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Abstract

Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis has been observed in association
with internalizing symptoms and is thought to be involved in the pathogenesis of depression and
some anxiety disorders. This study examined basal and stress-induced cortisol concentrations in
relation to internalizing and externalizing symptoms in a racially mixed community sample of 102
8-11 year-old boys. Afternoon basal cortisol concentrations were positively correlated with
measures of internalizing behavior problems, social problems, and emotionality. Greater change in
cortisol across a home-visit challenge task was also significantly associated with internalizing
behaviors and social problems, as well as attention and thought problems. The implications of
these findings and how they may relate to the pathogenesis of emotional and behavioral problems
are discussed.
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Introduction

Several decades of research document alterations of hypothalamic-pituitary-adrenal (HPA)
axis function in association with depression and some anxiety disorders (Holsboer, 2000;
Kaufman and Charney, 2001; Hasler et al., 2004; Risbrough and Stein, 2006; Carroll et al.,
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2007). The HPA axis is involved in maintaining basic physiological functioning as well as
coordinating neural, hormonal, and behavioral responses to stressors. Basal glucocorticoid
levels follow a diurnal rhythm, with the highest concentrations in the early morning and the
nadir in the late evening hours. This basal activity is necessary for normal brain growth and
regulates metabolic processes needed for basic functioning. In addition, glucocorticoids are
released in response to acute challenges and serve to mobilize energy resources and prepare
the organism to respond to stressors (McEwen, 2007). Research on HPA axis function has
examined both basal cortisol concentrations at various points in the diurnal curve and
“provoked” or stress-induced changes in cortisol concentrations.

Increased basal and provoked cortisol concentrations have been shown in individuals with
traits such as neuroticism and inhibition as well as internalizing symptoms (Kagan et al.,
1987; Schmidt et al., 1997; de Haan et al., 1998; Smider et al., 2002; Zobel et al., 2004;
Tyrka et al., 2007; Tyrka et al., 2008). It has been hypothesized that such differences are
secondary to increased sensitivity to stress or lower thresholds for activation of the HPA
axis and other stress-response systems. Prolonged exposure to elevated glucocorticoid
concentrations may result in neurostructural changes in limbic brain regions, including
neuronal cell death and inhibition of neurogenesis (Duman and Monteggia, 2006; McEwen,
2007). Thus, while acute increases in glucocorticoids can enhance memory, learning and
emotional responding, prolonged or excessive elevations may lead to cognitive and affective
disturbances.

Research on the association of HPA axis dysfunction in children and adolescents with
internalizing disorders has yielded somewhat variable findings. Increased morning or
evening cortisol concentrations have been reported in association with depression as well as
other internalizing disorders in clinical samples of children and adolescents (Dahl et al.,
1991; Goodyer et al., 1996; Rao et al., 1996; Gispen-de Wied et al., 2000; Goodyer et al.,
2000; Goodyer et al., 2001; Mathew et al., 2003; Forbes et al., 2006). Other studies have
shown increased cortisol reactivity in depressed children or adolescents in the
dexamethasone suppression test or in response to a social challenge task (Tout et al., 1998;
Luby et al., 2004). Two studies have shown high sensitivity but low specificity of the DST
for identifying depressed children compared to children with other disorders (Targum and
Capodanno, 1983; Petty et al., 1985), and two studies have found altered HPA axis function
in depressed youth only when there was comorbid maltreatment. Several other
investigations have not found evidence of increased basal or provoked cortisol
concentrations in depressed youth (Geller et al., 1983; Ha et al., 1984; Dahl et al., 1989;
Puig-Antich et al., 1989; Kutcher et al., 1991; Birmaher et al., 1992; Birmaher et al., 1996;
Dorn et al., 1996; Luby et al., 2003).

Several studies have focused on broad measures of internalizing behavior problems in
community samples of children and adolescents. Increased basal cortisol concentrations
have been found in children with internalizing behavior problems in several investigations
(Gunnar et al., 1997; de Haan et al., 1998; Tout et al., 1998; Cicchetti and Rogosch, 2001;
Goodyer et al., 2003; Blair et al., 2004; Van den Bergh et al., 2008). However, other studies
have found that lower cortisol activity is associated with internalizing behaviors and that
higher cortisol may be linked to extroversion (Davis et al., 1999) or anger (Adam, 2006).

Challenge tasks have been designed to elicit cortisol responses with consideration of the
ecological validity of the task and sometimes the context in which the task was
administered. Increased salivary cortisol in children with internalizing symptoms has been
shown in response to psychosocial challenge tasks (Tout et al., 1998; Luby et al., 2003) and
the fear-potentiated startle paradigm (Ashman et al., 2002). Granger and colleagues (1994)
used a parent-child conflict discussion laboratory task with a sample of 102 7-17 year-old
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clinic-referred children. While the majority of subjects had decreases in salivary cortisol
concentrations in response to the task compared to pre-task cortisol levels, those who had
increases had higher levels of social withdrawal, social anxiety, and social problems.
Klimes-Dougan et al., (2001) also used a conflict discussion task during a home visit in their
study of youths aged 11-17. As with the Granger study above, mean salivary cortisol
concentrations decreased over the course of the task. Those youths who had a mild decrease
in salivary cortisol over the course of the task had the lowest internalizing and externalizing
scores, whereas those with higher internalizing and externalizing scores had either an
increase or a strong decrease in response to the task. In addition, this study involved a social
performance paradigm in which youths were instructed to talk with a shy person and then
give a three-minute speech. Girls who had an increase in salivary cortisol in response to this
task had higher levels of internalizing and attention problems.

In contrast to the literature demonstrating increased basal cortisol concentrations in
association with internalizing behavior problems, several investigations have found children
with externalizing behaviors to have low basal (Tennes and Kreye, 1985; Scerbo and Kolko,
1994; Cicchetti and Rogosch, 2001; Smider et al., 2002; Shoal et al., 2003; Shirtcliff et al.,
2005) and stress-induced cortisol concentrations (van Goozen et al., 1998). Children with
extroversion or externalizing behaviors may have higher thresholds for activation of stress-
responsive physiological systems (Rogeness et al., 1990). On the other hand, externalizing
behavioral problems are highly correlated with internalizing symptoms (Achenbach et al.,
1991), and some evidence suggests that cortisol reactivity may be associated with both
behavior patterns (Klimes-Dougan et al., 2001; Boyce et al., 2006), depending on contextual
factors (de Haan et al., 1998; Gunnar et al., 2003) or comorbid symptoms (McBurnett et al.,
1991; van Goozen et al., 1998; Cicchetti and Rogosch, 2001; Blair et al., 2004).

Most existing studies of the relationship between behavioral problems and cortisol
concentrations appear to have been conducted in largely middle-class, White samples,
although many studies have not provided information regarding these demographic factors.
Race and ethnicity could be linked to stress reactivity and HPA axis function via
physiological differences as well as disparities in stress exposure related to poverty, crime,
and racism (Szanton et al., 2005). Racial differences in HPA axis function have been
demonstrated in youths and adults. For example, lower morning cortisol concentrations
(Bennett et al., 2004; DeSantis et al., 2007; Chong et al., 2008), lower cortisol responses to
psychosocial stress (Mechlin et al., 2005; Chong et al., 2008) and higher evening cortisol
values (Cohen et al., 2006; DeSantis et al., 2007) have been shown in some groups of Black
youths and adults in comparison with Whites. One investigation also found higher evening
cortisol concentrations among Hispanic youths in comparison to White youths (DeSantis et
al., 2007). Socioeconomic status (SES) can also influence neuroendocrine activity (Lupie et
al., 2001; Cohen et al., 2006). Social influences such as socioeconomic adversity or stress
associated with discrimination might account for some of the racial differences in HPA axis
function; however, two studies found racial differences after controlling for differences in
SES (Cohen et al., 2006; DeSantis et al., 2007).

Gender is another important variable that may influence HPA axis function as well as risk
for depression and other stress-related disorders. Some studies have shown sex differences
in measures of salivary cortisol with boys showing lower awakening cortisol (Rosmalen et
al., 2005) and lower afternoon cortisol (Klimes-Dougan et al., 2001) than girls, but others
find no difference (Granger et al., 1994; Gunnar et al., 2003). Associations with behavior
have also been variable with some studies showing effects in boys but not in girls (Tout et
al., 1998; Shirtcliff et al., 2005; Sondeijker et al., 2008) and another similar findings for girls
and boys (Smider et al., 2002).
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Age and development are also important factors to consider with respect to studies of
cortisol in relation to behavior. Most existing studies have been conducted in pre-school or
adolescent samples. Middle childhood and early adolescence are especially critical periods
to study in relation to hormone-behavior associations because this period is characterized
by: 1) the emergence or worsening of some behavioral problems and gender differences in
the nature of such problems; and 2) apparent maturational changes in activity of the HPA
axis (Kenny et al., 1966; Kenny et al., 1966; Kiess et al., 1995; Viru et al., 1998; Walker et
al., 2001; Ronsaville et al., 2006).

In this investigation we studied a sample of all boys who were aged 8-11 and from racially
and ethnically diverse backgrounds to examine associations of behavioral problems with
both basal and provoked cortisol concentrations. We hypothesized that internalizing
behavior problems would be associated with higher basal and induced cortisol
concentrations. In addition we hypothesized that externalizing problems would be linked to
attenuated basal and provoked cortisol levels.

One hundred and two boys, aged 8-11 (M = 9.13, SD = 0.74) who were recruited from
several New York City area public schools for a study of behavior in relation to cortisol and
stress reactivity were included in this study. Flyers introducing the study were distributed to
fourth-grade boys. Mothers were asked to send a card with their contact information back to
the project office by mail or through the classroom if they were interested in learning more
about the study. Interested parents were called and scheduled for a home visit. During the
home visit (described below), informed consent was obtained from parents for their child’s
participation, and boys provided assent to participate. Research teams composed of two
project staff members (at least one who was of the same ethnicity as the child and at least
one male) conducted in-home data collection.

The demographic characteristics of the sample of boys are as follows. Forty-six (45%) of the
boys were Black, 33 (32%) were White non-Hispanic, and 23 (23%) were White Hispanic.
Of the 102 boys, 53.5% lived in a two parent household (40.2% with both biological
parents) and the remaining 46.5% lived with their mother or in another family configuration.
Sixty-four (62.7%) mothers reported they had education beyond a high-school level and
thirty-eight mothers (37.3%) did not. Family SES was scored using the Hollingshead Scale
(Hollingshead, 1975). The standard scoring protocols were used for different household
types. The range of possible scores for family SES was 8 to 66. This sample had an average
SES score of 36.50 (SD = 13.89), which corresponds to a high school degree and
employment as clerical workers, sales workers, or owners of small businesses.

Mothers were asked to rate their son’s stage of pubertal development for pubic hair growth
based on drawings of Tanner stages, rated on the 1 to 5 scale, with 1 = no development and 5
= development complete. The drawings used have good validity (Morris and Udry, 1980),
and correlations between parent and health examiner ratings of Tanner stages range from
0.75 to 0.87 (Brooks-Gunn et al., 1987; Dorn et al., 1990). Most boys were rated Tanner
stage 1 (N=77, 76%), nineteen boys (18.6%) were rated Tanner stage 2, and six mothers did
not provide ratings.

All procedures were approved by the IRB of Teachers College at Columbia University.
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Home Visit—The home visit was scheduled to occur between 3:00pm and 8:00pm and
lasted approximately 90 minutes. During the visit, the boys and their parents completed self-
report forms and participated in a series of challenge tasks, with sampling of saliva for
cortisol assay at regular intervals

Following the informed consent and instructions, participants provided a baseline saliva
sample, and four additional samples were obtained from boys after each of four tasks and at
approximately 20-minute intervals. Saliva samples were collected using Salivette kits
(Sarstedt, Germany) as follows: the child removed the cylinder-shaped cotton swab from the
Salivette tube and placed it in his mouth. The participant was instructed to roll the swab in
his mouth, without chewing it, for a two-minute period. The child was then asked to return
the swab to the Salivette tube and close it securely. Saliva samples were stored in a
laboratory freezer at —25 degrees Celsius until they were assayed for cortisol. The series of
challenging tasks began with a cognitive puzzle task (Object Assembly task from the WISC)
(Wechsler, 1991). Second, the boys participated in a cold pressor challenge with a series of
two exposures (Fanurik et al., 1993). Third, there was a physical assessment involving
measurements of height, weight, and vital signs. The final challenge involved a parent-child
disagreement task (Klimes-Dougan et al., 2001), in which boys and their mothers discussed
two topics upon which they disagreed. The disagreement topics were identified using the
Issues Checklist (Clingempeel et al., 1992), a commonly used measure of assessing
disagreements between parents and children ages 9-16.

Boys completed a measure of their own affect and behavior during the home visit and
mothers and boys independently completed additional surveys during the 3 consecutive days
following the home visit. At the end of the home visit, instructions and materials for diurnal
salivary cortisol collection were reviewed and practiced. Boys received a gift (T-shirt) for
their participation and mothers were paid $75.

Basal Salivary Cortisol Sampling—Mothers were asked to assist in the collection of a
morning and an afternoon saliva sample on two consecutive days using the procedure
learned during the home visit. As morning and afternoon saliva samples were used to assess
other hormones, cotton rolls were not used and boys were asked to spit into a tube to collect
saliva. Boys collected a practice sample using this method at the end of the home visit. For
the morning samples, mothers were instructed to collect a saliva sample from the child
immediately after the child woke up at his natural waking time and before brushing his teeth
or consuming food or water. Mothers were instructed to collect the afternoon samples as
soon as boys returned home from school. Cortisol Assay. Samples were assayed at the
Columbia-Presbyterian Reproductive Endocrinology Department in New York City, NY.
Salivary cortisol concentrations were determined using radioimmunoassay procedures
outlined by Kirschbaum and colleagues (Diagnostic Products Company). The lower
detection limit for the assay was 0.02 ug/dl per 200 ul of saliva. Saliva samples were
centrifuged at 3000 rpm for 10 minutes. All samples yielded at least 400 pl of saliva, and
samples of 200 ul were assayed in duplicate. All samples from a participant were analyzed
in one assay run. The intra- and inter-assay coefficients of variation observed were less than
5% and 3%, respectively.

In the current study, we selected child-report, parent-report, and teacher-report measures of
internalizing and externalizing behavior problems. Measures of domains of behavior across
informants demonstrated weak to moderate size correlations, indicating that each rater
provided unique information regarding child symptoms and behavior in different contexts.
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We therefore retained the informant-specific measures and did not develop multi-agent
composite scores.

Child Report of Depressive and Anxiety Symptoms—The Children’s Depression
Inventory (Kovacs, 1992), composed of 27-items on a 3-point scale that measure childhood
depressive symptoms over the past two weeks, was completed by the boys (o = .81).

The 7-item anxiety subscale of the Hopkins Symptom Checklist (Rickels et al., 1976) was
used to measure boys’ self-reported symptoms of anxiety (a =.79).

Parent Report of Behavior Problems—~Parents completed the Child Behavior
Checklist (Achenbach, 2001; Achenbach and Dumenci, 2001), a widely used measure of
child and adolescent problems, adaptive functioning, and competencies based on reports of
behavior over the preceding 6 months. Each item is scored on a Likert scale, (0 = not true, 1
= somewhat or sometimes true, 2 = very true or often true). The CBCL has excellent
psychometric properties, including reliability and validity (Achenbach and Rescorla, 2001).
In order to reduce the likelihood of Type I errors, we utilized the summary scales
Internalizing (a = .84) and Externalizing (o = .88) rather than the individual sub-scales that
make up these summary scales. We also included the additional subscales that do not
directly tap internalizing or externalizing problems: Social Problems, Thought Problems,
and Attention Problems (o = .70, .65, and .79, respectively (Achenbach, 2001).

Teacher report of Child Behavior—Teachers were asked to complete paper-and-pencil
ratings of the children, and 61 (60%) of the teachers completed these inventories. Analysis
of the demographic and behavioral measures for boys with and without completed teacher
ratings did not reveal any significant differences between these two groups. The Pupil
Evaluation Inventory (Pekarik et al., 1976; Bierman et al., 1993) is a 35-item scale
completed by teachers, which assesses three dimensions of child behavior: Withdrawal,
Aggression, and Likeability (o = .74, .90, and .72, respectively). The teacher form of the PEI
has been validated with peer ratings (Pekarik et al., 1976; La Greca, 1981), and shown to be
useful in classifying boys who are aggressive and rejected (La Greca, 1981; Ledingham,
1981; Ledingham and Younger, 1985). The Emotionality, Activity and Sociability Inventory
(Buss and Plomin, 1984) was also completed by the boys’ teachers. Prior psychometric
research on data from this sample and a similar sample of girls revealed that only the
Emotionality subscale of the EAS showed adequate internal consistency in this racially
diverse sample (0=.69, .73, and .82 for Black, Hispanic, and White children respectively;
unpublished data), so only this scale was used in the present investigation.

Data Reduction and Statistical Analyses

Cortisol Measures—Auverage morning and afternoon cortisol concentrations were
obtained by taking the mean of the two samples for each time point (for morning cortisol the
correlation between the two days was 0.3 and for afternoon cortisol the correlation was
0.19). In the home visit, the pattern of cortisol response was consistent with that of other
studies employing mildly stressful challenges with children (Klimes-Dougan et al., 2001;
Boyce et al., 2006): the first saliva sample yielded the highest cortisol concentration,
suggesting that anticipatory adrenocortical activation and degree of subsequent decline in
activation was indicative of HPA reactivity in this context. Therefore, a change score (delta)
was calculated by subtracting the value of the last cortisol sample from the first cortisol
sample. In addition, the overall cortisol response to the challenge was summarized by
calculating the area under the curve (AUC) for cortisol using the trapezoidal method.
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In the overall sample, two outliers (defined as scores greater than three standard deviations
from the mean) in the morning and afternoon basal cortisol measures were identified. For
the home visit, two outliers in the change score and three outliers in the AUC data were
identified. Only one participant had an outlier in more than one of the cortisol measures. In
order to reduce the influence of these data points, these values were set to equal that of the
next highest value. Since only 60% of the teachers completed the teacher questionnaires, for
analyses of these data we defined outliers according to the mean and standard deviations for
the teacher sample. This resulted in the identification of one outlier in the home visit cortisol
data, two outliers in the morning cortisol data and two outliers in the afternoon cortisol data.
These values were set to equal those of the next highest value for within the sample of
participants with teacher data.

Analysis of Potential Covariates—~Partial correlations and analysis of covariance
(ANCOVA), adjusting for the time of the cortisol sample (time of the first sample in the
case of the home visit), were computed to determine whether any of the cortisol measures
(am, pm, and challenge protocol AUC and change score) were associated with any of the
following potential covariates: age, pubertal development (initiated puberty vs. not),
socioeconomic status (SES; Hollingshead score), and race (Black, White non-Hispanic, and
White Hispanic).

Hypothesis testing—Partial correlations were conducted to test for associations between
the cortisol variables and the measures of internalizing, externalizing, and other behavioral
problems. In addition, because internalizing and externalizing symptoms are correlated but
some evidence suggests that they are associated with different patterns of HPA axis
abnormalities, we conducted additional partial correlations controlling for the correlated
scale. For the tests of Internalizing symptoms we controlled for Externalizing symptoms,
and for Externalizing we controlled for Internalizing symptoms.

Preliminary Analyses

Means and standard deviations for the study measures are shown in Tables 1 and 2. The
initial partial correlation analyses controlling for time of cortisol sample and testing
potential covariates revealed that none of the possible covariates (age, pubertal status, SES,
or race) was correlated with any of the cortisol measures (morning, afternoon, home visit
AUC or home visit change score). Consistent with prior research, the CBCL Internalizing
and Externalizing summary scale scores were highly intercorrelated (r=.57, p <.001).

Basal Cortisol Concentrations

Partial correlations controlling for time of cortisol sample and testing associations between
basal am and pm cortisol concentrations and the measures of boys’ emotional and behavioral
symptoms are shown in Table 3. Basal am cortisol was significantly correlated with teacher-
rated Withdrawal, but none of the other measures was significant. For afternoon cortisol,
higher concentrations were linked to higher scores on parent-rated Internalizing symptoms
and Social Problems, and teacher-rated Withdrawal and Emotionality (Table 3). Scatterplots
showing the significant relationships of am cortisol and pm cortisol with the behavioral
measures, unadjusted for time of sample, are shown in Figures 1 and 2, respectively.

The partial correlations designed to further examine the relationship of Internalizing and
Externalizing scores to the cortisol measures, showed that Internalizing was not significantly
correlated with morning cortisol, even after controlling for Externalizing symptoms, and
Externalizing was also not a significant predictor of morning cortisol even after controlling
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for Internalizing symptoms. For afternoon cortisol, the partial correlation of Internalizing
symptoms became stronger after controlling for Externalizing symptoms (r = 0.29, p =
0.005). For Externalizing, after correlating for Internalizing symptoms, the correlation
became significant with higher Externalizing scores associated with lower afternoon cortisol
concentrations (r = —0.21, p < 0.05).

Home Visit Challenge Cortisol

The decline in cortisol concentration over the course of the challenge protocol was not
statistically significant. The partial correlations controlling for time of the first sample and
testing associations of the behavioral measures with cortisol AUC were not significant.

The partial correlations testing for behavioral associations with the challenge protocol
cortisol change scores and controlling for the time of first sample revealed significant
associations with several parent- and teacher-rated measures of child behavior (Table 3).
Scatterplots showing the significant relationships between cortisol change scores and the
behavioral measures, unadjusted for time of first sample, are shown in Figure 3. Greater
declines in cortisol concentration over the course of the home visit protocol were associated
with higher scores on the CBCL measures Internalizing symptoms, Externalizing symptoms,
Social Problems, Thought Problems, and Attention Problems, as well as the teacher-rated
PEI Withdrawal subscale. Further inspection of these associations indicated that the larger
cortisol declines reflected numerically higher initial and lower final cortisol concentrations,
but these individual time points were not significantly correlated with the behavioral
measures. The partial correlation of Internalizing symptoms and home visit change score
controlling for Externalizing symptoms in addition to time of sample resulted in a non-
significant correlation (r = 0.19, p = 0.065). For Externalizing symptoms, the correlation
with home visit cortisol change score was no longer significant after controlling for
Internalizing symptoms (r = 0.05, p = 0.63).

Discussion

In this study we found significant associations of both basal and reactive cortisol
concentrations with several measures of adjustment, particularly problems in the
internalizing domain. Specifically, afternoon basal salivary cortisol concentrations were
correlated with measures of mother reports of internalizing symptoms and social problems,
and teacher reports of withdrawal and emotionality. In addition, morning cortisol was
significantly associated with teacher reports of withdrawal. Positive associations of basal
cortisol concentrations with internalizing behavior problems are consistent with the results
of several prior community studies (Gunnar et al., 1997; de Haan et al., 1998; Tout et al.,
1998; Cicchetti and Rogosch, 2001; Goodyer et al., 2003; Blair et al., 2004). The majority of
previous investigations on this topic have studied mostly White samples of very young
children or adolescents and few investigations have focused specifically on males. Our
findings extend the positive association of basal cortisol concentrations with internalizing
disorders to a mixed-race sample of 8-11 year-old boys from working-middle class
backgrounds.

In addition to the effects for afternoon cortisol concentrations, we found an association of
several measures of behavior problems with a steeper decline in cortisol concentration
during the home visit challenge protocol. Previous studies of children involving similar
challenge tasks have also found decreases in cortisol concentration over the course of the
task (Granger et al., 1994; van Goozen et al., 2000; Klimes-Dougan et al., 2001). Similar to
these prior studies, we did not have a baseline period of low cortisol activity followed by a
challenge-induced increase and subsequent recovery, so that we cannot conclude that the
findings are reflective of cortisol stress reactivity. However, only the change score was
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correlated with the behavioral measures, and not individual cortisol measures or the area
under the cortisol curve. The larger declines reflected numerically higher initial and lower
final cortisol concentrations, but these individual time points were not significantly
correlated with the behavioral measures. Thus, our home visit findings cannot be accounted
for by an initial HPA axis activation during an “anticipation phase” with subsequent
habituation or inability to maintain a sufficient cortisol response to cope with the challenge
(Moss et al., 1995; Moss et al., 1999; Shoal et al., 2003). However, it is worth noting that the
home visit occurred at approximately the same time of day as the afternoon basal saliva
sample and that the two cortisol measures had similar behavioral correlates. Thus, while our
home visit findings regarding HPA axis responses to challenge do not clearly reflect stress
or anticipation responses, they appear to be indicative of consistent associations of behavior
with different measures of HPA axis activity.

Our association of behavioral problems with declines in salivary cortisol across the home
visit challenge differs with findings of two prior studies that used conflict-discussion
paradigms in children and adolescents (Granger et al., 1994; Klimes-Dougan et al., 2001). In
both studies, although most children had decreases in cortisol over the course of the task,
behavior problems were associated with increases in cortisol in response to the task
(Granger et al., 1994; Klimes-Dougan et al., 2001). However, in the study by Klimes-
Dougan and colleagues, those youths with higher internalizing and externalizing scores
showed either an increase or a strong decrease in response to their challenge task. In contrast
to our study, these investigations included older children and youths with preclinical or
clinical levels of behavioral problems; such characteristics may account for the difference in
the findings.

In this study, we also found different patterns of externalizing symptoms with cortisol
concentrations after controlling for internalizing symptoms. Previous research has
highlighted the correlation of internalizing and externalizing symptoms and some evidence
suggests that exaggerated cortisol activity may be associated with both behavior patterns
(Klimes-Dougan et al., 2001; Boyce et al., 2006) while other studies indicate that
externalizing symptoms may be linked to attenuated HPA axis activity (Tennes and Kreye,
1985; Scerbo and Kolko, 1994; van Goozen et al., 1998; Cicchetti and Rogosch, 2001;
Smider et al., 2002; Shoal et al., 2003; Shirtcliff et al., 2005). In this study, Externalizing
became a significant negative predictor of afternoon cortisol only after controlling for
Internalizing symptoms (which were positively associated with both Externalizing and
afternoon cortisol). For the home visit, while Externalizing symptoms was positively
correlated with the cortisol change score initially, after controlling for Internalizing
symptoms there was no longer an association of Externalizing with the change score. These
findings indicate the importance of accounting for the large degree of shared variance
between measures of internalizing and externalizing behaviors, and that a negative
association of externalizing with cortisol measures may have been masked in prior studies
that did not account for effects of internalizing behaviors.

It is important to note that this was a community sample that was not selected on the basis of
behavioral problems, and accordingly, scores on the behavioral measures and cortisol values
were in the normative range. While these findings are generally consistent with those seen in
clinical samples and could thus reflect a precursor to the development of depression and
anxiety disorders, it is also possible that these associations reflect normative functioning that
is categorically distinct from that seen with internalizing disorders.

It is also of note that we did not find significant effects of race or socioeconomic status in
this study. The lack of racial differences could be due to the modest sample size for each
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group. It is also possible that socioeconomic effects or social effects related to race may
have a greater impact later in adolescence.

Limitations of this study include the modest sample size and the cross sectional nature of the
present findings. In addition, the study was limited to boys and to a restricted age range (and
associated restricted range of pubertal status) in order to reduce variability, so we were not
able to examine gender or broad age effects. Our measures of basal cortisol concentration
were limited to morning and afternoon samples so that we can not address other points in the
diurnal curve. In addition, while parents were instructed to collect the morning samples
immediately following awakening, we did not collect information regarding time of
awakening which influences morning cortisol values. Thus it is possible that the lack of
association with morning cortisol concentrations was due to variability in the time elapsed
between awakening and collecting the morning sample. We did not elicit a robust stress
response to a specific challenge task as would have been done in a laboratory-based study;
hence, the home-visit cortisol concentrations reflect fairly normative changes in response to
a typically occurring challenge (i.e., meeting new people and anticipating new activities).
Finally, we used Salivette cotton swab to obtain saliva during the home visit challenge task
but not for the morning and afternoon basal samples. However, when saliva volume
recovered from the Salivette swab is adequate, as was the case in the current study, cortisol
recovery is not compromised (Harmon et al., 2007).

In conclusion, our findings extend the association between childhood internalizing behaviors
and cortisol activity to a racially diverse community sample and highlight this association
for boys aged 8-11, an age group that has previously been under-studied. In addition, we
provide support for the association of externalizing behaviors with attenuated cortisol
concentrations. These associations may reflect alterations of psychological sensitivity to
stressors or other stimuli, or conversely, effects of excess cortisol activity on brain circuits
involved in these behavioral patterns. Prospective studies of behavioral adjustment, stressful
life experiences, and HPA axis function could shed light on this issue by elucidating the
temporal relations among these processes.
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Figure 1.

Scatterplot showing relationship between teacher-report withdrawal measure and morning
salivary cortisol concentration.
Note. Withdrawal is a subscale of the teacher-rated Pupil Evaluation Inventory.
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Figure 2.

Scatterplots showing relationships between child behavior problems and afternoon salivary

cortisol concentration.

Note. Internalizing Behavior and Social Problems are subscales of the parent-rated Child
Behavior Checklist. Withdrawal is a subscale of the teacher-rated Pupil Evaluation
Inventory. Emotionality is a subscale of the teacher-rated Emotionality, Activity and

Sociability Inventory.
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Figure 3.

Scatterplots showing relationships between child behavior problems and home visit salivary
cortisol change score.

Note. Internalizing Behavior, Externalizing Behavior, Thought Problems, Social Problems
and Attention Problems are subscales of the parent-rated Child Behavior Checklist.
Withdrawal is a subscale of the teacher-rated Pupil Evaluation Inventory.
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Table 1
Basal and Home-Visit Salivary Cortisol Measures in 8-11 Year-Old Boys

M SD
Morning Cortisol, pg/dl, n=101 .37 15
Afternoon Cortisol, pg/dl, n=98 .09 .07
Home Visit Cortisol Change Score, n=102 .04 .07
Home Visit Cortisol AUC, n=101 565  3.46
Time of Morning Sample 0809h  01:27
Time of Afternoon Sample 1715h  02:28
Time of First Home Visit Sample 1645h  02:00

Note. AUC refers to area under the curve. For sample times standard deviation shows hours:minutes.
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Behavioral Measures.

Measures, (Scale Range) M SD
Parent Report

CBCL Internalizing Symptoms, (0-54) 6.78 5.50
CBCL Externalizing Symptoms, (0-66) 7.65 6.91
CBCL Social Problems, (0-22) 253 249
CBCL Thought Problems, (0-22) 171 226
CBCL Attention Problems, (0-20) 3.77 3.64
Child Report

Child Depression Inventory (CDI), (0-52) 5.73 4.62
HSCL Anxiety Subscale, (1-5) 152 0.62
Teacher Report

PEI Likable, (1-5) 3.38 0.95
PEI Aggression, (1-5) 193 1.06
PEI Withdrawal, (1-5) 1.85 0.77
EAS Emotionality, (1-5) 192 1.05

Table 2

Page 21

Note. CBCL = Child Behavior Checklist, HSCL = Hopkins Symptom Checklist, PEI = Pupil Evaluation Inventory, EAS = Emotionality, Activity,

and Sociability Inventory.
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Table 3

Partial correlations of salivary cortisol measures and child behavior problems controlling for time of sample.

Home Visit
Morning Cortisol, Afternoon Cortisol
pg/dl Cortisol, pg/dl  Change Score

Parent Report

Internalizing Behavior —-0.01 0.23* 0277

Externalizing Behavior -0.10 —0.04 0.22*

Social Problems 0.06 0.21% 0.25*

Thought Problems 0.03 -0.01 0.23*

Attention Problems —-0.07 0.18 0277
Child Report

Depression Inventory -0.10 —0.06 -0.01

Child Anxiety —0.04 0.11 0.05
Teacher Report

Withdrawal 0.29" 036" 027"

Aggression —-0.03 —-0.02 -0.09

Emotionality 0.20 0.34% 0.13

Note. Parent Report Subscales are from the Child Behavior Checklist, Depression Inventory refers to the Child Depression Inventory, Child
Anxiety was assessed with the Hopkins Symptom Checklist, Teacher Report measures are the Pupil Evaluation Inventory (Withdrawal,
Aggression) and the Emotionality, Activity, and Sociability Inventory (Emotionality).

*
p<0.05

Fk

p<0.01
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