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Abstract

Increased intrasubject variability in response time (ISVRT) is evident in healthy preschoolers at
familial risk for bipolar disorder, suggesting it may be an endophenotype.
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1. Introduction

Attention deficits are a core, persistent feature of bipolar disorder (BD) (Torres et al., 2007)
in children and adults (Fleck et al., 2005; Joseph et al., 2008). Intrasubject variability in
response time (ISVRT) is a highly heritable (Kuntsi et al., 2006) measure of attention
regulation. ISVRT measures variability in the duration of motor responses across trials,
representing fluctuation in attention over time. Specifically, increased ISVRT is thought to
result from intermittent attentional lapses that result in relatively long-RT trials. Thus,
ISVRT serves as a direct, quantitative gauge of attention deficits. Increased ISVRT
indicating attention dysregulation is present in BD regardless of mood state, medication, or
comorbidity, and in unaffected, first-degree relatives (Bora et al., 2006; Brotman et al.,
2009), supporting its potential role as a cognitively-based BD endophenotype (Gottesman
and Gould, 2003).

© 2014 Elsevier Ireland Ltd. All rights reserved.

"Corresponding author: Nancy E. Adleman, O’Boyle Hall 310, The Catholic University of America, Washington, DC 20064; phone:
202-319-5816; fax: 202-319-6263; adleman@cua.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Adleman et al.

Page 2

ISVRT has been examined in both school-aged and adult first-degree relatives of children
and adults with BD (Bora et al., 2009; Brotman et al., 2009). However, extending studies to
younger populations is essential; BD is a developmental disorder (Kessler et al., 2005) with
roots in early brain development (Post et al., 1996). Identification of risk factors appearing
early in development would facilitate prevention. However, research in preschool-age
populations entails specific challenges. Specifically, such research requires specialized
expertise in the clinical assessment of preschoolers in addition to age-appropriate paradigms
to probe the constructs of interest (e.g., attention regulation). Few studies of preschool-aged
at-risk BD populations exist, and most have focused on temperament and psychopathology
(Birmaher et al., 2010; Hirshfeld-Becker et al., 2006), rather than cognitive processes.

We compared unaffected preschoolers at familial-risk for BD to healthy children on a
developmentally-appropriate attentional flanker task to determine whether increased ISVRT
is present in at-risk children at that early developmental stage.

2. Methods

3. Results

Forty-nine children (3.5-6.5 years) participated: 15 at-risk for BD (at-risk, AR; first-degree
relative with BD: 3 siblings, 12 parents, mean age 4.6+0.6y) and 34 not at-risk, healthy
children (HC, 4.9+0.8y; Table S1). Subjects were not related. Informed consent/assent was
obtained. The Preschool Aged Psychiatric Assessment (PAPA,; (Egger et al., 2006)) was
used to ascertain psychiatric diagnoses (data unavailable: 1 AR, 6 HC).

Preschoolers completed a 120 trial flanker task (McDermott et al., 2007), indicating the
color of a center circle (red or green) by button press (for details, see Supplemental
Information). Half the trials were congruent (center circle flanked by same-color circles),
half were incongruent (flanked by opposite-color circles).

Evidence suggests measures of response time (RT) variability should control for differences
in mean RT (Epstein et al., 2011); thus, we used coefficient of variation of RT (CV-RT,
calculated as SD-RT/mean-RT) to measure ISVRT as the primary variable. Higher CV-RT
values indicate more variability in response time during the task. Overall CV-RT for all
trials was calculated, in addition to separate CV-RTs for congruent and incongruent trials.
Independent-sample t-tests compared CV-RT, successful hits (%), and errors of omission
(%). As a secondary analysis, CV-RTs were compared covarying for errors of omission,
thereby controlling for differences in total number of analyzed trials.

Groups did not differ on age, 1Q, or sex (£s>0.13). Based on the PAPA assessment, no
subject in either group met criteria for a psychiatric disorder. Trend differences emerged in
performance measures: hits (AR<HC, P=0.08), errors of omission (AR>HC, P=0.05).

ISVRT, as measured by CV-RT, was greater for AR than HC on all trials (£=0.02),
incongruent trials (£=0.01), and, at trend level for congruent trials (£=0.08) (Fig.1).
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When covarying errors of omission, CV-RT for incongruent trials remained greater for AR
than HC (P=0.03). Differences in CV-RT across all trials (P=0.14) and for congruent
(P=0.90) became non-significant.

When AR with parent probands (n=12) were compared to the 34 HC, findings remained the
same: CV-RT greater for AR than HC (total: 2=0.04; incongruent: A=0.02; congruent:
P=0.09).

4. Discussion

This study provides additional support that increased ISVRT may be an endophenotype for
BD by documenting its presence in unaffected AR preschool-age relatives. Deficits at this
early developmental stage suggest a close relationship between dysfunctional attention
regulation and BD risk.

Increased ISVRT among AR subjects was observed across all trials, although more
markedly during incongruent trials. The difference in ISVRT between AR and HC remained
significant for incongruent trials after controlling for performance. Incongruent trials require
greater attentional control than do congruent trials. Greater attentional task demands of the
incongruent trials revealed deficits in young, at-risk children. These deficits may reflect
inferior frontal gyrus dysfunction, as has been observed in school-age and adult AR for BD
(Ladouceur et al., 2013; Roberts et al., 2013). Findings for the congruent trials are less clear;
ISVRT was greater in AR at trend level, but not present when controlling for errors of
omission. This may reflect a type Il error; such an error may have resulted because of the
small sample size, an important limitation of the study.

Although increased ISVRT has been proposed as a possible endophenotype of BD, the
phenomenon has also been reported in patients with ADHD and their unaffected relatives
(Epstein et al., 2011; Nigg et al., 2004) and thus is also a possible ADHD endophenotype.
While comorbid ADHD is common in pediatric BD, attention deficits are present in BD
with or without comorbid ADHD, and in unaffected relatives (Brotman et al., 2009).
Therefore, attention deficits may be present in ADHD, BD, and possibly other
developmental psychiatric disorders. Future research should attempt to differentiate the
neural correlates of attention dysregulation associated with ADHD vs. BD in order to
elucidate both shared and distinct pathophysiological mechanisms of these disorders. Such
information would facilitate translational research, more accurate diagnosis, and more
effective treatments for both illnesses.

BD is a chronic disease associated with high morbidity and mortality (Gale et al., 2012).
Childhood-onset BD tends to be particularly severe and debilitating (Geller et al., 2004). To
facilitate early identification and development of targeted treatments, it is essential to
document endophenotypes identifiable in AR children at a very young age. This study
provides further evidence that increased ISVRT may be a BD endophenotype.
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Refer to Web version on PubMed Central for supplementary material.
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Fig 1.

Coefficient of variation of response time (CV-RT) is greater in healthy preschoolers at
familial risk for bipolar disorder than low-risk healthy preschoolers for all trials, and for
incongruent and congruent trials separately (**/<0.01,*/<0.05,T/<0.1).
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