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Background: Irritability is a adverse effect of many antiseizure medications (ASMs), but there are no validated
measures currently available to characterize this behavioral risk. We examined both child and parent/guardian
versions of the Affective Reactivity Index (ARI), a validatedmeasure developed for application in adolescent psy-
chiatry, to determine its sensitivity to ASM-related irritability. We hypothesized irritability increases associated
with levetiracetam (LEV) but not lamotrigine (LTG) or oxcarbazepine (OXC).
Method: The ARI was administered to 71 child and parent/guardian pairs randomized to one of three common
ASMs (LEV, LTG, OXC) used to treat new-onset focal (localization-related) epilepsy. Subjects were recruited as
part of a prospective multicenter, randomized, open-label, parallel group design. The ARI was administered at
baseline prior to treatment initiation and again at 3 months after ASM initiation.
Results: There was a significant increase in ARI ratings for both child and parent/guardian ratings for LEV but not
LTG or OXC when assessed 3 months after treatment initiation. When examined on the individual subject level
using a criterion of at least a 3-point ARI increase, there was an increase associated with LEV for child ratings
but not parent/guardian scores.
Conclusion: Both child and parent/guardian versions of the ARI appear sensitive tomedication-induced irritability
associated with LEV on both the group and individual levels. The findings extend the applicability of ARI from
characterizing the presence of clinical irritability as a psychiatric diagnostic feature to a more modifiable aspect
of behavior change related to medication management and support its use in clinical trial applications.

© 2019 Published by Elsevier Inc.
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1. Introduction

Irritability is common in many child/adolescent psychiatric condi-
tions and is a diagnostic feature of many Diagnostic and Statistical Man-
ual of Mental Disorders, Fifth Edition (DSM-5) categories including
MoodDisorders, Oppositional Defiant Disorder, andGeneralizedAnxiety
lth Center, 12 Executive Park, Atlant
Disorder. Irritability is also a core characteristic of the new DSM-5 diag-
nostic category of Disruptive Mood Dysregulation Disorder [1]. Despite
its importance in psychiatric diagnosis, irritability remains a difficult
construct to formally operationalize. Multiple scales have been devel-
oped although they have been criticized because of their inclusion of
items related to the effects of irritability expression including hostility
a, GA 30329, United States of America.
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Table 1
Titration schedule.

LEV LTG OXC

Week Dose Dose Dose

1 10 mg/kg 0. 3 mg/kg 5 mg/kg
2 20 mg/kg 0. 3 mg/kg 15 mg/kg
3 30 mg/kg 0. 6 mg/kg 25 mg/kg
4 30 mg/kg 0. 6 mg/kg 25 mg/kg
5 30 mg/kg 1. 2 mg/kg 25 mg/kg
6 30 mg/kg 1. 8 mg/kg 25 mg/kg
7 30 mg/kg 2. 4 mg/kg 25 mg/kg
8 30 mg/kg 3. 0 mg/kg 25 mg/kg
9 30 mg/kg 4. 5 mg/kg 25 mg/kg
10 30 mg/kg 4. 5 mg/kg 25 mg/kg
11 30 mg/kg 7. 0 mg/kg 25 mg/kg
12 30 mg/kg 7. 0 mg/kg 25 mg/kg
Target 30 mg/kg 7. 0 mg/kg 25 mg/kg
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or self-harm rather than assessing components of irritable/angry mood
or behavioral outbursts [2].

The Affective Reactivity Index (ARI) [3] was developed to formally
assess chronic irritability in both children and adults while providing
good psychometric characteristics [2]. The ARI consists of questions of
both irritable mood (e.g., easily annoyed by others) as well as temper
outbursts (e.g., loses temper easily) but does not include items related
to possible negative consequences of irritable mood such as aggression
or hostility, which may also be related to other factors such as poor im-
pulse control. Both parent- and self-report ARI versions are available for
pediatric assessment in ages 6–17 years old.

The ARI has been successfully validated in patients with bipolar dis-
order, severe mood regulation, or anxiety [4] and applied to characteri-
zation of multidimensional psychiatric symptom patterns in children
and adolescents [5]. However, its sensitivity to treatment-emergent be-
havioral adverse effects associated with medical therapy has not been
established. Irritable mood is a risk associated with many antiseizure
medications (ASMs), although it is unclear if tools used to assess irrita-
bility in psychiatric diagnoses are sensitive to medication-induced
changes. Although irritability has been reported in most ASMs, adverse
behavioral effects aremore common in certainmedications (e.g., leveti-
racetam (LEV), topiramate, phenobarbital) [6]. Of the common ASMs
used to treat epilepsy, LEV is associated with irritability in 12.5% of
treated adults based upon epileptologist characterization following a
clinic visit [7]. A meta-analysis of behavioral adverse effects of LEV in
children described an increased relative risk of behavioral adverse ef-
fects (2.18 compared with placebo), in which irritability was the most
common [8]. Given the absence of a validated measure to assess irrita-
bility and also the variability in how irritability is defined, estimates of
irritability incidence across ASMs are poorly characterized.

We report ARI sensitivity to drug-related irritability in childrenwith
newly diagnosed focal (localization-related) epilepsy who were ran-
domized to one of three common ASMs used to treat pediatric localiza-
tion-related epilepsy [i.e., LEV, lamotrigine (LTG), oxcarbazepine
(OXC)]. The ARIwas administered to children and their parent/guardian
prior to treatment initiation and 3 months after starting ASM therapy.
We hypothesized that if the ARI is sensitive to drug-induced irritability,
then increased ARI scores from both child and parent/guardian ratings
should be present in children randomized to LEV. No ARI treatment in-
crease was hypothesized for either OXC or LTG.

2. Methods

2.1. Clinical trial

The ARI was administered as part of a Phase IV clinical trial funded
by the Patient Centered Outcomes Research Institute (PCORI) to estab-
lish potential cognitive and behavioral effects of three common ASMs
used to treat new-onset focal (localization-related) epilepsy in children
(Cognitive ASM Outcomes in Pediatric Localization-Related Epilepsy
(COPE), Clinical Trials ID: NCT01891890). The COPE was a prospective
multicenter, randomized, open-label, parallel group study. The protocol
was approved by the Institutional Review Boards at all participating
sites. The study started in August 2013 and was terminated in October
2015 because of poor recruitment. There were 10 clinical sites that en-
rolled study patients.

2.2. Subjects

Potential subjects were identified during their initial pediatric neu-
rology visit, typically in new-onset seizure clinics. Inclusion criteria in-
clude age between 6 years, 0 months and 12 years, 11 months at the
time of enrollment with a new diagnosis of focal (localization-related)
epilepsy with or without secondary generalization according to the In-
ternational League Against Epilepsy (ILAE) criteria. The child's parent/
guardian provided informed consent, and assent was obtained from
children according to each site's institutional guidelines. All participants
were ASM naïve.

A total of 75 children consented to participation. One subject de-
clined participation after being randomized because of displeasure re-
garding the randomized treatment. Three subjects did not have ASM
properly coded prior to study closure resulting in 71 evaluable subjects
receiving ASMmonotherapy.

2.3. Study design

Patients were randomized in a 1:1:1 fashion to LEV, LTG, or OXC.
These ASMs followed uniform titration rates (Table 1). At the time of
the 3-month follow-up testing, LTG subjectswere taking 7.0mg/kgof tab-
lets or chewable tablets daily in 2 equally divided doses. Oxcarbazepine
subjects received 25 mg/kg of tablets or liquid daily in 2 equally divided
doses. Levetiracetam subjects received 30 mg/kg of tablets or liquid
daily in 2 equally divided doses. Antiseizure medications were not pro-
vided by the study; they were obtained by providing the family with a
prescription to fill at their local pharmacies using available insurance
and copayments.

Although COPE was designed as a 6-month trial, we analyzed only
baseline and 3-month timepoints to maximize the sample size for anal-
ysis due to missing data at 6 months (n = 9) because of early project
termination. In addition, we included only participants in which ratings
from both children and parent/guardian were completed so that scores
would represent the same subject cohort.

There were 21 subjects randomized to LEV, with 13 child/parent
pairs completing the 3-month evaluation. One LEV parent/guardian
did not complete baseline assessment, one LEV parent/guardian LEV
subject did not complete the 3-month assessment, and 6 additional
LEV children did not complete the 3-month assessment despite par-
ent/guardian data were completed for 3 participants. Consequently,
there were 5 child/parent participants remaining in the study but with
incomplete ARI datasets for analysis. There were 24 subjects random-
ized to LTG with 21 child/parent pairs completing the 3-month evalua-
tion. There were 26 subjects randomized to OXC with 22 child/parent
pairs completing the 3-month evaluation (Fig. 1).

2.4. Affective Reactivity Index

The ARI contains 6 items assessing specific behaviors (e.g., easily
annoyed by others, loses temper easily) that are rated on a 3-point
scale (0= not true, 1 = somewhat true, 2 = definitely true) with pos-
sible scores ranging from 0 to 12. There is an additional question that
does not contribute to the overall score that asks to what degree irrita-
bility contributes to general impairment. Because behavior over the last
6months is rated using standard instructions, wordingwas changed for
follow-up visits to characterize interval change.



Fig. 1. Flow diagram of subject assessment and 3-month assessment follow-up.
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Child and parent/guardian versions of the questionnaire exist, with
only slight wording changes to accommodate differences in who is
being evaluated. For the parent/guardian version, questions are an-
swered directly by the informant. For the child version, questions are
read to the child. We analyzed child and parent/guardian ratings for
the total ARI score separately, which formed our primary analyses. Al-
though we did not anticipate finding significant effects for the single
overall irritability question due to low variability associated with a sin-
gle score, this measure was also analyzed. A similar statistical approach
was used throughout by subjecting data to a 3 (ASM) × 2 (treatment)
mixed design Analysis of Variance (ANOVA) with post hoc analyses. A
chi-square analysis was also conducted to examine differences in the
proportion of children who had a change in irritability scores across
ASMs.

3. Results

3.1. Patient characteristics

Average ages (years) at enrollment were as follows: LTG (8.9, Stan-
dard Deviation (SD) = 2.1), OXC (8.9, SD = 1.9), and LEV (9.0, SD =
2.4). There were 9 females and 12males randomized to LEV, 15 females
and 9 males randomized to LTG, and 14 females and 12males random-
ized toOXC. Although females scored slightly higher thanmales for both
child [3.0 (SD=2.5) vs. 2.4 (SD=2.4)] and parent/guardian [2.8 (SD=
3.3) vs. 2.1 (SD= 3.3)] ARI versions, these differences were not statisti-
cally significant.

3.2. Child ARI ratings

Irritability symptoms were endorsed by children (Table 2). The
mixed design ANOVA for child ARI identified an ASM × treatment in-
teraction (F= 3.80, p= .029, partial η2= 0.125). Therewas no signif-
icant main effect for treatment alone (F = 2.21, p = .14, partial η2 =
Table 2
Child ARI scores.

Baseline Month 3

Total ARI score
Levetiracetam (n = 13) 2.8 (2.4) 4.7 (3.1)
Lamotrigine (n = 21) 3.3 (2.6) 2.8 (2.6)
Oxcarbazepine (n = 22) 2.1 (2.3) 2.2 (1.6)

Impairment due to irritability
Levetiracetam (n = 13) 0.62 (0.77) 0.62 (0.87)
Lamotrigine (n = 21) 0.62 (0.81) 0.71 (0.84)
Oxcarbazepine (n = 22) 0.36 (0.73) 0.32 (0.57)
0.04), although a trend for the main effect of ASM was present (F =
2.42, p = .10, partial η2 = 0.084).

Simple main effect follow-up analyses for each ASM identified a
trend for increased ARI scores following LEV initiation (F = 4.15, p =
.064, partial η2 = 0.257). There were no effects for either LTG (F =
0.98, p = .334, partial η2 = 0.047) or OXC (F = 0.04, p = .845, partial
η2 = 0.002).

Wenext analyzed the single question asking about impairment due to
irritability. There were no statistically significant effects for the ASM ×
treatment interaction (F = 0.11, p = .893, partial η2 = 0.004), nor
main effects for treatment (F = 0.015, p = .902, partial η2 = 0.000) or
ASM (F = 1.88, p = .163, partial η2 = 0.066). As such, no post hoc anal-
yses were performed.

3.3. Parent/guardian ARI ratings

Parents also endorsed irritability symptoms (Table 3). Analysis of
the parent/guardian ratings yielded a trend for an ASM × treatment in-
teraction (F = 2.42, p = .098, partial η2 = 0.084). There was no main
effect of treatment (F = 1.58 p = .215, partial η2 = 0.029) although
there was a main effect for ASM (F = 3.22, p = .048, partial η2 =
0.108). Similar to child report, the group taking OXC had lower rated
symptoms of irritability overall.

Follow-up analyses of treatment for each ASM independently re-
vealed a treatment effect for LEV (F = 6.03, p = .030, partial η2 =
0.335). There were no effects for LTG (F = 0.40, p = .535, partial η2 =
0.02) or OXC (F = 0.36, p = .554, partial η2 = 0.02).

Analysis of the single question asking about overall disruption from
irritability yielded a treatment effect (F= 7.50.9, p= .008, partial η2 =
0.124), an effect for ASM (F= 4.10, p= .022, partial η2 = 0.134), and a
trend for treatment × ASM interaction (F= 2.70, p= .076, partial η2 =
0.093). In contrast to child ratings, parent ratings of disruption in-
creased from 0 to 3 months across all three ASMs. Similar to child rat-
ings, parents' rating of overall disruption was lowest for OXC. Follow-
up analyses for main effects of each ASM indicated a significant treat-
ment effect for LEV (F = 5.33, p = .040, partial η2 = 0.308) but not
for LTG (F = 0.388, p = .540, partial η2 = 0.019) or OXC (F = 0.66,
p = .427, partial η2 = 0.030).

3.4. Individual subject response

We sought to characterize the ARI scores at the individual subject
levels. We selected a change score of 3 or more as reflecting a meaning-
ful increase in irritability based upon the literature in which a child-re-
ported cutpoint of 3 or greater was used for diagnostic classification
analyses [5]. Even though a cutpoint of 4 or greater was used for par-
ent/guardian ratings for diagnostic classification [5], we used change
scores of 3+ for parent/guardian classification since change scores of
4+ were infrequent.

There was a differential effect of ASM across treatments (χ2= 6.9,
p = .003) for child ratings, with a higher frequency of ARI increases
associated with LEV using a 3-point criterion (see Table 4). This
Table 3
Parent/guardian ARI scores.

Baseline Month 3

Total ARI score
Levetiracetam (n = 13) 3.3 (3.6) 4.8 (3.0)
Lamotrigine (n = 21) 2.9 (3.6) 2.5 (2.9)
Oxcarbazepine (n = 22) 1.5 (2.6) 1.7 (2.4)

Impairment due to irritability
Levetiracetam (n = 13) 0.46 (0.88) 1.1 (0.64)
Lamotrigine (n = 21) 0.29 (0.64) 0.38 (0.67)
Oxcarbazepine (n = 22) 0.23 (0.53) 0.32 (0.48)

Image of Fig. 1


Table 4
Frequency of interval ARI increase (3+) following ASM initiation. There is a significant ef-
fect (p = .03) for Child ARI ratings that is not present for parent/guardian scores.

Child ARI LEV (N = 13) LTG (N = 21) OXC (N = 22)

Increase 5 (38%) 1 (5%) 3 (14%)
No increase 8 (62%) 20 (95%) 19 (86%)

Parent/guardian ARI LEV (n = 13) LTG (n = 21) OXC (n = 22)

Increase 2 (15%) 3 (14%) 1 (5%)
No increase 11 (85%) 18 (86%) 21 (95%)
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criterion did not reflect any ASM differences when examining indi-
vidual patient/guardian ARI change scores.

4. Discussion

This report demonstrates ARI sensitivity to differential ASM-induced
irritability associated with LEV, but not with LTG or OXC. The ARI also
appears to be an appropriate measure to characterize irritability as a
treatment-emergent adverse effect of ASM initiation at the individual
subject level. Thesefindings extend the applicability of ARI from charac-
terizing the presence of clinical irritability as a psychiatric diagnostic
feature to a more modifiable aspect of behavior change related to med-
icationmanagement and support its use in clinical trial applications. The
average baselineARI scores for both children (2.7, SD=2.4) and parent/
guardians (2.4, SD = 3.3) were higher at baseline than previously re-
ported values for healthy control children (1.2, SD = 1.8) or their par-
ent/guardians (0.4, 0.8) [5], although the children in that report were
significantly older (12.9 years, SD = 2.7) than our subjects with new-
onset epilepsy (8.8 years, SD = 2.0).

We hypothesized that although there are risks of behavioral side ef-
fects of ASMs in the treatment of pediatric epilepsy, there would be in-
creases in ARI scores for LEV not seen in comparator ASMs of LTG and
OXC given LEV's higher risk of irritability. According to the Food and
Drug Administration (FDA) package insert, children on LEV had in-
creased rates of hostility compared with placebo (11.9% vs. 6.2%) with
almost 11% reporting behavioral symptoms requiring drug discontinua-
tion or dose reduction. These reported levels of irritability rely on spon-
taneous reports and provide the rationale for anticipating a specific LEV
effect to demonstrate the sensitivity of ARI to drug-induced changes.

Despite some minor differences in level of statistical significance
that likely reflect small sample size, the same overall pattern of ratings
was present for both child and parent/guardian ARI versions. Although
both child and parent/guardian versions of the ARI reflected increased
irritability associatedwith LEV, a slightly different patternwas observed
when asked a single general question of whether irritability has caused
any problems overall. Although children are able to recognize increased
irritability associated with LEV, they do not perceive this as having an
overall effect in terms of their interactions. In contrast, not only do par-
ent/guardians describe the increased irritability, they also note how in-
creased irritability is associatedwith creatingproblems as a result of this
behavioral change.

4.1. Limitations

Although this study did not address whether ARI would return to
pretreatment levels if LEV were discontinued, standard clinical practice
is to switch from LEV to a different ASMwhen intolerable irritability as-
sociated with LEV initiation develops. The sample sizes in the study are
too small to generate reliable incidences of irritability associated with
LEV, and there are presently nodata ofwhichwe are aware to character-
ize what magnitude of ARI should be considered clinically meaningful.
Although LEV was predicted to be associated with higher ARI scores,
there were multiple statistical comparisons made without control for
Type I error rate. Another limitation is associated with closing the
study because of poor recruitment, a problem in conducting pediatric
clinical trials that iswell recognized [9]. Because early study termination
resulted in closure of the Coordinating Center, we were unable to send
out appropriate queries to identify the randomized ASM for the 3 sub-
jects in whom drug randomization was not entered at the time of
study entry. Similarly, we are unable to identify reasons for failure to
complete the ARI at follow-up, which occurred more frequently with
LEV than other ASMs. However, incomplete ARI data were present for
either child or parent/guardian in 5 LEV subjects despite their continued
studyparticipation through the3-month study visit, so it seemsunlikely
that adverse effects were contributing to differential study withdrawal.
Nevertheless, if irritability were a reason for study withdrawal, then
treatment-emergent irritability prevalence would be underestimated.
However, even if this assumption is not correct, the sample size of this
report is insufficient to estimate treatment-emergent irritability risks.

As with all open-label studies, our results are subject to the criticism
that participants were aware of treatment risks and which may have
contributed to subjective behavioral reporting. However, a similar pat-
tern was observed with both children and parent/guardian ratings,
andwe think it is less likely that childrenwould have the same informa-
tion risk influencingARI ratings as adults. The strengths of this report in-
clude randomized ASM assignment and a treatment population of
children with new-onset epilepsy who were treatment naïve.

4.2. Conclusions

Both child and parent/guardian versions of the ARI appear sensitive
to medication-induced irritability associated with LEV on both the
group and individual level. These findings extend the applicability of
ARI from characterizing the presence of clinical irritability as a psychiat-
ric diagnostic feature to assessingmoremodifiable behavior changes re-
lated tomedication management. Thus, both child and parent/guardian
ARI versions appear to be appropriate instruments for clinical trial appli-
cation to characterize treatment-emergent irritability risks.
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