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Abstract

Background: Bipolar disorder (BD) is characterized by biased processing of emotional information. However, little research
in this area has been conducted in youth with BD and at-risk individuals. The goal of this study was to determine whether
children with BD displayed comparable or more severe manifestations of this bias relative to offspring of parents with BD.
Materials and methods: The sample (n=57 children and adolescents) included 18 individuals with BD (age: 13.63 £2.99;
8 females), 16 offspring of parents with BD (age: 11.83 £2.96; 9 females) and 23 healthy controls (HC) (age: 12.789 +£3.087;
8 females). All participants performed the Affective Go/No-Go (AGN) and the Rapid Visual Processing (RVP) tasks of the
Cambridge Neuropsychological Test Automated Battery (CANTAB).

Results: Relative to HC, individuals with BD responded faster to correct trials and committed an elevated number of
commission errors across all affective conditions of the AGN task. By contrast, BD offspring showed intact performance
accuracy but quicker response times than HC. Post-hoc analyses revealed that this behavioral pattern was observed in BD
offspring with mental health problems but not in healthy BD offspring. Overall, mean reaction times and total number of
errors in the RVP task were comparable across groups.

Conclusions: In line with previous findings, subjects with BD encountered difficulties in processing affective information.
The tendency toward faster but accurate responses to affective stimuli observed in BD offspring may be a marker of

attentional bias toward affective information and constitute a vulnerability marker for mood disorder.

Introduction

IPOLAR DISORDER (BD) IS A SERIOUS ILLNESS characterized by

mood fluctuations, brain abnormalities, poor affective pro-
cessing, and cognitive deficits that, in the majority of cases, persist
across mood phases (Bora et al. 2009). The onset of the disease
typically occurs between the late teens and early 30s (Akiskal 1996;
Merikangas et al. 2007) and a diagnosis before the age of 13 is
associated with high rates of psychiatric comorbidities and poor
long-term outcome (Perlis et al. 2004). Additionally, BD has a
substantial genetic component (Akiskal 1996) with heritability
estimates ranging from 70% to 80%, and the prevalence of mood
disorders in offspring of parents with BD in the range of 5-67%
(DelBello and Geller 2001; Chang et al. 2003; Dufty et al. 2013;
Rasic et al. 2014).

The biases in affective information processing observed in BD
have been linked with altered information processing speed and
deficits in verbal memory and response inhibition (Schenkel et al.
2008; Passarotti et al. 2010; Singh et al. 2010; Jacobs et al. 2011;
Deveney et al. 2012; Passarotti et al. 2013). In particular, previous

studies in BD have consistently shown a robust effect of negative
stimuli on cognitive processing (Pavuluri et al. 2008; Passarotti
et al. 2011; Pavuluri et al. 2012). Although current literature does
not view such biases as primary endophenotypic markers of BD,
both healthy pediatric BD offspring (Gotlib et al. 2005) and adult
siblings of BD patients exhibit affective processing biases toward
negative stimuli in tasks of impulse control (Clark et al. 2005;
Klimes-Dougan et al. 2006; Maziade et al. 2009; Brand et al. 2012).
Similar to patients with BD, at-risk individuals display deficits in
sustained attention and executive functioning (Zalla et al. 2004;
Frangou et al. 2005; Klimes-Dougan et al. 2006; Trivedi et al. 2008;
Kulkarni et al. 2010; Diwadkar et al. 2011) which suggests that
cognitive deficits and affective processing biases could be inter-
related, and may constitute markers of vulnerability to BD.

In agreement with the behavioral findings, functional neuroi-
maging studies have detected altered patterns of neural activity in
the ventrolateral and dorsolateral prefrontal, cingulate, and limbic
regions during the performance of tasks of affective processing and
response inhibition (Malhi et al. 2005; Wessa et al. 2007; Pavuluri
et al. 2008; Morris et al. 2012). In particular, adults with BD who
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were instructed to downregulate their emotional response to
threatening stimuli exhibited greater activation in the frontal and
amygdalar regions than did healthy controls (Houenou et al. 2011).
The emotional processing bias observed in BD may, therefore, be
associated with dysregulation in the frontolimbic network.

In summary, existing evidence suggests that both individuals
with BD and at-risk individuals display affective processing biases.
However, to the authors’ knowledge, no published study has fo-
cused on whether children with BD display a comparable or more
severe manifestation of such bias than do offspring of parents with
BD. To address these research questions, the current study com-
pared the performance of children and adolescents with BD, BD
offspring with and without psychiatric disorders, and healthy
controls (HC) on two attentional measures of affective and non-
affective processing — the Affective Go/No-Go (AGN) and the
Rapid Visual Processing (RVP) tasks of the CANTAB battery.
Based on previous findings, we predicted that subjects with BD
would display a stronger affective processing bias compared to HC.
Their performance on the RVP task was expected to be comparable
to that of HC, thus showing that the affective processing bias, if
any, is not the result of attentional deficits. Given the lack of studies
focusing on affective processing and cognition in BD offspring
compared with BD patients and HC, no a priori hypothesis re-
garding group differences was made.

Materials and Methods
Subjects

The sample (n=57 children and adolescents) included 18 indi-
viduals with BD (age: 13.63+2.99; 8 females; 5 BD type I; 4 BD
type 1I; 10 BD not otherwise specified [NOS]), 16 offspring of
parents with BD (age: 11.83£2.96; 9 females) and 23 HC (age:
12.789+3.087; 8 females). Participants were recruited at the Uni-
versity of North Carolina at Chapel Hill (UNC) and at the Uni-
versity of Texas Health Science Center at Houston. The study
protocol was approved by the local institutional review boards and
informed consent was obtained from all the participants. Partici-
pants included in this study had no current medical disorder, in-
cluding neurological disorders and traumatic brain injury. Children
and adolescents with BD and offspring of parents with BD had
at least one parent who met criteria for BD as determined via a
detailed family history assessment. The group of BD offspring
included healthy individuals (n=7), individuals with attention-
deficit/hyperactivity disorder (ADHD) (n=3), major depressive
disorder (MDD) NOS (n=1), oppositional defiant disorder (n=2),
and generalized anxiety disorder (n=1). Diagnostic data were
missing for two BD offspring. Eight individuals with BD and five
offspring of parents with BD were on psychiatric medication at the
time of assessment. HC with a history of any Axis I disorder in first-
degree relatives or who had taken any prescribed psychotropic
medication at any point in their lives were excluded. Across all
groups, children and adolescents with history of substance abuse in
the 6 months prior to enrollment, schizophrenia, developmental
disorders, eating disorders, and intellectual disability were ex-
cluded. Female participants of reproductive age underwent a urine
pregnancy test. All participants underwent a urine drug screen to
exclude illegal drug use.

Clinical assessment

Psychiatric diagnosis was established using the Kiddie Schedule
of Affective Disorders and Schizophrenia-Present and Lifetime
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Version (K-SADS-PL) interview (Kaufman et al. 1996) based on
Diagnostic and Statistical Manual of Mental Disorders, 4th ed.
(DSM-IV) criteria, and confirmed subsequently in a clinical eval-
vation with a research psychiatrist (American Psychiatric Asso-
ciation 1994). All parents (of individuals with BD and BD
offspring) who reported previous BD diagnosis had their diagnosis
ascertained by the Structured Clinical Interview for the Diagnostic
and Statistical Manual of Mental Disorders Axis I (SCID I) (First
et al. 2012). All interviews were administered to participants by
trained evaluators, and were later reviewed by a board-certified
psychiatrist. The affective state was assessed with the Young Mania
Rating Scale (YMRS) (Young et al. 1978) and the Children’s De-
pression Rating Scale (CDRS) (Poznanski et al. 1984). Both in-
struments have satisfactory psychometric properties (YMRS:
Cronbach «=0.80; convergent validity: r=0.83 [Fristad et al.
1995]; CDRS: Cronbach a=0.85, item-total correlations ranged
from 0.28 to 0.78, convergent validity: r=0.92 [Poznanski and
Mokros 1996]).

Cognitive assessment

Premorbid cognitive ability was estimated by the reading test of
the Wide Range Achievement Test-4 (WRAT-4) (Wilkinson and
Robertson 2006). Participants were then administered the Affective
Go/No-Go paradigm (AGN) and the Rapid Visual Processing
(RVP) of the computerized Cambridge Neurocognitive Test Au-
tomated Battery (CANTAB) (http://www.cantab.com). This cog-
nitive battery was based on its well-established sensitivity to
cognitive impairment in psychiatric disorders (Sweeney et al.
2000). The AGN and RVP tasks are briefly described subsequently,
and a detailed description is given elsewhere (Robbins et al. 1994).

The AGN task evaluates the effect of the emotional valence of
words on the participant’s ability to identify the target valence
(positive or negative) and to inhibit a response to the nontarget
valence with the target and nontarget valences switching across
trials. Participants are presented with positive (e.g., joyful, warm,
courageous) and negative (e.g., mistake, hopelessness, burden)
words in a counterbalanced manner, and instructed to respond to
either happy or sad stimuli depending upon the task condition. The
primary outcome measures of this study are the mean latencies to
correct trials and the number of commission errors (false positive)
across affective connotations.

The RVP task is a nonemotional analogue of the AGN task
selected to assess information processing capacities under condi-
tions of low working memory load. Participants are presented with
sequences of digits from 2 to 9 and instructed to press on a response
pad when they see the target sequence of numbers (e.g., 2-4-6). The
main outcome measures were the mean response time to correct
target sequences (mean latency) and the total number of commis-
sion errors.

Statistical analysis

Statistical analyses were performed using IBM SPSS statistics
(Version 21.0). Normality assumptions were examined. Where
appropriate, outliers were Winsorized and log, square root, or re-
ciprocal transformations applied to achieve normality. One way
ANOVAs and y? analyses were used to compare demographic,
clinical and cognitive differences between groups. G*Power (Faul
et al. 2007) was used for power calculations. Group differences in
latencies and number of errors on the AGN and RVP tasks were
estimated using multivariate analyses of variance (MANOVA).
The threshold of statistical significance was set at p<0.05, and a
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TABLE 1. DEMOGRAPHIC AND CLINICAL CHARACTERISTIC OF THE SAMPLE (MEAN = STANDARD DEVIATION)

HC BD BD offspring
n=23 n=18 n=16 F test or X p value
Age (years) 12.79+3.09 13.63+£2.99 11.83+£2.96 1.5 0.23
Gender (F) 8 8 9 1.77 0.41
BD subtype N/A 5 BDI/4 BDII/10 BD-NOS N/A
Education (years) 6.43+3.01 7.18£3.36 5.94+2.82 0.69 0.51
WRAT 118.56+17.08 92.56+£9.38 105.07+£15.30 8.98 <.001*°
n (n=16) (n=9) (n=15)
CDRS 17.63+£1.29 29.15+12.86 21.69+4.94 1091 <.001*°
(n=22) (n=13) (n=16)
YMRS 0.35+0.57 6.591+4.16 7.13£8.57 10.91 <0.001*°
(n=23) (n=17) (n=16)

BD, bipolar disorder; HC, healthy controls; WRAT, Wide Range Achievement Test; CDRS, Childhood Depression Rating Scale; YMRS, Young

Mania Rating Scale.
a=BD vs. HC; b=BD offspring vs. HC.

Bonferroni correction was applied to post-hoc comparisons be-
tween HC and each clinical group, and between individuals with
BD and offspring of BD parents to adjust the significance level.
Subsequent exploratory post-hoc analyses compared HC with in-
dividuals with BD, healthy offspring of parents with BD (healthy
at-risk: n="7), and offspring of parents with BD with a psychiatric
diagnosis (at-risk with diagnosis: n=9) (three contrasts).

Results
Group characteristics

Demographics and clinical features of the participants included in
this study are reported in Table 1. There were no age, gender, or
education differences across groups. The WRAT reading test varied
across groups (F[2, 37]1=8.98, p=0.001, partial 5°=0.33), with both
children with BD and BD offspring displaying lower scores than HC
(p £0.01). There were significant differences among the three groups
on the CDRS (F[2, 48]1=10.91, p<0.001, partial #*=0.31) and the
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FIG. 1. Group performance (meanstSE) on affective Go/No-

Go. Mean correct latencies in youth with bipolar disorder (BD),
healthy controls (HC), affected BD offspring (AOffspring), and
unaffected BD offspring (UOffspring). The results indicate sig-
nificantly reduced RTs during the correct trials in subjects with
BD and Aoffspring compared with HC.

YMRS (F[2, 53]1=10.91, p<0.001, partial >=0.29). As expected,
both subjects with BD and offspring of BD parents had higher CDRS
and YMRS scores than HC ( p values <0.05).

AGN

All stimuli.  Statistical analyses across affective conditions of
the AGN task revealed a significant group effect on mean response
latencies (F[2, 54]=10.61, p=0.000, partial 112 =0.28) and number
of commission errors (F[2, 54]=10.11, p<0.001, partial r]2 =0.27).
Both BD and BD offspring responded to stimuli faster than HC
(latency: BD, p=0.002; offspring, p=0.000). Whereas BD com-
mitted more errors than HC (p=0.002), BD offspring performed
more accurately than BD (p <0.001) (Figs. 1 and 2).

Positive versus negative stimuli. When comparing positive
and negative stimuli, a significant group effect on response laten-
cies to correctly identified positive (F[2, 53]=7.37, p=0.002,
partial #°=0.22) and negative stimuli (F[2, 53]=9.44, p=0.000,
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FIG. 2. Group performance (meanstSE) on affective Go/No-
Go. Total number of commission errors to positive and negative
stimuli in youth with bipolar disorder (BD), healthy controls (HC),
and offspring of BD parents. The results indicate a significantly
higher number of errors in youth with BD compared to HC
(BD>HC).
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TABLE 2. MEAN REACTION TIMES (RT) (IN MS) AND NUMBER OF CoMMISSION ERRORS (CE) ACross GROUPS
(MEAN £ STANDARD DEVIATION)
HC BD BD offspring

n=23 n=18 n=16 F p value
AGN mean RT 598.98+111.81 480.77+£86.99 457.09+113.26 10.61 <0.001*°
AGN mean number of CE 35.96+25 72.39+£31.31 37.19+28.37 10.11 <0.001*
AGN RT positive 571.81+109.49 483.950£81.02 450.35+112.22 7.37 0.002%°
AGN CE positive 5.87+4.26 11.527+5.66 8.20+4.77 6.79 0.002%
AGN RT negative 596.26+113.91 471.04+£97.43 461.93+117.04 9.44 0.000*°
AGN CE negative 4.87+4.77 12.08 +5.12 8.16%£5.33 10.35 <0.001*
RVP RT 382.161+93.37 433.691122.65 451.17+144.51 1.73 0.19

(n=22) (n=18) (n=14)
RVP CE 1.31+£1.29 3.56+4.09 2.431+4.55 2.15 0.13

(n=22) (n=18) (n=14)

HC, healthy controls; BD, bipolar disorder; AGN, Affective Go/No-Go; RVP: Rapid Visual Processing.

a=BD vs. HC; b=offspring vs. HC.

partial #°=0.26) was observed. BD and BD offspring displayed
faster latencies than HC (BD: p=0.025, BD offspring: p=0.002).
There was also a group effect on the number of commissions in both
the positive (F[2, 531=6.79, p=0.002, partial 5°=0.20) and nega-
tive conditions (F[2, 53]=10.35, p<0.001, partial 112 =0.28).
BD patients made more mistakes in response to both positive
(p=0.002) and negative stimuli (p=0.000) than HC. There was no
difference in accuracy in response to positive and negative stimuli in
BD offspring when compared with HC and BD (p > 0.05) (Table 2).

RVP

There was no significant difference in reaction times (F[2,51]=
1725, p=0.19, partial > =0.06) and the number of commission errors
across groups (F[2,51]1=2.15, p=0.13, partial 112 =0.09).

Exploratory analyses comparing HC, BD,
healthy at-risk, and at-risk with diagnosis

AGN: All stimuli. To explore the data further, we compared
AGN and RVP findings among HC, BD, healthy at-risk (n=7) and
at-risk with diagnosis (n=9). Groups differed in terms of both
latencies (F[3, 53]1=8.49, p<0.001, partial ;1220.33) and total
number of commissions (F[3, 53]=8.27, p<0.001, partial
n°=0.32). Results showed that BD patients and at-risk with diag-
nosis worked faster than HC (BD: p =0.004, at-risk with diagnosis:
p=0.000). In terms of number of commissions, BD made more
mistakes than HC (p=0.000). Remaining group comparisons did
not yield statistical significance.

AGN: Negative versus positive stimuli. Group differences
were found in latencies to positive (F[3,52]=6.03, p=0.001, par-
tial nz =0.26) and negative stimuli (F[3,52]=8.69, p <001, partial
#?=0.33). BD and at-risk with diagnosis showed faster reaction
times than HC (positive BD: p=0.05, at-risk with diagnosis BD:
p=0.001; negative BD: p=0.002, at-risk with diagnosis:
p<0.001). In relation to the number of commissions, there was a
group effect in response to positive (F[3,52]=5.24, p=0.003,
partial n2:0.23) and negative stimuli (F[3,52]=8.4, p<0.001,
partial #°=0.33). BD made more mistakes than HC in both con-
ditions (positive: p=0.003, negative: p<0.001). The number of
commission errors in response to negative stimuli in the at-risk with
diagnosis group was elevated overall compared with HC, but did
not reach statistical significance (p=0.06).

RVP. Latencies and number of commission errors of all
clinical groups in response to the RVP task was comparable with
those of HC.

Discussion

Based on previous evidence of affective processing biases in
adults and youth with BD, this study compared the performance of
children and adolescents with BD, BD offspring (with and without
psychiatric disorders), and HC on measures of affective and non-
affective cognitive information processing. The most compelling
finding of this study was that offspring of parents with BD were as
accurate as HC and displayed faster response to affective stimuli. In
line with previous findings, youth with BD responded to correct
trials at a faster speed and committed more commission errors in
the AGN task than HC.

Because our operational definition of BD offspring included
individuals with ADHD, BD NOS and MDD NOS, the tendency to
respond more quickly could be associated with these psychiatric
conditions rather than with genetic vulnerability to BD per se.
Findings in this research field are mixed, as a recent study showed
that children with BD performed as accurately as children with BD
and/or comorbid ADHD symptoms (including children with
ADHD only) on measures of sustained attention and response in-
hibition (Narvaez et al. 2014). Because the latter study did not
include a healthy control group it is, however, unknown whether
the cognitive performance of these children was within or below
standard average values. Further, some consideration should be
given to the fact that BD offspring displayed faster latencies in
response to stimuli of the AGN but not the RVP task, which is a
nonaffective analogue of the AGN. Notably, this pattern of faster
responses was observed in the at-risk individuals with diagnoses
but not in healthy individuals at risk for BD. Along the same line, a
recent article showed that individuals with high scores on the Hy-
pomanic Personality Scale (HPS) (Eckblad and Chapman 1986), a
measure widely used to assess proneness to hypomanic symptoms
and mood lability, responded faster to visual stimuli than individ-
uals with low HPS scores (Bauer et al. 2015). Accuracy was,
however, comparable between the two groups. Therefore, although
our current findings suggest that BD offspring have sustained at-
tentional skills comparable with those of HC, the tendency to re-
spond more quickly to affective stimuli may correlate with
increased reactivity or impulsivity, and be a vulnerability marker.
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In line with this hypothesis, Surguladze et al. showed that pa-
tients with BD and their relatives displayed a robust increase
in neural activation in the amygdala when exposed to happy
faces, compared with healthy individuals (Surguladze et al. 2010).
Another functional MRI (fMRI) study on affective processing in
bipolar disorder showed that patients with BD and high-risk indi-
viduals displayed a stronger amygdala response than did healthy
controls in response to fearful stimuli. Notably, the three groups did
not differ in their ability to label face emotion (Olsavsky et al.
2012). Thereore, the pattern of response to affective stimuli ob-
served in our BD offspring may be the result of limbic hyper-
activation. It is, however, unclear whether this confers risk or
protection against the development of mood disorders. Future
longitudinal studies in this research area will assist in determining
whether healthy pediatric BD offspring who present with the
cognitive profile observed in our offspring sample are diagnosed
with mood disorder at a later age. Further, the use of neuroimaging
measures will be useful in detecting the differences in neural ac-
tivation in response to affective stimuli between BD and BD oft-
spring with and without diagnosis.

The lack of a specific bias toward negative information in the BD
population is in contrast to studies in remitted and symptomatic
adults with BD showing abnormal processing only to negative
stimuli (Leppédnen and Hietanen 2004; Atchley et al. 2007; Joor-
mann and Gotlib 2007; LeMoult et al. 2009). However, findings in
this research area are mixed, as a study found that remitted adults
and children with BD did not differ from HC in terms of their ability
to inhibit negative stimuli (Joormann and Gotlib 2010). Similarly,
in another study, BD patients did not display negative emotional
biases during the performance of a memory task (Timbremont and
Braet 2004). A potential explanation for the divergence in findings
could be that in previous studies the participants’ mood was ma-
nipulated via negative or positive induction (Scher et al. 2005;
Ramel et al., 2007). Mood induction is a valid and effective tech-
nique used to trigger latent vulnerability features and may help
detect endophenotypic markers of BD to a greater extent than
computerized cognitive measures. It is noteworthy that at-risk in-
dividuals with a diagnosis committed a higher number of com-
mission errors to negative stimuli than did HC. This finding did not,
however, reach statistical significance. Replication of the current
study with a larger sample may help to determine whether a neg-
ative bias is a marker of vulnerability to mood disorder in a pedi-
atric at-risk population.

Current mood state is known to affect the participants’ response
to affective stimuli. Previous literature showed that depressed pa-
tients respond more slowly to positive stimuli than to negative
stimuli when compared with HC (Murphy et al. 1999). Depressed
patients also show a stronger reaction to words associated with
depression (Rinck and Becker 2005) and faces showing negative
emotions (Joormann and Gotlib 2007). The lack of a pronounced
attentional bias toward negative stimuli in the BD sample may be
explained by the absence of clinically relevant depressive fea-
tures in our BD sample, as shown by the low CDRS scores (BD:
29.15+12.86; BD offspring: 21.69+4. Additional empirical evi-
dence is, however, needed to support this claim.

A limitation of the current study is the small number of partic-
ipants included in each group. This weakness was accounted for by
planning a limited number of comparisons between groups (Howell
2012). However, this approach did not allow us to estimate po-
tential differences between healthy offspring and offspring with a
diagnosis. Given that the present study was a novel investigation of
offspring of parents with BD and we did not have expectations in
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terms of effect size, we decided to undertake retrospective post-hoc
analyses with the view to informing future research design. These
analyses showed that, assuming a large effect size (f=0.40,
d=0.80, =0.05), the current study was sufficiently powered
(0.74) to detect differences in cognitive performance across all
groups. Further, in terms of a priori contrasts comparing healthy
controls with other groups, power estimates were equal to 0.88 for
detecting a large effect size (f=0.40, d=0.80, «=0.05). The ra-
tionale for assuming a large effect size was based on a previous
meta-analysis of neurocognitive findings in a sample of pediatric
BD, which identified medium to large effects deficits across rele-
vant domains (Joseph et al. 2008). Further, we wished to ensure
that any identified effects were meaningful.

Conclusions

In conclusion, BD offspring displayed faster response times to
affective stimuli than did HC, but were equally accurate in their
performance. Post-hoc comparisons showed that this result was
observed in at-risk offspring with diagnoses and not in healthy
offspring. In line with previous findings, youth with BD responded
faster but less accurately to affective stimuli.

Clinical Significance

The current results yield potential implications for the devel-
opment of early prevention and intervention strategies addressing
affective processing in youth with BD and at-risk individuals, and
warrant further investigation of the impact of reduced affective
processing on the long-term outcome of BD.
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