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Abstract
This study examined relations among family environment, cortisol response, and behavior in the
context of a randomized controlled trial with 92 children (M = 48 months) at risk for antisocial
behavior. Previously, researchers reported an intervention effect on cortisol response in
anticipation of a social challenge. The current study examined whether changes in cortisol
response were related to later child aggression. Among lower warmth families, the intervention
effect on aggression was largely mediated by the intervention effect on cortisol response.
Although the intervention also resulted in significant benefits on child engaging behavior, cortisol
response did not mediate this effect. These findings demonstrate meaningful associations between
cortisol response and aggression among children at familial risk for antisocial behavior.

The way in which children respond to stress is an important aspect of development.
Although experimental studies with animals have led to influential theoretical modeling of
the role of human cortisol regulation in maladaptive outcomes (Champagne & Meaney,
2006; Francis, Caldji, Champagne, Plotsky, & Meaney, 1999; Levine, 1957; Liu et al., 1997;
Meaney, 2001), only limited experimental work has been done with humans. In children,
cross-sectional studies largely support a negative relation between cortisol response to a
stressor and aggressive behavior (Blair, Granger, & Razza, 2005; Snoek, Van Goozen,
Matthys, Buitelaar, & Van Engeland, 2004; van Goozen, Matthys, Cohen-Kettenis,
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Buitelaar, & van Engeland, 2000; van Goozen et al., 1998), although the exact nature of the
relation has yet to be established (Dadds & Rhodes, 2008; Hart, Burock, London, Atkins, &
Bonilla-Santiago, 2005; Rutter, 2008).

A rich literature demonstrates a relation between a blunted child cortisol response to stress
and unresponsive or neglectful environments (Gunnar, Fisher, & the Early Experience,
Stress and Prevention Network, 2006). However, as with the cortisol–behavior association,
the nature of these cortisol–context relations is not well understood.

One model of the development of an abnormal stress response (e.g., Caldji, Diorio, &
Meaney, 2000; Liu et al., 1997) suggests that mothers living under stressful conditions
display abnormal stress responses, which may be transmitted directly to their offspring.
Such maladaptive stress responsivity may lead to various negative outcomes, including
aggression. Other models emphasize the complex manner in which genes and environment
shape physiology and behavior through Gene × Environment interactions and Gene ×
Environment correlations (Rutter, Moffitt, & Caspi, 2006). For example, genes that shape
maternal stress response could impact the environment by influencing parenting behavior,
which, in turn, influences maternal–child interactions. This Gene × Environment effect
could subsequently impact child stress response, which, in turn, may influence child
behavior. From this perspective, relations among parent cortisol, parent behavior, child
cortisol, and child behavior could each reflect the influence of both genes and the
environment shared by parents and their offspring.

Experimental approaches provide unique opportunities to examine relations among family
environment, child physiology, and behavior. The current study takes advantage of a
randomized controlled prevention trial of an early family intervention among children at
high risk for antisocial behavior. Previously, Brotman and colleagues demonstrated that the
intervention impacts three aspects of parenting (responsive parenting, harsh parenting, and
stimulation for learning), child engaging behaviors with unfamiliar peers, and child
aggression (Brotman et al., 2005; Brotman et al., 2008), and that intervention effects on
parenting are meaningfully related to the prevention of aggression during parent–child
interactions (Brotman et al., 2009). Furthermore, the behavioral family intervention resulted
in changes in children’s cortisol response in anticipation of a social challenge with
unfamiliar peers (Brotman et al., 2007), demonstrating the malleability of the stress response
system among children at high risk for antisocial behavior. These reports did not examine
how the family environment relates to child stress response or the relations between child
cortisol and aggressive behavior. The primary aim of this study is to examine if intervention
effects on child cortisol are meaningfully related to later child aggressive behavior, observed
during a parent–child interaction 16 months after the intervention. To explore the specificity
of this relation, the study also examines intervention effects on child engaging behavior
during the same parent–child interaction and whether changes in cortisol mediate any
observed intervention effects.

Cortisol Response and Behavior
Stress regulation is implicated in the development of psychopathology (e.g., Alink et al.,
2008). Cortisol response to a stressor has been identified as an important indicator of stress
regulation, with consequences for child behavior. However, as noted above, considerable
literature demonstrates the complex nature of associations among cortisol, context, and
behavior. Although low cortisol reactivity to a stressor (i.e., hypocortisolism) has been
linked to aggressive behavior (Gunnar & Vazquez, 2001), careful analysis demonstrates
more complex associations. For example, unique subgroups of children may exhibit positive
associations between cortisol responding and aggression (e.g., Dadds & Rhodes, 2008; Hart
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et al., 2005; Rutter, 2008). Cortisol does not exhibit a simple one-to-one correspondence
with aggression but, rather, can show positive associations in some contexts and negative
associations in others. Theories explaining the process in which cortisol is linked to
aggression differ. The fearlessness theory (Raine, 1993) posits that low levels of cortisol
arousal or reactivity lead children to be fearless, and such fearless children are more likely to
initiate fights because they are not concerned about consequences. Stimulation seeking
theory (Zuckerman, 1979) argues that some children experience a low arousal, negative
state, which leads them to seek higher levels of arousal via aggressive behavior. A third
theory proposes that insensitivity to social and emotional distress signals (e.g., fear) in peers
predisposes children to certain types of aggression (Blair, 2003).

Relative to typically developing children, children at high risk for psychopathology (e.g.,
children with familial antisocial behavior, maltreated children, or those raised in
orphanages) or those with clinical diagnoses of disruptive psychopathology exhibit low or
flattened cortisol responses to challenging situations as well as to circadian changes (Fisher,
Gunnar, Chamberlain, & Reid, 2000; Gunnar & Vazquez, 2001; Hart, Gunnar, & Cicchetti,
1995). Considerable empirical literature relates low cortisol reactivity to aggression and
disruptive psychopathology (Snoek et al., 2004; van Goozen et al., 1998; van Goozen et al.,
2000). This literature, summarized in a recent meta-analysis, finds a medium effect size (d
= .57) of low cortisol stress response for children characterized as antisocial or with clinical
diagnoses of conduct disorder or oppositional defiant disorder (van Goozen, Fairchild,
Snoek, & Harold, 2007). Although preschoolers were not included in the meta-analytic
study, a study by Blair et al. (2005) found a similar relation between highly aggressive
behavior and blunted cortisol reactivity among preschoolers from low-income families.

Despite the findings from one meta-analysis (van Goozen et al., 2007), some empirical
evidence suggests either no significant relation between cortisol reactivity and aggression
(see meta-analysis by Alink et al., 2008) or even a positive relation of cortisol reactivity to
aggression (e.g., Hart et al., 2005). This lack of a simple one-to-one correspondence between
stress response and aggression may be due to multiple complicating factors, including child
age and type of disruptive psychopathology (Alink et al., 2008; Dadds & Rhodes, 2008). For
example, children who exhibit physical aggression that is predatory or instrumental may be
more likely to have blunted cortisol responses to stress than children with reactive
aggression or those with more general nonaggressive disruptive psychopathology (Dadds &
Rhodes, 2008; Loney, Butler, Lima, Counts, & Eckel, 2006; McBurnett, King, & Scarpa,
2003). The current study examines observed child behavior (physical aggression and
socially engaging behavior) during a standardized parent–child interaction paradigm and
cortisol levels in response to a social challenge among a relatively homogenous age group of
children (33–63 months) followed prospectively over a 24-month period.

Experimental Studies of Child Neurobiology and Behavior
Because the literature on the stress response and aggressive behavior in humans is largely
based on cross-sectional studies, there have been few advances in understanding the causal
relations between cortisol response and child aggression. As a result, a call has been made
for greater use of experimental studies that can illuminate causal mechanisms underlying the
link between neurobiology and behavior (Rutter, 2008; Tremblay, 2008). Experimental
studies of interventions that alter both the stress response and child behavior provide unique
opportunities to examine the nature of the relation between cortisol response and behavior.
In theory, restoring a high-risk child’s physiological stress reaction to a typical, reactive
state may lead to improved emotional and cognitive appraisal of a socially stressful
situation, thus facilitating a less aggressive reaction and a potentially more positive, socially
engaged reaction to stressful events (van Goozen et al., 2007).
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Two experimental studies with maltreated children report changes in cortisol and child
behavior (Dozier, Peloso, Lewis, Laurenceau, & Levine, 2008; Fisher, Stoolmiller, Gunnar,
& Burraston, 2007). These studies considered diurnal patterns of cortisol secretion during
typical days and did not examine the link between cortisol levels in response to stress and
child behavior. A third study of older children (aged 8–13) with behavior disorders found
that pretreatment cortisol response to stress moderated intervention outcomes on conduct
problems (van de Wiel, van Goozen, Matthys, Snoek, & van Engeland, 2004). Since this
study did not examine intervention effects on cortisol, the consequences of child stress
response on child behavior remains unknown. In a prior report of immediate intervention
outcomes on cortisol response in the current study sample, Brotman and colleagues found
that intervention effects on cortisol levels in anticipation of a social challenge and engaged
behavior with peers during the challenge were not related (Brotman et al., 2007). The
current study extends this work and other prior experimental studies in this area by
examining the links between immediate intervention effects on child cortisol response and
longer term intervention effects on child engaging and aggressive behavior with the parent,
with consideration of the family environment.

Early Family Environment and Stress Neurobiology
Stress-sensitive neurobiology is shaped by early experience, especially by caregiving
(Gunnar & Quevedo, 2007). Family environmental factors that operate at key points in
development might sculpt hypothalamic–pituitary–adrenal (HPA) axis regulation in
children, much as environmental factors have been shown to play a role in HPA regulation
in rodents and nonhuman primates (e.g., Caldji et al., 2000; Levine, 1957; Liu et al., 1997).
Animal studies suggest both genetic and environmental factors involved in the transmission
of abnormal stress regulation. Offspring at high risk for abnormal neuroendocrine stress
regulation are characterized by having lower warmth parents (Meaney, 2001). Studies in
young human children find evidence of parallel processes (Fisher, Gunnar, Dozier, Bruce, &
Pears, 2006; Gunnar et al., 2006; Hane & Fox, 2006). Children from high-risk, stressful
environments exhibit lower or flat diurnal cortisol levels compared to nonstressed children
(“hypocortisolism”; Gunnar & Vazquez, 2001; Hart et al., 1995; Heim, Ehlert, &
Hellhammer, 2000; Hertsgaard, Gunnar, Erickson, & Nachmias, 1995; Nachmias, Gunnar,
Mangelsdorf, Parritz, & Buss, 1996). Although both positive and negative relations between
quality of caregiving and child cortisol response to stress have been found among low-risk
families (Blair & Diamond, 2008; Gunnar, Brodersen, Nachmias, Buss, & Rigatuso, 1996;
Gunnar & Vazquez, 2001; Hane & Fox, 2006; Nachmias et al., 1996), studies of high-risk
families consistently link suboptimal caregiving with low child cortisol response. For high-
risk families, responsive parenting may serve as an important moderating risk or buffering
factor for the development of hypocortisolism (i.e., low cortisol levels; Fisher et al., 2006;
Gunnar & Vazquez, 2001).

In addition to the responsive nature of the caregiving environment, a small literature in
humans suggests that parent stress responding and depression may be related to child
cortisol response to stress in early childhood. A large twin study found modest similarity in
afternoon basal cortisol levels between parents and children (Schreiber et al., 2006). A small
study of diurnal levels of cortisol in typically developing children and their parents
documented a positive correlation between diurnal levels of parent and child cortisol
(Young, Vazquez, Jiang, & Pfeffer, 2006). Another study of low-risk families found a
positive correlation between infant and mother diurnal cortisol, but the correlation was not
significant between child and mother cortisol reactivity during a separation paradigm
(Thompson & Trevathan, 2008).
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Related to parent psychopathology, a small literature suggests that parent depression during
early childhood may be related to child cortisol patterns (e.g., Lupien, King, Meaney, &
McEwen, 2000). Parent depression in the first 2 years of life was found to predict child
cortisol reactivity to a stressor at age 7 (Ashman, Dawson, Panagiotides, Yamada, &
Wilkinson, 2002). In sum, parental warmth, parent stress response, and parent depression are
likely to influence child cortisol response in early childhood. Yet, the aforementioned
studies have not systematically characterized the family environment or examined parent
and child factors among children from high-risk stressful environments. In the current study,
therefore, we consider three aspects of the family environment (i.e., parental warmth, stress
response, and depression) in relation to children’s cortisol and behavior in a high-risk
sample.

The Current Study
The current study takes advantage of a randomized controlled trial of an early family
intervention among preschoolers at familial risk for antisocial behavior. In a series of
studies, the intervention has been found to promote responsive parenting and child engaging
behavior with peers, reduce physical aggression during parent–child interactions, and alter
cortisol response in anticipation of a social challenge with peers (Brotman et al., 2005;
Brotman et al., 2007; Brotman et al., 2008). Guided by current models of developmental
psychopathology, we evaluate whether increased cortisol response is related to intervention
effects on aggressive behavior with parents. To yield a more complete picture and to
evaluate the specificity of the cortisol–aggression connection, we will also evaluate relations
among cortisol response and engaging behavior with parents.

Method
Participants

This study includes children and parents who participated in a randomized controlled trial of
a family intervention aimed at preventing early conduct problems and later antisocial
behavior. The trial methodology and characteristics of participants are detailed elsewhere
(Brotman, Gouley, O’Neal, & Klein, 2004; Brotman et al., 2005; Brotman et al., 2008).
Briefly, all family court records of youths under the age of 16 adjudicated in two boroughs
in New York City were screened between 1997 and 2001 for the presence of preschool-age
siblings. “Sibling” was defined as a child who was biologically related to, or lived with, the
adjudicated youth for at least 1 year, and whose caregiver also raised the adjudicated youth.
Families were eligible if siblings were between 33 and 63 months, the caregiver spoke
English, and the family lived within the designated geographic area. Families were ineligible
if caregivers had a current substance use or psychotic disorder determined by structured
diagnostic interview, or if preschoolers had pervasive developmental disorders or severe or
profound mental retardation as reported by parents or indicated by standardized cognitive
testing. Forty-eight percent of eligible families (N = 92) agreed to participate and completed
assessments. Seven of the 92 families had more than one preschool-age child; none of the
siblings were included in this study. Forty-seven families were randomized to the
intervention condition and 45 families to the control condition that received no intervention.

Sixty-eight percent of preschoolers were biological siblings of the adjudicated youths (12%
full; 56% half), 3% adoptive siblings, and 28% biological nephews, nieces, or cousins raised
as “siblings.” Eighty-three percent of caregivers (parents) were the preschoolers’ biological
mothers, 2% biological fathers, 10% grandmothers, 3% adoptive mothers, and 2% other
female relatives. Parent mean age was 36.3 years (SD = 9.2). Forty-five percent of parents
had not completed high school and 59% of families had household incomes under $15,000.
Fifty-three percent of preschoolers were girls; 65% were African American, 27% Latino,

O’Neal et al. Page 5

Child Dev. Author manuscript; available in PMC 2013 February 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and 8% other or mixed race. Child mean age was 47.52 months (SD = 8.28) and the average
child IQ score (DAS; Elliott, 1990) was 83.2 (SD = 12.9). The stressors experienced by the
sample are described elsewhere (Brotman et al., 2004); in addition to socioeconomic
disadvantage and sibling antisocial behavior, children were exposed to high rates of
maternal psychopathology (based on semistructured diagnostic interviews) and stressful life
events (based on maternal reports).

Preventive Intervention
The prevention program was adapted from the Incredible Years Series (IYS), an efficacious
program developed and tested extensively by Webster-Stratton (e.g., Webster-Stratton &
Hancock, 1998). The program aimed to improve parenting practices and preschoolers’ social
competence with the goal of preventing later conduct problems. The program consisted of
6–8 months of active intervention (November–June), followed by a 3-month booster
intervention (October–December) initiated approximately 4–6 months after the end of the
intervention. The active intervention included 22 group sessions for parents, 22 group
sessions for preschoolers, 22 guided parent–child interactions, and 10 home visits.

As per published IYS manuals, group leaders coached parents to use specific parenting skills
(e.g., labeled praise, time out) and modeled, directed, and reinforced appropriate behavioral
strategies. The program specifically encourages parents to use nonharsh, consistent, and
appropriate disciplinary strategies, be less critical, and use positive reinforcement and play
interactions to promote children’s social competence. Groups for preschoolers incorporated
elements from the Incredible Years Dinosaur Social Skills and Problem-Solving Curriculum
(Webster-Stratton, 1990), which has been shown to increase the efficacy of the Parent
Program (Webster-Stratton, Reid, & Hammond, 2004). Child group leaders taught social
skills, reinforced positive behaviors, and provided consequences for negative behaviors.
Home visits were designed to help parents implement skills at home. Leaders from the
parent and children’s groups together provided home visits following a curriculum
corresponding to parent and preschool group lessons. Home visits created opportunities for
developing and implementing behavior plans (e.g., placement of a time out chair in a
crowded apartment).

The control condition consisted of assessments and monthly phone calls through which
family service use and changes to family circumstances were evaluated. Parents were paid
$5 for these monthly phone interviews. If families requested assistance with identifying
social, educational, or mental health resources during these calls, a clinician followed up
with information provided over the telephone.

Assessment Procedures
Participants were assessed four times, 8 months apart, over 24 months: baseline or
preintervention (Time 1, Month 0), postintervention (Time 2, Month 8), 8-month follow-up
(Time 3, Month 16), and 16-month follow-up (Time 4, Month 24; see Table 1). Previously,
we reported main effects of the intervention on child cortisol response immediately
postintervention (Brotman et al., 2007), and intervention effects on child aggression during a
parent–child interaction at Time 4 (Brotman et al., 2008). The intervention took place
between Time 1 and Time 2 and the booster sessions took place between Time 2 and Time
3; no intervention took place between Time 3 and Time 4. The length of time between
assessments was not different for intervention and control conditions, t(77) = −0.42, p > .10.
The preintervention assessment required three or four visits, and the three postintervention
assessments required two visits each; one visit was at the study center and one was in the
home.
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Measures
Child cortisol in anticipation of a social challenge—Neuroendocrine functioning
was measured by collecting salivary cortisol samples prior to an unfamiliar peer situation
(prechallenge cortisol). Cortisol assessments were collected at baseline prior to
randomization (Time 1) and repeated in an identical fashion immediately after intervention
(Time 2). Samples were collected using a sterile cotton roll held by dental floss. The child
mouthed the roll until it was wet. The sample was then placed in a vial and kept in a freezer
until transported on ice to the laboratory. Food intake was controlled during the collection
process.

The social challenge involved entry into an unfamiliar peer group for 30 min of play at a
nursery school several blocks from the study center. Observations were scheduled with the
school to correspond with planned free play. Approximately, 40 children (ages 34–60
months) from diverse socioeconomic and ethnic backgrounds were enrolled in the school.
During free play, children were free to move from station to station (e.g., blocks, pretend
house, art table) in a large room designed for this purpose. At least one teacher and three
assistants from the school staffed free play.

Prior to leaving the study office for the school, a research assistant unaware of intervention
status and study hypotheses explained to the child (in front of the parent) that he or she was
“going to a school to play with some other children.” Thus, children were informed about an
impending potentially stressful experience prior to cortisol sampling. Two or three research
assistants escorted the child and parent to the school (a 10– to 15–min walk). On arrival, and
in the presence of the parent, a salivary cortisol sample was collected. The sample was
collected approximately 15–20 min after the child was told about the challenge task.
Because cortisol release in preschoolers occurs as early as 10 min from the stimulus
presentation, we consider this cortisol sample to be an index of the child’s anticipation of the
challenge. After the cortisol sample was taken at the school, the child was then required to
separate from the parent and accompanied to the play area by one or two research assistants
who observed the child during 30 min of free play. Assessment procedures, including timing
of cortisol collection, were identical for intervention and control conditions and for both
assessment points. For Times 1 and 2, children’s cortisol samples were collected between
10:00 and 11:30 a.m. or between 2:00 and 4:00 p.m., with the majority collected in the
afternoon. Although individual children were not assessed at the same exact time at both
assessments, major differences in levels based on diurnal patterns are not expected in this
time range from late morning to early afternoon. Further details of the observational
paradigm and intervention effects on behavior observed during this procedure are presented
elsewhere (Brotman, Gouley, & Chesir-Teran, 2005; Brotman et al., 2005).

Children’s cortisol levels in anticipation of the social challenge may reflect the child’s
response to a number of cues including separation from the parent, entry into a social peer
situation, or a general transition. To further understand the challenge data, we also collected
cortisol samples at home over the course of the day to evaluate diurnal patterns. We
examined intervention effects on diurnal patterns but did not find an effect. Details on the
diurnal patterns and the relation between cortisol in anticipation of a social challenge and
cortisol levels over the course of the day at home are reported in Brotman et al. (2007).

Observed child behavior during parent–child interaction—Child behaviors with
the parent were observed by raters unaware of intervention status during semistructured,
parent–child interactions at the home and study center at Times 1–4. For this study, we
utilize data from Times 1 and 4 only. At each assessment point, two parent–child interaction
measures were obtained, a 10-min session at the family’s home (5-min child-directed free
play and 5-min parent-directed puzzle task), and a 15-min session at the study center (7-min
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child-directed free play, 5-min parent-directed puzzle task, and 3-min cleanup). Home and
center-based assessments took place approximately 1 week apart. Home assessments were
coded live and assessments in the study center were videotaped and coded at a later time.
Different raters coded home and center-based observations and were uninvolved in other
aspects of the study.

The Dyadic Parent–Child Interaction Coding System–Revised (DPICS–R; Robinson &
Eyberg, 1981; Webster-Stratton, 1985) was used to record the frequency of discrete
aggressive behaviors in both settings. Observed child physical aggression was derived from
the two DPICS–R codes of physical aggression: child physical negative (i.e., child is
physically aggressive toward parent) and child destructive (i.e., child destroys, damages, or
attempts to damage objects). The two codes of physical aggression were significantly related
(r = .43, p < .001) and combined. Reliability estimates consider average reliability across
assessment time points. To estimate interrater reliability, approximately 20% of observations
(in each setting, at each time point, and in each condition) were coded by two raters.
Interrater agreement, calculated via single-measure intraclass correlation coefficients with a
one-way random-effects model (Shrout & Fleiss, 1979), was .85 for direct home
observations and .84 for videotaped center observations. Mean level aggression scores
across home and center settings were not significantly different and were highly correlated (r
= .67, p < .001). At each time point, we created a composite index of physical aggression by
combining ratings across the two settings. The total physical aggression score reflects the
number of times the child aggressed toward his or her parent or destroyed objects over a
total of 25 min. The estimated reliability of the composite across all time points was .88
(Lord & Novick, 1968).

Although the primary focus of this study is on aggressive behavior, we also examined
engaging behavior with the parent to gain a more complete picture of behavioral outcomes.
Of note, although we have reported immediate intervention effects on engaging behavior
with peers (Brotman, Gouley, Chesir-Teran, & Dennis, 2005), we have not previously
examined longer term intervention effects (Time 4) on engaging behavior with the parent.
The Global Impressions of Parent–Child Interactions (GIPCI; Brotman, 1998) was used to
make global ratings of child positive, engaging behavior with the parent. GIPCI ratings were
made on a 5-point scale using descriptions of prototypic behaviors. Child positive
engagement was the average of the following three GIPCI scales: child emotion (i.e.,
positive emotional tone of the child behaviors), child play with the parent (i.e., child shares
and encourages activity with parent, shows appropriate verbal skills and cooperation), and
reverse-coded child disconnection (i.e., child is withdrawn, aimless, requires encouragement
to play and relate to parent). The three codes of positive engagement were significantly
related (rs = .53–.69) and were combined. We combined home and study center observations
because both were related (r = .38 at Time 1 and r = .44 at Time 4). Test–retest reliability for
the combined scale ranged from .47 to .61. The ICC for the combined composite is .75. The
estimated reliability of the composite was .83 (Lord & Novick, 1968).

Parent warmth—The Home Observation for the Measurement of the Environment–Early
Childhood Version (HOME–EC; Caldwell & Bradley, 1984) was used to assess aspects of
the home environment and parenting. The observation of the parent–child relationship
occurred in the home over the course of an approximately 2-hr visit. For the current study,
we used warmth data at Time 1. Items are rated by interviewers as present (1) or absent (0).
We employed the conventional Caldwell and Bradley HOME Warmth scale (Caldwell &
Bradley, 1984). It is a seven-item scale including the following items: “Parent holds child
close 10–15 min per day”; “Parent converses with child at least twice during visit”; “Parent
answers child’s questions or requests verbally”; “Parent usually responds verbally to child’s
speech”; “Parent praises child’s qualities twice during visit”; “Parent caresses, kisses, or
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cuddles child during visit”; and “Parent helps child demonstrate some achievement during
visit.” The summary score was the mean of all seven items. Internal consistency was
moderate (α = .61). Approximately one third of the sample had scores of 1 on all seven
items (i.e., all seven items were observed in the home). For the remainder of the sample
(67%), scores ranged from 0 to 6.

Parent depression—We assessed parent depression using the Structured Clinical
Interview for DSM–IV nonpatient version (SCID–NP; Williams et al., 1992) by trained
clinical psychologists. An independent clinician reviewed all clinical interviews for
diagnostic decision making by interviewers. Psychometric properties of the SCID are
adequate in other samples (Williams et al., 1992).

Parent cortisol in anticipation of a challenge—Parent neuroendocrine functioning
was measured by collecting salivary cortisol samples prior to the administration of a
Wechsler Adult Intelligence Scale–Vocabulary subtest and a Wide Range Achievement
Test–Reading subtest (i.e., prechallenge cortisol). Cortisol assessments were collected prior
to randomization (Time 1) on the same day and within a 1-hr time period of when the child
provided his or her sample. Parents were informed that they were going to be asked to
complete a test of their vocabulary and reading skills. Saliva samples were taken
approximately 10 min after the instructions were given; as such, we consider this cortisol
sample to be an index of the parent’s anticipation of the challenge. The literature supports
that cognitive testing should serve as a stressful challenge for adults in a similar fashion as
the peer entry paradigm is stressful for young children. A cognitive test may be perceived as
especially challenging for parents in this sample since their mean level of cognitive
functioning and achievement was well below average (Brotman et al., 2004). Samples were
collected using a sterile cotton roll held by dental floss. The parent mouthed the roll until it
was wet. The sample was then placed in a vial and kept in a freezer until transported on ice
to the laboratory. Food intake was controlled during the collection process. The assessment
of parent cortisol was designed so that it would yield information that would be helpful in
interpreting child cortisol levels. As with child cortisol, parent cortisol was also collected
from parents at home at four time points over the course of the day (the same day and time
points as the child). We do not report these data here, but we evaluated these diurnal levels
to aid interpretation of challenge data. Diurnal levels are available from the authors.

Analyses
Attrition and imputation strategies—Time 1, 2, and 4 data were utilized for the
current study. There was modest attrition by Time 2 (87% retained) and Time 4 (77%
retained). There were no differences by intervention status in the percentage of children and
parents missing data at any time. Furthermore, there were no baseline differences between
those with complete data versus those with missing data at later times, and there were no
significant baseline score by intervention status interactions in predicting missingness.
Given these results, we assume that the data are missing at random (Schafer & Graham,
2002).

As per Little and Rubin (2002), we used the SAS Multiple Imputation (SAS Institute, Cary,
NC) procedure with 10 replicated imputations to impute data for all study variables; the
imputation made use of the joint distribution of all available measures of parent and child
functioning. Imputations were conducted separately for the control and intervention groups
to account for the possibility of different missing data patterns by group (Little & Rubin,
2002). SAS PROC MIANALYZE was used to combine the results of the 10 imputations for
the final inference. This combination of multiple imputations provides estimates of standard
errors that take into account the fact that some data were imputed. Of note, we did not
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impute missing data for observed child physical aggression because the distribution of
scores was highly skewed, even after log transformation. The imputation methods are
optimal for normally distributed variables and are not appropriate for highly skewed
variables. Therefore, we used the approach of carrying the last time point forward to replace
the missing values for this variable. All analyses yielded highly similar results regardless of
using the imputed or nonimputed data set.

Analytic approach—Correlations were estimated and tested to determine the concurrent
relations among aspects of the family environment, child cortisol response, and child
behavior. We tested a mediation process in which child cortisol response was expected to
mediate the intervention effect on later child outcomes (i.e., aggression, engaging behavior):
The intervention effect on child cortisol response was expected to be related to the
intervention effect on child outcomes. We employed the “joint significance test” strategy in
which mediation is inferred if there is evidence that both paths a (intervention effect on
cortisol) and b (change in cortisol and later behavior) in Figure 1 are significant
(MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002). We also carried out the
conventional Sobel test described by Baron and Kenny to test the significance of the
mediation model (1986).

To test the percent of the intervention effect accounted for by the mediator, we used an
equation that is appropriate for a nonlinear mediation model. In a linear-based mediation
model, the total intervention effect (c) is equal to the sum of the part that is explained by the
mediator (paths a and b) and the part that does not involve the mediator (c′). In a nonlinear
mediation model, like our model, c is not equal to the total intervention effect (i.e., c is not
equal to the sum of the part explained by the mediator [a and b] and the part that does not
explain the mediator [c′]; Fleiss, Levin, & Paik, 2003). For this reason, we compute the total
effect as the indirect effect/total effect = (a × b)/[(a × b) + c′].

Poisson regression analysis, a log-linear approach appropriate for low frequency behavior
counts with skewed distributions (Fleiss et al., 2003), was used to test the relation between
cortisol change and aggression. The Poisson regression model was carried out using a
generalized estimating equation approach (Diggle, Heagerty, Liang, & Zeger, 2002; Liang &
Zeger, 1986; Zeger, Liang, & Albert, 1988) with a log-link function (Diggle et al., 2002).
PROC GENMOD in SAS® (SAS Institute, Cary, NC.) was used to perform the analyses.

A mediation model is ideally tested in a design demonstrating time precedence in which the
intervention occurs before the mediator and the mediator occurs before the outcome (Cole &
Maxwell, 2003; Kraemer, Wilson, Fairburn, & Agras, 2002; Sobel, 1990). Note that we only
examined the outcomes at Time 4, rather than modeling change over multiple time points,
due to the temporal limitations of testing a mediation model.

Upon inspection of the distribution of child aggression scores across the range of parental
warmth, we found that there was essentially no child aggression at Time 1 or Time 4 among
the families with scores of 1 on warmth (33% of the sample). Among the high-warmth
families (warmth = 1), only 1 child in the control group and 1 in the intervention group had
nonzero scores at baseline. At Time 4, 2 children in the control condition had nonzero
aggression scores and all children in the intervention had 0 aggression scores. As a result,
we eliminated the families with scores of 1 on warmth from the mediation analyses relating
child cortisol to aggression.

O’Neal et al. Page 10

Child Dev. Author manuscript; available in PMC 2013 February 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
Preliminary Analyses

Descriptive means and standard deviations for the sample by intervention are presented in
Tables 2 and 3. Because both tables are intended to provide information necessary for
interpretation of the mediation analyses on aggression, all descriptive information is
presented with the removal of the families with scores of 1 on warmth at baseline. As shown
in Table 2, no baseline (Time 1) intervention group differences were found for any of the
child or family variables.

Relations Among the Family Environment, Cortisol Response, and Child Behavior
Table 3 shows concurrent, baseline relations among aspects of the family environment
(parent cortisol response, warmth, and depression), child cortisol response, and child
behavior.

Intervention Effect on Cortisol (Path a)
Previously, Brotman et al. (2007) reported intervention effects on cortisol for the entire
sample. Since we removed a subset of families with high warmth scores from the mediation
analyses, we first needed to replicate the intervention effect on cortisol among the remaining
families. Results indicate that the intervention had a significant effect on cortisol, Estimate
(SE) = .49 (.20), p < .05. Similar to findings previously reported for the full sample, cortisol
levels increased in the intervention condition (.07 to .27) and decreased in the control group
(.07 to −.09; see Table 2). Even after removing the high-warmth families from these
analyses, maternal warmth at baseline significantly moderated the intervention effect on
cortisol, Estimate Intervention × Warmth (SE) = 1.83 (.61), p < .01. The pattern of findings
shows that the intervention had a stronger effect on cortisol among the families with lower
warmth scores at baseline.

Previously, we reported long-term intervention effects on parent responsiveness for the
entire sample (Brotman et al., 2008). For this study, we reexamined the intervention effect
on parental warmth within the smaller sample (without the highest warmth families and with
a slightly different measure so that it was consistent with the baseline measure of warmth
considered in this study) and then conducted a post hoc analysis of the relation between
intervention effects on parental warmth and child cortisol. As expected, the intervention
significantly increased warmth (β = .15, SE = .06, p = .01), and there was a positive,
although nonsignificant, association between change in warmth and change in cortisol (r = .
24, p = .21), such that increases in warmth were associated with increases in cortisol
response.

Cortisol Change and Later Aggression (Path b)
There was a significant relation of change in cortisol from pre- to postintervention with child
aggression at Time 4, Estimate (SE) = −1.96 (.62), p = .007 (see Figure 2). The relation
between cortisol change and later aggression was not moderated by warmth, Estimate
intervention ½ warmth (SE) = 1.88 (1.35), p = .17.

Taken together, these results meet the joint significance test for mediation of child
aggression because both paths a (intervention effects on cortisol) and b (change in cortisol
and later behavior) were significant (MacKinnon et al., 2002).
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Intervention Effect on Child Aggression (Path c)
Brotman and colleagues previously reported that there was a significant intervention effect
on Time 4 aggression across the entire sample (Brotman et al., 2008). After the removal of
the high warmth families, there was a significant intervention effect on Time 4 aggression, c
= −1.38 (.41), p = .001 (see Figure 2). This effect was not moderated by warmth, Estimate
Intervention × Warmth (SE) = 8.03 (5.91), p = .20.

Intervention and Child Aggression Adjusted for Mediator (Path c′)
The results from the previous three sections show that the mediation link between the
intervention, cortisol, and later aggression was supported (paths a and b were significant; see
Figure 1). In this section, we test paths c and c′ (whether the effect of intervention on
aggression is no longer significant after adjusting for the mediator). As described above, the
intervention effect on aggression (path c) was significant, c = −1.38 (.41), p = .001. As
expected in complete mediation, regression analyses showed that after adjusting for the
mediator (change in cortisol), the intervention was no longer significantly correlated with
later aggression, c′ = −.43 (.51), p = .40.

Post hoc analyses revealed that changes in cortisol accounted for 69% of the intervention
effect on child aggression. We find further support for the mediating role of cortisol on
aggression using the Sobel test (Sobel test = −1.94, p < .05; see Figure 2).

To summarize, after removing the highest warmth families because their children did not
display aggression at baseline or Time 4, there was an intervention effect on cortisol (that
was strongest for the lower warmth families) and intervention-induced change in cortisol
response mediated the intervention effect on aggression. Over two thirds of the intervention
effect on Time 4 aggression during a parent–child interaction was accounted for by the
intervention effect on cortisol response in anticipation of a social challenge.

Child Engaging Behavior
Across the entire sample, we documented a significant intervention effect on later child
engaging behavior with the parent, 16 months after the intervention, Estimate (SE) = .26 (.
08), p = .003. To be able to compare results from the mediation analyses with those for child
aggression, we limited the analyses of engaging behavior to the lower warmth sample only.
The intervention effect on engaging behavior was not significant among lower warmth
families, Estimate (SE) = .12 (.15), p = .41, and a change in cortisol from pre- to
postintervention was not related to child engaging behavior at T4, Estimate (SE) = .09 (.42),
p = .33; since path b was not significant, mediation did not occur for engaging behavior via
cortisol change.

Discussion
The current study takes advantage of an experimental trial with young children at high risk
for antisocial behavior to further understand the complex nature of relations among the
family environment, neurobiological regulation of stress, and developmental
psychopathology. In earlier work with this high-risk sample, we found that family
intervention that successfully prevented aggression during early childhood (Brotman et al.,
2008) also resulted in normalized stress response (Brotman et al., 2007). The current study
extends these findings by examining associations between immediate intervention effects on
cortisol response and intervention effects on later aggression, with consideration of the
family environment. Study findings underscore the importance of parental warmth for the
development of cortisol response during early childhood, suggest that the cortisol response
system is plastic (amenable to change as a result of psychosocial intervention) in children
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from high-risk families and those further characterized by lower maternal warmth, and
indicate that cortisol response in anticipation of a social stressor predicts later child
aggression. Among the subset of families considered in this study of meditational processes,
the long-term prevention effect on child aggression was largely explained by immediate
intervention effects on cortisol levels. These findings hold important theoretical and
practical implications for the development of the stress response, developmental
psychopathology, and its prevention.

Although low cortisol has been associated with disruptive psychopathology, studies
demonstrating this link remain largely correlational in nature and, for the most part, have
been conducted with children already exhibiting problems (Alink et al., 2008). Furthermore,
studies linking child cortisol and behavior have not typically characterized the family
environment in which these associations are found. The current study investigates the
connection between child cortisol and aggression, while also considering family
environment. It links intervention-related increases in cortisol in anticipation of a social
challenge to the prevention of physical aggression among children at high risk for
maladjustment. Findings are consistent with the theoretical proposition that prevention of
aggressive behavior, among children at high risk for atypical stress responding, is dependent
on changing the stress response system (van Goozen et al., 2007).

The results of this study beg future in-depth probing of the underlying mechanisms linking
changes in cortisol to reduced aggression. Of particular interest in this study is how
children’s anticipation of a social challenge with peers relates to later aggressive behavior
during a parent–child play interaction. A theoretical model worth testing is whether or not
child physiological stress response impacts cognitive and emotional processes leading to
aggression (van Goozen et al., 2007). In theory, restoring a child’s physiological stress
response to a typical, reactive state may lead to improved emotional and cognitive appraisal
of a socially stressful situation, and these skills generalize across settings and over time,
resulting in less aggressive reactions (van Goozen et al., 2007). An alternative but related
explanation of results may be that children’s increased, more typical, reaction to stress may
make them more sensitive to stress cues in relationships, which may, in turn, make them less
aggressive toward others. Perhaps such increased sensitivity to social stress leads children to
be more fearful of the negative consequences of misbehavior, resulting in lower rates of
aggression (Raine, 1993). It has also been posited that heightened stress reactivity occurs
due to increased “biological sensitivity to context” with negative consequences in an adverse
context and positive consequences in a supportive context (Boyce & Ellis, 2005; Ellis &
Boyce, 2008). An intervention could act as a supportive context for families. Perhaps, in this
sample, a positive behavioral outcome (i.e., low levels of aggressive behavior) as a
consequence of increased stress reactivity was especially possible due to the supportive
context an intervention offers to a family.

The current study points to the importance of how the early family environment relates to
child cortisol response to a stressor. This study’s result linking parent and child cortisol
response is too preliminary to speculate as to whether or not the association is due to genetic
or learned causes; however, it will be important to identify mechanisms leading children to
develop cortisol reactivity patterns that are similar to their parents. Future studies may want
to examine whether the most direct route to understanding child neurobiology is not via
parent psychopathology or parenting, but via parent neurobiology. In addition to the
clustering of parent depression, warmth, cortisol, and child engaging behavior and
associations between parent and child cortisol, preliminary, post hoc analyses suggested that
among lower warmth families, where changes in both responsive parenting and cortisol
levels were observed, responsive parenting and child cortisol response changed in a parallel
fashion. Together, the sum picture of such correlational results suggests the importance of
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research testing causal pathways explaining the link between family environment and child
neuroendocrine response during the important developmental period of early childhood.

Given that the link between neurobiological change and aggression occurred among lower
warmth families in this study, the intervention effect on cortisol and aggression suggests that
care-giving is an important element of a compensatory resilience process (see Luthar,
Cicchetti, & Becker, 2000) promoting healthy early neurobiological growth among high-risk
children. Results suggest that the early family environment of warmth is a significant
contextual factor in explaining change in cortisol response and the consequence of such
cortisol change on child aggression. Results contribute to the small literature demonstrating
biological outcomes from early intervention with young children (Brotman et al., 2007;
Dozier et al., 2008; Fisher et al., 2007; Raine et al., 2001). Our findings underscore the
importance of considering characteristics of the family environment (e.g., parental warmth)
within studies that examine biological and behavioral outcomes from family intervention
(Cicchetti & Gunnar, 2008). In intervention children from lower warmth families, cortisol
levels in anticipation of a social challenge were found to increase over an 8-month period,
from approximately ages 4–5 years. In contrast, in control children from lower warmth
families, cortisol levels decreased over this same developmental period. These findings
support a developmental model in which moderately low levels of parent warmth place
children who are at familial risk for antisocial behavior at even further risk for an atypical
stress response. In these lower warmth families, preventive intervention that enhances
parenting practices and child social competence (Brotman et al., 2005) may protect against
this risk; immediately following intervention, children from lower warmth intervention
families exhibited increases in cortisol relative to controls. It is important that future
research more definitively establishes the developmental trajectory of normal cortisol
response patterns over time among young children and the specific challenge conditions that
elicit such a response. Translation of basic research to preventive interventions is dependent
on future research, which details the stress buffering mechanisms in the family environment
leading to positive neurobiological and behavioral outcomes in high-risk children (Gunnar et
al., 2006).

This study also extends previous research (e.g., Fisher et al., 2006) by characterizing the
family environment and the subgroups that benefit from intervention. Additional post hoc
results suggested that among lower warmth families, the intervention altered both parent
warmth and child cortisol, and these changes may be related. Further research is needed to
more fully understand how change in parenting may lead to change in child neuroendocrine
functioning and behavior. The unique importance of warmth for the development of the
neurobiological system is strongly supported by animal studies (e.g., Caldji et al., 2000; Liu
et al., 1997), especially an elegant experimental literature of rodent maternal care on rat pup
stress response. Unlike the physical process underlying rodent parent warmth (i.e., licking
and grooming of their offspring), the measure of human parental warmth as assessed in this
study largely consisted of verbal behaviors. It is not known whether findings are specific to
verbal behaviors or whether inclusion of physical behaviors (e.g., hugging, physical
proximity) would provide a more complete picture of this process. As these lower warmth
families were also characterized by parent depression and hypocortisolism, future
exploration of the construct of warmth and its relation to other aspects of parenting behavior
and neurobiology in high-risk families appears warranted.

Future studies should also consider additional outcomes of child functioning and parent–
child relations. In the current study, increased cortisol in anticipation of a social challenge
was related to lower rates of aggressive behavior during parent–child interactions. It is
possible that higher cortisol levels may be related to other outcomes, including negative
outcomes such as poor physical health. In this study, aggression, not child engaging
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behaviors, was related to child cortisol change. Perhaps other positive child outcomes, such
as child emotion coping or academic success, would be affected by change in child cortisol
response. Also, in empirical studies of cortisol and aggression, it has been argued that it is
best to examine cortisol under stressful conditions (i.e., cortisol reactivity) rather than
relying on diurnal cortisol (van Goozen et al., 2007); the cortisol patterns unique to
aggressive behavior may be specific to or more easily detected in stressful or challenging
conditions (McBurnett, Lahey, Rathouz, & Loeber, 2000; Pajer, Gardner, Rubin, Perel, &
Neal, 2001; Popma et al., 2006; van Goozen et al., 2000). Therefore, future studies may
want to determine what kinds of outcomes are uniquely affected by change in cortisol
response to challenge versus diurnal patterns of cortisol. Similarly, the specific context of
the cortisol stressor could predict different subtypes of aggression. For instance, if the
cortisol response paradigm tested reactivity or lack of reactivity to others’ distress, rather
than reactivity to novel peers as in this study, then the lack of reactivity to others’ distress
might better predict emotional callousness (Dadds & Rhodes, 2008).

In addition to further understanding relations among family environment, child cortisol
response, and behavior, this study provides further evidence in support of early family
intervention for high-risk children. Specifically, new findings on child outcomes in this
study include intervention effects on observed child engaging behavior, 16 months after
intervention.

There are a number of important study limitations that are worthy of consideration. First, we
had to eliminate families with the highest scores on warmth from the mediation analyses. As
a consequence, none of the findings can be generalized to families characterized by high
warmth. Future studies should conduct mediation and moderation analyses of intervention
effects on aggression to formally test many of the proposed hypotheses. In addition, the
generalizability of study findings is limited due to the unique nature of the sample. In terms
of the sample characteristics, attempts to replicate the current findings should consider
whether similar effects on cortisol can be documented among children living in
environments involving different forms of stress. The current findings should encourage
attempts to examine effects on physiology in much larger samples, where unique subgroups
can be examined more comprehensively. Despite the need for replication, the current
findings demonstrate statistically significant mediating effects. This suggests the potential
value of conducting future work examining mechanisms linking context, behavior, and
stress response in children. Such future work might include longer term outcomes assessed
over multiple time points.

As with the initial report on intervention effects on cortisol response (Brotman et al., 2007),
the current study is limited by the lack of a low-risk comparison group. Including such a
group, studied with identical methods, is key given the robust effects of context on both
behavior and cortisol. However, the association between increased cortisol response and
lower rates of aggression suggest that intervention effects on cortisol response were positive
and that the intervention worked to normalize the stress response. The study is also limited
by its reliance on one measure of parent warmth. It would have been desirable to have a
more comprehensive measure of this construct that includes both verbal and physical aspects
of warmth. Also, we do not know whether study findings generalize to child behavior
outside the home environment. That is, we did not measure behavior with peers, and,
therefore, it is not known whether the relation between cortisol and behavior is limited to the
context of parent–child interactions.

Much remains to be explained about the role of the early family environment, stress
response, and the prevention of psychopathology in high-risk children. It is imperative that
prevention studies continue to examine neurobiological as well as behavioral systems and
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outcomes (Cicchetti & Gunnar, 2008). Additionally, we would urge investigators to consider
many aspects of the caregiving environment as potential moderators of these mediational
processes (Fairchild & MacKinnon, 2009). Such steps would advance the field considerably
in understanding the complex interplay of the early family environment, neurobiological
functioning and the development, and prevention of aggression and psychopathology.
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Figure 1.
Hypothesized mediation model.
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Figure 2.
Estimates for indirect intervention effect for lower warmth group (warmth < 1).
Note. N = 57; subsample of high warmth (warmth score = 1) has been removed. a =
intervention effect on cortisol change; b = cortisol change on aggression; c = total
intervention effect on aggression; c′ = total intervention effect on aggression, adjusting for
the mediator (cortisol change).
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Table 1

Timeline of Assessments

Time 1 Time 2 Time 4

0 months 8 months 24 months

4 years old 4 years 8 months old 6 years old

Preintervention (baseline) Immediate postintervention 16 months postintervention

Child cortisol reactivity Child cortisol reactivity Child aggression

Parent cortisol reactivity Child engaging behavior

Parent depression

Parent warmth
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Table 2

Descriptives (Mean and Standard Deviation) by Intervention Status

Control (N = 24) Intervention (N = 33)

Time 1 Time 2 Time 1 Time 2

Child cortisol 0.07 (0.31) −0.09 (0.33) 0.07 (0.32) 0.27 (0.50)

Parent cortisol 0.11 (0.27) 0.05 (0.29)

Parent warmth 0.66 (0.18) 0.67 (0.16)

Parent depression 42% 35%

  Time 1 Time 4   Time 1 Time 4

Child aggressive behavior 0.24 (0.79) 1.05 (3.73) 0.86 (2.41) 0.26 (0.71)

Child engaging behavior 3.96 (0.50) 4.02 (0.56) 3.81 (0.38) 3.91 (0.44)

Note. Table does not include families with warmth = 1.
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