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Objective: The purpose of the present
study was to evaluate the efficacy of di-
valproex for reducing aggressive behavior
among children 6 to 13 years old with
attention deficit hyperactivity disorder
(ADHD) and a disruptive disorder whose
chronic aggression was underresponsive
to a prospective psychostimulant trial.

Method: Children received open stimu-
lant treatment during a lead-in phase that
averaged 5 weeks. Agent and dose were
assessed weekly and modified to optimize
response. Children whose aggressive be-
havior persisted at the conclusion of the
lead-in phase were randomly assigned to
receive double-blind, flexibly dosed dival-
proex or a placebo adjunctive to stimu-
lant for 8 weeks. Families received weekly
behavioral therapy throughout the trial.

The primary outcome measure was the
proportion of children whose aggressive
behavior remitted, defined by post-trial
ratings of negligible or absent aggression.

Result: A significantly higher proportion
of children randomly assigned to dival-
proex met remission criteria (eight out of
14 [57%]) than those randomly assigned
to placebo (two out of 13 [15%)]). Dival-
proex was generally well tolerated.

Conclusions: Among children with ADHD
whose chronic aggressive behavior is
refractory to optimized stimulant treat-
ment, the addition of divalproex increases
the likelihood that aggression will remit.
A larger trial is necessary to specify with
greater precision the magnitude of benefit
for adjuvant divalproex.

(Am J Psychiatry 2009; 166:1392-1401)

Chronic aggressive behavior among preadolescents
heightens their risk for unfavorable outcomes that ex-
tend well beyond youth into later life (1, 2). Ramifications
are family strain and the child’s extrusion from ordinary
socialization experiences, leading to progressive social
marginalization. High prevalence of these detriments to
children’s development and to those around them places
aggression among the most frequent concerns for which
children obtain mental health treatment (3).

Aggressive behavior may constitute a symptom, an as-
sociated feature, or complication of numerous psychiatric
and developmental disorders (4). Because diverse factors
influence the emergence of children’s aggressive behavior
(5, 6), practice guidelines recommend that clinicians plan
pharmacotherapy in the context of the specific psychopa-
thology thought to give rise to the behavior (7). Preadoles-
cents who exhibit chronic aggressive behavior most often
fulfill diagnostic criteria for a disruptive disorder (oppo-
sitional defiant disorder, conduct disorder) and for atten-
tion deficit hyperactivity disorder (ADHD) (8, 9). Stimulant
medications for ADHD demonstrate strong efficacy for its
core symptoms and often ameliorate comorbid disruptive
disorders (10, 11). Accordingly, guidelines for the pharma-
cotherapy of aggressive children with ADHD propose that

initial pharmacotherapy hew to strategies recommended
for ADHD (12).

However, a substantial proportion of children with
ADHD do not experience satisfactory reductions in ag-
gressive behavior with stimulant treatment (13). High
rates of multiagent treatment in the clinical care of chil-
dren with ADHD and conduct problems (14-16) also sug-
gest that suboptimal stimulant response is common.

Chronic aggression among children with ADHD that is
refractory to stimulant treatment therefore poses a com-
mon clinical challenge. Faced with insufficient response
to stimulant monotherapy, one prevalent strategy is to, in
effect, “layer” additional agents in pursuit of behavioral
stability (14-18). Prescription of antipsychotic and anti-
manic mood stabilizing medications for this purpose has
surged in the past decade (19).

Controlled-trial evidence for these compounds as an-
tiaggressive agents in youth comes chiefly from evalua-
tions of monotherapy with the antipsychotic risperidone
(20-22), the antimanic/anticonvulsant divalproex (23, 24),
and lithium (25-27). Studies have involved patients with
diverse psychopathology, including developmental disor-
ders, disruptive disorders, and “explosive temper.” Some
studies include aggressive behavior specifically as a treat-
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ment outcome, while in others, antiaggressive effects are
inferred from evaluations of a broader spectrum of con-
duct or affective disturbances (e.g., irritability). Although
studies with adults indicate the benefit of fluoxetine in
treating intermittent explosive disorder (28), antidepres-
sants currently do not have a major role in treating child-
hood aggression.

Although contributing important data, these stud-
ies do not specifically address the value of these agents
for aggressive behavior in the large number of preado-
lescents with ADHD and a disruptive disorder who ex-
perience insufficient response to adequate first-line
stimulant treatment. Two placebo-controlled trials of
risperidone for children with mental retardation or bor-
derline 1Qs permitted those receiving a stimulant be-
fore enrollment to continue the same regimen (20, 21).
Among children with concurrent stimulant treatment,
the addition of risperidone was more efficacious than
the addition of placebo (29). However, stimulant doses
were not titrated to insure that they represented the
child’s optimal dose.

In the present study, we examined the efficacy of di-
valproex in reducing aggressive behavior that was de-
monstrably refractory to stimulant monotherapy among
children with ADHD. During the trial's development,
guidelines proposed divalproex as an adjunctive option
for aggression that was underresponsive to stimulant
treatment (30). However, the magnitude of divalproex’s
benefit as cotherapy in this context was unexamined.
Emerging data for divalproex’s efficacy as monotherapy in
reducing aggression in youths with diverse psychopathol-
ogy (23, 24) support a randomized, controlled trial to fill
this evidentiary gap.

Treatment began with an open lead-in phase of stim-
ulant monotherapy along with family-focused behav-
ioral management treatment. Systematic titration and
monitoring were designed to optimize children’s overall
stimulant response. Children whose aggressive behavior
persisted after this stimulant monotherapy phase were eli-
gible for random assignment to adjunctive, double-blind
treatment with divalproex or placebo for 8 weeks.

Method

Participants

Boys and girls between the ages of 6 and 13 years participated
in the present trial. Eligibility required diagnoses of ADHD and
either oppositional defiant disorder or conduct disorder. Other
inclusion criteria were 1) severity of aggression surpassing an a
priori threshold of 24 on the aggression assessment instrument
used in this study (described below); 2) severity of parent-report-
ed disruptive behaviors above a T score of 65, based on the ag-
gressive behavior subscale of the Child Behavior Checklist (31);
and 3) a T score =70 on the Conners’ Global Index (32).

Children were ineligible if they had major depressive disorder,
bipolar I disorder, Tourette’s syndrome, any psychotic disorder,
or an anxiety disorder that the evaluators judged to be the chief
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FIGURE 1. Trial Progression of Children With ADHD Refrac-
tory to Stimulant Monotherapy
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impetus for aggressive behavior (e.g., aggressive outbursts solely
around separation from parents for a child with separation anxi-
ety disorder). Pervasive developmental disorder and mental re-
tardation were also exclusionary, recognizing that children with
these conditions may have less robust responses to stimulants
and perhaps to divalproex (33, 34). Health-related exclusions
were medical factors contraindicating treatment with stimulants
or divalproex, seizure disorders, pregnancy, or history of allergic
hypersensitivity to the study medications.

Recruitment involved publicizing the study to families seek-
ing service at the study’s clinical sites and to community-based
mental health and pediatric practitioners, through presentations
to local school personnel, by word-of-mouth from other partici-
pants, and through local health-related publications.

Enrollment occurred between February 2004 and January 2007
at two academic medical centers (the first author participated in
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TABLE 1. Baseline Demographic and Clinical Characteristics of Children With ADHD Refractory to Stimulant Monotherapy

Randomly Assigned to Divalproex or Placebo

Divalproex Group (N=14) Placebo Group (N=13)

Characteristic N % N %
Sex (male) 10 71 11 85
Race/ethnicity

Caucasian 10 71 10 77

Hispanic 1 7 0 0

African American 2 14 1 8

Other 1 8 2 15
Guardian’s relationship to child

Biological parent 11 79 12 92

Adoptive parent 21 1 8

Grandparent 0 0 0 0
Comorbid diagnoses

Oppositional defiant disorder 11 79 13 100

Conduct disorder 21 0 0

Anxiety disorder 2 14 3 23

Mood disorder 2 14 1 7
Special education services

Regular 9 64 3 31

Special 5 36 10 69
Prior treatment

Medication at enrollment 10 71 6 46

Individual psychotherapy 8 58 3 23

Family-based treatment/parent training 2 14 1 8

Mean SD Mean SD

Age (years) 8.56 2.32 8.34 2.00
Child Behavior Checklist of behavioral symptom severity T score

Total” 78.42 4.65 73.15 7.35

Externalizing” 77.71 4.61 70.77 7.53

Internalizing 68.92 9.81 65.69 9.29

?Significant between-group difference (F=5.05, df=1, 25, p<0.05).
®Significant between-group difference (F=8.49, df=1, 25, p<0.01).

study visits at both sites). Each site’s institutional review board
approved the study and authorized continuations pursuant to
annual reviews. Parents or legal guardians provided informed,
written consent. Children over 8 years of age also provided their
written assent.

Design and Procedures

Evaluationinstrumentsand procedures. Diagnosticevaluation
involved the Schedule for Affective Disorders and Schizophrenia
for School-Age Children-Present and Lifetime Version (35),
administered to the child’s parent by a child and adolescent clinical
psychologist. The other component of diagnostic evaluation was
a clinical assessment by a child and adolescent psychiatrist who
also interviewed the parent and child separately. Both assessors
conferred to arrive at consensus diagnoses using all available data.

The Retrospective-Modified Overt Aggression Scale gauged the
severity of aggressive behavior. This instrument is an adaptation
of the Modified Overt Aggression Scale (24, 36, 37), replacing in-
formants’ open-ended estimation of each behavior’s frequency
with a Likert-type rating (e.g., 0 to 1 time, 2 to 4 times), scaled to
reflect the greater severity of more harmful behaviors, even with
a low frequency. The child’s parent reported the frequency of 16
aggressive behaviors grouped into the following four areas: ver-
bal aggression, physical aggression toward others, aggression to-
ward one’s self, and damage to or hostile misuse of property (e.g.,
throwing things). The four items within each category were also
graded by severity. Items were weighted to amplify the serious-
ness of more harmful acts in the total score. The full text of this in-
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strument and its scoring are available in the data supplement ac-
companying the online version of this article. Parents completed
this aggression rating scale at baseline and at each weekly study
visit. This measure displayed satisfactory psychometric proper-
ties, evidenced by internal consistency (Cronbach alpha=0.82),
convergent validity (correlation with Child Behavior Checklist
aggressive behavior subscale score=0.52), and divergent validity
(correlation with Child Behavior Checklist internalizing subscale
score=0.22).

The proportion of children in each treatment group who at-
tained remission was the study’s primary outcome measure. In
addition to a reduction of 240% from a subject’s prerandomiza-
tion score on the Retrospective-Modified Overt Aggression Scale,
we endeavored to identify an absolute score that would corre-
spond to behavior that was markedly more manageable and did
not necessitate further pharmacotherapy adjustments. We desig-
nated a total score of <10 for this criterion.

The Conners’ Global Index—Parent Version quantified the se-
verity of ADHD symptoms, yielding age- and gender-referenced
T scores for its restless-inattentive subscale.

Parents completed the Barkley Behavior and Adverse Events
Questionnaire-Modified (38) at baseline and each study visit
to augment open-ended questioning. Items pertaining to
tremor, bleeding abnormalities, disorientation, and menstrual
changes were added to better represent potential adverse ef-
fects associated with divalproex. Weight, height, blood pres-
sure, and pulse were obtained at each study visit. Safety assess-
ments also were 1) examination of serum valproic acid levels,
2) complete blood cell count including leukocyte differential
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TABLE 2. Pharmacotherapy Response Ratings for Children With ADHD Refractory to Stimulant Monotherapy Randomly

Assigned to Divalproex or Placebo

Divalproex Group (N=14)

Placebo Group (N=13)

Treatment N % Mean? SD Range N % Mean? SD Range
Stimulant
Methylphenidate
Triphasic release 9 64 66.00 22.50 36-108 3 23 57.00 18.7 3672
Biphasic release 0 0 2 15 30.00 0.0 30
Mixed amphetamine salts-extended release 5 36 22.00 5.70 15-30 7 54 28.13 5.9 20-40
Dextroamphetamine spansule capsules 0 0 1 8 10.00 0.0 10
Adjunctive
Divalproex or placebo 14 100 571.00 301.00 250-1500 13 100 685.00 263.0 500-1000

?Data represent dosage (mg).

and platelets, 3) examination of liver enzymes, 4) examination
of the pancreatic enzymes amylase and lipase, and 5) a serum
pregnancy test for female participants of childbearing poten-
tial. Specimens for valproic acid were collected weekly during
weeks 1, 2, 3, 4, 6, and 8. Phlebotomy for other analytes oc-
curred at weeks 0 (baseline), 4, and 8.

Open stimulant optimization lead-in phase. Open treatment
with stimulant monotherapy endeavored to identify the optimal
agent and dose for each child. Titration began with a triphasic-
release methylphenidate preparation (Concerta) given once
daily, with daily dosage adjusted weekly based on the response
of ADHD symptoms and tolerability to a maximum dose of 90
mg/day. Children who experienced adverse effects attributable
to triphasic methylphenidate’s lengthy duration of action (chiefly
insomnia and appetite suppression) switched to a biphasically
released methylphenidate product (Metadate CD) as clinically
indicated, with a maximum daily dose of 60 mg. Children who
gained little or no symptom improvement for ADHD with
methylphenidate could switch to mixed amphetamine salts,
administered once daily as a biphasic-release beaded preparation
(Adderall XR), with a maximum daily dose of 35 mg.

Evaluation procedures involved weekly ratings obtained for
each agent and dose administered to identify a well-tolerated reg-
imen associated with the best symptom response. Parent ratings
on the Conners’ Global Index—Parent Version restless-inattentive
subscale gauged ADHD symptom response. Stimulant “adequate
response” was defined as a restless-inattentive subscale raw score
that decreased by at least two standard measurement error units
for the child’s age and gender (32) and a Retrospective-Modified
Overt Aggression Scale score <18, indicating that aggression
abated sufficiently to leave little room for improvement with ad-
ditional pharmacotherapy.

Children whose ADHD symptom ratings met the ADHD im-
provement criterion but whose aggressive behavior ratings re-
mained above 18 were eligible to participate in the randomized,
controlled trial. In addition to rating scale criteria, the decision to
randomly assign a child to the cotherapy conditions required the
corroborating judgments of the two clinicians (first author and
study psychiatrist) and parental reconsent for this study phase.

Concurrent psychosocial treatment. All families had
behaviorally oriented psychosocial treatment during the stimulant
medication lead-in phase and the randomized, controlled trial
phase. Advanced graduate students in clinical child psychology
met with individual families weekly at regular study visits
immediately after parents provided behavioral ratings and were
seen by study clinician-evaluators. Treatment was based on the
Community Parent Education Program (39), a family-based
behavioral intervention. Core components are 1) goal setting;
2) increasing positive interactions with the child and rewarding
cooperative behavior and composure; 3) judicious ignoring
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of low-level misbehaviors; 4) communicating directions and
feedback for behavior; 5) a system to reward cooperation and
improved frustration tolerance; 6) a school behavioral program
in consultation with teachers; and 7) handling uncooperative
and dyscontrolled behavior. The first author’s weekly supervision
of therapists at both clinical sites emphasized adherence to
Community Parent Education Program principles and procedures
as appropriate.

Randomization and titration of divalproex and placebo. The
randomization schedule allocated children, in equal proportion,
to treatment with either divalproex or a matching placebo. Each
site had a separate order of assignment, randomly generated and
stratified by gender using permuted blocks of four.

Children randomly assigned to divalproex received an extend-
ed-release once-daily preparation. Titration began with 250 mg
each evening and was adjusted as needed by 250-mg increments
to attain a daily dose of approximately 20 mg/kg, based on pre-
randomization weight, by the end of week 2. Further dose adjust-
ments followed a protocol based upon tolerability and behavioral
response. A nonblind child psychiatrist assessed trough valproic
acid blood levels and advised if dosage increases were permis-
sible and if decreases were required. Children taking active dival-
proex could have increases as needed if valproic acid levels were
below 80 mg/liter and reductions if levels exceeded 110 mg/liter.
To maintain blinding, the nonblind psychiatrist ordered “sham”
dose increases and decreases for an equivalent number of chil-
dren taking placebo. The trial’s final endpoint assessment oc-
curred 8 weeks after randomization.

Data Analytic Approach

All children who completed at least one postrandomization as-
sessment were included in intent-to-treat analyses. Preliminary
analyses examined the distribution of outcome variables, check-
ing for marked deviations from normality. Descriptive statistics
characterized the sample’s demographic features. Chi-square or t
tests compared treatment groups on these factors.

The principal assessment of drug efficacy compared rates of
aggression remission (Retrospective-Modified Overt Aggression
Scale total score <10) between groups allocated to divalproex or
placebo, with logistic regression incorporating the baseline score
as a covariate. In addition, mixed-effects regression analyses
compared time tendencies in aggression scale ratings by inclu-
sion of a week-by-treatment interaction term. All data were uti-
lized, with those unavailable assumed as missing at random. High
variance and skew undermined the appropriateness of paramet-
ric tests using raw aggression scale scores. Logarithmic transfor-
mation normalized scores adequately to perform these analyses.

Effect size computation employed the approach to standard-
ized change units for repeated-measures designs described by
Dunlap et al. (40) to compute Cohen’s d for correlated data.
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TABLE 3. Behavioral Response Ratings for Children With ADHD Refractory to Stimulant Monotherapy Randomly Assigned

to Divalproex or Placebo

Divalproex Group (N=14) Placebo Group (N=13)
End of End of End of End of
Stimulant Randomized, Stimulant Randomized,
Monotherapy Controlled Monotherapy Controlled
Baseline Lead-In Phase Trial Phase Baseline Lead-In Phase Trial Phase
Measure Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Retrospective-Modified Overt Aggres- 62.13 42.63 41.80 25.79
sion Scale score
Logarithmically transformed (log ) 3.93 0.68 3.62 0.52
score

Conners’ Global Index T score 80.60 6.49 72.80 13.67

3213 4414 6154 2898 5331 2950 3577 28.86

2.48 1.72 4.04 047 3.87 0.49 3.36 0.74

65.13 1560 7746 7.66 67.54 9.10 71.50 13.17

FIGURE 2. Weekly Aggression Ratings for Children Randomly Assigned to Divalproex or Placebo
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The Barkley Behavior and Adverse Effects Questionnaire-Mod-
ified items were dichotomized to allow for scores >4, representing
moderate severity, to count as positive for the adverse effect. Chi-
square tests compared treatment groups with no correction for
multiple tests and with the p value set liberally at 0.10 to err on the
side of overdetection of adverse effects.

Results

Participant Sample Derivation and Characteristics

Figure 1 (CONSORT chart) illustrates the subject flow
through the study. Of the 30 children eligible for random
assignment, 15 were allocated to receive adjunctive di-
valproex and 15 to receive adjunctive placebo, with 14
and 13, respectively, completing at least one postran-
domization assessment for inclusion in intent-to-treat
analyses.

Table 1 contains demographic and clinical character-
istics of children randomly assigned to divalproex and to
placebo. The divalproex group had significantly higher
Child Behavior Checklist total and externalizing T scores.
Children allocated to divalproex were more likely to have
had triphasic methylphenidate as their optimized stimu-
lant agent than those allocated to placebo (64% versus
23%; x2=5.32, df=1, p<0.03) (Table 2).
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Response of Aggressive Behavior to Divalproex
Versus Placebo

At the end of the trial, children assigned to divalproex
treatment had a mean daily dose of 567 mg (SD=291) that
corresponded to 19.54 mg/kg (SD=5.37). Their mean total
serum valproic acid level was 68.11 mg/liter (SD=21.26,
range=29.7-103 mg/liter). Children randomly assigned to
placebo took a mean daily amount of the placebo prod-
uct that represented the active drug equivalent of 685 mg
(SD=263).

To evaluate the success of treatment masking, parents
indicated at the end of the trial which treatment they be-
lieved their child had received. Among those randomly as-
signed to divalproex, the parents of 28% (three out of 13)
believed their child was receiving the active drug, while
among those randomly assigned to placebo, 23% of par-
ents believed their child was receiving the active drug. The
lack of association (x?=1.05, df=2, p=0.59) between the
actual and suspected treatment arm was consistent with
adequate masking of group assignment.

The proportion of children fulfilling criteria for remis-
sion of aggressive behavior at the end of the controlled
trial was significantly higher within the group randomly
assigned to divalproex (eight out of 14, [57.14%]) than
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TABLE 4. Adverse Effect Rates in Children With ADHD Randomly Assigned to Divalproex or Placebo

End of Stimulant Monotherapy

End of Randomized, Controlled

Baseline Lead-in Phase Trial Phase

Divalproex Placebo Divalproex Placebo Divalproex Placebo
Adverse Effect N % N % p % N % p N % N % p
Abdominal pain 1 7 2 15 0 0 0 0 0 0 0 0
Anxiety or nervousness 2 14 2 15 3 21 2 15 3 21 1 8
Enuresis 0 0 1 8 0 0 1 8 1 7 1 8
Fingernail biting 2 14 6 46 0.07 3 21 2 15 2 14 1 8
Bruises easily 1 7 0 0 0 0 0 0 0 0 1 8
Constipation 1 7 1 8 1 7 0 0 0 0 0 0
Crying 2 14 3 23 2 14 3 23 5 36 4 31
Insomnia (initial) 6 43 8 62 0.07 5 36 4 31 5 36 1 8 0.08
Decreased appetite 0 0 3 23 0.06 3 21 4 31 1 7 3 23
Insomnia (middle) 2 14 1 8 1 7 1 8 2 14 1 8
Dizzy 0 0 1 8 0 0 0 0 0 0 0 0
Dry mouth 2 14 0 0 0 0 0 0 0 0 0 0
Headache 0 0 1 8 0 0 0 0 0 0 0 0
Increased appetite 2 14 2 15 0 0 1 8 1 7 0 0
Irritability 6 43 8 62 4 29 5 38 5 36 4 31
Low energy 1 7 1 8 0 0 1 8 1 7 0 0
Nightmares 1 7 0 0 1 7 0 0 2 14 0 0
Other 1 7 0 0 0 0 0 0 0 0 0 0
Rash 0 0 0 0 0 0 0 0 0 0 1 8
Restlessness 0 0 0 0 2 14 0 0 0.04 2 14 2 15
Sadness 3 21 2 15 2 14 3 23 3 21 0 0 0.07
Shaking 0 0 0 0 0 0 0 0 1 7 0 0
Stares into space 4 29 0 0 0.04 2 14 0 0 2 14 0 0
Stomach ache 1 7 1 8 1 7 0 0 0 0 0 0
Heart races 1 7 0 0 0 0 0 0 0 0 0 0
Less talkative 1 7 1 8 2 14 0 0 1 7 0 0
Overly talkative 5 36 1 8 0.08 0 0 2 15 2 14 2 15
Tics 0 0 1 8 0 0 1 8 1 7 0 0
Tired 2 14 0 0 1 7 0 0 0 0 0 0
Trouble walking 1 7 0 0 0 0 0 0 0 0 0 0
Tremors 0 0 0 0 1 7 0 0 1 7 0 0
Lack of interest 1 7 0 0 3 21 1 8 1 7 0 0
Unusually happy 1 7 0 0 0 0 0 0 0 0 0 0
Early waking 4 29 2 15 1 7 1 8 2 14 0 0

within the group randomly assigned to placebo (two out
of 13 [15.38%]). The odds of remission with divalproex
treatment were seven times greater than that with pla-
cebo, although a small sample size rendered the con-
fidence interval (CI) for this estimate especially wide
(odds ratio=7.33, %?=5.04, p<0.05; 95% CI=1.16-46.23).
The 41.76% observed difference in remission rates had a
95% CI of 10%—-74%. The corresponding expected number
needed to treat to benefit one patient was 2.39. Within the
divalproex-treated group, there was no significant differ-
ence in mean valproic acid levels at the trial’s end between
children who did and did not remit. Random regression
analyses examined the effect of treatment group on loga-
rithmically transformed Retrospective-Modified Overt Ag-
gression Scale ratings over the trial’s 8 weeks (Table 3, Fig-
ure 2). Adjusting for baseline aggression scale scores, the
main effect for week was large (F=15.08, df=1, 25, p<0.001).
The treatment-by-week interaction was smaller but at-
tained statistical significance (F=4.23, df=1, 140, p=0.04),
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indicating the steeper rate and magnitude of reductions
in aggressive behavior ratings associated with divalproex
treatment.

Because both the main effect of week and its interaction
with treatment were significant, secondary simple-effects
analyses tested whether aggressive behavior ratings within
the placebo-treated group may have declined appreciably
with time, even if to a smaller degree than that of dival-
proex-treated children. The divalproex-treated group dis-
played a large effect of week (F=13.12, df=1, 13, p=0.003),
while that for the placebo group was not significant.

Inclusion of Child Behavior Checklist T scores and stim-
ulant regimen as covariates in these efficacy analyses did
not alter the results, assuaging concern that group differ-
ences on these variables confounded outcome.

The divalproex group also displayed a larger decrease
in ADHD symptom ratings (according to Conners’ Global
Index restless-inattentive subscale scores) over the trial
compared with the placebo group (week-by-treatment in-
1397
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Patient Perspective

“Freddy” was a 6-year-old boy whose mother related a
long history of attention deficit hyperactivity disorder (ADHD)
symptoms and behavioral dyscontrol. She characterized his
present difficulties as being “verbally and physically abusive.”
She stated that “he destroys property, defies authority, has no
friends, hurts animals, and constantly annoys others.” He was
in frequent conflict with family members, peers, and school
authorities. When not acutely upset, he was an affectionate,
articulate, pleasant boy. His ingenuity and engaging character
attracted other kids initially, but subsequent interactions dis-
couraged them, owing to his inflexibility in accommodating
other children’s desires over his own. His aggression rating on
our Retrospective-Modified Overt Aggression Scale was 82 at
screening, and his ADHD symptoms ratings were approximate-
ly three standard deviations above the mean for boys his age.
He began the stimulant lead-in phase with low stimulant dos-
es, ultimately titrated to 72 mg of triphasic methylphenidate.
At a 54-mg dose, attention and appropriate participation in
school improved, but aggressive outbursts persisted, including
incidents of throwing his desk over in response to directions to
conclude an activity. His mother said she could now see him
trying to control himself before lashing out, but ultimately
anger got the better of him. However, increasing to 72 mg
daily was associated with worrisome changes in demeanor. He
was very serious and irritable and seemed on the lookout for
unfair treatment and things to criticize. He complained con-

teraction: F=6.45, df=1, 140, p=0.01). To examine whether
change in ADHD symptoms mediated the effect of dival-
proex on reduced aggression, random regression analyses
included the difference in Conners’ Global Index restless-
inattentive subscale ratings in the model that tested the
influence of treatment group, time, and baseline aggres-
sion on final aggression scale ratings. Because the addition
of the ADHD symptom change term to this model did not
diminish the significant week-by-treatment interaction,
this analysis did not furnish evidence that improved im-
pulse control mediated the effect of treatment on reduced
aggression, nor was the main effect for ADHD symptom
change significant.

Tolerability and Adverse Effects

Several adverse effects associated with stimulant treat-
ment (anxiety, fingernail biting, and suppressed appetite)
increased between baseline and the end of the stimulant
monotherapy lead-in phase (Table 4). Children treated
with divalproex tended to have higher rates of treatment-
emergent sadness and trouble falling asleep than children
treated with placebo. There were no significant associa-
tions between valproic acid levels and the odds of devel-
oping any adverse effect.

Discussion

Divalproex cotherapy, adjunctive to stimulant treat-
ment, was more effective than adjunctive placebo in

1398

ajp.psychiatryonline.org

stantly about the behavior of peers and siblings, even when
such behavior did not directly involve him. Dose reduction to
63 mg did not improve things, and thus he was returned to his
54-mg dose and deemed a partial responder (i.e., he gained
some benefit from stimulant treatment for ADHD symptoms
[Conners’ Global Index T score declined from 82 to 65]), but
affective volatility, explosivenesss, defiance, easy frustration,
and aggression remained. He seemed a bit less tense than he
was when receiving the higher methylphenidate dose but still
more serious and withdrawn.

After 6 weeks in the lead-in protocol, Freddy started ad-
junctive medication determined by random assignment.
Weighing 26 kg, his initial titration was to 500 mg daily of
extended-release divalproex by the end of the second week.
The unblind psychiatrist directed that his dose be reduced to
250 mg per day, although blind clinicians did not know if the
impetus to do so was a high valproic acid level or a “sham”
change. By his fourth week after randomization, his mother
reported that he was “great,” with “no problems at all.” She
stated, “He shows a lot less anger and is a lot more relaxed.”
The next month consolidated this pattern, and he showed
broader affect and seemed happier at office visits as well. He
was far more easygoing and handled with equanimity minor
upsets that would earlier have precipitated sustained rage.
Freddy had been taking active divalproex, and his blood level
at the trial’s end was 79.6 mg/liter.

promoting the remission of aggressive behavior among
children who experienced inadequate reductions of ag-
gressive behavior with stimulant monotherapy. The dival-
proex-treated group displayed a faster rate of decline in
ratings of aggressive behavior during the trial. The dival-
proex-treated sample also experienced a rate of remission
substantially larger than that of the placebo group (57%
versus 15%). However, a small sample size embedded this
estimate of divalproex’s advantage within a wide confi-
dence interval, making it tentative until larger samples
can yield a more precise estimate.

Children whose difficulties with aggressive, volatile be-
havior did not diminish sufficiently by the end of the stim-
ulant monotherapy lead-in phase appeared unlikely to
gain further benefit by simply continuing this regimen for
an additional 8 weeks, even when accompanied by weekly
psychosocial behaviorally oriented treatment. This result
suggests that prompt revisions to treatment would be indi-
cated. In this context, our finding that the addition of dival-
proex led to appreciable reductions in aggression provides
an empirically based option for the management of youth
shown to respond insufficiently to stimulant monotherapy.

Serial assessment of both ADHD symptoms and ag-
gressive behavior allowed us to examine the relationship
between changes in these domains. Changes in ADHD
symptoms during the controlled comparison of dival-
proex with placebo did not mediate the effects of treat-
ment on reduced aggression. Further exploration might
consider the role of changes in affective features that may
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accompany divalproex treatment as potential mediators
of its efficacy (e.g., irritability, low frustration tolerance).

The range in trough valproic acid levels at the trial end-
point was wide, and the mean of 68 mg/liter was toward
the lower end of the customary therapeutic range. We
found that the long-acting divalproex preparation used
in the present trial was difficult to dose to obtain blood
valproic acid levels between 80 and 110 mg/liter. Concen-
trations exceeding 110 mg/liter are often well-tolerated
among children, but the possibility of a higher incidence
of dose-dependent adverse effects, even if safely managed,
risked unblinding. Although we found no association be-
tween end-of-trial valproic acid levels and response, it is
possible that higher doses might have enhanced the over-
all response rate. In the doses used in the present study;,
the combination of divalproex with stimulant medication
was well tolerated.

Design of future trials to yield a more precise estimate
of treatment effects for adjunctive pharmacotherapy de-
pends on certain parameters that the present study elu-
cidates. First, the rate of response to stimulant monother-
apy, approximately 50% with our procedures, is essential
to establishing enrollment targets. Second, a preliminary
gauge of the effect of the adjunctive agent on monother-
apy nonresponders—in the present case a 42% advan-
tage in remission rates with divalproex over placebo—is a
prerequisite for power analyses determining sample size.
Third, the retention rate and overall feasibility of sustain-
ing the participation of highly impaired children in an out-
patient study that involved several phases were promising.
Although we recognize the limitations of the present trial’s
modest sample size, the data yielded provide the basis for
overcoming them in subsequent research.

Antipsychotic medications are now widely used to treat
aggressive behavior among children, and response rates
of 75% and upward are reported from large trials (41).
However, these agents have not yet been evaluated in con-
trolled trials involving children prospectively shown to ex-
perience insufficient response after attempts to optimize
first-line stimulant treatment. Our findings indicate that
divalproex would be a viable active comparator that has a
generally more benign risk profile for this patient group. It
seems important to evaluate whether adjunctive antipsy-
chotic treatment exhibits superiority relative to divalproex
among children demonstrably underresponsive to stimu-
lant therapy. This issue assumes particular urgency in light
of the propensity for these agents to incur adverse meta-
bolic and endocrine changes, weight gain, and neuromo-
tor abnormalities at higher incidence and severity among
children relative to adults.

The present trial also contributes to the currently small
literature in child and adolescent psychiatry on polyther-
apy strategies for symptoms or comorbid conditions that
cause persisting impairments refractory to initial treat-
ment (42-44). Such multistage trials are inherently more
difficult to complete, yet the prevalence of combined
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pharmacotherapy in clinical care demonstrates that rigor-
ous research to probe the value and the liabilities of these
regimens is essential to a practice of psychopharmacology
that aspires to be evidence-based.
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