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Background: Cognitive models of bipolar I disorder (BD) may aid in identification of children who are
especially vulnerable to chronic mood dysregulation. Information-processing biases related to memory
and attention likely play a role in the development and persistence of BD among adolescents; however,
these biases have not been extensively studied in youth with BD. Methods: We administered the self-
referent encoding task and the dot-probe task to adolescents with bipolar I disorder (BD, n = 35) and a
demographically similar healthy comparison group (HC, n = 25) at baseline, and at a 1-year follow-up in
a subset of this cohort (n = 22 per group). Results: At both baseline and 1-year follow-up, there were
significant interactions of group (BD, HC) and valence of stimulus (positive, negative adjective) on
endorsement and recall of self-referent adjectives. HC adolescents endorsed and recalled more positive
self-referent adjectives at baseline and follow-up while adolescents with BD endorsed and recalled more
negative self-referent adjectives at baseline but not follow-up. Over time, depression symptomatology
was associated with impaired memory for positive self-referent adjectives. There were no group differ-
ences in attentional bias at either time points. Conclusions: Adolescents with BD exhibit bias away
from endorsement and recall of positive adjectives, which remained stable over time and independent of
mood state. Keywords: Adolescence, bipolar disorder, information-processing, memory bias, longitu-
dinal.

tomatic but high-familial-risk children of parents
with BD recalled more self-referent negative adjec-
tives than did healthy control children on a self-
referent encoding task (SRET). Selective memory for
negative stimuli has been documented in adults with
depression (Matt, Vazquez, & Campbell, 1992), and
is enhanced for negative adjectives that have been
endorsed as self-referent (Banos, Medina, & Pascual,
2001).

Although information-processing biases such as
selective memory have not yet been extensively
studied in pediatric BD, cognitive deficits in a variety
of domains have been documented in this population
that may contribute to the development and persis-
tence of symptoms of BD. For example, examination
of specific cognitive processes in individuals with
(Joseph, Frazier, Youngstrom, & Soares, 2008;
Pavuluri, West, Hill, Jindal, & Sweeney, 2009; Pavu-
luri et al., 2006), and at risk for (Singh, DelBello,
Fleck, Shear, & Strakowski, 2009) for BD, has iden-
tified deficits in working memory, visual memory, and
attention despite pharmacologic treatment for their
underlying mood disorder (Pavuluri et al., 2009).
Passarotti, Sweeney, and Pavuluri (2010) showed
that on functional magnetic resonance imaging,

Introduction

Bipolar disorder (BD) in children may present with
impairments in cognitive function that might serve
as early indicators of brain dysfunction and vulner-
ability to illness progression. Psychological factors,
especially as they relate to cognitive function, may
help to explain why some children and adolescents
are more vulnerable to chronic mood dysregulation
than are others (Rosen & Rich, 2010). Cognitive
models of unipolar depression in youth have been
investigated in some depth, including examination of
children at elevated risk for depression (Joormann,
Gilbert, & Gotlib, 2010; Joormann, Talbot, & Gotlib,
2007; Kujawa et al., 2011). However, few studies
have examined cognitive models of BD, with only a
single cross-sectional study examining how infor-
mation is processed in healthy offspring of parents
with BD (Gotlib, Traill, Montoya, Joormann, &
Chang, 2005). In this study, Gotlib et al. (2005)
compared healthy offspring of parents with BD to a
healthy comparison group, and found that asymp-
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children with BD deployed emotion-processing
circuitry to a greater extent and working memory
circuitry to a lesser extent than did children with
attention-deficit/hyperactivity —disorder (ADHD).
Taken together, the burden of these deficits in memory
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and attention may lead children and adolescents with
BD to experience difficulties in their reception and
processing of information.

The aim of the present study was to compare
information-processing biases in adolescents who
met full DSM-IV diagnostic criteria (American Psy-
chiatric Association, 2000) for bipolar I disorder and
in a healthy comparison (HC) group. Adolescents
with BD experienced their first manic episode less
than a year before enrollment (M 4.70 months from
onset of mania to initial enrollment), increasing the
likelihood that they were symptomatic at the time of
enrollment and minimizing their lifetime exposure to
psychotropic medications and to previous mood epi-
sodes. We sought to expand the Gotlib et al. (2005)
study by examining adolescents with fully syndromal
BD, and by assessing attention and memory biases at
baseline and after 1 year. We also examined whether
adolescents with syndromal BD are characterized by
an attentional bias for mood-congruent face expres-
sion stimuli, as previously demonstrated in samples
of depressed adults (Gotlib, Krasnoperova, Yue, &
Joormann, 2004; Gotlib et al., 2004). We hypothe-
sized that in processing adjectives on the SRET,
adolescents with BD would endorse more negative
than positive adjectives as self-referent while HC
adolescents would endorse more positive than nega-
tive adjectives as self-referent. We further predicted
that adolescents with BD would exhibit enhanced
recall for negative adjectives, including those they
had endorsed as self-referent, whereas HC adoles-
cents would exhibit enhanced recall of positive
adjectives, including those they had endorsed as self-
referent. Finally, we hypothesized that, because a
majority of adolescents with BD would be in a de-
pressed mood state at the time of evaluation (Bopp
et al., 2010; Perlis et al., 2005), they would selectively
attend to negative facial expressions on a dot-probe
task, whereas HC adolescents would selectively attend
to positive facial expressions. We expected that these
memory and attention biases would worsen from initial
assessment to follow-up 1 year later, and would cor-
relate with symptom progression.

Methods
Participants and procedure

The university panel of medical research in human
subjects approved this research protocol. Adolescents
(aged 13-18 years at baseline) with bipolar I disorder,
who were recruited by referral to a pediatric BDs pro-
gram and from the surrounding community, completed
study assessments at the initial time of enrollment (T1,
n = 35) and a subset completed the same assessments
1 year later (T2, n = 22). Adolescents were eligible for
inclusion in the study if they had experienced a single,
first manic episode within 12 months of enrollment.
Adolescents who had experienced more than one manic
episode during their lifetime or who had experienced
their first manic episode more than a year prior to T1
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were not eligible for the study to avoid potential expo-
sure to multiple mood episodes and medications.
Healthy adolescents (n =25 at Tl and n=22 at T2)
were recruited through internet and print advertise-
ments in the local community. Adolescents who
participated as healthy comparisons (HC) had no first-
degree relatives with psychopathology, no family history
of BD, and had never taken psychotropic medication
during their lifetime. A screening telephone call with a
parent or guardian established that all participants
were fluent in English, had no history of head injury
with loss of consciousness lasting more than 5 min, no
seizures, and no developmental or substance depen-
dence disorders. History of substance use was an
exclusion criterion for HC but not BD participants, who
could not have had their manic episode in the context of
substance use, and were required to be substance-free
for at least 1 month prior to study participation at both
time points. To avoid the risk of mood destabilization,
participants with BD were allowed to continue to take
psychotropic medications. After describing the study to
the participants, written informed consent and assent
were obtained, and participants were invited with their
parents or guardians for interviews and testing.

Measures

Clinical assessments. All participants were evalu-
ated for current and lifetime psychiatric disorders using
the Washington University in St. Louis Kiddie-Schedule
for Affective Disorders and Schizophrenia (WASH-U
KSADS, Geller, Zimerman, Williams, Bolhofner, and
Craney, et al. 2001) for depressive and BDs, and the
KSADS-PL (Kaufman et al., 1997) for remaining psy-
chiatric diagnoses at both T1 and T2. These interviews
were administered separately to adolescents about
themselves and to parents or guardians about their
children by a child psychiatrist or masters-level inter-
viewer with established inter-rater reliability (kappa
>.90). Formal DSM-IV diagnoses (American Psychiatric
Association, 2000) were subsequently determined at a
consensus conference attended by board-certified child
and adolescent psychiatrists (M.K.S. and K.D.C.).
Trained psychometricians with high inter-rater reli-
ability (kappa > .90) obtained an estimate of IQ by
administering the Wechsler Abbreviated Scale of Intel-
ligence (Wechsler, 1999) to all adolescents at T1 only.
Inclusion criteria required IQ > 80. To estimate devel-
opmental level, adolescents completed the Peterson
Pubertal Development Scale (PDS, Petersen, Crockett,
Richards, & Boxer, 1988). Symptoms of anxiety were
assessed using the Multidimensional Anxiety Scale for
Children (MASC, March, Sullivan, Stallings, & Conners,
1997). The presence and severity of ADHD symptoms
was determined by parent or guardian report on the
ADHD Rating Scale (Conners, Sitarenios, Parker, &
Epstein, 1998). Current manic mood state was con-
firmed with a score greater than or equal to 20 on the
Young Mania Rating Scale (YMRS, Young, Biggs,
Ziegler, & Meyer, 1978) while current depressed mood
state was confirmed with a score greater than or equal
to 40 on the Children’s Depression Rating Scale-
Revised (CDRS-R, Poznanski & Mokros, 1995). The
Adolescent Longitudinal Interview Follow-up Evalua-
tion (A-LIFE, Keller et al., 1987) is a measurement of
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functional status in several different domains that was
used to provide clinical context at T1 and T2, and the
change in this clinician-rated measure was compared to
change in major outcome measures from baseline to
follow-up.

Information-processing assessments. Adolescents
in the BD and HC groups completed two information-
processing tasks at T1 and T2: the self-referent encod-
ing task (SRET) and the emotion face dot-probe task. All
participants were administered the dot-probe task fol-
lowed by the SRET. The SRET assesses endorsement of
positive and negative adjectives and selective memory
for valenced stimuli. For administration of the SRET
task, participants sat before a computer screen on
which the words “Describes me?’ were displayed,
followed by one positive or negative stimulus word.
Participants indicated ‘yes’ or ‘no’ for each word by using
assigned keys on the computer keyboard, and the pro-
cess was repeated for 40 stimulus words. The stimulus
words were composed of 20 positive and 20 negative
adjectives that had been reviewed by research assistants
and rated on a seven-point Likert scale. Adjectives that
were included as stimulus words had received a mean
rating above 4.0 on one dimension (e.g., positive) and
below 2.0 on the other dimension (e.g., negative).
Examples of positive adjectives included 4riendly, help-
ful, lucky, nice, winner,” and examples of negative
adjectives included ‘angry, lazy, lonely, strange, bad.’

Participants then completed the Digit Span task from
the WAIS-III (Wechsler, 1997) to distract their attention
from the adjectives they had just seen. Finally, partici-
pants completed an incidental recall task, in which they
were given 3 min to recall as many of the SRET adjec-
tives as they could, regardless of whether they had
endorsed the words as self-referent (i.e., ‘Describes me?’
had been answered in the affirmative). For each item,
responses and response times were recorded.

The dot-probe task assessed selective attention
toward neutral compared to emotionally valenced
stimuli. Pairs of photographs of faces, one photo in the
pair displaying a neutral and one photo displaying an
emotional expression of the same actor, were presented
side-by-side on a computer screen. After the offset of
the faces, a dot appeared in the place where either the
neutral face or the emotionally expressive face had
been, and participants’ response time to indicate the
dot’s location was recorded. These response times
assessed attentional orientation toward the emotional
material. If participants oriented toward the emotional
face, response times should have been faster when the
dot was presented in the location of the emotional
face. The photographs, all of adult faces, had been
selected from the MacArthur Network Face Stimuli Set
(Research Network on Early Experience and Brain
Development, http:/ /www.macbrain.org/resources.htm)
according to the protocol described by Joormann and
Gotlib (2007). Stimuli were displayed for 500 or 1500
milliseconds (ms) rather than for 1000 ms because
previous studies have shown that different stimulus
presentations capture different components of attention
(Joormann & Gotlib, 2007). Selective attention to sad
faces among individuals with depression has been
demonstrated when stimuli are presented for a longer
duration and are therefore subject to conscious pro-
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cessing (Matthews & MacLeod, 2005), whereas for
individuals with anxiety, attentional bias occurs in the
context of very brief stimulus exposure and is subject to
automated processing (Mogg & Bradley, 2005).
Response times were used to calculate an attentional
bias score according to the formula below in which
R = right position, L =left position, p = probe, and
e = emotional face (Mogg, Bradley, & Williams, 1995).
For example, RpLe corresponds to the mean reaction
time for response when the right position contains the
probe and the left position contains the emotional face.

Attentional bias = 1/2[(RpLe - RpRe) + (LpRe - LpLe)]

When this equation yields a positive value, it indicates
that participants were faster to respond to a dot that
appeared behind an emotional (i.e., happy or sad) face
compared to a neutral face and, thus, oriented their
attention toward happy or sad faces. A negative bias
score indicates attention shifted away from the happy
or sad face and toward the neutral face. We calculated
the attentional bias score using the formula once for
comparing response times to neutral and happy faces,
and again for comparing response times to neutral and
sad faces.

Following Joormann et al. (2007), we implemented
two measures of quality control to address variance in
attentional bias scores during this task. First, only
response times associated with correct responses were
analyzed. Second, data that reflected anticipation
errors or lapses in attention were excluded: anticipation
errors were trials with a response time less than or
equal to 100 ms, and a lapse in attention was defined as
a trial with a response time greater than 1000 ms.

Data analysis

Chi-squared analyses and t-tests were used to examine
group differences in demographic variables. Two-way
analyses of variance (ANOVAs) were conducted on the
SRET data to examine the effects of group (BD, HC) and
valence of adjective (positive, negative) on the propor-
tion of words endorsed, words recalled, and self-refer-
ent words recalled. A three-way repeated measures
ANOVA was conducted on the dot-probe attentional
bias scores for correct responses to examine the effects
of group (BD, HC), face emotion (happy, sad), and
length of stimulus exposure (500, 1500 ms). Post hoc
one-sample t-tests comparing attentional bias scores to
zero within each group were used to examine the degree
and directionality of significant group differences.
A Levene’s test of homogeneity was used to examine
the variance of response times across groups.

The effects of co-occurring ADHD, oppositional defi-
ant disorder (ODD), or conduct disorder (CD), and
medication exposure on T1 and T2 outcomes were
examined by use of ANCOVA. The effect of these factors
was examined by first comparing BD group participants
without medication exposure or without comorbid Axis
I disorders to participants with medication exposure or
comorbid conditions, and then by serially excluding BD
group participants with exposure to specific medication
classes or with specific comorbidities and then reana-
lyzing the results. To examine the potential effect of
mood state on task responses, the BD group was
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subdivided into manic, depressed, and mixed mood
states, and each of these subgroups was compared to
the HC group. Pearson correlations were used to
examine the association between proportion of positive
or negative words endorsed on the SRET and degree of
depressive or manic symptomatology in adolescents
with BD who were in a depressed, manic mood, or
mixed state at the time of assessment. Pearson corre-
lations were also used to examine the change in
depressive or manic symptomatology from T1 to T2 to
the change in performance on the SRET and dot-probe
tasks from T1 to T2.

Results

Baseline demographic and clinical characteristics of
the two participant groups are presented in Table 1.
Compared to HC adolescents, adolescents with BD

Table 1 Baseline demographic and clinical characteristics

Healthy Adolescents
adolescents with bipolar
Variable (V= 25) I disorder (N = 35)
Age*, M (SD) 14.88 (1.42) 15.74 (1.50)
Tanner stage, M (SD) 3.19 (0.56) 3.25 (0.43)
Full-scale IQ*, M (SD) 112.32 (10.65) 106.55 (9.81)
Sex, (%) Male 40% 46%
Race, N (%)
Asian 4, 16% 0, 0%
Black (non-Hispanic) 1, 4% 1, 3%
Hispanic 3, 12% 2, 6%
Pacific islander 0, 0% 1, 3%
White (non-Hispanic) 12, 48% 21, 60%
Mixed race 3, 12% 7,20%
Lifetime medication exposure (N, M longest exposure in weeks)
Any* 0,0 27, 12.37
Atypical antipsychotics* 0,0 23, 3.64
Lithium* 0,0 18, 2.28
Anti-depressants*® 0,0 13, 3.63
ADHD medications 0,0 10, 4.82
Anxiolytics 0,0 4,0.11
YMRS*, M (SD) 0.17 (0.48) 18.81 (7.06)
CDRS-R*, M (SD) 17.75 (1.26) 45.88 (13.61)
MASC, M (SD)
Physical* 3.42 (3.42) 11.07 (8.48)
Harm avoidance* 14.54 (4.03) 11.07 (5.70)
Social anxiety 6.54 (4.47) 9.38 (7.49)
Separation anxiety 3.50 (2.48) 4.36 (4.46)
Mood state*, (N, %)
Euthymic 25, 100% 3, 9%
Manic 0, 0% 8, 23%
Depressed 0, 0% 12, 34%
Mixed mood state 0, 0% 12, 34%
Comorbid diagnoses, (N, %)
ADHD* 0, 0% 15, 43%
Any anxiety disorder* 0, 0% 5, 14%
ODD 0, 0% 2, 6%
Conduct disorder 0, 0% 1, 3%

ADHD, attention-deficit/hyperactivity disorder; BD, adoles-
cents with bipolar I disorder; CDRS-R, Children’s Depression
Rating Scale-Revised; HC, healthy comparison group; IQ,
intelligence quotient; MASC, Multidimensional Anxiety Scale
for Children; ODD, oppositional defiant disorder; SD, standard
deviation; SES, socioeconomic status; YMRS, Young Mania
Rating Scale.

*Significant p < .05.
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were older (BD: M= 15.7, SD= 1.5, HC: M= 14.9,
SD = 1.4, p = .03) but were not different in terms of
pubertal development at the time of enrollment (T1)
or follow-up (T2), BD at T1: M= 3.3, SD = .4, HC at
T1: M= 3.2, SD = .6,t(60) = —.4, p> .05; BD at T2:
M=3.4, SD= .5, HC at T2: M= 3.4, SD = .5, t(20)

= .1, p > .05). Adolescents with BD had a lower M IQ
(M=106.6, SD=9.8) than did HC adolescents
(M=112.3, SD=10.7, t(60) = 2.1, p=.03). At T1, 8
(23%) adolescents with BD were in a manic mood
state, 12 (34%) were depressed, 12 (34%) were in a
mixed state of mania and depression, and 3 (9%)
were euthymic. At T2, no adolescent was in a manic
mood state (0%), 5 (24%) of adolescents with BD
were depressed, 7 (33%) were in a mixed mood state,
and 9 (43%) were euthymic. From T1 to T2, mood
state remained the same for 6 of 21 adolescents with
BD (29%) whereas it changed for 15 (72%), including
3 from depressed to manic and 2 from manic to
depressed. Among participants in the BD group, the
number of mood episodes between T1 and T2 was as
follows: manic, M=2.9, SD=4.2, median = 1,
range = 0-14; depressed, M =4.1, SD = 5.3, med-
ian = 3 range = 1-19; mixed, M = 14.9, SD= 10.7,
median = 14, range = 0-37. Twenty-seven of 35
adolescents with BD (77%) were taking psychotropic
medications at T1, and 19 of 22 adolescents with BD
(89%) were treated with medication at T2. There were
three participants who were started on psychotropic
medications after Tl and none who discontinued
them between T1 and T2.

SRET

For adjective endorsement, a two-way repeated
measures ANOVA examining the effects of group
(BD, HC) and valence of adjective (positive, negative)
on adjective endorsement yielded no main effect of
group, F(1,58) = .01, p > .05, but a significant effect
of valence, F(1,58) = 155.8, p < .001. There was a
significant interaction between group and valence,
F(1,58) = 16.3, p < .001. Follow-up tests indicated
that at T1, compared with HC adolescents, adoles-
cents with BD endorsed a significantly greater pro-
portion of negative adjectives (BD: M = .30, SD = .22,
HC: M= .13, SD= .16, t(58) = -3.38, p=.03) and a
significantly smaller proportion of positive adjectives
(BD: M=.68, SD=.21, HC: M=.85, SD=.12,
t(58) = 3.71, p=.02). At T2, repeated measures
ANOVA examining the effects of group and valence
as well as time of assessment (T1, T2), demonstrated
again a main effect of valence, F(1,22)= 163.5,
p < .001, and a significant interaction of group and
valence, F(1,22) = 10.7, p = .002. There was no sig-
nificant main effect of group, time, or an interaction
between group and time or valence and time, or
between group, valence, and time (all p > .05). There
was no significant difference at T2 between the pro-
portion of negative (BD: M = .2, SD= .2, HC: M = .3,
SD = .2, t{20) = -1.8, p > .05) or positive adjectives
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[IT1 SRET % positive words /all words endorsed as self-referent
EAT2 SRET % positive words all words endorsed as self-referent
[IT1 SRET % negative words fall words endorsed as self-referent
BIT2 SRET % negative words /all words endorsed as self-referent
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Figure 1 Proportion of valenced adjectives endorsed as self-ref-
erent by group and time

(BD:M=.7,SD=.2,HC: M= .8, SD= .2, {(20) = 1.8,
p > .05) endorsed by each group.

For recall of all adjectives at T1, a two-way ANOVA
yielded a significant main effect of valence,
F(1,51) = 12.9, p = .001, but no main effect of group,
F(1,58) = 1.47, p > .05, and no significant interac-
tion of group and valence, F(1,51) = .20, p > .05. At
T1, participants in both groups recalled more posi-
tive than negative adjectives. At T2, repeated mea-
sures ANOVA examining adjectives recalled based on
group, valence, and time of assessment yielded a
significant main effect of group, F(1,22) = 8.9,
p = 0.005, and valence, F(1,22) = 15.7, p < .001, but
no significant main effect of time. There were no
significant interactions between valence and group,
group and time, valence and time, or between
valence, group, and time (all p > .05). Post hoc t-tests
showed that HC recalled more positive adjectives
than did BD at T2 (BD: M=6.7, SD=2.7, HC:
M=4.8, SD=2.4, t(41)=2.5, p=.02), and there
was no group differences in the recall of negative
adjectives (p > .095).

Figure 1 shows the valence of adjectives endorsed
as self-referent by participants in each group at T1
and T2. For recall of self-referent adjectives, a two-
way ANOVA conducted on recall of the adjectives
that participants rated as self-referent yielded a
significant main effect of valence, F(1,58) = 83.31,
p < .001, and a significant interaction of group and
valence, F(1,58) = 14.59, p < .001). The effect of
group was not significant, F(1,58) = .73, p > .05. At
T2, repeated measures ANOVA examining recall of
self-referent adjectives yielded a significant main
effect of group, F(1,22)=11.7, p=.001, valence,
F(1,22) = 115.0, p < .0001, and time, F(1,22) = 4.6,
p=.04. There was also a significant interaction
between group and valence, F(1,22) = 18.7, p < .001,
and a trend-level effect of the interaction between
time and valence, F(1,22) = 3.5, p = .07, but no sig-
nificant interactions between group and time or
between group, time, and valence (all p > .05). As
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predicted at T1, HC adolescents recalled signifi-
cantly more self-referent positive adjectives than did
adolescents with BD (BD: M=.2, SD=.1, HC:
M= .3, SD=.1, t{58) =2.7, p=.01), whereas ado-
lescents with BD recalled significantly more self-
referent negative adjectives than did HC adolescents
(BD: M=.1, SD=.1, HC: M=.02, SD-=.04,
{(58) = -2.6, p = .001). At T2, HC again recalled sig-
nificantly more self-referent positive adjectives than
BD (BD: M=.2, SD=.1, HC: M=.3, SD=.1,
t(20) = 3.3, p = .002) with no significant difference in
recall of self-referent negative adjectives (BD:
M= .05, SD=.1, HC: M= .05, SD=.1, t22) = .02,
p > .05).

Repeated measures ANOVA including date from T2
showed a main effect of valence on reaction time to
endorse adjectives as self-referent, F(1,22) = 35.0,
p = .02, but no main effect of group or time and no
significant interactions. At both time points, there
was no association between the proportion of posi-
tive adjectives endorsed and the number of positive
adjectives recalled (T1: r= .01, n= 60, T2: r= .1, all
p > .05) or between the proportion of negative
adjectives endorsed and the number of negative
adjectives recalled (T1: r=.06, n=60, T2: r=.1,
all p > .05). Therefore, endorsing adjectives as self-
referent did not seem to enhance recall at either
time point.

The effect of group on words endorsed and/or
recalled at T1 was unchanged when covarying for
baseline age, IQ, YMRS, CDRS-R, or MASC scores
(all p > .05). Excluding participants with co-occur-
ring ADHD (n=15), ODD (n=2), or CD (n= 1), or
those who were exposed to any psychotropic medi-
cations including atypical antipsychotics (n = 23),
mood stabilizers (n = 18), antidepressants (n = 13),
or ADHD medications, including psychostimulants
and atomoxetine (n = 10), did not change the effect of
group on words endorsed or recalled. There were no
significant associations within the BD group
between words endorsed and/or recalled and medi-
cation exposure (all p > .05).

At T2, the effects and interactions of group on
words endorsed (no significant effect) and on words
recalled and self-referent words recalled (significant
effect) were unchanged when covarying for age, I1Q,
YMRS, and CDRS-R scores at T2 (all p > .05) and
when serially excluding participants with Axis I
comorbidities (ADHD, n= 8; ODD, n=2; CD, n= 1)
or exposure to medication classes (atypical antipsy-
chotics, n=10; mood stabilizers, n= 10; antide-
pressants, n= 11; ADHD medications, n=8, all
p > .05).

Exploratory analyses were conducted to examine
the impact of mood state on endorsement of self-
referent adjectives at T1 and T2. Participants in the
BD group showed a significant main effect of
depressed mood state on the proportion positive
words that were endorsed as self-referent at T1,
F(1,31) = 6.4, p=.02; this was not the case at T2
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(p > .095). Participants with BD in a depressed mood
state at T1 showed a significant inverse association
between CDRS-R and the proportion of positive
adjectives endorsed at baseline, r=-.7, n= 32,
p < .001. Participants with BD in a depressed mood
state endorsed a lower proportion of positive words
as self-referent (M = .6, SD = .2) than did partici-
pants with BD who were not depressed at the time of
assessment (M =.8, SD=.1; ¢30)=2.5, p=.02).
There was a significant negative correlation within
the BD group between CDRS-R and number of
positive words recalled (r= -.4, n= 32, p=.03), and
between CDRS-R and positive self-referent words
recalled (r=-.5, n= 31, p=.01). At T2, adolescents
with BD in a depressed mood state did not show an
association between CDRS-R score and the propor-
tion of positive words endorsed as self-referent,
p > .05. There was no difference in the proportion of
positive words endorsed as self-referent based upon
depressed/not depressed mood state within the BD
group (depressed: M= .7, SD = .3; not depressed:
M=.7, SD= .2, t(19) = .04, p > .05). There was no
correlation between CDRS-R and the proportion of
positive or negative words endorsed by BD partici-
pants, p > .05. However, there was a significant
negative correlation between CDRS-R and recall of
positive self-referent words (r=-.4, n= 21, p = .05).

To examine the longitudinal effect of mood symp-
toms from T1 to T2, we compared the change in
CDRS-R scores to the change in endorsement and
recall of self-referent adjectives. Change in CDRS-R
score was negatively associated with change in recall
of positive self-referent adjectives, r=—-.6, n = 20,
p = .005, indicating that worsening depression was
associated with reduced recall of positive self-refer-
ent adjectives. At T1, there was no significant asso-
ciation between YMRS score and the proportion of
positive adjectives endorsed as self-referent (r = .06,
n = 35, p = .8). There were no significant correlations
between YMRS and number of total, positive words
recalled, negative words recalled, or positive or neg-
ative self-referent words recalled (all p > .05). The
change in YMRS score from T1 to T2 was not asso-
ciated with the change in endorsement or recall of
self-referent adjectives between time points (all
p > .05).

To examine change in clinical status and pro-
gression in a different way, we examined associa-
tions between the change in A-LIFE scores from T1 to
T2 and the change in SRET performance from T1 to
T2; there was no significant association between
change in A-LIFE and change in SRET performance
from baseline to follow-up (all p > .05).

Dot-probe

An average of 2.2% of participants’ T1 data were
discarded due to anticipation errors or lapses in
attention. Two anticipation errors occurred across
all participants and trials, both of which were asso-
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ciated with responses from the HC group. There were
significantly more instances of attention lapse in the
BD group (M = 3.7, SD = 5.8) than in the HC group
(M=1.0, SD=2.4, t(58) =-2.2, p=.04). The two
groups did not differ with respect to percentage of
correct responses (97.2% BD vs. 97.9% HC,
{(58) = 1.6, p> .05) or overall reaction time (BD:
M = 500.8, SD =93.6 ms; HC: M =467.1, SD = 60.2
ms, t51) = -1.5, p > .05). At T2, one participant in
the BD group had more than 100 anticipation errors
so was excluded from the analysis. 4.2% of the
remaining data were discarded due to anticipation
errors or lapses in attention. There was no difference
between groups in the rate of anticipation errors,
attention lapses, or correct answers (all p > .05).

A three-way ANOVA (Group: BD, HC; Valence of
stimuli: happy, sad faces; Duration of stimulus
exposure: 500, 1500 ms) conducted on attentional
bias scores at T1 yielded a significant main effect
only of duration of stimulus exposure, F(1,58) = 8.5,
p=.01; neither the main effect of group,
F(1,58) = .5, p > .05, nor the main effect of valence,
F(1,58) = .1, p> .05, was significant. None of the
interactions of group, valence, or duration of expo-
sure were significant (all p > .05). Follow-up t-tests
yielded no significant differences from zero in the
bias scores for the BD or HC participants (all
p > .05). At T2, four-way repeated measures ANOVA
examining attentional bias scores by group, valence
of stimuli, duration of stimulus exposure, and time
point of assessment (T1l, T2) replicated the main
effect of duration of stimulus exposure,
F(1,22) = 11.7, p = .02, but showed no other signifi-
cant main effects or interactions (all p > .05).

An ANCOVA revealed that the effect of group on
bias scores at T1 continued to be nonsignificant after
co-varying separately for age, IQ, YMRS, CDRS-R,
and MASC scores (all p > .05). Excluding partici-
pants who had co-occurring ADHD (n = 15), ODD
(n=2), or CD (n=1), or who were exposed to any
psychotropic medications, including atypical anti-
psychotics (n=23), mood stabilizers (n= 18),
antidepressants (n= 13), and ADHD medications
(n = 10), did not change the nonsignificant effect of
group on attentional bias scores. There were no sig-
nificant associations within the BD group between
attentional bias scores and maximum length of
exposure to any medication (all p > .05). With regard
to mood state, there was no main effect of group on
positive or negative attentional bias scores when
comparing adolescents with BD in a manic,
depressed, or mixed mood states to HC adolescents
(all p > .05). Results did not change at T2 after
co-varying for age, 1Q, CDRS-R, and YMRS, or seri-
ally excluding participants with Axis I comorbidities
(ADHD, n=8; ODD, n=2; CD, n= 1) or previous
exposure to different classes of psychotropic medi-
cations (atypical antipsychotics, n = 10; mood sta-
bilizers, n= 10; antidepressants, n=11; ADHD
medications, n = 8). There was also no change in the
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effect of group on bias scores when comparing ado-
lescents with BD by mood state to HC, all p > .05.
There were no significant associations between
change in A-LIFE scores from T1 to T2 or the change
in attentional bias scores over this time period (all
p > .05).

Discussion

In this study, we predicted that adolescents who had
experienced the onset of BD within 1 year of enroll-
ment would be characterized by biases in memory
and attention at initial assessment and after 1-year
follow-up. At baseline, adolescents with BD
endorsed and recalled more negative than positive
self-referent adjectives, whereas HC adolescents
endorsed and recalled significantly more positive
than negative self-referent adjectives. Within the BD
group, recall of positive self-referent adjectives was
inversely related to depressed mood. At 1l-year
follow-up, a negative memory bias persisted in
adolescents with BD, and those who became less
depressed had improved recall for positive self-
referent adjectives. Neither adolescents in the BD
nor the HC group exhibited attentional biases for
happy or sad faces at either time point. Instead they
consistently allocated their attention about equally
toward neutral and emotional faces. These findings
suggest that adolescents with BD use negatively
charged words to describe themselves and have
memory biases that persist with illness, but do not
demonstrate any biases in attention toward emo-
tionally valenced facial expressions.

Consistent with previous literature (Geller et al.,
2001), two-thirds of adolescents in the BD group had
significant depressive symptoms at both baseline
and 1l-year follow-up, suggesting that symptom
burden on information-processing may have been
influenced more by depression than by mania. In
adolescents with BD, depressive symptomatology
was related to endorsement and recall of positive
adjectives. Moreover, longitudinal analysis demon-
strated that improvement in depressive symptom-
atology over time was related to improvement in
recall of positive self-referent words, suggesting that
symptoms of depression contributed to how adoles-
cents with BD recalled having described themselves.
In their study using the SRET with adolescents at
high risk for BD, Gotlib et al. (2005) found no dif-
ference in the proportion of valenced (positive vs.
negative) adjectives recalled by adolescents at risk
for BD compared to healthy adolescents; however,
adolescents at risk for BD demonstrated enhanced
recall for negatively valenced adjectives. Our SRET
results suggest that depressive symptoms are asso-
ciated with a progression to endorsement of negative
words and a negative memory bias in the partici-
pants with BD. Thus, memory bias among adoles-
cents with BD appears to be a function of the
disorder rather than the mood state. Enhanced
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recall of negative self-referent words has also been
previously reported in adults with depression (Derry
& Kuiper, 1981; Heim-Dreger, Kohlmann, Eschen-
beck, & Burkhardt, 2006). If BD that begins in
childhood is continuous with adult BD (Chang,
2007) with a course of illness dominated by depres-
sion (Perlis et al., 2005), we speculate that adoles-
cents in this study with bipolar I disorder have a
negative memory bias that may persist into adult-
hood coincident with symptom persistence. The fact
that negative memory bias was found to be disorder-
dependent and stable over a 1-year follow-up period
informs clinical management and increases our
understanding of the contribution of depression to
cognitive processing differences in youth with BD. It
is possible, therefore, that cognitive interventions
indicated for depression may be able to attenuate or
even reverse the negative self-concept and negative
memory bias that seems to progress with illness in
bipolar youth.

A longitudinal study conducted with a sample of
adolescents with BD that was exposed to multiple
medications documented impairment in neurocog-
nitive processes that continued over 3 years despite
treatment of the underlying disorder (Pavuluri et al.,
2009). In the present study we found improvement in
memory for positively valenced self-descriptors with
improvement in depressive symptomatology in a
cohort of adolescents assessed soon after their first
manic episode and then again a year later, with some
degree of treatment between these time points. This
suggests that interventions aimed at reducing
depressive symptomatology may in fact relieve the
burden of long-term negative cognitive biases. Fur-
ther study is needed to determine the mechanism by
which interventions aide in reducing symptoms and
cognitive biases.

Few studies have examined attention biases in
adults or children diagnosed with BD, and the
results of these investigations have been mixed.
Jongen, Smulders, Ranson, Arts, and Krabbendam
(2007) reported that adults with BD directed their
attention away from positive words, and whether
they directed their attention away from depression-
related words was mood state-dependent. Previous
studies using the dot-probe task that have found
differences in attentional bias in adolescent girls at
risk for depression (Joormann et al., 2007), and that
have found memory bias in adolescents who are at
risk for BD (Gotlib et al., 2005) administered a sad
mood induction to participants before the dot-probe
task, which was not done in the present study.
Adolescents with BD may have been affected with
symptoms at the time of assessment that were not
sufficiently severe to lead to biases in attention in the
absence of a mood induction. Divergent findings may
also be accounted for by differences in types of visual
stimuli presented (happy and sad vs. angry or
threat-relevant faces), or type of mood disorder (e.g.,
Joormann & Gotlib, 2007).
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Brotman et al. (2007) found that only children
diagnosed with BD comorbid with an anxiety disor-
der oriented toward threat-relevant stimuli, and no
bias was found for children who had BD without
anxiety. This study suggests that in the context of
BD, the presence of information- processing biases
may be determined in part by and the presence of
co-occurring anxiety symptoms. The significance of
anxiety in attentional biases among children has
also been described (Heim-Dreger etal., 2006;
Waters, Henry, Mogg, Bradley, & Pine, 2009); how-
ever, in the present sample, MASC subscale scores
were not related to our group findings on either of the
information-processing tasks. Previous studies have
also documented an association between ADHD and
attentional bias toward emotionally valenced over
neutral cues; in this sample, however, presence of
ADHD or current medication treatment for ADHD
had no impact on major outcome measures for the
dot-probe task or the SRET.

Limitations that may have affected the results of
this study include a small sample size, and sample
heterogeneity, which may have attenuated potential
group differences, particularly in terms of attentional
bias. Although beyond the scope of the current
study, which was aimed at comparisons to typically
developing youth, the addition of a morbid control
group would add information concerning specificity
to information-processing biases in youth with BD,
compared to youth in other psychopathological
states. Despite these potential limitations, this study
is the first to describe the biases in memory of ado-
lescents with BD at a pivotal point early in the course
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of illness. Adolescents with BD, who demonstrated
enhanced recall for negative adjectives, may have
organized a cognitive framework early in the course
of their illness that reflects low self-esteem and
increases the likelihood of future mood episodes.

Conclusion

The present results increase our understanding of
potential early biases in memory but not attention in
a group of adolescents with bipolar I disorder. Future
studies are needed to examine whether the pattern of
negative self-reference and negative memory bias
described here persists, is enhanced, or remits over
the course of bipolar illness.
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Key points

state dependent.

bipolar | disorder.

1-year follow-up.

e Adolescents with bipolar I disorder diagnosed shortly after their first manic episode had significant depressive
symptoms at the time of assessment and at 1-year follow-up.

Adolescents with bipolar | disorder demonstrated a memory bias at baseline and follow-up.

Memory biases in adolescents with bipolar | disorder appear to be a trait feature of the disorder and not mood

e Depressive symptom severity may contribute to perpetuating negative memory biases in adolescents with

Adolescents with bipolar | disorder do not exhibit attentional biases during a dot-probe task at baseline or at
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