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Abstract

Variations in adrenal and gonadal hormone profiles have been linked to increased rates of
oppositional defiant disorder (ODD) and conduct disorder (CD). These relationships suggest that
certain hormone profiles may be related to how well children respond to psychological treatments
for ODD and CD. The current study assessed whether pre-treatment profiles of adrenal and
gonadal hormones predicted response to psychological treatment of ODD and CD. One hundred
five children, 6 — 11 years old, participating in a randomized, clinical trial provided samples for
cortisol, testosterone, dehydroepiandrosterone, and androstenedione. Diagnostic interviews of
ODD and CD were administered up to three years post-treatment to track treatment response.
Group-based trajectory modeling identified two trajectories of treatment response: 1) a High-
response trajectory where children demonstrated lower rates of an ODD or CD diagnosis
throughout follow-up, and 2) a Low-response trajectory where children demonstrated higher rates
of an ODD or CD diagnosis throughout follow-up. Hierarchical logistic regression predicting
treatment response demonstrated that children with higher pre-treatment concentrations of
testosterone were four times more likely to be in the Low-response trajectory. No other significant
relationship existed between pre-treatment hormone profiles and treatment response. These results
suggest that higher concentrations of testosterone are related to how well children diagnosed with
ODD or CD respond to psychological treatment over the course of three years.
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Introduction

Oppositional defiant disorder (ODD) and conduct disorder (CD) are among the most
commonly diagnosed psychiatric disorders in childhood and adolescence (Maughan, Rowe,
Messer, Goodman, & Meltzer, 2004; Roberts, Roberts, & Xing, 2007). Recent prevalence
estimates for ODD and CD in nationally representative samples range from 1.3% — 6.9%
and 0.5% — 4.5%, respectively, with rates generally higher for males than females (Lahey, et
al., 2000; Roberts, et al., 2007; Simonoff, et al., 1997). ODD and CD are also among the
most common disorders referred for outpatient treatment (APA, 2000; Hill & Maughan,
2001; Kazdin, 1995). Not only are these disorders common in clinical and non-clinical
populations, they tend to co-occur especially as youth get older. For instance, Maughan and
colleagues (Maughan, et al., 2004) estimate that there is a 60% co-morbidity among ODD
and CD for adolescents aged 13 to 15 years compared to only 12% for children aged five to
seven. The high rate of co-morbidity of these two disorders has even led to a trend of
viewing ODD and CD as a single clinical category.

Psychological treatments for ODD and CD, including cognitive-behavior therapy (Kazdin,
Siegel, & Bass, 1992), parent-training (Foote, Schuhmann, Jones, & Eyberg, 1998; Webster-
Stratton, Hibbs, & Jensen, 2005), and family therapy (Henggeler, Schoenwald, Borduin,
Rowland, & Cunningham, 1998; Sexton, Alexander, & Lebow, 2005) provide considerable
benefit to children, adolescents, and their families. Meta-analyses on the short-term effects
of these treatments report mean effect sizes ranging from .34 — .86 (Kaminski, Valle, Filene,
& Boyle, 2008; McCart, Priester, Davies, & Azen, 2006; Serketich & Dumas, 1996; Weisz,
Weiss, Han, Granger, & Morton, 1995). However, research on the long-term effects of these
interventions is mixed. Some studies report maintenance of treatment gains shortly after
completing treatment (Reid, Webster-Stratton, & Hammond, 2003) and over long-term
follow-up (Kolko, et al., 2009; Long, Forehand, Wierson, & Morgan, 1994) whereas other
studies report significant declines as early as one to two years later (Eyberg, et al., 2001;
Hemphill & Littlefield, 2001). Identifying factors associated with the long-term
effectiveness of these interventions would enhance the overall understanding of ODD and
CD while informing the design and implementation of future interventions.

The current report focuses on pre-treatment hormone profiles as factors related to the long-
term effectiveness of treatment for ODD and CD. Although the exact physiological
mechanisms are still unknown, there may be several pathways relating hormone profiles to
ODD and CD in children and adolescents. Children with ODD and CD may experience
hypoactivity in endocrine functioning which promotes engagement in sensation-seeking
behavior, such as aggression or fire-setting, as a way to reduce the aversiveness associated
with this hypoactivity (van Goozen, Fairchild, Snoek, & Harold, 2007). Indeed, a
considerable amount of research supports this inverse relationship between hypoactive
endocrine functioning and increased ODD and CD symptoms and diagnoses. Lower
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concentrations of cortisol are related to increased aggression, ODD and CD diagnoses in
both boys and girls (Pajer, Gardner, Rubin, Perel, & Neal, 2001; Shirtcliff, Granger, Booth,
& Johnson, 2005), although this relationship is not always consistent (van Bokhoven, et al.,
2005). But perhaps most convincingly is that low concentrations of cortisol can have a
longitudinal relationship with aggressive ODD and CD symptoms from two to five years
later (McBurnett, Lahey, Rathouz, & Loeber, 2000; Shoal, Giancola, & Kirillova, 2003).
Such a long-term relationship between cortisol hypoactivity and ODD and CD could also
relate to how well individual children respond to current interventions for these disorders.

Another pathway being explored is the positive relationship between increased
concentrations of gonadal and adrenal androgens and ODD and CD. Gonadal steroid
hormones are androgens produced during sexual maturation and are believed to excite
physiological and behavioral activity making it more likely that children and adolescents
engage in disruptive behaviors to reduce these agitated states. The most potent androgen,
testosterone, has been correlated with increased aggressive behavior seen in ODD and CD
(Olweus, Mattsson, Schalling, & Low, 1988; Pajer, et al., 2006; Scerbo & Kolko, 1994),
although this association is not consistent (Constantino, et al., 1993). Studies have also
begun to examine whether adrenal androgens, such as dehydroepiandrosterone (DHEA) and
androstenedione, serve as biomarkers of ODD and CD. Emerging research has shown that
higher concentrations of DHEA and androstenedione are associated with conduct problems
in children ages 9 to 14 (Dmitrieva, Oades, Hauffa, & Eggers, 2001; Dorn, et al., 2009).
Taken together, research on gonadal and adrenal androgens suggests that these hormones
may be related to disruptive behaviors in ODD and CD.

If certain hormone profiles are associated with increased ODD and CD symptoms, then they
may also be linked to prolonged ODD and CD diagnoses during and after treatment. This
can determine how well these children ultimately respond to existing treatments for ODD
and CD. However, few studies have examined whether adrenal and gonadal hormones are
related to the success of psychological treatment for ODD and CD, and among those that
have, cortisol has received the most attention. In a study of 22 children undergoing
psychological treatment for ODD and CD, Van de Weil and colleagues (2004) found that
lower concentrations of resting cortisol was associated with higher pre-treatment behavior
problems but did not predict a child’s response to treatment. While informative, this study
employed a small sample size, did not include females and did not examine the effects of
multiple hormone profiles on treatment response. Thus, it remains unclear whether pre-
treatment concentrations of cortisol or other hormones are related to how well children and
adolescents with ODD and CD respond to treatment. Identifying such a relationship could
help fill the gaps in our understanding of the relationship between hormone profiles and
treatment response and in explaining the mixed, long-term efficacy for current behavioral
interventions for ODD and CD. Based on this previous research, we hypothesized: 1) lower
concentrations of cortisol at pre-treatment would increase the risk of treatment non-response
for ODD and CD, and 2) higher concentrations of testosterone, DHEA, and androstenedione
would increase the risk of treatment-non-response for ODD and CD.
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All methods and procedures were approved by the local Institutional Review Board. Parental
consent and child assent was obtained after reviewing all procedures with the family and
before proceeding with any part of the study. Children included in the current study are part
of a larger randomized clinical trial examining the long-term effects of psychological
treatment for ODD and CD. Two multiple-gate screening phases were used to determine the
sample for the clinical trial. First, a clinic screen was conducted by phone or interview to
obtain information regarding the child’s psychiatric diagnosis, behavioral problems, and
treatment needs. Second, a formal diagnostic assessment was conducted to determine the
presence of ODD and CD. Inclusion criteria were: 1) males or females aged 6-11 years, 2)
residence with at least one parent or guardian, 3) intellectual level no more than two
standard deviations below age norms, and 4) an ODD or CD diagnosis. Exclusion criteria
were: 1) concurrent individual or family participation in a treatment program for ODD or
CD, 2) current psychosis, bipolar disorder, and major depressive disorder marked by
significant vegetative signs, substance abuse, or eating disorder, or 3) suicidality with a plan
or homicidality.

Children eligible for the current study (A= 177) were selected from the intervention arms of
the larger clinical trial (Kolko, Dorn, Bukstein, & Burke, 2008; Kolko, et al., 2009).
Participants were randomly assigned to one of two experimental treatments: one delivered in
a community-based format (COMM) and the other in a clinic-based format (CLIN). The
COMM and CLIN treatments were similar in content and techniques used to achieve a
family’s goals for treating ODD and CD. Both treatments used cognitive-behavioral skills
training, psychiatric consultation, parent management training, family therapy, school
consultation, and peer interventions but differed in the ecological contexts in which they
were delivered. Children randomized to the COMM condition received treatment in the
family’s home, school, and/or community settings. Children randomized to the CLIN
condition received outpatient treatment in a traditional clinic setting with phone consultation
given to teachers and parents to address disruptive behaviors. The majority of services
provided to children in the COMM and CLIN conditions were parent management training,
cognitive-behavioral therapy, and family therapy. A third treatment condition was included
as a non-randomized, treatment as usual (TAU) condition to reflect the current standard of
care in the community. TAU participants had the option of receiving traditional
psychological treatment for ODD and CD that included psychodynamic, parent-training,
family systems or cognitive-behavioral therapy at an outpatient community mental health
center. These participants were recruited using flyers and postings and were screened for
study eligibility using the same inclusion/exclusion criteria. The average length of treatment
ranged from 20-25 weeks across the three treatment conditions.

Since funding for the collection of hormone samples was secured after the initiation of the
clinical trial, 52 study participants had completed their pre-treatment evaluation without
providing saliva samples and are therefore not included in the current analyses. Of the
remaining 125 participants the following were excluded from analysis: 11 using steroid
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medications (topical, inhaled, or oral) in the last two weeks, and nine unable/unwilling to
provide saliva samples at pre-treatment. The remaining 105 participants included in this
study did not differ significantly from those who were excluded on any demographic or pre-
treatment variable. The mean age for these 105 participants at pre-treatment was 8.90 (SD =
1.73) years with the average participant coming from a low to moderate socioeconomic
background. Consistent with other samples studying ODD and CD, there was a majority of
males in this study. The racial make-up was predominately Caucasian and African-American
children (see Table 1).

Procedure

Data were collected at five different evaluations: pre-treatment, post-treatment, and one-year,
two-year and three-year follow-up. Master’s level clinicians completed each treatment
evaluation with the parent/guardian and child after obtaining consent/assent. Participants
completed questionnaires and a semi-structured, diagnostic interview at each evaluation.
Participants were given $10 for completing an evaluation with each child and parent
informant having the benefit of treatment services at no cost. All participants received an
additional $10 for providing saliva samples.

Saliva samples were collected at two different times during each evaluation. Participants
were instructed not to brush their teeth or eat two hours before each collection and to swish
their mouth with water prior to passively drooling into collection tubes. Trident® sugarless
gum was used to stimulate saliva, consistent with previous studies using this method of
saliva sampling (Granger, Schwartz, Booth, & Arentz, 1999). Sample 1 was collected 15
minutes after arrival to the evaluation and following the consent process. Average time of
day for collecting Sample 1 at the pre-treatment evaluation was 12:00 pm (SD = 2.5 hours).
Sample 2 was collected immediately following completion of the diagnostic interview which
lasted on average 69 minutes (SO = 30 minutes). Two additional saliva samples were
collected to assess diurnal change in cortisol concentrations. Children and caregivers were
given materials and instructed to provide saliva samples immediately before bedtime,
Sample 3, and immediately upon wakening, Sample 4. At bedtime, children were instructed
not to eat or drink anything two hours prior to sampling. In the morning, children were
instructed to provide the sample immediately upon awakening and prior to eating, drinking
or brushing their teeth. All samples were stored at —80° C.

Measures

Schedule for Affective Disorders and Schizophrenia for School-Aged
Children for DSM-1V, Present and Lifetime (K-SADS-PL)—The K-SADS-PL
diagnostic interview is a well-established and widely used instrument with known reliability
and validity (Kaufman, et al., 1997). Diagnostic impressions and total symptom count were
derived from interviews with the child and caregiver. Inter-rater reliabilities (7= 71)
obtained from the larger clinical trial were moderate-to-high for ODD (k=.79) and CD (k
=.74). A new variable, ODD/CD diagnosis, was created to reflect the presence of either
ODD or CD diagnosis at any treatment evaluation (Either ODD or CD Diagnosis = 1,
Neither ODD nor CD Diagnosis = 0).
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Cortisol—Samples were assayed in duplicate using a highly-sensitive enzyme
immunoassay (Salimetrics, State College, PA). The test has a lower limit of sensitivity of <.
003 pg /dl and average intra-and inter-assay coefficients of variation 3.35% — 3.65% and
3.75% — 6.41%, respectively. Values from matched serum and saliva samples collected by
Salimetrics showed the expected strong linear relationship, r=.91, p<.0001.

Testosterone—Samples were assayed in duplicate using a highly-sensitive enzyme
immunoassay. The test has a lower limit sensitivity of < 1 pg/mL with average intra-and
inter-assay coefficients of variation ranging from 2.5% — 6.7% and 5.6% — 14.05%,
respectively. The reported serum-saliva correlation was r=0.96, p < .0001.

DHEA—Samples were assayed using a highly-sensitive enzyme immunoassay. The test
has a lower limit of sensitivity of 5 pg/mL and intra-and inter-assay coefficients of variation
ranging from 5.3% — 5.8% and 7.9% — 8.5%, respectively. The reported serum-saliva
correlation was = 0.86, p< .0001.

Androstenedione—Samples were assayed using a radioimmunoassay kit from ICN
Pharmaceuticals, Inc. to determine concentrations of androstenedione. The detection limit
was 0.05 ng/mL and inter-assay coefficients of variation ranged between 2.4-2.5%. Part way
through the clinical trial, the ICN lab closed and was no longer able to assay concentrations
of androstenedione. A second company, Salimetrics, was solicited to assay the remaining
samples. The test at Salimetrics was an enzyme immunoassay with a lower limit of
sensitivity of 5 pg/mL and intra-and inter-assay coefficients of variation that range between
1.5% - 7.5% and 3.8 — 8.5%, respectively with a serum-saliva correlation of r=0.77, p<.
0001. The majority (67%) of pre-treatment androstenedione concentrations were assayed
with the ICN Pharmaceuticals kit. A random sample of 30 pre-treatment samples was
selected and rerun with the methodology of Salimetrics. Regression modeling was then
applied to values of androstenedione to ensure consistency between the results obtained
from the different companies.

Data Pre-processing and Analytic Strategy

Saliva was assayed to establish individual concentrations from Samples 1 and 2 that were
then averaged to derive a mean value of cortisol. A mean value was obtained to avoid
potential sampling bias in any single sample of cortisol given its ultradian rhythm and initial
sensitivity to the research setting. The difference in Samples 3 and 4 (Difference = Morning
Cortisol collected in Sample 4 subtracted from Evening Cortisol collected in Sample 3) was
used to reflect diurnal change in cortisol, a measure previously linked to behavior problems
in children and adolescents (Susman, et al., 2007). Saliva from Samples 1 and 2 was pooled
and assayed to derive collective values for testosterone, DHEA and androstenedione. Raw
values for each hormone collected at pre-treatment were log-transformed to reduce skewness
and kurtosis. Using a winsorizing procedure to minimize bias due to outliers, extreme values
for each hormone were reassigned a value two standard deviations away from each
hormone’s respective mean. Commensurate with acceptable levels (e.g., Kertes & Gunnar,
2004), an average five percent of hormone data were reassigned values of two standard
deviations.
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The data analytic strategy consisted of a two-step process to test the study’s hypotheses. The
first step used group-based trajectory modeling via SAS PROC TRAJ (Jones, Nagin, &
Roeder, 2001) to identify distinct treatment response trajectories of ODD/CD diagnosis and
their corresponding trends (intercept, linear, quadratic or cubic). One advantage of group-
based trajectory modeling is that it uses empirically derived methods for identifying the
optimal number of trajectories for a particular outcome as determined by model fit indicators
such as the Bayesian Information Criterion (BIC). A second advantage of group-based
trajectory modeling is that the analysis identifying the optimal number of trajectories yields
posterior probabilities that are used to determine how well an individual remains in a
respective trajectory group over time. These probabilities are also used to categorically
assign each participant to a particular trajectory and these assignments can then be used as
outcome variables in subsequent statistical models. As such, the second step in the data
analytic strategy involved using the categorical assignments to a treatment response
trajectory obtained from the group-based model as the dependent variable in a hierarchical
logistic regression equation including all hormones assessed at pre-treatment as predictors.

Preliminary Data Analysis

Differences between the three treatment groups were assessed to identify important
covariates that might affect treatment response. A multivariate analysis of variance indicated
significant differences between the treatment groups on socioeconomic status (SES), F(2,
101)=4.83, p< .01, £ =10, and number of treatment sessions received, F(2, 101)= 72.12,
p<.001, Z=1.43. To control for their effect on treatment response, SES and number of
treatment sessions were statistically controlled when deriving the number of treatment
response trajectories. A multivariate analysis of covariance controlling for the time of day
saliva was sampled revealed significant differences between the three treatment groups for
testosterone, F(3, 64)=3.91, p< .05, £ = .18, and androstenedione, F(3, 64) = 3.03, p< .05,
£ = .14, with results indicating that the TAU condition had significantly higher
concentrations of each of these two hormones (see Table 1). A dummy coded variable, ‘TAU
membership’ (COMM+CLIN =0, TAU = 1), was created to control for group differences in
hormone concentrations in the logistic regression model when predicting treatment response.
There were no significant differences between groups on age, number of males and females
in each group, ODD and CD symptom severity or co-morbid ADHD diagnoses.

Determination of Treatment Response Trajectories

The optimal number of treatment response trajectories and corresponding trends were
identified using a semi-parametric logit model of ODD/CD diagnosis at each of five time
points from pre-treatment throughout the three-year follow-up. A two-group trajectory
model yielded the best fit to the observed data with a BIC of —286.69. Convergence for a
three-group model could not be achieved and so the two trajectory model was retained.
Since previous research has linked age and sex with varying rates of ODD and CD, these
variables were included as covariates in a preliminary trajectory model along with
socioeconomic status and total number of treatment sessions. Neither age nor sex was
significantly related to either treatment response trajectory and so were removed from
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further analysis. Results of the final logit model that included SES and the number of
treatment sessions as covariates resulted in an improved model fit, BIC = —248.43, with a
High-response trajectory following a quadratic trend and a Low-response trajectory
following an intercept-only trend (see Figure 1). Mean posterior probabilities of membership
in the High-response (/7= 56) and Low-response trajectories (1= 49) were .92 and .89,
respectively, and indicated good classification into the trajectory groups. There were 24
participants from the COMM condition, 15 participants from the CLIN condition, and 10
participants from the TAU condition assigned to the Low-response trajectory group.
Significant differences in ODD/CD diagnoses between treatment response trajectories
emerged as early as the post-treatment evaluation, x2(205) = 10.53, p=.001.

Pre-treatment Hormone Concentrations and Treatment Response

The time of day saliva samples were collected was not related to treatment response at the
bivariate level (r=.03, p=.80) and therefore was not entered as a covariate in the logistic
regression model. Hierarchical logistic regression then tested whether pre-treatment
hormone concentrations predicted treatment response (High-response trajectory = 0, Low-
response trajectory = 1). TAU membership was entered into the logistic regression equation
as a covariate at Level 1. Hormones were then entered as predictors at Level 2. Table 2
presents results from the logistic regression. Higher concentrations of testosterone at pre-
treatment significantly increased risk of being assigned to the Low-response trajectory, 6=
1.49, p< .05. The corresponding odds ratio of 4.44 indicates that a one standard deviation
increase in log-transformed, pre-treatment concentrations of testosterone was associated
with a four-fold increase in risk of being assigned to the Low-response trajectory. This
suggests that higher concentrations of testosterone at baseline were significantly associated
with a poorer response to psychological treatment of ODD and CD. Although not significant
at the traditional .05 level, diurnal change in cortisol concentrations was marginally related
to the Low-response trajectory, 6= 0.49, p=.10. Contrary to expectations, there were no
significant relationships between concentrations of mean cortisol, DHEA or androstenedione
with treatment response. In a post-hoc test, we assessed whether these findings maintained
when using only the sub-sample of children diagnosed with ODD. Results indicated that
there were no significant predictors of ODD trajectories once children diagnosed with CD
were removed from the analysis.

Discussion

The current study is novel in that it: (1) included multiple hormones associated with ODD
and CD, (2) incorporated an adequate sample size that included both males and females, and
(3) employed a three year follow-up assessing the long-term response to treatment. This
study also addresses a gap in the research literature by evaluating the response to
psychological treatment for ODD and CD based on each participant’s hormone profile prior
to intervention. The major finding from this study is that testosterone significantly predicted
how well children responded to the psychological treatments in this study. Higher
concentrations of testosterone at pre-treatment were associated with a poorer response to
treatment, as indicated by the presence of either an ODD or CD diagnosis throughout a
three-year follow-up period. Prior research (Pajer, et al., 2006; Scerbo & Kolko, 1994) has
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shown an association between higher concentrations of testosterone and higher rates of
aggression and antisocial behavior, common symptoms associated with ODD and CD. Thus,
not only is testosterone associated with higher rates of aggression in clinical populations, but
it also appears that higher concentrations are associated with the degree to which children
benefit from treatment. The unique contribution of this study is that it extends previous
cross-sectional research on testosterone and disruptive behaviors with an application to
longitudinal, treatment outcome research.

There were no other significant relationships between the other hormones assessed and
treatment response. While difficult to interpret null findings, other studies have failed to find
a relationship between resting cortisol concentrations and how well individuals responded to
treatment (van De Wiel, et al., 2004). There was also no association between pre-treatment
concentrations of DHEA or androstenedione and treatment response. Although there have
been links between higher concentrations of each of these hormones and aggression
(Dmitrieva, et al., 2001; Dorn, et al., 2009), adrenal androgens were not related to longer-
term treatment outcome in this study. As this study is among the first to examine whether
adrenal and gonadal hormones are related to treatment response, additional research is
needed to draw stronger conclusions about profiles of cortisol, DHEA, and androstenedione
and treatment outcome for ODD and CD.

There are several limitations to this study. Although both sexes are included, the sample of
girls is relatively small and thus sex differences could not be adequately examined. However,
there were no associations between sex and any of the hormone concentrations or treatment
response trajectory. This appears due to the small number of females in this study and the
younger ages of all participants. Future studies with larger samples of girls are needed to
examine this issue. Only children 6-11 years of age and diagnosed with either ODD or CD
were eligible for the clinical trial. Even with the three-year follow-up of ODD and CD after
treatment, it is not appropriate to generalize findings to older children diagnosed with ODD
or CD. Because the hormone component of this study merged with an ongoing clinical trial
not all participants in the clinical trial are included in this study. Further, the non-randomized
TAU condition was significantly different in initial testosterone and androstenedione
concentrations, SES and the number of treatment sessions received. Although these
differences were statistically controlled, future research should consider randomizing
participants to such a condition in order to further rule-out differences on these parameters.
The range in times when saliva samples were collected is also a limitation. Since the
hormone component merged with an existing clinical trial, procedures for collecting samples
were dictated largely by the procedures of the clinical trial. Collecting samples at the same
time of day across participants is important given diurnal variations in hormones. For
instance, samples collected in the evening yield significantly lower concentrations of cortisol
than samples collected in the morning. Lower concentrations are a known correlate of ODD
and CD. This has the potential to influence predictions of treatment response, although the
influence of sampling time was not significantly related to the outcomes in this study. In
addition, the study design precluded the use of a stressor paradigm that would allow for an
assessment of how cortisol reactivity is related to treatment outcome. The effects of puberty
were also not assessed in the larger trial. While we do not expect that our results would
diminish due to the effects of puberty, future research will need to more closely examine the
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influence of stage or timing of puberty on hormones that are related to treatment response.
Finally, results of a post-hoc analysis assessing whether hormones predicted ODD diagnosis
over time yielded non-significant parameter estimates. While this could indicate that pre-
treatment hormones may be more closely related to CD status, the reduced sample size
resulting from the removal of children with CD may have also limited the power to detect a
relationship between pre-treatment hormones and ODD status. Further study with larger
samples of ODD and CD are needed to more adequately assess any unique relationship
between pre-treatment hormones and these individual disorders.

This study is among the first accounts of the relationship between pre-treatment
concentrations of adrenal and gonadal hormones associated with response to psychological
treatment for ODD and CD. There are several strengths of the current study. First, hormones
included cortisol, testosterone, DHEA, and androstenedione and were obtained from
children enrolled in a larger randomized clinical trial examining the effectiveness of
psychological treatments for ODD and CD. Second, ODD and CD diagnoses were made
using gold-standard methods and were assessed for three consecutive years following
completion of psychological treatment. Finally, the sample size is large compared to
published studies and included both boys and girls. Results are based on the predictive
relationships between pre-treatment hormone concentrations and the trajectory of treatment
response while controlling for relevant demographic and treatment-related variables. These
findings lend importance to the evaluation of whether psychological treatments can alter pre-
treatment hormone profiles to produce a more beneficial treatment response. Studies are
emerging that have examined whether psychological treatments alter hormone
concentrations, in particular cortisol, for children receiving treatment (Fisher, Stoolmiller,
Gunnar, & Burraston, 2007) and in cortisol stress reactivity in populations at-risk for
antisocial behavior (Brotman, et al., 2007). To our knowledge there have been no published
reports of the effects of psychological treatments on concentrations of testosterone, DHEA,
or androstenedione, an important area for future research. Additional research in this area
has important implications for identifying potential physiological mechanisms and processes
of change associated with psychological treatment of ODD and CD as well as the further
enhancement of these interventions. Until then, we feel the current data offer some
important implications for clinical intervention. While the type and setting of treatment
varied across the groups evaluated in this study, the predominant clinical strategies used
were parent management training, cognitive-behavioral therapy, and family therapy. Using
these strategies with an early focus on aggressive behaviors and interaction patterns may
increase a child’s chances of responding to treatment for ODD and CD. The CLIN condition
had the highest number of children in the High response trajectory. This suggests that
treatment delivered in traditional clinic settings in a relatively brief length of time can be
helpful in reducing risk for ODD or CD. Booster sessions may be another therapeutic option
to consider in the long-term treatment of ODD and CD as they may reduce the risk of
continued ODD or CD across different developmental stages. They may also help maintain
treatment gains for those children initially benefitting from treatment.
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Risk of ODD or CD Diagnosis
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Figurel.
Treatment Response Trajectories over 3-Year Follow-up. Semi-parametric logit model of

treatment response trajectories based on the presence of an oppositional defiant disorder
(ODD) or conduct disorder (CD) diagnosis. Solid lines represent observed values and
dashed lines represent predicted probabilities.
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Table 1

Sample Characteristics by Treatment Group at Pre-treatment

Variable COMM CLIN TAU
Mean (SD)orn Mean (SD)orn  Mean (SD) or n
n=39 n=237 n=29
Sex
Male (V= 80) 30 29 21
Female (V= 25) 9 8 8
Ethnic Group
Caucasian (V= 55) 18 19 18
African-American (V= 43) 17 16 10
Hispanic (V=1) 1 0 0
Bi-racial (V= 6) 3 2 1
Age (in years) 8.72 (1.75) 8.84 (1.69) 9.22 (1.75)
Socioeconomic status? 37.62(10.42) 35.78 (12.78) 28.93 (10.51) *
Number of ODD/CD symptoms 7.44 (1.97) 8.16 (2.01) 7.90 (3.06)
Number of treatment sessions 21.44 (6.17) i 14.27 (6.69) ** 4.32 (3.26) i
ODD and CD Diagnoses
ODD (N=82) 32 31 19
CD (N=23) 7 6 10
Co-morbid ADHD 25 26 24
Raw Hormone Concentrations
Mean Cortisol (ug/dL) 0.15 (0.15) 0.13 (.04) 0.13 (0.05)
Diurnal Change in Cortisol (ug/dL) 0.67 (1.65) 0.38 (0.29) 0.30 (0.35)
Pooled Testosterone (pg/mL) 36.16 (17.03) 38.56 (20.69) 56.23 (26.20)*
Dehydroepiandrosterone (pg/mL) 38.59 (16.94) 44.55 (30.55) 37.02 (19.75)
Androstenedione (pg/mL) 73.79 (51.16) 74.91 (43.08) 113.18 (62.15) i

Note.
Ak
p<.001;

*
=p<.0L

2 Based on Hollingshead criteria (range: 14-60).
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