated by a significantifpas quadratic effect (i.e., concave
up). The growth curve measuring children’s cortisol reactiabtained in this
investigation, was similar to another study of preschoaoleirsy analogous stress-
inducing laboratory tasks (Luby et al., 2003).

Nevertheless, the random error terms associatedhatimtercept (variance
component = .0&}f = 159, y°= 1164.25p < .001), linear (variance component = .68,
= 159, x*= 523.60,p < .001), and quadratic (variance component = .60%,159, y*=
500.65,p <.001) components were significant, suggesting that intnig useful to
model between-person predictors of each of these comizo@aildren’s individual
differences in their cortisol reactivity varied agaike visit. From the first cortisol
assessment to the second assessment, 36.7% of childr&@%aor more increase in
salivary cortisol and 51.9% had a 10% or more decreasévargacortisol. From the
second cortisol assessment to the third assessment, BA&d&010% or more increase in
salivary cortisol and 27.5% had a 10% or more decreasévargacortisol. From the
third cortisol assessment to the final assessment, 7&.t%ldren had 10% or more
increase in salivary cortisol and 10.1% had a 10% or moreak= in salivary cortisol.
As seen through examining the individual differences iorafory cortisol changes,

there was a subgroup of children who conformed to the a peaxtivity hypothesis.
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In order to interpret the growth curve of children’s cmtievels across the
laboratory visit, it is first important to address théune of the baseline sample. Gunnar
and Talge (2005) reported that research from their laborataythers suggests that
samples obtained at lab arrival do not match sangtiesned at home at the same time
of day as the lab visit, which suggests that the ildalalsample may reflect a response to
coming to the lab. If this is the case, each samplerefect a continuous reactivity
process across the laboratory visit. As such, a gresdetivity across the lab visit
appears to be evidenced in higher baseline levels, lesseafiae in slope or a positive
increase in slope from baseline, or a slower, flatter of the curvature. However, this is
only an assumption as the data cannot accuratelyglistimreactivity to the lab
experience from the child’s true baseline. We also @xadarthe relation between mean
cortisol levels across the visit and the growth cuna:faund that higher mean cortisol
levels were significantly associated with higher basetiortisol levels (unstandardized
coefficient = .050SE=.006,t = 8.067,df = 157,p < .001), less of a decline in slope
(unstandardized coefficient = .018E=.005,t = 1.995df = 157,p < .05), and a slower
rate of the curvature (unstandardized coefficient = -.8&3; .001,t = -2.495,df = 157,

p < .05). This demonstrates that the combination of leadecline in slope and a slower
rate of curvature is correlated with greater mean @digsels across the visit.

Main Effects

In Table 1 we present correlations between mean labgredatisol levels and all
major variables. Higher mean laboratory cortisoklsewvere significantly correlated with
higher ratings of temperamental Bl in children, lessmatesupport, greater parental

hostility, and less marital satisfaction (as asskbgehe DAS). In addition, females had
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marginally significantly lower mean laboratory caotitevels. Mean laboratory cortisol
levels were marginally correlated with home morningisoliand significantly correlated
with home evening cortisol levels; however, these pastorrelations were only small
in magnitude, suggesting that the laboratory and home datisessments may be
tapping separate processes in children’s HPA axis functioning.

Prior to examining the substantive predictors of the tramurve, we examined
potential confounds, such as time of the laboratory s intake prior to the lab visit,
gender, race, and children’s depressive symptoms, as askggsadntal reports on the
CBCL Affective Problems Scale (see Table 2). Food intaia to the lab visit, gender,
race, and children’s depressive symptoms were not sigrificassociated with the
growth curve. Nevertheless, children’s depressive symptars marginally
significantly associated with a steeper rise in theature. Food intake prior to the lab
visit was likely not related to the growth curve as fasilvere instructed to avoid
feeding their child within one hour prior to the lab visibwever, time of lab visit (10
AM vs. 2 PM) was significantly correlated with the growtirve, reflecting the diurnal
rhythm in cortisol levels across the day (i.e., higaeels after awakening and lower
levels later in the day). Morning laboratory visits associated with significantly
greater baseline cortisol levels, a marginally sigaiftcsteeper decline in slope, and a
significantly steeper rise in the curvature; therefare made an adjustment for this
rhythm by controlling for time of visit in all analysdsat follow.

Temperament and cortisol reactivitfe examined the main effects of PE, NE,
and Bl on the trajectory of change in cortisol oweet First, the univariate effects of PE,

NE and Bl on cortisol reactivity were examined, aftertoalling for the time of visit
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(Table 2). PE was not significantly associated withitkercept, slope, or the curvature
of the change in cortisol.

NE was significantly associated with the curvature viag not significantly
associated with the intercept or the slope. The ogldietween NE and the curvature of
the growth curve demonstrates that children high in NE eg&la slower rate of positive
curvature. Bl was significantly associated with higheseliae cortisol levels, but was not
significantly associated with the slope or curvaturthefchange in cortisol. The higher
intercept together with no effects for slope and cureaseem to imply overall higher
laboratory cortisol levels, which is supported by the sigaift positive correlation
between Bl and higher mean levels of cortisol actlosgl laboratory assessments (see
Tabel 1).

Next, we examined the unique effects of NE and Bl, cdimtgofor children’s
current depressive symptoms. The level-2 predictors weeeeehsimultaneously to
control for the effects of one variable on the otfidée univariate findings for NE and BI
did not change when they were examined simultaneouslgféardcontrolling for
children’s depressive symptoms. Children’s depressive symptgrassassed by
parental reports on the CBCL Affective Problems saaée not significantly associated
with the intercept, slope or curvature of the growth curve

Maternal depression and cortisol reactivitife examined the main effects of
maternal lifetime history of MDD or DD on the trajecy of change in cortisol over time.
All univariate findings are presented in Table 2. MatekiaD/DD was not significantly
associated with the intercept, slope, or the curvatitigeachange in cortisol. In addition,

we examined the main effects of maternal lifetime Inystd melancholic depression on
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children’s cortisol reactivity, given the literature oelancholia and hypercortisolemia in
adult depressives. We created a three-level variabladternal lifetime melancholic
depression: 0 = no lifetime depressive disorder; 1 =riethon-melancholic depressive
disorder, including non-melancholic MDD, DY and Dep-NOS; lfetime melancholic
depressive disorder. We did not find main effects for matdifetime melancholic
depression on children’s cortisol reactivity. Furthermasather lifetime anxiety
disorders nor lifetime substance abuse/dependence ireragitedicted children’s
cortisol reactivity.

Maternal depression during the child’s life and cortisol reactivity.seen in
Table 2, we examined the main effect of mothers’ cumleptessive symptoms at the
time of the laboratory visit as assessed with the.DADthers’ current depressive
symptoms were not associated with the intercept, stap@ge curvature of the change in
cortisol. In addition, we examined the main effectsnaternal depression during the
child’s life (including MDD, DD, Dep-NOS or MDD with paal recovery) on the
trajectory of change in cortisol over time. The presenf maternal depression during the
child’s life was not significantly associated with théercept, slope, or the curvature of
the change in cortisol.

Parenting and cortisol reactivity)We examined the main effects of parental
supportive presence and hostility on the trajectorjnahge in cortisol over time (see
Table 2). First, the effects of parental supportive presand hostility were each entered
separately as level-2 predictors. Parental supportive meses not significantly
associated with children’s intercept, slope or curvatureohtrast, parental hostility was

significantly associated with higher baseline cortiseéls and greater stress reactivity as
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parental hostility marginally predicted the slope and &gantly predicted the curvature
of the growth curve. The growth curve for children of pegdrigh in hostility
demonstrates greater baseline cortisol levels, an ircnea®rtisol in response to the
first stressor and a slight decrease following the $inessor on (i.e., concave down).
Next, the Level-2 predictors (supportiveness and ho$tiigre entered simultaneously
to control for the effects of one variable on the otgethey were moderately correlated
(r = -.55). After controlling for parental supportivengsatrental hostility continued to
marginally predict the slope (unstandardized coeffice®t20,SE=.102,t = 1.93,df =
142,p = .055) and significantly predict the curvature (unstandaddcoefficient = -.05,
SE=.020,t = -2.49,df = 142,p < .05) of the change in cortisol. Parental supportiveness
did not predict the intercept, slope or curvature ofjtteavth curve.

Environmental factors and cortisol reactivitMarital discord, as assessed by
maternal reports on the DAS, was not significantlpeasged with the intercept, slope or
the curvature of cortisol reactivity. SES was mardynsignificantly associated with the
curvature, but was not significantly associated withinbercept or slope of cortisol
reactivity. Life stress in the 6 months prior to the V&t was significantly associated
with lower baseline cortisol levels, but was not digaintly associated with the slope or
the curvature of the change in cortisol. As life stnesthe 6 months prior to the lab visit
was also marginally significantly associated with lowean laboratory cortisol levels
(see Table 1), this suggests that severe life stressyrslampen children’s HPA axis
reactivity.

Unique Effects

44



Temperamental NE, Bl, parental hostility and life s¢rgn the 6 months prior to
the laboratory visit were significantly associatedwabmponents of the trajectory of
cortisol during the lab visit. In order to examine their unigffects, these level-2
predictors were entered simultaneously to control feretifects of one variable on the
other, in addition to controlling for the time of vislthe univariate findings, as presented
in Table 2, did not change when these level-2 predigters examined simultaneously.
As seen in Figure 2, child temperamental Bl continued to piradielevated intercept;
child temperamental NE predicted a flatter, slower o&urvature; parental hostility
predicted an elevated intercept and a flatter, slowerafaturvature; and life stress
predicted a lower intercept.

Moderator Effects

Next, we conducted exploratory analyses examining whetheof the between
subjects variables (i.e., temperament, maternal depreadh and without melancholia,
parenting, and life stress) interacted in predicting H@activity. Both within-domain
interactions (e.g., PE X BI) and between-domain ictéras (e.g., PE X maternal
depression) were examined. For each analysis, we codduateltilevel regression in
which the direct effects of the two level-2 between-pengredictors along with the
cross-product of the two predictors were entered. gestlictor variable was initially
centered (converted into deviation score form) to mirennmlticollinearity, and
interaction terms were formed as the product of thecewbered predictors (Aiken &
West, 1991). Several significant interactions emergéelderiollowing domains:
temperament X maternal depression; temperament X pageatnd maternal depression

X parenting.
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Interactions between temperament and lifetime history of maternalssapne
We examined whether PE, NE or Bl interacted with maidifetime history of MDD or
DD to predict cortisol reactivity. Bl interacted with reatal lifetime history of MDD or
DD to predict the slope (unstandardized coefficient = .8&3; .020,t = 2.046,df = 139,
p < .05) and curvature (unstandardized coefficient = -.83; .004,t = -2.237 df =
139,p < .05) of the change in cortisol. In order to probeitberaction, we examined the
relation between Bl and cortisol reactivity in mothewth a lifetime history of MDD or
DD and those with no lifetime history of MDD or DDsAeen in Figure 3, for mothers
with a lifetime history of MDD or DD, BI significantlpredicted the slope
(unstandardized coefficient = .07&E=.030,t = 2.368,df = 40,p = .023) and curvature
(unstandardized coefficient = -.0189E= .007,t = -2.879,df = 40,p = .007) of the
change in cortisol, whereas for mothers with no nystd MDD or DD, BI did not
significantly predict the slope or curvature of the gitoaurve. However, in both groups
Bl was significantly associated with a higher intercagbaseline. Thus, the combination
of child high Bl and maternal lifetime history of MDD DD exhibited less of a decline
in the linear slope and a slower rate of positive cureatwhich demonstrate elevated
levels of cortisol across the visit.

In addition, we examined whether child PE, NE, and Biraatted with maternal
melancholic depression to predict children’s cortisoltieiy. It is possible that the
effects for MDD might be due to melancholia, givenlitexature on melancholia and
cortisol in adult depressives. Child PE interacted wittenmal melancholic depression to
predict the slope (unstandardized coefficient = -. &85 .019,t = -2.493,df = 139,p =

.014) and curvature (unstandardized coefficient = .8EE .005,t = 2.251,df = 139,p =
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.026) of the change in cortisol; child NE interacted wititernal melancholic depression
to predict the intercept (unstandardized coefficient = ;.$&> .070,t = -2.01,df = 130,

p = .046); and child Bl interacted with maternal melanchdépression to predict the
slope (unstandardized coefficient = .08%=.019,t = 2.327,df = 139,p = .021) of the
growth curve.

Next, we examined a full model examining the three auigwns with maternal
melancholic depression simultaneously predicting thexdepts, slopes, and curvatures
of cortisol reactivity. In this model, NE X melanchotiepression no longer significantly
predicted the intercept; therefore, it was dropped frafittal model. The final
temperament X melancholic depression model is presamfeabie 3. In this model, the
main effects of PE, Bl, and maternal melancholic dego@ were included as level-2
predictors, along with the interactions between PE aai@mal melancholic depression
and Bl and maternal melancholic depression. In therfatlel, the interaction between
PE and maternal melancholic depression significantlyigtestithe slope and curvature
of the growth curve, and the interaction between Blraathncholic depression
significantly predicted the slope of the growth curve.

In order to probe the interactions, we examined théioaldetween PE, BI, and
cortisol reactivity in the three groups of maternatiihe history of depression: mothers
with a history of maternal melancholic depression,ht with a history of non-
melancholic depression, and mothers with no history pffedsion. Only in the mothers
with a history of maternal melancholic depression didsinificantly predict the slope
(unstandardized coefficient = -.198E=.030,t =-6.431,df =11,p <.001) and

curvature (unstandardized coefficient = .0SB~=.009,t = 5.887,df = 11,p < .001) of
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the growth curve (see Figure 4), and did Bl significantlgtehe slope

(unstandardized coefficient = .138E=.061,t = 2.288,df = 11,p < .05) of the growth
curve (see Figure 5). These interactions demonstrateththeombination of child low

PE and maternal lifetime history of melancholic depossgias associated with a
positive increase in cortisol in response to the separatressor and a decrease in
cortisol levels (concave down) following the separatitressor, and the combination of
child high Bl and maternal lifetime history of melandbalepression is associated with a
positive linear increase in cortisol levels in respaonse separation stressor. The lack
of effects for non-melancholics suggests that this effespecific to melancholia, rather
than being due to depression in general.

Interactions between temperament and parentigld PE and BI interacted
with parenting behaviors to predict children’s cortisotteaty. Child PE interacted with
parental hostility to predict the curvature (unstandardipedficient = .010SE=.005,t
=2.128,df = 139,p = .035) of the change in cortisol; and child Bl interdatéth
parental support to predict the intercept (unstandardizeéiaerf = -.101,SE=.039,t
=-2.562,df = 139,p = .012).

The significant interactions were probed using the teclas outlined by Aiken
and West (1991). In this procedure, the effect of parensdllity on cortisol reactivity
was estimated at 1 SD below the mean (low) and 1 $Reattne mean (high) on child
PE. As seen in Figure 6, among children low in PE, pdrkastility was significantly
associated with a higher intercept (unstandardized ceeeffi= .112SE= .055,t =
2.034,df = 139,p = .044), an increasing slope (unstandardized coefficient = 23,

.040,t = 2.323,df = 139,p = .022), and a flatter, slower rate in curvature (umkiatized
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coefficient = -.023SE=.007,t = -3.380,df = 139,p = .001) of the change in cortisol.
Therefore, the combination of low PE and parental lityss associated with high and
increasing cortisol. In contrast, among children higRE» parental hostility was not
significantly associated with the intercept, slopewwature of the growth curve.

Next, we probed the interaction between Bl and parenfgort. The effect of
parental support on cortisol reactivity was estimatedSiD below the mean (low) and 1
SD above the mean (high) on child Bl. As seen in Figuparental support interacted
with child Bl to predict children’s baseline (interceptjt@ol levels. For children high in
temperamental Bl, parental support was significantly agaiively associated with
children’s baseline levels of cortisol (unstandardizedfictent = -.137,SE= .056,t = -
2.473,df = 140,p = .015). In contrast, for children low in temperameBialparental
support was not significantly associated with childréx@seline (intercept) cortisol levels
(unstandardized coefficient = .0%E=.042,t = 1.226,df = 140,p = .223). These
findings demonstrate that high levels of parental supgaoriprotect children high in Bl
from elevated baseline cortisol levels, and conversledycombination of low parental
support and child high temperamental Bl evidence elevatetif®serisol levels.

Interactions between lifetime history of maternal depression and frageAs
seen in Table 4, the interaction between matermlrhe history of MDD or DD and
parental hostility was significantly associated witk slope and curvature of the growth
curve. In order to probe the interaction, we examihedelation between parental
hostility and cortisol reactivity in mothers withigetime history of MDD or DD and
those with no lifetime history of MDD or DD (see Figu8). For mothers with a lifetime

history of MDD or DD, parental hostility was signifitdy associated with a higher
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intercept (unstandardized slope coefficient = .&H5 .037,t = 2.209,df = 40,p =

.033), an increasing slope (unstandardized coefficient = SEB¥,.029,t = 3.647,df =

40,p = .001) and a flatter, slower rate in curvature (unstalzizd coefficient = -.024,
SE=.005,t =-4.490df = 40,p < .001), whereas for mothers with no history of MDD or
DD, parental hostility was not significantly assoe@tvith the intercept, slope or
curvature of the growth curve. Thus, the combination demal MDD/DD and high
parental hostility leads to high and increasing cortisattivity.

Home Cortisol Results

The average time of the morning assessment took pl&c&aAM (SD = 58
min) and the average time of the evening sample took pla&&é=aPM SD = 49 min).
Times of morning and evening samplings were not signifigaatirelated with cortisol
levels ¢ = -.13,p=.20 and = -.18,p = .08, respectively). A diurnal rhythm in cortisol
was observed in the samptg§6) = 46.12p < .001), indicating that morning cortisol
levels were significantly higher than evening cortisokls for those individuals who
provided both morning and evening samples on the same dasessawent (N = 87).
Gender was not significantly associated with eitheming or evening cortisol levels.
One-way Analysis of Variance (ANOVA) tests yieldedsimgnificant differences among
races in regard to morning@, 79) = 2.18p = .08) and evening«(4, 78) = .99p = .42)
salivary cortisol levels.

Morning and evening cortisol levels were minimally andsighificantly
correlated, suggesting that they each capture distinctgzesef HPA functioning. In
addition, evening cortisol levels were not significamtbgociated with any variables in

Table 1. Given the lack of significant correlations #w evening cortisol and the
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study’s major variables, below we will focus on morningisol levels. Nevertheless,
interaction effects will be examined for both morning a@mening cortisol levels.

Child temperament and morning cortisék seen in Table 1, home morning
cortisol was significantly associated with PE but wassignificantly associated with NE
or Bl. As predicted, higher morning cortisol levels wassociated with lower levels of
PE in children. In order to examine the relative asdmeis between the three
temperament factors and morning cortisol levels afiatrolling for children’s current
depressive symptoms, we entered children’s depressive sympttmasfirst step, and
PE, NE, and Bl in the second step. Neither children’s dspre symptoms (I3 = -.08E
=.01), NE (B = .03SE=.05), nor BI (B = -.055E= .06) was associated with morning
cortisol. Only child PE (8 = -.2G&E=.03,p = .02) was uniquely associated with
morning cortisol levels.

Maternal depression and morning cortisol levdlke correlations between home
cortisol levels and maternal depression are showmliteTl. Maternal lifetime history of
depression (i.e., MDD or DD) was not significantly asated with children’s morning
cortisol levels. We also examined the relation betweaternal melancholic depression
and morning cortisol, given the literature on melancholgression and
hypercortisolemia (Post & Ballenger, 1984; Wong et al., 19%9)ndicated in Table 1,
child morning cortisol was significantly and positively idated with maternal
melancholic depression. In order to explore this furttier same 3-level variable for
melancholic depression used in the laboratory contésllts was used héred one-way
ANOVA yielded a main effect for group(2, 91) = 3.38p < .05. Tukey’s HSD post-hoc

tests revealed that mothers with melancholic depre¢slon.71,SD = .25) had
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significantly higher morning cortisol levels than motheith no lifetime history of
depressionNl = .52,SD=.19,p < .05), but did not significantly differ from mothershv
non-melancholic depressioll (= .55,SD=.16,p = .11). In addition, mothers with non-
melancholic depression did not significantly differrfranothers with no lifetime history
of depression.

To examine the specificity of the effects of materngrdssion, we examined the
relations between morning cortisol and other lifetinadoses in mothers. Child
morning cortisol levels were not correlated with anxietgloohol/drug
abuse/dependence disorder in mothers.

Although morning cortisol was not significantly assodateth maternal non-
mood disorders, it is important to rule out the possyhitiat the relation between
morning cortisol and maternal melancholic depressiorcaggm was due to the
presence of comorbid psychopathology in mothers. A hieiakcmultiple regression
revealed that after controlling for maternal lifetian@iety and substance abuse disorders
(entered in the first block), maternal melancholic depoes(entered in the second block)
continued to predict morning cortisol levels. As a setemat anxiety (3 = .05E=.04)
and substance abuse (3 = BE=.05) did not predict morning cortisol levells(2, 91)
=.077,p =.93. Maternal melancholic depression (3 = S¥b5= .02,p < .05) accounted
for a significant increment in variance explainedhange (1, 90) = 5.00,< .05.

Child exposure to maternal depression and morning cortbile many
mothers with a history of mood disorder in this samplerttadexperienced a depressive
episode during their child’s lifetime, some children hachlbegosed to full syndromal

or subthreshold depressive episodes in their motherglr@his morning cortisol levels
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were not significantly correlated with mothers’ sedported depressive symptoms at the
time of the laboratory assessment, as assessed ByDhe = -.01,n.s). In addition, as

in the laboratory cortisol analyses, we createdrabke that indicated whether mothers
met criteria for a mood disorder (i.e., MDD, DD, De@8l) or experienced patrtial
recovery during the child’s lifetime (O = no mood disardering child’s life, 1 = mood
disorder present during the child’s life). The correlabetween child morning cortisol
and whether the child was exposed to maternal depressiyg@ysiwas small and not
significant ¢ = .09,n.s). Therefore, it appears that the relation betweeld chorning
cortisol and maternal melancholic depression was notadtie child’s exposure to
maternal depressive symptoms.

Nevertheless, due to the small to moderate correlatetmgekn maternal
melancholic depression and maternal current depressive@aypt = .21, p <.05) and
child exposure to maternal depression during the child’¢rlife.51, p <.001), we
conducted three analyses to determine whether theorelz#tween morning cortisol and
maternal melancholic depression was due to child exposunaternal depression. First,
we conducted a hierarchical regression analysis in whithegmrted depressive
symptoms at the time of the assessment, as assesgedyD, were entered into the
first step and maternal melancholic depression wasezhieto the second step. Maternal
current depressive symptoms (3 = -BE=.01) was not significantly associated with
children’s morning cortisol level§; change (1, 80) = .0p,= .94. However, maternal
lifetime melancholic depression (B = . &E=.03,p = .05) entered on the second step,
was marginally associated with children’s morning cortBalhange (1, 79) = 3.9p,<

.05. (N =82, due to missing data on the DID). Then, welectied a hierarchical
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regression analysis in which child exposure to matermakdsion was entered into the
first step, and maternal melancholic depression wasgeshinto the second step.
Maternal depression during the child’s life (3 = 88=.05) did not significantly
predict morning cortisol level§, change (1, 92) = .8%,= .37. However, maternal
lifetime melancholic depression (B = .&E=.02,p = .04) entered on the second step,
continued to account for significant variance in morningisol, F change (1, 91) = 4.04,
p < .05. Lastly, we recomputed the correlations betweamimg cortisol and maternal
melancholic depression after eliminating all familiesvhich mothers met criteria for a
serious mood disorder (MDD or DD) or a subthreshold depeedssorder (Dep-NOS)
or partial recovery during the child’s lifetime. Aftermeinating these participants (N =
21), the magnitude of the effect sizes between morningsoband melancholic
depression (r =.2% = .05) did not substantially change. These results sutggshe
relationship between morning cortisol and maternal metdioctiepression is not
attributable to the effects of depressive symptoms in ensttiuring the child’s life.

Maternal parenting behavior and child morning cortisdt seen in Table 1,
maternal supportive presence and hostility were not gignifly associated with child
morning cortisol levels.

Environmental factorsAs seen in Table 1, child morning cortisol was not
significantly correlated with marital discord, as a&s&el by maternal reports on the DAS,
family SES, or with number of severe life stressorttie 6 months prior to the home
cortisol assessment. The correlation between chilchimg cortisol and DAS was based

only on 71 cases due to missing data on the DAS.
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Unique effects of child temperamental PE and maternal melancholicsdepne
on morning cortisalGiven that child low PE was significantly (albeitraadl effect)
associated with maternal lifetime melancholic depogsas seen in Table 1, we
examined the unique effects of child low PE and maternalmboblic depression on
children’s morning cortisol levels. We conducted a multiplgression analysis in which
both child PE and maternal melancholic depression weesesl simultaneously. Child
PE r = -.22,p < .05) continued to uniquely predict morning cortisol levelsr@n
above maternal melancholic depression. In additionemat melancholic depressiopr (
=.20,p = .06) marginally predicted children’s morning cortisol lsvét is important to
note that the magnitude of the effect sizes for mornargsol and child PE and maternal
melancholic depression are comparable, suggesting thattd@ydependent factors
contributing to elevated morning cortisol levels.

Interactions predicting children’s basal morning and evening cortSoklly, we
conducted exploratory analyses examining interactiongdagt the following variables:
PE, NE, BI, maternal lifetime history of depressiomtennal supportive presence,
maternal hostility, and life stress (including withinddretween-domain interactions).
For each analysis, we conducted a hierarchical muhggieession in which the direct
effects of the two predictors along with the cross-prodtithe two predictors were
entered. Each predictor variable was initially centeced\erted into deviation score
form) to minimize multicollinearity, and interactioarms were formed as the product of
the two centered predictors (Aiken & West, 1991). Thrgeifsitant interactions emerged
predicting children’s morning cortisol: (1) behavioral inhiitiX maternal supportive

presencelf = -.26, SE = .03y = .02); (2) negative emotionality X maternal lifetime
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depressionl§{ = -.24, SE = .04p = .03); and (3) negative emotionality X maternal
lifetime melancholic depressiofl € -.26, SE = .05p = .01). There were no significant
interactions predicting children’s evening cortisol.

The significant interactions were probed using the teclas outlined by Aiken
and West (1991). For the first interaction, the efééddl on morning cortisol was
estimated at 1 SD below the mean (low) and 1 SD att@venean (high) on maternal
supportive presence. Maternal supportive presence intemaitbeBI to predict morning
cortisol levels such that for supportive mothers, hi@lervas related to lower morning
cortisol levels (3 = -.3%E=.04,p <.05). In contrast, among mothers exhibiting lower
levels of supportiveness, high Bl was marginally catesl with higher morning cortisol
levels (3 = .25SE=.04,p=.099).

In probing the next interactions, we examined the reldtetween NE and
morning cortisol levels in individuals without any hist@fydepression, with a lifetime
history of MDD or DD, and with a lifetime history ofatancholic depression. Both
depression groups yielded the same results so we wilkepbrt data comparing
mothers with a history of MDD or DD and those withony &istory of depression. For
mothers with a history of depression, higher NE was imally significantly associated
with lower morning cortisol (3 = -.28E=.05,p = .06), and for mothers without a
history of depression, NE was not significantly asgediavith higher morning cortisol

levels (3 = .21SE=.07,p = .14).
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DISCUSSION

We found evidence for direct and moderated effects gieeamental, familial,
and environmental risk factors for depression on childresrly HPA axis functioning.
In addition, we found support for our hypothesis that child Riwy a possible
temperamental precursor to depression, is associatetHRahaxis functioning in young
children prior to the onset of any mood disorder. Overall,findings suggest that the
factors contributing to children’s early HPA systemdiioning are complex. In
addition, it appears that the processes involved insobreactivity are somewhat
different from the processes involved in basal cortesatls throughout the day, given
the small intercorrelations between laboratory anadénoortisol levels and previous
findings suggesting different genetic and environmental detants. In the sections that
follow, we will discuss our findings separately forldnen’s laboratory cortisol reactivity
and home basal cortisol levels.

Laboratory Cortisol

Laboratory cortisol reactivityWe assessed children’s salivary cortisol levels four
times over the course of the laboratory visit. Asxged-igure 1, we observed a
significant linear decrease in cortisol from sample $ample 2 in response to the
separation stressor, followed by a rise in cortisbkemgas we had expected a linear
increase in response to the separation stressor. Relesd, there was significant
variation across the change in cortisol, and a subsdtildfen did conform to the
predicted pattern (i.e., a linear increase from sampbeshample 2). Similar decreases in
response to stressors have been observed in other stitiesildren (Gotlib, Joorman,

Minor, & Cooney, 2006; Luby et al., 2003; Talge, Bruce, Ddazé& Gunnar, 2003).
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Reasons for this phenomenon are only speculativesgpoimt, and no studies directly
address this issue. Some data demonstrate that the béedediredory cortisol sample
does not capture a “true” baseline level, as time-neattiome samples do not match lab
baseline samples (Gunnar & Talge, 2005). It is possibldhbadecrease from sample 1
to sample 2 may reflect the negative feedback loop dfifh®-axis system working to
restore equilibrium. Thus, we present our laboratonyriiggl under the assumption that
each sample reflects a continuous reactivity processsathe laboratory visit. However,
we acknowledge that this is only an assumption as tlaecdainot accurately distinguish
reactivity to the laboratory experience from thedkitrue baseline cortisol levels.

Direct effects on children’s laboratory cortisol reactivitye found that child
temperament, parenting behaviors and life stress were Wnapek directly associated
with the growth curve of children’s cortisol reactivityhild temperamental PE was not
directly associated with children’s cortisol reactividowever, both NE and Bl,
temperamental traits that have also been linked to thesi®ve disorders as well as
other forms of psychopathology, were associated witA Bis functioning in children.

In response to laboratory stress, children high in NEeawe a slower, flatter rate of
positive curvature, which indicates elevated cortisollg&vrit less fluctuation in cortisol
over the course of the laboratory visit. Child Bl wamsicantly associated with higher
baseline cortisol levels, but was not significantlgcesated with the slope or curvature of
the change in cortisol. The higher intercept togethdr mo effects for slope and
curvature imply overall higher laboratory cortisol leyethich is supported by the
significant positive correlation between Bl and higheamlevels of cortisol across the 4

laboratory assessments. It appears that children highdid not evidence greater
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reactivity to the stressors during the laboratory visit,they evidenced greater reactivity
to the laboratory visit overall, given that it is asabsituation in which they are
confronted with new people and new stimuli, all of whioh @pt to evoke fear and
withdrawal-related behaviors in children high in tempernatisdeBl. These findings
support prior research demonstrating associations betMEeemd Bl and elevated
salivary cortisol (e.g., Blair et al., 2004; Dettling et 2D00), but differ from findings
reported by Kagan et al. (1987) that report a relation betBeand higher morning
cortisol levels (such main effects were not observeximstudy) and no relation between
Bl and stress reactivity in response to laboratorgstnes. However, these differences
may be due in part to the interactions involving Bl descriledoMn

We also found that parental hostility was uniquely aased with children’s
cortisol reactivity. We did not find main effects foarental supportive presence on
children’s cortisol reactivity, which supports research ssigog that parental hostility
and support represent distinct dimensions with differeasabciations with
psychological well-being, rather than opposite endssirigle dimension (Barrera,
Chassin, & Rogosch, 1993). Parental hostility was sigmifigaassociated with higher
baseline cortisol levels and greater stress reactagtyarental hostility marginally
predicted the slope and significantly predicted a sloater of curvature. These findings
add to the one other study (i.e., Smeekens et al., 200 Bxdnained the relation between
parenting and HPA functioning in children beyond toddlerhdbvese findings also
support previous research demonstrating associations bepweeparenting practices
and cortisol functioning in infants and animals (Bugerttal.e 2003; Dawson &

Ashman, 2000; Gunnar, 1998; Spangler et al., 1994). In additionalr@search has
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provided evidence for nongenetic, intergenerational tranemis$ stress reactivity via
guality of maternal care (Francis et al., 1999). This ahieseearch has found support for
a pathway from maternal care to children’s HPA respottssess via changes in DNA
methylation within the glucocorticoid receptor gene promténe hippocampus of the
offspring, and these effects on DNA methylation cangvensed by changes in maternal
care (Meaney & Szyf, 2005; Weaver et al., 2004). Thes@fisgdalong with our
findings, suggest that the well documented link betweetid@srent-child interactions
and child depressive symptoms and disorder (Sheeber, Daves, Heps, & Tildesley,
2007) may be partially mediated by children’s increased ploggaal reactivity to
stressors and highlight the potential for early intene@nprograms targeting maternal
care.

Previous research has also shown that the cortisglsle¥ preschoolers and older
children are positively correlated with numerous coneuirsgessors, ranging from
maternal depression to low SES (Lupien et al., 2000). Menyveve did not observe a
relation between cortisol reactivity and maternal enirdepressive symptoms, maternal
depression during the child’s life, marital discord, anifgt SES. Yet, we did find a main
effect for major life stress occurring in the six mangiior to the laboratory visit. Life
stress was associated with lower baseline levelsertiol and was marginally
significantly associated with lower mean cortisolreéon during the lab visit.

Interestingly, the negative relation between maferdtressors and cortisol levels
has been observed in individuals with PTSD and in thbsek for PTSD (Yehuda et al.,
2000), and in nondepressed women exposed to childhood physseadual abuse (Heim

et al., 2000). Nevertheless, it is unlikely that many childneour sample suffer from
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PTSD as our sample was recruited from a community leaofipredominately middle-
class families, rather than from high risk populatidhgthermore, even though we did
not assess for physical or sexual abuse, the numbbuséa children in our sample is
likely to be very small, if any at all. As argued inegent meta-analytic review, it is
likely that the negative relation between stress amtisobis due to specific features of
the stressors assessed, such as the controllabilitgumation of the stressor (Miller et
al., 2007). For example, Ronsaville et al. (2006) found evidfemcelink between
chronic family stress and attenuated cortisol responsgsui. Unfortunately, we did
not assess for duration of the stressors, and theyéferéfe stressors assessed cannot be
deemedchronic. Nevertheless, it is possible that the children egperng greater
stressors in the 6 months prior to the lab visit algeerienced earlier chronic stressors,
which had lasting effects on their developing HPA system.

We also found support for several interactions involving cleifdperament,
maternal history of depression, and parenting behavigyeettict children’s cortisol
reactivity.

Moderator effects of child PE on children’s cortisol reactivigyen though child
PE was not directly related to children’s stress reagtiwie found that child
temperamental low PE interacted with maternal hfethistory of melancholic
depression and parental hostility to predict greater steassivity in response to the
laboratory stressors. The combination of child low P& raaternal melancholic
depression was associated with an increasing slope anédesery from the laboratory
stressors. This is especially noteworthy as indivislwath melancholic depression are a

subtype of depressed individuals who consistently shovatsd cortisol levels. It is
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possible that this interaction reflects the intergetiemal transmission of
hypercortisolism in children at temperamental risk for degpion. Another possibility is
that mothers with a lifetime history of melanchalepression transmit a temperamental
predisposition (i.e., low PE/anhedonic traits) that remtleese individuals more
vulnerable to the depressogenic effects of stress. Tnerehe hypercortisolism seen in
melancholic depression may be due the presence of IdanRé&tlonic features, rather
than to the other features of the depressive episode.

We also found that the combination of child low PE and pitental hostility
was associated with high and increasing cortisol in resptimthe laboratory stressors.
Interestingly, at the behavioral level, Lengua et2000) found that parental rejection
was more strongly related to adjustment problems fodmnl low in PE than for
children high in PE. Our findings add to Lengua’s finding by destrating that the
combination of child low PE and high parental hostilitpssociated with neuroendocrine
reactivity to stress. This biological sensitivity toessors may partially reflect a
developmental pathway that leads to adjustment problgines) findings that
preschoolers with high cortisol levels exhibited greatamtaidealth problems in first
grade (Essex et al., 2002).

Moderator effects of child Bl on children’s cortisol reactivitye found that child
temperamental Bl interacted with maternal lifetimedig of depression and parental
supportive presence to predict children’s stress reactivpgcifically, for mothers with a
lifetime history of depression, Bl significantly predidtless of a decline in slope and a
slower rate of positive curvature of the change inigolitwhereas for mothers with no

history of depression, Bl did not significantly prediut tslope or curvature of the growth
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curve. Regardless of maternal lifetime depressive statwsas significantly associated
with a higher intercept. However, this interactioquslified by the interaction between
child temperamental Bl and maternal melancholic demress§ihild temperamental Bl
interacted with maternal history of melancholic depogst predict the slope of the
growth curve, demonstratingp@sitivelinear increase (rather than the typical linear
decrease observed) in cortisol levels in responseetsdparation stressor, and this effect
was not present for the children of mothers with neelancholic depression. Thus, it
appears that children with high Bl and mothers with ahystf melancholic depression
were more reactive to laboratory stress than childigmhigh Bl and mothers with a
history of depression and/or no history of depression fi@dings suggest that children
high in temperamental Bl who have mothers with a hystd melancholic depression
evidence greater physiological reactivity to stressors;hwimay put them at an increased
risk for later adjustment problems and the developmeadépifession. This interaction
may explain why not all studies support the relation betwBl and risk for depression.
We also found that the combination of high Bl and loweptal support was
associated with an elevated baseline level of salivamysol during the laboratory visit.
Conversely, the combination of high Bl and high paresupport was associated with a
lower baseline level of salivary cortisol. Here, we #@at parental support can protect
high BI children from elevated cortisol levels. SimyaftNachmias et al. (1996) found
that fearful toddlers showed elevations in cortisthéy were insecurely attached to their
caregiver and did not evidence elevations in cortisthief’ were securely attached to
their caregiver. Our findings are also in line with e¥sé indicating that the quality of

the mother-child relationship mediates the relatiombeh early and later forms of
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behavioral inhibition, such that some parents of belaNyoinhibited children interact
with their children in a way that exacerbates or masttheir child’s fearful
temperament. Fox et al. (2007) suggest that maternal eagdehavior shapes the
development of persistent behavioral inhibition by aitgthe neural systems that
underlie reactivity to stress and novelty (for supporh@ hypothesis, see Ghera, Hane,
Malesa, & Fox, 2006; Hane & Fox, 2006). As such, it is postitaiehigh Bl children
whose parents do not provide adequate levels of support esidienvated cortisol levels,
which would put them at increased risk for more persigtents of Bl and the
development of later psychopathology. Although our findinggest that high levels of
parental support may protect high Bl children from adverseomés, it is important to
note that maternal protectiveness, which may reflactxtreme and maladaptive attempt
to be supportive, appears to have an adverse effect couhee of Bl (Rubin, Burgess,
& Hastings, 2002).

Moderator effects of child NE on children’s cortisol reactivithe relation
between NE and cortisol levels was moderated by mateistaly of depression. Briefly,
we found that NE was marginally associated with lowbotatory baseline levels of
cortisol in mothers with a lifetime history of matat melancholic depression, but was
not significantly associated with baseline cortisekls in mothers with a lifetime history
of non-melancholic depression or mothers with naitife history of depression.
However, this interaction should be interpreted witlitican as it was no longer
significant when further probed. We will discuss thigiaction further when we discuss

the home cortisol data as a similar interaction alzserved.
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Moderator effects of maternal depression on children’s cortisol regctOur
last significant interaction predicting children’s csatireactivity involved maternal
history of depression and parental hostility. Specifyicalle found that the combination
of maternal lifetime history of depression and parembatility was associated with a
higher intercept, an increasing slope, and a flattenesloate in curvature. Thus, the
combination of a lifetime history of maternal depressiad high parental hostility leads
to high and increasing cortisol reactivity. In line with dadings, Brennan, Le Brocque,
and Hammen (2003) reported that low levels of materaamth and high levels of
maternal psychological control interacted with maaédepression to predict negative
outcomes in youth. Conversely, high levels of matenaainth and low levels of
maternal psychological control interacted with ma&édepression to predict resilient
outcomes in youth. Similarly, maternal sensitivity maded the effects of maternal
depression on child outcomes at 36 months (NICHD Earlid@are Research Network,
1999). These findings support research with adults that stiamibal risk for
depression, in the presence of environmental adversi@gput individuals at greater
risk for depression (Kendler et al., 2002; Kendler e28l04). However, our findings are
the first, to our knowledge, to show that parental histdéidepression and parenting
behaviors interact to predict children’s neuroendocmumetioning, and it is possible that
children’s neuronendocrine deficits mediate the reldigtween early risk factors and
the development of adverse child outcomes.
Home Cortisol

Direct effects on home basal cortisol lev@8sth child low PE and maternal

melancholic depression were significantly associatéld wgher morning cortisol levels.
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The relation between low PE and elevated morning codgoéars to be unigue to low
PE, as temperamental NE and BI, children’s current dejpeesymptoms, mothers’
current depressive symptoms, parenting behaviors, andréfessiere not correlated
with morning cortisol levels, and as the relation betwil®w PE and morning cortisol
persisted after controlling for the maternal melanchadipression. In addition, the
relation between maternal melancholic depression haidren’s morning cortisol levels
persisted after controlling for maternal lifetime anxiatyl substance use disorders,
mothers’ current depressive symptoms and depressive symptang tther child’s life,
parenting behaviors, and life stress. Furthermore, dwmargh the relation between
maternal melancholic depression and higher morning cbdiiepped to a trend levepb (
= .06) when child low PE was included in the model, thgmtade of the correlation
between maternal melancholic depression and higher moraitigot did not
substantially change (.23 to .20). It is probable that trelsnmsample size and the
limited number of mothers with melancholic depressiothénhome analyses reduced
power. Thus, our findings suggest that children’s morningsmirevels are uniquely
associated with both temperamental PE and maternahotedlic depression.

These findings provide some support for the possibilitytéraperamental low
PE and/or maternal melancholic depression are endopheadhgigredispose children
to the development of depression via HPA axis functionings&liindings are especially
noteworthy as morning cortisol levels are under the igesétic control (Bartels et al.,
2003). We recognize that the direction of the relationsbtpreen temperamental and
familial predispositions and neuroendocrine functioning bedifficult to discern.

Nevertheless, a pathway(s) involving maternal melanchigpression, temperamental
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low PE, and HPA axis dysfunction is plausible givemfindings that low PE-related
behaviors, maternal depression, and elevated morning ¢detists have all been found
to predict the subsequent development of depression (Biadk €991; Caspi et al.,
1996; Goodman & Gotlib, 2002; Goodyer et al., 2000; Harris e2@00Q; van Os, et al.,
1997).

Interestingly, both child low PE and maternal melatichaepression were
associated with elevated waking cortisol, especiallycdls are characterized by
anhedonia. In addition, child low PE was significantlyoassted (albeit small in
magnitude) with maternal melancholia as seen in Taldleappears that children low in
temperamental PE may be less resistant, and morigeers the depressogenic effects
of stress. And, it appears that for a subset of childvéaf is transmitted from mothers
with a history of melancholic depression to offsprinda$icits in reward sensitivity and
the experience of pleasure, which make the offspring senmsitive the effects of stress.
Therefore, the child may acquire these deficits iretkerience of pleasure and reward
sensitivity from their own temperamental vulnerapiéind/or a familial predisposition
for melancholic depression. However, as supported by thigpta regression analysis in
which both child low PE and maternal melancholia appegardvide two independent
pathways to HPA axis dysregulation, in which one is duéé temperamental
vulnerability and the other is due to a familial risk forgraially developing later
anhedonic traits.

Our results support findings that the relation betweenlitdmisk for depression
and elevated morning cortisol levels is independent of pageanhd depression during

the child’s life (e.g., Mannie et al., 2007; Azar et al., 208[Evertheless, other studies
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have found support for the environmental effects of havingpeedsed parent on
children’s elevated cortisol levels (e.g., Ashman e28l02; Essex et al., 2002; Halligan
et al., 2004; Young et al., 2006). However, none of the stedjgsorting an
environmental pathway, except Halligan et al. (2004), reggstciations with elevated
morningcortisol, which appears to be a more genetic/familalker of risk for
depression. Halligan et al. (2004) did find a positive assoni@tetween maternal
postnatal depression and morning cortisol levels, but itiwelear whether this was due
to environmental effects of having a depressed parent or agvniherability for
depression.

Moderator effects on children’s morning cortisBimilar to the findings of
laboratory cortisol reactivity, we found that Bl inteted with parental supportive
presence to predict morning cortisol levels, such thaddpportive mothers, higher BI
was related to lower morning cortisol levels. In corfrasiong mothers exhibiting lower
levels of support, high Bl was marginally correlated vhiidgher morning cortisol levels.
Therefore, in both the lab and home findings, we satepidwrental support can protect
high BI children from elevated cortisol levels.

Similar to the lab findings on baseline cortisol levels,found that NE was
marginally significantly associated with lower morningtsol levels for mothers with a
history of depression and was not significantly assediatith morning cortisol levels for
mothers without a history of depression. We want testtieat when these interactions
were probed, they were only marginally significant; heevegiven that we observed
similar findings in the lab and home data, it is impairta consider their significance.

We had predicted that the combination of high temperaidB&and maternal history of
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depression would be associated wtih greater cortisokleleever, we observed the
opposite (i.e., lower baseline or lower morning coltiseels). It is possible that children
who are high in temperamental NE evoke more matettalitéon and subsequently
maternal care from their mother with a history gbidssion. Conversely, children low in
NE and whose mothers have a lifetime history of dejgyasnay experience a more
neglectful maternal environment, which increases tigrfor HPA axis dysfunction. Of
course, this is only speculative, but our findings highlipktbidirectionality and
complexity of the influences that child temperament, malehistory of depression, and
parenting each have on one another.

We had hypothesized that early intrinsic and environmeistafactors for
depression would be associated with elevated evening ¢detrets as depression has
been linked to a flattened circadian curve (Deuschle d%1) and an elevated nadir
(Yehuda et al 1996), and as recent life events have bseci@sd with elevated evening
cortisol (Strickland et al., 2002). Nevertheless, wenditifind direct or moderator effects
of any of the predictor variables on children’s eveningigolrtevels. It is possible that
elevated evening cortisol levels are present only irviddals currently in a depressive
episode and not in individuals at risk for depression. litiaddthe life events in our
study included events occurring in the six months prior taohigsol assessments, and it
is possible that only stressors that are currentscéffg the individual increase evening
cortisol levels. This supports the idea that eveningsmirevels are altered only when
the HPA system is currently affected by a depressinesti or by current environmental

demands.
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Summarylt has been hypothesized that temperamental emotigralmilial
psychopathology and environmental factors, including peagaind life stress,
contribute to the development of HPA axis dysregutatiochildren, which in turn leads
to increased risk for depression. However, the directarderator effects on HPA axis
functioning remain unclear. Therefore, this study ainseelucidate these direct and joint
processes on HPA functioning. For instance, we wereestied in determining which
factors are associated witisk in children’s developing HPA axis system? Conversely,
which factors are associated witsiliencein HPA axis functioning? Finally, which
factorspotentiateor amplify the effects of other risk factors on HPéAsaunctioning?

Our findings are summarized in Table 5.

Risk.Several potential risk factors of deviations in HPA fiowhg were
identified. High child temperamental Bl and NE, parehtatility and more life stress
were uniquely associated with parts of the growth cunahiddren’s laboratory cortisol
reactivity. In addition, child temperamental low PE aratemal melancholic depression
conferred increased risk for higher morning basal cores@lls. Conversely, the flip side
of the risk factors identified above would identify chddrat less risk for potential
disruption of the HPA axis system. However, the eff@ftthese potential risk factors on
children’s emotional and behavioral development via HPA faMictioning is not clear at
this time. It is also important to note that reseandne area of HPA axis functioning
tends to use the term “dysfunction” to describe sigmifilyahigher or lower levels of
cortisol. However, we acknowledge that statistical deeas not necessarily the same as
dysfunction, and we encourage future research to deteraiwhat level increased or

decreased cortisol levels leads to adverse outcordestather the levels must be
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maintained over a certain period of time to incur signifiazgsk. These are critical
guestions for future research in the area of neuroendcamchelevelopmental
psychopathology research.

ResilienceWe use the term®silienceto refer to outcomes that are better than
expected given significant risk exposuféerefore, our findings identify at least two
interactions that characterize resilience. Firsidcen high in temperamental PE did not
evidence greater stress reactivity in the face of higéideof parental hostility or in the
presence of a familial predisposition for melancholigrdesion. These finding support
recent evidence showing that positive emotions helfgbagainst stress (Folkman &
Moskowitz, 2000), possibly by broadening the array of subsedtjo@mnghts and actions
that can allow for more adaptive coping in the fatsti@ss (Tugade & Fredrickson,
2004). In addition, high levels of parental supportive presatienuated the effects of
child high temperamental behavioral inhibition on childrdat®ratory baseline and
home morning cortisol levels. We acknowledge that thkenese effects can also be
viewed as potentiation effects, depending on which levifleindependent variable is
examined (e.g., high PE or low PE). Both are includechinld 5.

Potentiation.The termpotentiatoris used to describe all influences that amplify
the likelihood of psychopathology or adverse outcorhibs. presence of maternal history
of depression served as a potentiator in the relationeleet Bl and cortisol reactivity and
between parental hostility and cortisol reactivity |dileg greater cortisol reactivity when
lifetime history of maternal depression was presemigaleith either child high
temperamental Bl or greater parental hostility. SirtyiJahe presence of maternal

melancholic depression further potentiated the relattvwéden Bl and laboratory cortisol
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reactivity by yielding an increasing and positive slope ipaase to laboratory stress. In
addition, the presence of child low PE served as a patentn the relation between
parental hostility and cortisol reactivity. And, lastlye identified an interaction between
low PE and maternal melancholic depression, despite neithieem inferring any direct
risk on children’s laboratory cortisol reactivity. Thenabination of child low PE and
maternal melancholic depression was associated witkegreatisol reactivity,
demonstrating an interactive effect between temperahent familial vulnerabilities of
depression.

Strengths and Limitation3.his study had several strengths. First, our sample was
large enough to ensure adequate power to test our moderag@ean&econd, we used
observational measures of child temperament and pareatidgnaternal psychiatric
diagnoses were derived from structured clinical intersielird, we examined the
interrelations among temperamental, familial, and enviental risk factors of
depression in a young sample prior to the onset of a dey@atiagnosis in order to
ensure that these factors occur prior to any depressiessll This is especially important
as this study is embedded in a longitudinal study. Las#yassessed both children’s
cortisol reactivity in response to laboratory stressois children’s home basal cortisol
levels.

This study also had several limitations. First, our sam@s somewhat biased.
Those who did not participate in the laboratory corassessments were significantly
higher on parental hostility and temperamental NE anéii significantly lower on
interest compared to children who were included in the $@ample. Those who did not

participate in the home cortisol assessment were signify higher on parental hostility
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and experienced more stressful life events in thensiths prior compared to children
who completed the home cortisol assessment. Howthieishould reduce the range of
these variables and make the analyses more conservataddition, the sample was
recruited from a commercial mailing list, which may édeen biased in unknown ways,
and the sample lacked ethnic and racial diversity.

Second, we conducted many exploratory analyses, whiokased our Type II
error. Third, the study was cross sectional, which dicafiotv us to test the hypothesis
that these factors contribute to the development ofedsfn. Fourth, the temperament
variables were assessed at the same time as the tsbldewels, so their temporal
association is unclear. Fifth, our assessment of tfaldtress only assessed whether a
severe life stressor occurred in the six months poicalivary cortisol collection. We did
not assess for the duration of the stressor or whptst stressors that had earlier onsets
were continuing into the six-month time period; theref we were unable to determine
the role ofchronicversusacutestressors on children’s HPA axis functioning.

Sixth, even though we collected both laboratory and hartesal samples, each
was done on one occasion. This is especially problemaiortisol tends to vary
considerably depending on many factors, such as sleep, aatirexercise. Therefore, it
has been recommended to collect samples over sevesal@agnar & Talge, 2005).
Unfortuantely, this extra burden was not possible giverother demands of the larger
project in which this study was embedded. Seventh, asanedtabove, we assumed
that the lab cortisol assessments were tapping clomiactivity but the data cannot
accurately distinguish reactivity to the lab experiemoenfthe child’s true baseline.

Eighth, we observed a mean decrease in cortisolhaftar was presumed to be the most
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stressful part of the assessment, although a subsstpdndents exhibited the expected
increased, and this subset was identified by a numbaegiredictors we examined.

Lastly, although greater salivary cortisol reactivity amcreased waking salivary
cortisol might be a useful marker of vulnerabilityisinot clear how far an increase in
cortisol secretion at one point in the day can be deghas clinically significant.
Therefore, future research should determine at {elatelevated and/or blunted cortisol
cortisol levels, either in response to stressorasalevels, become risk factors for
depression

In conclusion, our findings underscore the complexitiactors that relate to
early HPA axis functioning and risk for depression in yocimgdren. They also suggest
several potential avenues for future research. Fesgarch needs to examine these cross-
sectional relations over time and determine how tmeguely and jointly contribute to
specific pathways to different subtypes of depression@other forms of
psychopathology. In addition, other neuroendocrine fattave been implicated in risk
for depression and should be examined in future researcingtance, altered secretion
of the adrenal steroid dehydroepiandrosterone (DHEA)atsybe a risk factor for
depression in young people (Goodyer, Park, Netherton, r&dfie 2001) and the ratio of
salivary cortisol to DHEA might provide a more sensitiweasure of functional
hypercortisolemia than a measure of cortisol alone (YpGallagher, & Porter, 2002).
Third, it has been proposed that cortisol hypersecretidrearly temperament are
involved in the development of depressive cognitive stylasrpbell & MacQueen,
2004; Hayden et al., 2006), which in turn leads to the devedapaf depression.

Therefore, future longitudinal studies should examine patbwathe depressive
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disorders involving HPA dysfunction, early temperamant] depressogenic cognitions.
Fourth, an emerging area of research that needs ntenéi@t in developmental
psychopathology research is the examination of gepetyenorphisms as distal causal
influences and moderators. Polymorphisms that could infleuéme HPA response to
stress are being identified, such as functional vagiemthe glucocorticoid receptor, the
mineralocorticoid receptor, and the serotonin transp{B@m et al., 2004; DeRijk & de
Kloet, 2005). Fifth, it has been suggested that exposure tos#igivarthe early years of
life, when the nervous system is still developing, mesult in a distinct and stable
pattern of dysregulation that remains altered into hdoli (Liu et al., 1997; Meaney &
Szyf, 2005). Therefore, it is important to consider tile of development in our findings
as our research is embedded within changing biologica¢avidonmental systems.
Lastly, the results of this study may have implicagidor intervention and
prevention with children and parents. For instance, odimigs suggest that children of
depressed mothers and/or children low in temperamenti@rBbetter if their mothers
are less hostile. In addition, children high in tempexnatal Bl fare better with a
supportive parenting style. Therapeutic or preventivevatgions that focus on these
parenting qualities in at risk populations could be benefiEiathermore, recent work in
the area of positive psychology has shown that ietd@rons can increase positive
emotions and overall happiness in adults (Emmons & Ma@gh, 2003; Seligman,
Steen, Park, & Peterson, 2005; Sheldon and Lyubomirsky, 20B8)research is
especially noteworthy as we have found that children hidttimad lower morning

cortisol levels and were more resilient to the ¢ffexf environmental adversity.
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1.

2.

Footnotes
In order to probe the interaction between child NE aatemal melancholic
depression, we examined the relation between NE andingasertisol levels in
the three groups of maternal lifetime history of depo@ssnothers with a history
of maternal melancholic depression, mothers with @iyi©f non-melancholic
depression, and mothers with no history of depressionwaEmargninally
associated with a lower baseline levels of cortisghothers with a lifetime
history of maternal melancholic depression (unstandeddibefficient = -.581,
SE=.312,t=-1.858df = 11,p = .090), but was not significantly associated with
baseline cortisol levels in mothers with a lifetimstory of non-melancholic
depression or mothers with no lifetime history of degices
We combined the morning cortisol levels of individuals witim-melancholic
MDD (M = .53, SD = .19), DY (M = .58, SD = .19) and De®8 (M = .58, SD

=.10) as all three groups exhibited similar cotisol values
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Table 1

Correlations among all major variables

1 2 3 4 5 6 7 8 9 10 11 12 13
1. Lab Mean Cortiso -
2. Home AM +
Cortisol 21 N
3. Home PM Cortiso .23* .07 --
4. Positive *
Emotionality 07 -25t 12 N
>- Negative 10 -03 -04 14 -
Emotionality
6. Behavioral 247 -02 02 -09 .34% -
Inhibition

7 M.MDDorDD  -01 13 .10 -13 11 -04 -
8. M. Melancholic o, 53 g1 18+ 07  -02 767 -

Depression
9. P. Supportiveness -.18* -02 .13 .11 -08 -05 -11 -04 -
10. P. Hostility 27* -03 -04 -15 -07 .01 .09 .05 -55%* -
11. DAS -22%  -19 .05 .33* 08 -11 -25¢* -26% .19 -34% -
12. Life Stress .18 -~ - -03 02 -05 .00 .03 .01 .00 -07 -
(Lab)
13. Life Stress -~ 15 -18 00 .02 -0l -09 -03 .09 -0L -05 .92
(Home)
14. SES 03 -02 .03 -10 .04 .18 04 .16 .06 -01 .14 .06 .02
15. Gender -14  -07 -11 -09 06 .14 02 .01 .02 -05 -03 .17* .15
Mean 441 936 224 12 -10 -03 - - 449 117 1118 24 .22
SD 450 6.04 794 66 .43 .30 - - 50 .27 18.96 .56 .52
Proportion B B B B B B 47/15 14/56/

6 86

97



Table 1 continued.
'n< .10, < .05, **p < .01; Cortisol levels are measured in nanomoles fger(fimol/L); M. MDD or DD = Maternal Lifetime
Major Depressive Disorder or Dysthymic Disorder; M. Melai Depression = Maternal Lifetime Melancholic Degsion; P.

Supportiveness = PCI Parental Supportive Presence; P. tos#iCI Parental Hostility; DAS = Dyadic Adjustme®tale; SES is
based on parental education; Gender: Male = 0 and Fendale =

98



Table 2
HLM exploratory univariate analyses: Children’s laboratory cortisol t@aty predicted from children’s temperament, maternal

psychopathology, marital discord, SES and life stress

Cortisol Intercept t-value Cortisol Slope t-value Cortisol Curvature t-value
Coefficient (SE) Coefficient (SE) Coefficient (SE)
Baseline Trajectory 465 (.024) 19.767*** -.085 (.016) -5.184*** .030 (.004) 8.174***
Modef
Control Variables
Time of visif -.111 (.047) -2.383* .068 (.039) 1.747  -.016 (.008) -2.009*
Food intaké -.010 (.099) -.099 -.135 (.083) -1.610 .031 (.020) 1.590
Gende? -.031 (.046) -.680 -.001 (.034) -.030 -.004 (.007) -.481
Rac8 -.006 (.096) -.065 -.038 (.125) -.300 .008 (.024) 319
CBCL affective -.009 (.009) -.995 -.008 (.006) -1.167 -.002 (.002) 1'882
problemé
Children’s
Temperamefit
Positive emotionality  -.004 (.020) -.191 -.000 (.017) -.008 NO11)1Z8 .202
Negative emotionality .076 (.065) 1.168 .043 (.031) 1.371 -.017 (.008) 2.112*
Behavioral inhibition  .101 (.035) 2.912* .010 (.022) 455 -.005 (.005) 984-.
Maternal
Psychopatholody
Lifetime MDD or DD  -.032 (.053) -.599 .007 (.037) .193 .000 (.008) .013
Lifetime melancholic .004 (.042) 101 .003 (.025) 125 -.001 (.006) -.197
depression
Current depressive  .005 (.005) .821 .001 (.005) .198 -.000 (.001) -.254

symptoms (DIDY
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Table 2 continued.

Cortisol Intercept t-value Cortisol Slope  t-value Cortisol Curvature t-value
Coefficient (SE) Coefficient (SE) Coefficient (SE)
MDD, DD or Dep- -.059 (.059) -.997 .059 (.043) 1.368 -.009 (.010) -.878
NOS during the child’s
lifetime
Lifetime anxiety -.047 (.042) -1.120 .004 (.032) 113 -.000 (.007) -.063
Lifetime substance -.053 (.063) -.844 .029 (.039) 728 -.008 (.008) -.871
Parenting
Parental -.066 (.048) -1.378 -.020 (.048) -.425 .005 (.010) 479
supportiveness
Parental hostility .186 (.081) 2.288* .158 (.090) 11748 -.040 (.017) -2.316*
Environmental Factors
Marital discord -.002 (.002) -.880 -.000 (.001) -.072 -.000 (.000) -.023
(DAS)"
SES -.002 (.031) -.081 -.025 (.021) 1.210 -.008 (.005) -11752
Life stress -.117 (.038) -3.107**  .034 (.028) 1.217 -.006 (.006) -1.018

'p<.10, P < .05, *p < .01, **p < .001;

Time of visit (10 AM =0 and 2 PM = 1) was controlled ihaalalyses except those examining the the control vasaRlace: 0 =
Non-Caucasian; 1 = Caucasian; MDD = Major Depressive BespDD = Dysthymic Disorder; DID = Diagnostic Intenwidor
Depression; Dep-NOS = Depressive Disorder — Not Othervgseifed; Parental supportiveness = PCI parental suppgntasence;
Parental Hostility = PCI parental hostility; DAS y&uic Adjustment Scale; SES is based on parental edogc&ender: Male = 0
and Female = £N = 160,df = 159; °N = 160,df = 157;°N = 151,df = 149; N = 151,df = 148; °N = 109,df = 106;'N = 145,df
= 142;N = 99,df = 96."N = 142,df = 139.
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Table 3

Interactions between child temperament and maternal melancholic depresgi@dicting children’s laboratory cortisol reactivity

Fixed effect Coefficientyf  t-value Variance component Chi-squared test of variance

(SD)

Predicting cortisol intercept

Intercept 478 (.024) 19.873*** .075 (.273) 945.703***
Time of visit -.131 (.049) -2.670**
Child positive emotionality -.003 (.029) -.106
Child Behavioral inhibition .088 (.033) 2.621*
Maternal melancholic .006 (.030) 214
depression
PE X melancholic depression -.006 (.041) -.151
Bl X melancholic depression -.028 (.034) -.822
Predicting cortisol slope
Intercept -.085 (.017) -5.014*** 172 (.030) 430.101***
Time of visit .058 (.039) 1.479
Child positive emotionality -.005 (.021) -.235
Child behavioral inhibition .019 (.020) 916
Maternal melancholic .003 (.015) .209
depression
PE X melancholic depression -.042 (.019) -2.217*
Bl X melancholic depression .039 (.019) 2.069*

101



Table 3 continued.

Fixed effect Coefficientyf  t-value Variance component Chi-squared test of variance

(SD)

Predicting cortisol curvature

Intercept .030 (.004) 7.810*** .001 (.038) 416.960***
Time of visit -.012 (.008) -1.424

Child positive emotionality .002 (.005) 440

Child behavioral inhibition -.006 (.005) -1.262

Maternal melancholic -.001 (.004) -.353

depression

PE X melancholic depression .010 (.004) 2.086*

Bl X melancholic depression -.007 (.004) -1.587

N = 144, fort tests and chi-square test§= 137.

For all analyses, SE = standard error; SD = standardtievidime of visit: 10 AM = 0 and 2 PM = 1; PE = Positlemotionality;

Bl = Behavioral InDibition; Melancholic Depression = nratd lifetime history of melancholic depression.
p<.05 p<.01l, p<.001.
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Table 4

Interaction between maternal lifetime history of depression and parentdltiias predicting children’s laboratory cortisol

reactivity
Fixed effect Coefficient]f t-value Variance Chi-squared test of variance
component$D)

Predicting cortisol intercept
Intercept 479 (.025) 19.521** 077 (.277) 963.642***
Time of visit -.125 (.055) -2.265*
Maternal lifetime MDD or DD -.020 (.025) -.782
Parental hostility .067 (.033) 2.015*
Maternal lifetime MDD or DD
X Parental hostility .005 (.027) .168

Predicting cortisol slope
Intercept -.086 (.017) -5.188*** .027 (.165) 414.255%**
Time of visit .047 (.039) 1.223
Maternal lifetime MDD or DD .002 (.016) .108
Parental hostility .036 (.025) 1.432
Maternal lifetime MDD or DD
X Parental hostility .048 (.021) 2.268*

Predicting cortisol curvature
Intercept .030 (.004) 8.056***  .001 (.036) 395.722%**
Time of visit -.010 (.008) -1.284
Maternal lifetime MDD or DD .001 (.004) 154
Parental hostility -.010 (.005) -2.008*
Maternal lifetime MDD or DD
X Parental hostility -.010 (.004) -2.268*
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Table 4 continued.
N = 144; fort tests and chi-square test§= 139.

For all analysesSE= standard erroiSD = standard deviation; Time of visit: 10 AM = 0 and 2 PM MDD = Major Depressive
Disorder; DD = Dysthymic Disorder; P. Hostility = PClrpatal hostility.
p<.05 p<.01, p<.001.
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Table 5

Summary of study findings in terms of risk, resilience and potemtias they relate to

the development of neuroendocrine functioning in young children.

Risk Reslience Potentiation
high PE X high parental low PE
low PE?
hostility X high parental hostility
low PE
high BI
high NE X maternal melancholic
X high parental support
depression
high Bl X low parental
high BI

maternal lifetime
melancholic

depressioh

high parental hostility

Life stress — 6 months

prior

support

high Bl X maternal lifetime

melancholic depression

high Bl X maternal lifetime

MDD or DD

maternal lifetime MDD or DD

X high parental hostility

4= variable was associated with higher morning basakobtevels; all other variables
were associated with parts of the growth curve of childreortisol reactivity in

response to laboratory stress. Note: We acknowledgéhihaesilience effects can also
be viewed as potentiation effects, depending on which ¢étbe independent variable is

examined; both are presented here.
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Figure Captions

Figure 1.The growth curve trajectory model of children’s saliveoytisol reactivity in
response to laboratory stressors.

Figure 2.The unique effects of child temperamental negative emditypaad
behavioral inhibition, parental hostility, and lifeets on children’s laboratory cortisol
reactivity.

Figure 3.The interaction between maternal lifetime historgepression and children’s
temperamental behavioral inhibition to predict childrealsolratory cortisol reactivity.

Figure 4.The interaction between maternal lifetime historyr&flancholic depression
and child temperamental positive emotionality to prechdtdren’s laboratory cortisol
reactivity.

Figure 5.The interaction between maternal lifetime historyr&lancholic depression
and child temperamental behavioral inhibition to preduiteen’s laboratory cortisol
reactivity.

Figure 6.The interaction between child temperamental positivetemality and parental
hostility to predict children’s laboratory cortisol otiaity.

Figure 7.The interaction between child temperamental behavieh#@ition and parental
support to predict children’s laboratory cortisol reactivity

Figure 8.The interaction between maternal lifetime historgepression and parental
hostility to predict children’s laboratory cortisol otiaity.
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