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■ Abstract Objective To examine
the influence of comorbid opposi-
tional defiant disorder (ODD) on
the relative risk (RR) of relapse
during 9 months of treatment with
atomoxetine for attention-deficit/
hyperactivity disorder (ADHD).
Method Four hundred and sixteen
children and adolescents with
ADHD whose symptoms remitted
during initial 10-week, open-label
atomoxetine treatment were ran-
domly assigned to continue with
atomoxetine or placebo. Results In
all, 43% met criteria for comorbid
ODD. A total of 17% of patients
with comorbid ODD relapsed

(CGI-Severity score ≥ 3 and ADHD
Rating Scale total score of 90 % or
more of baseline at study entry on
two consecutive visits) during
atomoxetine treatment, compared
with 26 % of patients without
comorbid ODD (RR 0.67, 95 % CI
0.42–1.06). Mean time to relapse
was not significantly different
[mean (SE) days to relapse, ADHD/
+ODD: 215 (7.38); ADHD/–ODD:
211 (7.61); log rank p = 0.08]. This
finding is placed within the context
of atomoxetine affording an overall
protection against relapse com-
pared with placebo (RR 0.59, 95 %
CI 0.43–0.80). Conclusions Comor-
bid ODD does not influence the
rate of relapse of patients with
ADHD during longer-term treat-
ment with atomoxetine. Atomoxe-
tine protects against the relapse of
ADHD symptoms regardless of the
presence or absence of comorbid
ODD.

■ Key words adolescents –
atomoxetine – ADHD – children –
ODD
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Joanne Barton
Mats Johnson
Alessandro Zuddas
Marina Danckaerts
Andrula Ladikos
David Benn
Roni Yoran-Hegesh
Pal Zeiner
David Michelson

Comorbid oppositional defiant disorder 
and the risk of relapse during 9 months 
of atomoxetine treatment for attention-
deficit/hyperactivity disorder

Introduction

The co-occurrence (comorbidity) of child psychiatric
disorders is common. Rates of comorbidity are particu-
larly high in clinical settings owing to the influences of

referral bias and the Berkson effect [9], but comorbidity
is also found in community samples [1].Angold et al. [1]
pooled data from 21 epidemiological studies of child-
hood psychopathology and derived odds ratio (OR)
estimates for the comorbid association of attention-
deficit/hyperactivity disorder (ADHD), conduct disor-
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der/oppositional defiant disorder (CD/ODD), depres-
sion, and anxiety. The three most common comorbid as-
sociations were ADHD with CD/ODD (OR 10.7, 95 % CI
7.7–14.8); depression with anxiety (OR 8.2, 95 % CI
5.8–12.0); and CD/ODD with depression (OR 6.6, 95 %
CI 4.4–11.0). Experimental data suggest that some co-
morbid associations, such as ADHD with CD or ODD,
may represent entities that are distinct from the indi-
vidual disorders [2, 7].

Comorbidity may alter the response to treatment,
usually in the direction of rendering the treatment less
effective [26]. The lack of demonstrated efficacy of tri-
cyclic antidepressant medications for juvenile depres-
sion has been attributed, for example, to the very high
rates of comorbidity among young people with depres-
sion. Systematic study of the impact of comorbidity on
the clinical response to treatment, however, has been
limited.A naturalistic study of 788 children treated with
psychostimulant medication found that comorbidity
with CD/ODD, depression, or anxiety did not exert a sig-
nificant influence on outcome [9]. Other studies have
also found that CD/ODD makes no difference to the re-
sponse of children with ADHD to psychostimulant med-
ication [12, 20]. There are good clinical grounds for ex-
amining the influence of comorbidity on the response to
pharmacological treatments, as such data may help to
influence the choice of treatment. Such research may ex-
amine the influence of comorbidity on the immediate
efficacy of medications, the relative rate of side-effects
and adverse events, persistence with treatment, or the
sustained benefit of treatment over time.

This paper describes a post hoc analysis of the effect
of comorbid oppositional defiant disorder (ODD) on the
rate of relapse in children with ADHD treated over 9
months with atomoxetine hydrochloride. The primary
results of the original relapse-prevention study have
been published previously [18]. Atomoxetine afforded
an overall protection against relapse (Clinical Global
Impressions-Severity score ≥ 3 and ADHD Rating Scale
total score of 90 % or more of baseline at study entry on
two consecutive visits) compared with placebo (RR 0.59,
95 % CI 0.43–0.80).Atomoxetine is a selective noradren-
ergic uptake inhibitor with little or no affinity for other
neuronal transporters or neurotransmitter receptor
sites (dopaminergic, muscarinic-cholinergic, hista-
minic, serotonergic, alpha-1, or alpha-2 adrenergic).
Atomoxetine is the only member of a group of so-called
“nonstimulant” drugs, which includes tricyclic antide-
pressants, bupropion, alpha-2 agonists, and monoamine
oxidase inhibitors [3], that is approved for the treatment
of ADHD. These drugs offer an alternative to patients
who cannot tolerate the side-effects of psychostimulants
or who suffer comorbidities that may be exacerbated by
psychostimulant treatment.

Following randomized controlled trial evidence of
efficacy in children [4, 5, 17, 19, 25] and adults [16, 24],

atomoxetine was released first in the US in late 2002 for
the treatment of ADHD. European countries for which
approval has been granted by the time of writing include
Germany, the Netherlands, Norway, Romania, and the
United Kingdom. A recent analysis of data from one of
the larger placebo-controlled studies in children and
adolescents provided pilot data about the efficacy of ato-
moxetine in patients with ODD. This analysis showed
that, compared with placebo, atomoxetine significantly
reduced ODD symptoms and improved social and fam-
ily functioning in children and adolescents with comor-
bid ADHD and ODD [22]. The present analysis extends
these earlier findings by examining the effects of co-
morbid ODD on clinical outcomes during long-term
treatment in children and adolescents with ADHD. As
the emphasis in these post hoc analyses is on relapse
rates in two defined subpopulations, and because the
main efficacy and safety results of the parent study have
already been published [18], no safety data are reported
here.

Methods

■ Participants

Participants were children and adolescents aged 6–15
years who met DSM-IV criteria for ADHD, as assessed
by clinical interview and confirmed by a structured di-
agnostic interview [Kiddie Schedule for Affective Disor-
ders and Schizophrenia Present and Lifetime (K-SADS-
PL)] [14]. In addition, all patients had symptom severity
at least 1.5 standard deviations above expected age and
sex norms on the ADHD Rating Scale-IV (ADHD RS) [6]
for the patients’ ADHD subtype (predominantly inat-
tentive, predominantly hyperactive/impulsive, com-
bined). Children and adolescents were randomly as-
signed in the double-blind, placebo-controlled relapse
prevention study period if they were deemed respon-
ders to 10 weeks of open-label treatment with atomoxe-
tine. Important exclusion criteria included a history of
bipolar or psychotic illness, substance abuse, serious
medical illness, use of concomitant psychoactive med-
ications, and low IQ. The study was conducted at 33 sites
in the United Kingdom, France, Spain, Italy, Belgium, the
Netherlands, Germany, Poland, Hungary, Sweden, Nor-
way, Israel, South Africa, and Australia, and enrolment
took place over approximately 11 months.

■ Measures

Baseline ADHD and concurrent psychiatric diagnoses
were assessed by the K-SADS-PL interview. Efficacy
measures, completed by the investigators following in-
terviews with participant children and their parents,
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were the ADHD RS and the Clinical Global Impressions
of Severity (CGI-S) [8] scale for ADHD symptoms.

■ Design and procedures

Following baseline assessment, participants entered a
10-week, open-label period of atomoxetine, titrated
from a minimum dose of 0.5 mg/kg/day to a maximum
of 1.8 mg/kg/day. Those that completed the open-label
trial and met response criteria (defined as a CGI-S score
of 2 or less, indicating minimal symptoms and impair-
ment, and a reduction of at least 25 % from baseline in
ADHD RS total score) entered an extended, double-
blind continuation study period of approximately 42
weeks. During the early weeks of the continuation study
phase, patients were randomly assigned to continue ato-
moxetine or placebo (the precise visit was blinded to in-
vestigators and patients). Patient disposition is summa-
rized in Fig. 1. During the continuation study phase,
atomoxetine (or placebo) was administered at the same
dose and dosing schedule used at the end of the open-la-
bel study period. Patients who met relapse criteria were
discontinued from the study.The patient was considered

to have relapsed if at two consecutive visits the CGI-S
score was 3 (mild impairment) or greater,and the ADHD
RS total scores returned to 90 % or more of the score ob-
tained at initial study entry.

After description of the procedures and purpose of
the study, and prior to the administration of any study
procedure or dispensing of study medication, written
informed consent was obtained from each patient’s par-
ent or guardian, and written assent was obtained from
each patient. This study was reviewed by each site’s in-
stitutional review board and was conducted in accor-
dance with the ethical standards of the Declaration of
Helsinki 1975, as revised in 2000 [27].

■ Data analysis

An initial sample size of 250 patients (200 atomoxetine,
50 placebo) was chosen to provide approximately 85 %
power to detect a treatment difference in the distribu-
tions of time to relapse following the first randomiza-
tion, assuming that time to relapse was exponentially
distributed with hazard rates of 0.75 on atomoxetine
and 1.5 on placebo [15]. These rates correspond to per-

Fig. 1 Disposition of participants in the open-label and double-blind, placebo-controlled phases of the relapse prevention trial

N = 604
Patients entered in open-label

acute treatment phase

N = 132
Discontinued

Reasons:
� adverse event (9)
� satisfactory response (1)
� lost to follow-up (2)
� patient moved (1)
� personal conflict (20)
� MD decision (13)
� protocol violation (11)
� relapse per protocol (75)

N = 79
Discontinued

Reasons:
� adverse event (1)
� satisfactory response (2)
� lost to follow-up (3)
� patient moved (1)
� personal conflict (13)
� MD decision (6)
� protocol violation (3)
� relapse per protocol (50)

N = 188
Discontinued prior to randomization

Reasons:
� adverse event (23)
� satisfactory response (2)
� lack of efficacy (123)
� lost to follow-up (1)
� personal conflict (5)
� sponsor or MD decision (16)
� protocol violation (16)
� relapse per protocol (2)

N = 292
Atomoxetine

N = 124
Placebo

N = 160
Continuing

N = 45
Continuing

N = 416
Patients randomized to continuation treatment phase
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centages of relapse of 31 % on atomoxetine and 53 % on
placebo after 6 months. This calculation assumed a two-
sided, 0.05 level test, and that drop-out due to reasons
other than relapse followed an exponential distribution
with a hazard rate of 0.4 (approximately 20 % over 6
months).

The primary analysis for this paper was the relative
risk (RR) of relapse during the continuation phase of
treatment. Relative risk calculations were oriented such
that estimates less than a value of 1 favoured the comor-
bid condition over the noncomorbid condition. The dis-
tribution of number of days to relapse was estimated for
each of the treatment and placebo control groups by co-
morbidity condition using the Kaplan-Meier product
limit estimator [13]. Treatment differences in the distri-
butions were assessed using a two-sided log-rank test at
the 0.05 level.

Results

Of 416 patients who met efficacy criteria at the end of
the 10-week, open-label study period, 292 were ran-
domly assigned to continue with atomoxetine, and 124
were randomly assigned to receive placebo in a double-
blind fashion. A summary of demographics and other
patient characteristics is presented in Table 1. ODD was
a common comorbidity, affecting 179 patients (43 % of
the sample). There was no statistically significant dif-
ference in rates of ODD comorbidity between the ato-
moxetine treatment group and the placebo control
group.

Twenty-one of 123 patients (17 %) with ADHD and
comorbid ODD (ADHD/+ODD) assigned to atomoxe-

tine relapsed, compared with 43/168 (26 %) patients
without comorbid ODD (ADHD/–ODD) assigned to
atomoxetine (RR 0.67, 95 % CI 0.42–1.06). There was no
statistically significant difference in mean time to re-
lapse between the atomoxetine-treated groups with or
without comorbid ODD [mean (SE) days to relapse,
ADHD/+ODD: 215 (7.38); ADHD/–ODD: 211 (7.61); log
rank p = 0.08]. Twenty-four of 56 patients (43 %) with
ADHD/+ODD assigned to placebo relapsed, compared
with 23/68 patients (34 %) with ADHD/–ODD assigned
to placebo (RR 1.27, 95 % CI 0.81–1.99). There was no
statistically significant difference in mean time to re-
lapse for the placebo groups, regardless of the presence
or absence of ODD [mean (SE) days to relapse,
ADHD/+ODD: 136 (11.35); ADHD/–ODD: 151 (9.13);
log rank p = 0.22]. Relapse rates according to ODD co-
morbidity are illustrated in Fig. 2 and referenced against
overall relapse rates by treatment condition, as reported
by Michelson et al. [18].

Discussion

In the context of 9 months of treatment with atomoxe-
tine for ADHD, the presence of comorbid ODD did not
significantly alter the rate of relapse in symptoms at-
tributable to the ADHD. The finding is placed within the
context of atomoxetine affording an overall protective
effect against relapse in the sample compared with
placebo. Those who did relapse while taking atomoxe-
tine derived benefit for longer than those who relapsed
while taking placebo. Examination of Fig. 2 reveals a
statistically nonsignificant trend toward a protective
effect against relapse from the presence of comorbid

ADHD only ADHD + ODD

Variable Atomoxetine Placebo Atomoxetine Placebo
(N = 168) (N = 68) (N = 123) (N = 56)
n (%) n (%) n (%) n (%)

Sex
Male 145 (86.3) 63 (92.6) 115 (93.5) 49 (87.5)
Female 23 (13.7) 5 (7.4) 8 (6.5) 7 (12.5)

Origin
Caucasian 160 (95.2) 66 (97.1) 122 (99.2) 56 (100.0)
Other 8 (4.8) 2 (2.9) 1 (0.8) 0

Age group
< 12 121 (72.0) 55 (80.9) 86 (69.9) 45 (80.4)
≥12 47 (28.0) 13 (19.1) 37 (30.1) 11 (19.6)

Previous stimulant treatment 88 (52.4) 29 (42.6) 68 (55.3) 33 (58.9)

ADHD subtype
Hyperactive/impulsive 9 (5.4) 5 (7.4) 4 (3.3) 1 (1.8)
Inattentive 57 (33.9) 17 (25.0) 10 (8.1) 9 (16.1)
Combined 102 (60.7) 46 (67.6) 109 (88.6) 46 (82.1)

Table 1 Summary of demographics and patient
characteristics
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ODD during treatment with atomoxetine, with an ab-
solute risk reduction of about 9 %,while the trend for the
placebo group was in the opposite direction. The ob-
servation adds further weight to the conclusion that
atomoxetine is at least as effective for children with
ADHD and comorbid ODD as it is for children with
ADHD alone. The finding is consistent with short- and
longer-term treatment studies of methylphenidate for
ADHD [11, 12, 20, 21, 23], in which the presence of
comorbid ODD does not reduce the likelihood of a treat-
ment response.We speculate,however, that,although the
primary outcome measures focused on ADHD symp-
toms, the rating of these symptoms was probably influ-
enced by fluctuation in the severity of ODD symptoms.
If atomoxetine exerts a direct effect on ODD symptoms,
as suggested in one short-term, placebo-controlled trial
[22], then improvement in ODD symptoms may have
been misattributed in the present study to an improve-
ment in ADHD symptoms. Conversely, the relapse in
ODD symptoms occurring in patients randomly as-
signed to the placebo condition may have been identi-
fied early and attributed to a relapse in ADHD. It is quite
plausible that atomoxetine exerts a direct benefit on
aggression and defiance, as such benefits have been
observed with other noradrenergic “nonstimulant”
medications, such as clonidine [10]. Unfortunately, the
present results are equivocal in this regard, and addi-
tional studies will be needed to clarify the issue.

A number of limitations of the study warrant men-
tion. As this study was post hoc in nature, it was not
designed specifically to assess ODD symptoms. This is
relevant because, if atomoxetine exerts a direct effect on
ODD symptoms, as suggested in one short-term
placebo-controlled trial [22], then improvement in
ODD symptoms may have been misattributed in the
present study to an improvement in ADHD symptoms,
as discussed in the preceding paragraph. The study was
not powered to detect drug effects in other comorbid

subgroups, such as depression and anxiety, thus pre-
venting us from examining the effect of multiple co-
morbidities on treatment response. Owing to the re-
quirement that patients met efficacy criteria following
10 weeks of treatment with atomoxetine before they
could be randomly assigned, it is possible that more
severely affected and treatment-resistant patients with
ADHD/+ODD were excluded from the study, thus bias-
ing the result. There was a slight difference in response
in the open-label phase of the study, with 24.7 % of
patients with ADHD/+ODD dropping out due to in-
efficacy, compared with 16.8 % of patients with
ADHD/–ODD (p = 0.02). However, this made little
difference ultimately, with 45.5 % of the open-label sam-
ple having comorbid ODD compared with 43 % of the
sample who proceeded to randomization. The rate of
relapse among patients randomly assigned to receive
placebo was low in the present study (< 40 %), which
limited the capacity to discriminate between the active
treatment and placebo conditions. The relatively high
placebo response rate may have been a function of set-
ting the threshold for relapse too high, or it may have
been due to the patients deriving nonspecific benefit
through the regular monitoring they received during
the course of the study.

Comorbidity is common in clinical settings. It is,
therefore, important to determine whether psychiatric
treatments are effective for various combinations of dis-
orders. The data from the present study indicate that
atomoxetine is effective in patients with ADHD and co-
morbid ODD. As nearly half of the patients presenting
for the treatment of ADHD have comorbid ODD, this is
an important observation.
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