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ABSTRACT

Introduction: The psychopharmacology of aggression in youth is relatively unexplored, even
though such maladaptive aggression manifests across many different diagnoses. 

Methods: This study was a 12-week, open-label trial with divalproex sodium (DVPX) in 24
bipolar offspring 6–18 years of age (mean age = 11.3 years; 17 boys) with mixed diagnoses of
major depression, cyclothymia, attention-deficit/hyperactivity disorder (ADHD), and oppo-
sitional defiant disorder (ODD). The Overt Aggression Scale (OAS) was used to measure ag-
gression in 4-week intervals. We measured serum gamma-butyric acid (GABA) and
glutamate levels at baseline and week 12.

Results: Seventy-one percent of evaluable subjects were considered responders to DVPX
treatment by the OAS. There was a significant correlation between the Young Mania Rating
Scale (YMRS) and OAS scores at week 0 (p = 0.036) and week 12 (p = 0.025). Serum DVPX
level did not correlate with treatment response.

Conclusions: These youths who are at high risk for bipolar disorder experienced an overall
decrease in aggressive behavior in response to DVPX. Age or gender did not predict a posi-
tive response to DVPX. This study is the first report of treatment efficacy of a mood stabilizer
for aggression in youth at high risk for bipolar disorder.
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INTRODUCTION

THE PSYCHOPHARMACOLOGY of aggression in
youth is relatively unexplored, even

though such maladaptive aggression mani-
fests across many different diagnoses (Steiner
et al. 2003). It is first important to delineate the
subtype of aggression that the youth is exhibit-
ing in order to identify whether the form of
aggression may be amenable to psychophar-
macological interventions. Subtypes of aggres-
sion include PIPP- (Proactive, Instrumental,

Planned, and Predatory) and RADI- (Reactive,
Affective, Defensive, and Impulsive) type ag-
gression (Steiner et al. 2003). PIPP aggression
refers to the planful execution of aggression,
where the anticipated outcome to the individ-
ual is positive, and the emotions accompany-
ing this form of aggression are those of
happiness and interest.

RADI-type aggression, however, is un-
planned and is accompanied by negative emo-
tions, such as fear, anger, and irritability.
RADI-type aggression is often a prominent
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feature in children and adolescents with bipo-
lar disorder (BD). Children of parents with BD
who have subsyndromal symptoms of BD
themselves also have been reported to have
high levels of RADI-type aggression (Dienes et
al. 2003). Although not meeting Diagnostic and
Statistical Manual of Mental Disorders, fourth
edition (DSM-IV; American Psychiatric Associ-
ation 1994) criteria for bipolar I or II disorder,
these children can present with irritability,
rapid mood shifts, and aggression, warranting
psychopharmacological intervention. As it is
possible that these children are prodromal for
fully developed BD, it would seem efficient to
utilize an agent that could treat symptoms of
both aggression and BD (Chang et al. 2003a).

Divalproex has evidence of efficacy for both
BD and aggression in youth (Steiner et al.
2003). Divalproex has been shown, in con-
trolled studies, to be effective in adult mania
(Bowden et al. 2000; Bowden et al. 1994) and in
open studies to be effective in pediatric mania
(Wagner et al. 2002; Kowatch et al. 2000; Pavu-
luri et al. 2005). Regarding aggression, Dono-
van et al. demonstrated the efficacy of
divalproex in decreasing aggressive symp-
toms in youths with conduct disorder (CD)
and/or oppositional defiant disorder (ODD)
in both open (1997) and controlled (2000) stud-
ies. Therefore, divalproex appears to be a rea-
sonable candidate for the treatment of
symptoms of both BD and aggression in chil-
dren and adolescents.

We previously reported open divalproex to
be effective in treating manic and depressive
symptoms in a cohort of bipolar offspring
with mood and behavioral disorders and at
least mild affective symptoms (Chang et al.
2003b). In this previous study, general im-
provement in the Clinician’s Global Impres-
sion—Improvement scale and improvement
in manic and depressive symptoms were pri-
mary and secondary outcome measures.
However, we also collected data measuring
change in RADI aggression, using the Overt
Aggression Scale—Modified (OAS-M; Coc-
carro et al. 2000). Furthermore, we collected
serum gamma-butyric acid (GABA) and glu-
tamate levels pre- and post-treatment, owing
to the theorized effects of valproate on brain
GABA and studies correlating high aggres-

sion to low serum GABA levels (Bjork et al.
2001). We also wished to study effects on
serum glutamate, as GABA is the major in-
hibitory, and glutamate the major excitatory,
neurotransmitter in the brain (Lujan et al.
2004). Therefore, in this study, we wished to
re-examine our data to include improvement
in aggression as an outcome measure and to
correlate both mood and aggression symptom
improvement to changes in serum GABA
levels. We hypothesized that treatment with
divalproex would lead to a decrease in aggres-
sion in bipolar offspring with mood and be-
havioral symptoms, and improvement in
aggression and mood symptoms would be
correlated with increases in serum GABA and
decreases in serum glutamate levels.

METHODS

The sample for this study was drawn from
an ongoing phenomenology study of bipolar
offspring. Families were recruited from the
Stanford Bipolar Disorders Clinic (for adults),
the Stanford Pediatric Mood Disorders Clinic,
and from the surrounding community within
Stanford, California. Oral and written, in-
formed consent was obtained from at least 1
parent, and oral and written assent was ob-
tained from subjects after an explanation of
possible adverse effects and alternatives to
study participation. This study was approved
by the Stanford University Administrative
Panel on Human Subjects.

Subjects were evaluated by either a child
psychiatrist or a trained research assistant who
was aware of parental status. Inter-rater relia-
bility was established by rating videotaped in-
terviews, observing trained rater interviews,
and performing interviews with observation
by a trained rater, as described by Geller et al.
(1998). Both the parents and children were in-
terviewed. Symptoms were positively rated if
endorsed by either parent or child, based on
interviewer decision (e.g., if a child seemed to
be exaggerating a symptom, the interviewer
had the option to use the parent’s report in-
stead). Diagnostic decisions were ultimately
made by a child psychiatrist (KC), based on re-
view of the structured-interview data, clinical
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history, and videotapes of the interview if the
research assistant performed the interview.
The OAS-M was performed by a masters-level
research assistant who was trained by observ-
ing at least four rater interviews. Inter-rater re-
liability was not done, as there was only one
rater for the OAS-M. Inter-rater reliability on
the Washington University in St. Louis Kiddie
Schedule for Affective Disorders and Schizo-
phrenia (WASH-U-KSADS) was established
by rating videotaped interviews, observing
trained rater interviews, and performing inter-
views with observation by a trained rater, as
described by Geller et al. (1998). The children’s
diagnoses were lifetime.

Inclusion criteria required a parent with
bipolar I or II disorder by the Structured Clin-
ical Interview for DSM-IV Axis I Disorders
(SCID; First et al. 1995) and the subject with a
current diagnosis of at least one of the follow-
ing: Major depressive disorder (MDD), atten-
tion-deficit/hyperactivity disorder (ADHD),
dysthymic disorder (DVS), or cyclothymic
disorder (CYC). Subjects also had to have at
least mild affective symptoms, as determined
by a score of at least 12 on the Young Mania
Rating Scale (YMRS) and 26 or 12 on the 
28-item Hamilton Rating Scale for Depression 
(HAM-D).

We studied 24 bipolar offspring 6–18 years
of age (mean age = 11.3 years; 17 boys/7 girls)
with mixed diagnoses of MDD (21%), CYC
(29%), ADHD (58%), and ODD (8%) (Chang et
al. 2003b). Sixty-point-zero-nine percent of
subjects had mothers with BD. The mean per-
cent of first- or second-degree relatives with a
mood disorder was 52% (SD = 15%). Any psy-
chotropic medications being currently taken
were discontinued for at least five half-lives
before the study. Divalproex was begun at
125–250 mg/day and increased by 125–250
mg/day every 4–7 days to reach a target
serum level between 50 and 120 µ/mL by
week 4. Dosage increase was slowed or halted
if symptoms improved or adverse effects lim-
ited tolerability. Titration continued past week
4, if necessary, based on clinical response and
serum level. No additional psychotropic med-
ications were allowed.

Subjects were assessed with the parent-re-
port version of the Child Behavior Checklist

(CBCL; Achenbach 1991) at baseline. The
YMRS (Young et al. 1978) and the HAM-D
(Hamilton 1960) were used to assess the sub-
jects at baseline and at weeks 1, 2, 3, 4, 6, 8, 10,
and 12. The OAS-M (Coccaro et al. 2000) was
completed at baseline and at week 12. The
OAS-M is a clinician-administered scale, mea-
suring frequency and degree of verbal assaults
and assaults against objects, others, or self
over the previous week. The OAS-M also mea-
sures subjective and overt irritability and sui-
cidal tendencies. We considered a positive
response for aggression in this study to be at
least a 50% decrease in scores on the OAS-M.

Serum was drawn from each subject at base-
line and again at week 12. Samples were taken
in the morning, all between 7 and 10 a.m.
Blood samples were obtained by venipuncture
of the antecubital vein, using 15-mL round
bottom tubes provided by the Nathan S. Kline
Institute (Orangeburg, NY). The blood was
centrifuged and the plasma removed and
placed into a cryotube and kept frozen in a
nonfrost freezer at �70°C until assayed. The
samples were transferred without thawing on
dry ice to the Analytical Psychopharmacology
Laboratory (Nathan S. Kline Institute) for pro-
cessing GABA and glutamate levels. To our
knowledge, normal levels for serum GABA or
glutamate levels have not been established for
children and adolescents.

Statistical analyses

SPSS version 13 was used to perform the
statistical analysis, including the descriptive
statistics. Spearman’s correlations were per-
formed for the following: Correlation between
baseline CBCL subscales and baseline OAS-M
scores, correlation between percent change
GABA and percent change in OAS-M, and a
correlation between percent change glutamate
and percent change OAS-M. In addition, we
used paired t test analyses to measure changes
in OAS subscales over 12 weeks.

RESULTS

Subject demographics are given in Table 1.
The dose of divalproex ranged from 375 to
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1500 mg/day, with a mean final dose of 821 ±
280 mg/day. Serum levels of divalproex were
targeted to 50–120 µg/mL, with a mean final
serum level of 79.0 ± 26.8 µg/mL. Seventy-one
percent of subjects were Caucasian, 13% His-
panic, 13% Asian, and 4% African-American.
One subject (male) withdrew from the study

before week 3 because of a lack of perceived
improvement symptoms.

As previously reported, 78% of our subjects
were considered responders by mood criteria
(a decrease over the study of at least 50% in
HAM-D or YMRS scores) (Chang et al. 2003b).
Mean HAM-D scores were 12.97 ± 8.2 at base-
line (range = 1–26) and 5.6 ± 5.3 at week 12
(range = 1–24). Mean YMRS scores were 15.3 ±
8.0 (range = 0–27) at baseline and 4.9 ± 4.6 at
week 12 (range = 0–23). 

Seventy-one percent of evaluable subjects
were considered responders to treatment by
the OAS-M. Neither gender (p = 0.79) nor age
(p = 0.78) predicted response. Neither the final
dose nor final serum level of DVPX correlated
with treatment response (p = 0.51). There was a
significant correlation between YMRS scores
and OAS scores at week 0 (r = 0.67; p = 0.004)
and week 12 (r = 0.77; p = 0.001), indicating
that the more severe the manic symptoms, the
more severe the aggression, and vice versa, at
entry and at exit from the study.

Mean OAS scores decreased significantly
from week 0 (50.4 ± 67.7) to week 12 (26.2 ±
42.7; t = 1.96, p = 0.005). Using paired t test
analyses of OAS subscales at weeks 0 and 12,
mean scores of Assault Against Others (18.2 ±
29.5 to 2.5 ± 3.8; p = 0.001) and Irritability (5.1 ±
2.6 to 2.1 ± 2.0; p = 0.008) all decreased signifi-
cantly. Subscales that did not change were As-
sault Against Objects (6.3 ± 6.0 to 1.3 ± 1.7; p =
0.82) and Assault Against Self (0.86 ± 3.2 to
0.23 ± 0.83; p = 0.82). The one subscale that
showed a significant increase was Verbal Ag-
gression (20.2 ± 13.2 to 36.0 ± 31.1; p = 0.04).

The mean serum glutamate level at baseline
was 90.3 ± 71.8 µM/L and at 12 weeks was
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TABLE 1. SUBJECT DEMOGRAPHICS

Age
Subject (years) Gender Diagnosis

1 8 M ADHD
2 16 F CYC
3 17 F CYC
4 6 M ADHD
5 18 M CYC
6 6 M ADHD
7 11 M ADHD, ODD
8 9 M ADHD
9 7 M ADHD, ODD, CYC

10 17 F MDD, GAD
11 9 M ADHD
12 12 M ADHD
13 8 M DYS
14 10 M CYC, ADHD
15 7 F MDD
16 10 M ADHD
17 16 M MDD
18 16 M CYC
19 10 M ADHD
20 9 M ADHD
21 7 F DYS
22 16 M MDD, ADHD
23 12 F CYC, ADHD
24 8 F MDD

M = Male; F = Female; ADHD = attention-deficit/hy-
peractivity disorder; CYC = Cyclothymia; ODD = oppo-
sitional defiant disorder; MDD = major depressive
disorder; GAD = generalized anxiety disorder; DYS =
Dysthymia.

TABLE 2. SUBJECT DEMOGRAPHICS

VPA VPA mean
Mean ± mean final serum
SD age Gender Diagnoses final dose level Ethnicity

11.3 ± 3.9 17 boys/7 girls Major depression, 821 mg/day 79.0 µg/mL Caucasian: 71%
years cyclothymia, ± 280 mg/day ± 26.8 µg/mL Hispanic: 13%

ADHD, ODD, Asian: 13%
DYS African-American: 4%

SD = standard deviation; VPA = valproic acid; ADHD = attention-deficit/hyperactivity disorder; ODD = opposi-
tional defiant disorder; DYS = dysthemia.
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104.5 ± 54.3 µM/L, a nonsignificant difference
(p = 0.46). Response to divalproex in aggres-
sion was not correlated with change in serum
GABA (p = 0.43) or glutamate (p = 0.28).  How-
ever, response to divalproex in mood symp-
toms was negatively correlated with a
decrease in serum glutamate levels over the
course of the study (p = 0.02) Change in serum
GABA levels were not correlated with mood
response (p = 0.40)

DISCUSSION

Aggression in youth commonly occurs in
the context of mood and other psychiatric dis-
orders and is often the major targeted symp-
tom for treatment. In this study, severity of
aggression occurring in a population of chil-
dren and adolescents at high risk for develop-
ment of BD was found to lessen with
divalproex monotherapy. 

We measured aggression using the OAS,
which, preferentially, measures RADI-type ag-
gression. This type of aggression has been con-
sistently reported in cohorts of children and
adolescents with bipolar disorders, as well as
children with early forms of bipolar disorder
(Dienes et al. 2002). Therefore, although we
saw significant decreases in RADI-aggression
in our subjects, we cannot comment on the ef-
fects of divalproex on PIPP-type aggression.

As divalproex has been shown in other stud-
ies to increase serum and brain GABA (Johan-
nessen and Johannessen 2003; Loscher 1999;
Loscher 2002; Petroff et al. 1999), we had hy-
pothesized that improvement of aggression
symptoms would be correlated with increases
in serum GABA and, conversely, decreases in
serum glutamate. Previous studies have sug-
gested that an increase in GABA activity usu-

ally results in increased impulse control, hence
decreasing RADI aggression (Swann et al.
2002; Brown et al. 1990). For example, Bjork et
al. (2001) found that in subjects selected for
having a first-degree relative with primary
unipolar depressive disorder, plasma GABA
was negatively correlated with aggressive-
ness. These data suggest that low GABA levels
may correlate with some aspects of aggressive-
ness and may be genetically regulated. Bjork et
al. (2001) found that in subjects selected for
having a first-degree relative with primary
unipolar depressive disorder, plasma GABA
was negatively correlated with aggressive-
ness. These data suggest that low GABA levels
may correlate with some aspects of aggressive-
ness and may be genetically regulated. This
was not found to be the case in regard to our
subjects with aggression. However, improve-
ment in mood was found to be correlated with
a decrease in serum glutamate levels. It is,
therefore, possible that although mood mecha-
nisms may be linked to changes in the
GABA/glutamate system, aggression may be
dependent on other systems, such serotonin.
However, serum neurotransmitter levels may
not be accurate indicators of brain levels,
which are more relevant to behavioral and
mood changes, and so our findings cannot be
conclusive. Future studies could better exam-
ine the role of GABA and glutamate in aggres-
sion by measuring levels in the brain through
magnetic resonance spectroscopy.

Because we did not include a healthy con-
trol group, we do not know if the baseline
serum levels of GABA in our subjects were
lower than normal, as has been reported in
other studies. Prosser et al. (1997) measured
plasma GABA (pGABA) concentrations in 115
inpatients (7–17 years of age) with child psy-
chiatric disorders. Group mean pGABAs were
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TABLE 3. BASELINE AND OUTCOME MEASURES OF OAS-M, SERUM GABA, AND GLUTAMATE

Baseline 12 weeks p-value

OAS-M 50.4 ± 67.7 26.2 ± 42.7 0.005
Serum GABA 19.3 ± 12.7 µM/L 17.6 ± 8.3 µM/L 0.43
Serum glutamate 90.3 ± 71.8 µM/L 104.5 ± 54.3 µM/L 0.46

GABA = gamma-butyric acid; OAS-M = Overt Aggression Scale—Modified.
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compared for 38 patients with mood disorders
only, 29 with behavior disorders only, 48 with
comorbid mood and behavior disorders, and
14 normal controls (14–17 years of age). No pa-
tient in the behavior disorders group or con-
trol group had pGABA below 100 pmol/mL,
but low pGABAs were found in 15% of pa-
tients with mood disorders (who had no be-
havior disorder) and in 16% of patients with
comorbid mood and behavior disorders. 

In our sample, 71% of evaluable subjects
were considered responders to divalproex
treatment by the OAS-M. Mean overall 
OAS-M scores decreased significantly from
week 0 to week 12. Of the OAS-M subscales,
Overall Aggression, assault against others and
irritability all decreased over the 12-week trial.
Scores of assault against objects and assault
against self did not decrease significantly. This
could be because these children had more se-
vere psychiatric impairment, were more im-
pulsive, and possibly need to be treated for a
longer period to see decrease in these subtypes
of aggression. Interestingly, verbal aggression
increased significantly over the trial. It is not
clear that this was a clinically significant in-
crease, but it is also possible that with dival-
proex treatment, more physical acts of
aggression were “traded” for less physical and
more verbal acts. 

Other factors, such as age and gender, did
not predict aggression response. There was a
significant correlation between YMRS scores
and OAS scores at weeks 0 and 12, indicating
that the higher the mania, the higher the ag-
gression, and vice versa, at entry and at exit
from the study. This finding may indicate that
aggression symptoms improved owing to an
improvement in mania, especially as dival-
proex has been suggested to be effective in the
treatment of mania in children and adolescents
(Wagner et al. 2002; Kowatch et al. 2000). Alter-
nately, divalproex may affect aggression
through mechanisms distinct from its actions
on mania.

Divalproex has been shown to be effective in
treating aggression in the context of other dis-
orders in youth. Donovan et al. (2000) reported
divalproex to be superior to placebo in treating
20 outpatient children and adolescents with a
disruptive behavior disorder (ODD or CD)

who met the specific criteria for explosive tem-
per and mood lability. Steiner at al. (2003) also
studied the use of divalproex in youths with
conduct disorder. Subjects in a high-dose con-
dition were found to have significant improve-
ments in impulse control and self-restraint,
compared to subjects in a low-dose condition.
These findings provide further evidence that
divalproex may act in a global manner to de-
crease aggression symptoms across various
psychiatric conditions in youth.

Limitations

The limitations of this study included a rela-
tively small sample size of a diagnostically
heterogeneous cohort. However, the subjects
of the cohort were similar in having a strong
family history of BD and fairly high levels of
aggression before treatment. Furthermore, this
was a retrospective analysis of data from an
open trial, which is subject to rater bias. Fi-
nally, without a control condition, it is difficult
to determine if improvements in aggression
were from other factors, such as being seen fre-
quently at a university clinic.

CONCLUSIONS

Nevertheless, to our knowledge, this is the
first study examining the effect of divalproex on
decreasing aggression in youth having a strong
family history of BD. Aggressive behaviors in
youth are present across various psychiatric di-
agnoses, including sub- and fully syndromal
forms of BD. The importance of treating aggres-
sion cannot be emphasized enough, as it can
cause significant dysfunction in all aspects of
the youth’s life. Further, controlled studies with
larger samples are needed in this population.
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