
Increased Intrasubject Variability in Response Time in Youths
With Bipolar Disorder and At-Risk Family Members

MELISSA A. BROTMAN, Ph.D., MELISSA H. ROONEY, B.A., MARTHA SKUP, B.S., DANIEL S.
PINE, M.D., and ELLEN LEIBENLUFT, M.D.
All authors were with the Mood and Anxiety Disorders Program, National Institute of Mental Health,
National Institutes of Health, Department of Health and Human Services at the time the research
was conducted. Ms. Rooney is with the University of Pennsylvania School of Medicine. Ms. Skup
is with the Department of Biostatistics, Yale University School of Public Health.

Abstract
Objective—Deficits in sustained attention may represent an endophenotype for bipolar disorder
(BD). One heritable measure of sustained attention is intrasubject variability in response time (ISV-
RT). We tested the hypothesis that, compared with controls, both youths with BD and those at familial
risk for the disorder would have increased ISV-RT.

Method—Subjects were 28 patients with BD, 26 unaffected youths with a first-degree relative with
BD, and 24 control youths without an affected relative, all aged 7 to 17 years. Subjects completed
the Flanker Continuous Performance Test.

Results—Bipolar disorder and at-risk youths had increased ISV-RT, compared with the controls.
Differences were independent of comorbid psychopathology in youths with BD and present in
psychiatrically healthy at-risk youths.

Conclusions—Increased ISV-RT may be a risk marker for BD. Further research is needed to
investigate the neural and genetic underpinnings of this deficit, as well as the specificity of the finding
to BD.
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Although research in schizophrenia has begun to identify endophenotypes, such as deficits in
working memory,1–3 the search for endophenotypes in bipolar disorder (BD) is in its infancy.
4 Several behavioral markers, such as deficits in executive function, sustained attention, verbal
memory, and face emotion labeling, have been implicated as possible BD endophenotypes.4,
5 Sustained attention is defined as the capacity to maintain performance on a cognitive task in
the presence of distracting stimuli,6 and measures include target sensitivity and intrasubject
variability in response time (RT). Intrasubject variability in response time (ISV-RT) reflects
variability in the time that a subject takes to respond to stimuli during an attentional task. Adult
BD probands and their relatives make more errors than controls on sustained attention tasks.
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7–9 With regard to ISV-RT specifically, one study found that BD adults had increased ISV-
RT on a continuous performance test.10 Although ISV-RT is highly heritable in control
populations,11 ISV-RT has not been studied in relatives of patients with BD.

Attention-deficit/hyperactivity disorder (ADHD) is a common comorbidity in pediatric BD,
even when the diagnosis is based on symptoms during euthymia.12,13 Intrasubject variability
in RT is increased in both individuals with ADHD and their relatives.14,15 Given the high BD-
ADHD comorbidity,16 the presence of increased ISV-RT in adult BD patients,10 and the
heritability of ISV-RT in both control populations and those with ADHD, we tested whether
ISV-RT would be increased in youths with BD and their relatives, compared with the controls.
If so, then increased ISV-RT may be a candidate endophenotype for BD.

To be considered an endophenotype, or heritable bio-marker, the construct must show
association with illness, state independence, greater prevalence in nonaffected family members
than in the general population, heritability, and cosegregation with the illness within families.
17 Here, we present evidence that increased ISV-RT meets the first three of these criteria in
pediatric patients with BD. The identification of endophenotypes is crucial; discovery of trait-
based markers will ultimately aid in earlier identification of BD. Moreover, endophenotypes
can lead to early intervention initiatives and ultimately prevention.

We examined ISV-RT in BD probands and their relatives on the Flanker Continuous
Performance Test, which assesses attention in the context of interference and has been used to
demonstrate increased ISV-RT in patients with ADHD.18,19 We hypothesized that, compared
with the controls, both subjects with BD and children at familial risk for BD would have
increased ISV-RT. If confirmed, our findings would suggest that increased ISV-RT may be a
candidate endophenotype for BD.

METHOD
Subjects

Participants were enrolled in an institutional review board–approved protocol at the National
Institute of Mental Health in Bethesda, MD. Minors (aged 7–17 years) and their guardians gave
written informed assent and consent, respectively.

The study included three groups of children—pediatric probands with “narrow phenotype”
BD,20 youths at risk for BD by virtue of having a first-degree relative with the disorder, and
typically developing control children. Children's diagnoses were assigned using the Schedule
for Affective Disorders and Schizophrenia for School-Age Children–Present and Lifetime
version (K-SADS-PL),21 administered separately to children and parents by clinicians with
demonstrated interrater reliability (κ > 0.9). Narrow phenotype BD required a history of at least
one manic or hypomanic episode, meeting full DSM-IV-TR duration criteria, with elevated
mood and at least three B criterion symptoms. Comorbid diagnoses (e.g., ADHD) were
assigned based on symptoms present during euthymia. At-risk children had either a full
biological sibling with narrow phenotype BD or a parent with DSM-IV-TR bipolar I or II
disorder. At-risk children with anxiety or disruptive behavior disorders were included to avoid
recruiting a particularly resilient group; other psychopathology was exclusionary. In particular,
at-risk children with mood disorders were excluded because such disorders (e.g., depressive
episode) may indicate that the child was already affected with BD. Where multiple siblings
from a family were enrolled, data from only the oldest at-risk sibling was included in an attempt
to more closely match subjects on age. Parent diagnoses were confirmed by the Structured
Clinical Interview for DSM-IV-TR Axis I Disorders-Patient Edition22 or the Diagnostic
Interview for Genetic Studies.23
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Exclusion criteria for all of the participants included IQ lower than 70, pervasive developmental
disorders, substance abuse within the past 2 months, or significant medical illness. Children's
Depression Rating Scale24 and Young Mania Rating Scale25 ratings were collected for BD and
at-risk youths. The Wechsler Abbreviated Scale of Intelligence (WASI)26 was administered
to all of the participants.

Behavioral Task
The computerized Flanker Continuous Performance Test (Cognitive Therapeutics)27 assesses
attention in the context of interference, by requiring the subjects to press a button in response
to a target arrow presented along with distractor stimuli (flankers). The participants were
instructed to press the left arrow key when the target arrow key pointed left and the right arrow
key when the target pointed right. Participants completed 48 trials of each of three conditions
(neutral, congruent, and incongruent), in random order, for a total of 144 trials. In the neutral
condition, the flankers were horizontal lines, whereas in the other conditions, the flankers were
arrows pointing in the same (congruent) or opposite (incongruent) direction as the target arrow.

Data Analysis
Between-group differences in age and IQ were measured using an analysis of variance, and
differences in sex distribution were assessed by χ2. Age differed significantly between groups
and thus served as a covariate in subsequent analyses.

Outliers more than two SDs above or below the group means for percent correct responses or
SD of RT were removed. Accuracy of responses and RT were recorded separately for
congruent, neutral, and incongruent trials. Mean RT and ISV-RT (the SD of each individual's
mean RT) were calculated, again separately for each trial condition.

An omnibus multivariate analysis of covariance (MANCOVA), with age included as a
covariate, was performed including all variables (i.e., accuracy, mean RT, ISV-RT) for all three
trial types (i.e., congruent, neutral, incongruent). This controlled for type I errors. After finding
a significant omnibus result, subsequent post hoc analyses included separate ANCOVAs for
each variable in each trial type to clarify specific measures contributing to the between-group
difference detected with the MANCOVA. Cohen d for ISV-RT measures were computed using
the mean and SD, separately for each trial type.

In secondary analyses, data from BD and at-risk subjects with lifetime diagnoses of ADHD
were excluded because of reported associations between increased ISV-RT and ADHD.14,28

In addition, to ensure that increased ISV-RT in at-risk youths was not associated with
subsyndromal ADHD symptoms, we created a continuous subthreshold ADHD variable using
responses to the items in the K-SADS-PL ADHD module. Specifically, we computed the mean
value of the scores for all items in the K-SADS-PL ADHD module and then performed Pearson
correlations between ADHD symptoms and ISV-RT. We also ran post hoc analyses excluding
noneuthymic youths with BD, and BD and at-risk subjects with anxiety diagnoses to control
for mood state and comorbid anxiety disorders, respectively. In the at-risk sample, t tests
compared ISV-RT between those that were at risk because of a BD parent to those that were
at risk because of a sibling with narrow phenotype BD. Finally, we compared medicated versus
unmedicated patients with BD, unmedicated patients with BD versus controls, and examined
the presence of each category of psychotropic medication on ISV-RT performance.

RESULTS
Seventy-eight children completed the Flanker task: 28 BD, 26 at-risk, and 24 normal volunteer
(NV) subjects (Table 1). The at-risk subjects were younger than the BD and NV subjects
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(F2,75 = 6.87, p < .01), so subsequent analyses controlled for age. There were no between-
group differences in sex or IQ. Eighty-nine percent (n = 25) of the BD subjects had a comorbid
diagnosis, with a mean of 2.5 (SD 1.8) additional diagnoses. Twenty-seven percent (n = 7) of
at-risk subjects carried Axis I diagnoses, specifically anxiety disorders (n = 5) and/or ADHD
(n = 3). More than half (52%, n = 14/27 [mood rating data unavailable for 1 patient with BD])
of the youths with BD were euthymic (i.e., Children's Depression Rating Scale score < 40 and
Young Mania Rating Scale score ≤ 12). Eighty-six percent (n = 24) of the BD youths were
medicated while being tested, with a mean of 2.75 (SD 1.48) medications, including
anticonvulsants (71%), atypical antipsychotics (57%), antidepressants (39%), lithium (32%),
stimulants (18%), and anxiolytics (14%). All at-risk and control youths were unmedicated and
euthymic at the time of testing.

The omnibus MANCOVA demonstrated a significant group effect (F18,132 = 1.87, p = .02).
Post hoc ANCOVAs demonstrated significant group effects for each variable included in the
omnibus MANCOVA (i.e., ISV-RT, accuracy, and RT; all p's < .04). Post hoc ANCOVAs
examining ISV-RT indicated that groups differed on congruent (F2,74 = 9.30, p < .01), neutral
(F2,74 = 8.33, p < .01), and incongruent (F2,74 = 6.77, p < .01) trials.

In all analyses, both subjects with BD (all p's < .01; Cohen d for congruent, d = 1.64; neutral,
d = 1.34; incongruent, d = 1.18) and those at risk (all p's < .03; congruent, d = 1.21; neutral,
d = 1.23; incongruent, d = 1.17) had increased ISV-RT, compared with the controls. The youths
with BD and those at risk did not differ from each other on ISV-RT (all p's > .14; congruent,
d = 0.18; neutral, d = 0.18; incongruent, d = 0.11; Table 2).

Post hoc ANCOVAs examining accuracy and RT also demonstrated between-group
differences on all three trial types. Unlike for ISV-RT, some of these interactions were driven
by differences between BD and control groups (all p's < .01; Table 2); the at-risk youths had
poorer accuracy (p = .04) and longer RTs (p = .05) thanthe controls for congruent trials only.
Neither accuracy nor mean RT differed significantly between the BD and at-risk groups.

When the noneuthymic youths with BD were excluded, euthymic subjects with BD had
increased ISV-RT compared with the controls for all the three trial types (congruent, p = .02;
neutral, p = .03; incongruent, p = .02).

When data from the 19 children with BD (68%) and the 3 at-risk children (12%) with lifetime
diagnoses of ADHD were removed from the analysis, differences in ISV-RT between the 23
remaining at-risk and 24 control youths remained significant for all the three task conditions
(AR > NV, all p's < .02). With the subjects with ADHD removed, ISV-RT differed significantly
between the 9 youths with BD and the 24 controls on congruent and incongruent trials (BD >
NV p < .01 and p = .03, respectively), with a trend for increased ISV-RT in the subjects with
BD on neutral trial RTs (p = .08; Fig. 1). To determine whether increased ISV-RT in the at-
risk sample was related to subsyndromal ADHD symptoms, we performed a Pearson
correlation between a continuous variable of ADHD symptoms, based on K-SADS-PL
responses, and the three types of ISV-RT. The mean ADHD score was 1.15 (SD 0.33) among
the 21 at-risk children for which scores were available. There was no correlation between
degree of ADHD symptoms and ISV-RT for congruent (r = –0.09, p = .68), neutral (r = –0.07,
p = .75), or incongruent (r = –0.07, p = .76) trials.

When data from the 16 children with BD and 5 at-risk children with anxiety disorders were
removed, the remaining subjects with BD (n = 12) and those at risk (n = 21) exhibited increased
ISV-RT compared with the controls on congruent (all p's < .01) and incongruent (all p's < .01)
trials. The at-risk subjects also had increased ISV-RT compared with the controls on neutral
trials (p = .02), and the subjects with BD trended toward increased ISV-RT compared with the
controls (p = .11).
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Post hoc t test revealed no differences between at-risk subjects with affected siblings (n = 16)
versus those with affected parents (n = 10; p = .81, p = .67, and p = .38 for congruent, neutral,
and incongruent trial types, respectively). Post hoc t tests revealed no differences between
medicated (n = 24) and unmedicated (n = 4) patients with BD (p = .31, p = .65, p = .75 for
congruent, neutral, and incongruent trial types, respectively). However, the subset of
unmedicated (n = 4) patients with BD differed from the controls (p < .01 for all three trial
types). Finally, the presence of any particular type of medication, including anticonvulsants
(n = 20), atypical antipsychotics (n = 16), antidepressants (n = 11), lithium (n = 9), stimulants
(n = 5), or anxiolytics (n = 4) did not influence ISV-RT performance in the patients with BD
(all p's > .15).

DISCUSSION
We found that pediatric patients with BD and children at risk for BD had increased ISV-RT
on the Flanker CPT. Previous studies have identified increased ISV-RT in adult patients with
BD10 and sustained attention deficits in BD and at-risk populations.7–9 Here, we extend that
literature by demonstrating that increased ISV-RT is present in predominately euthymic youths
with BD and unmedicated relatives, who were youths free of mood disorders.

Our finding of increased ISV-RT in both probands and at-risk subjects was not driven solely
by ADHD, as between-group differences remained when data from the youths with BD and
at-risk youths with ADHD were excluded. Furthermore, there was no correlation between
increased ISV-RT and subthreshold ADHD symptoms in at-risk youths, a negative finding
which may reflect the relatively low rate of ADHD symptoms in this group. Taken together,
analyses suggest that the between-group differences we identified do not reflect the influence
of ADHD. However, these analyses are subject to type II error.

There is a paucity of candidate endophenotypes for BD, as compared with schizophrenia or
ADHD. Possible BD endophenotypes include deficits in attention,4 verbal learning and
memory,29,30 and face emotion labeling.5 Research has investigated sustained attention deficits
in patients with BD. It seems that such deficits are independent of impairments in working
memory31 and are present in euthymic adult patients,7,32–34 suggesting that sustained attention
is trait rather than state related. After controlling for comorbid ADHD, the youths with BD
also show sustained attention deficits.35

Increased ISV-RT, which has been studied extensively in ADHD, seems to reflect deficits in
sustained attention and/or arousal.36 It may index efficiency of neural signaling and reflect a
failure to adopt a consistent response strategy.37,38 Fast-frequency ISV-RT, as identified by
fast Fourier transformation,18 may reflect sustained attention deficits resulting from moment-
to-moment variation in top-down control, whereas predominately slow-frequency ISV-RT
may represent declining arousal over the course of the task.39 Such techniques should be used
to further characterize the deficits that we identified in the youths with BD and their relatives
and to possibly differentiate their patterns of variation from those subjects with other
psychiatric disorders.

Neuroimaging techniques may elucidate the neurophysiology of ISV-RT. A recent functional
magnetic resonance imaging study found that brief lapses in attention, as indexed by trials with
long reaction times, were associated with reduced anterior cingulate and prefrontal activation
before stimulus onset, increased activity in frontal and parietal regions, and less deactivation
of the default mode network.40 The latter is comprised of brain regions that fire spontaneously
during rest and become less active during processes requiring attention.41 It includes the
precuneus, posterior cingulate, medial prefrontal, and middle temporal gyrus, among other
regions.40,42 Consistent with Weissman et al.,40 Kelly et al.19 reported an association between
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increased ISV-RT and the strength of the negative correlation between activation in the default-
mode network and a “task-positive” network. Finally, increased ISV-RT was found in patients
with brain lesions in the dorsolateral and superior medial frontal cortices,43 supporting the
importance of frontal control in maintaining attention and consistent response strategy.

Several neuroimaging studies have focused on possible mechanisms mediating increased ISV-
RT in patients with ADHD. Using resting state functional magnetic resonance imaging,
Castellanos and colleagues44 and Uddin and colleagues45 found that, compared with the
controls, the patients with ADHD had decreased network connectivity in the default mode
network. Imaging studies have not focused on ISV-RT in patients with BD. However,
Strakowski et al.46 found overactivation of the ventral prefrontal and the parietal cortices, as
well as the parahippocampus/amygdala, in subjects with BD performing a sustained attention
task, compared with the controls. Further research on the mechanisms mediating increased
ISV-RT in BD is warranted, with specific exploration of default mode network function in BD.

A few studies have explored genetic influences on ISV-RT. In the control subjects, increased
Met loading on the COMT Val158Met genotype was associated with decreased ISV-RT on a
continuous performance test,47 whereas a study in subjects with ADHD found associations
between increased ISV-RT and a 10-repeat allele of the DAT1.48 DAT1 and COMT have been
identified as possible susceptibility genes for BD,49,50 raising the possibility that variations in
ISV-RT may be related to dopaminergic dysregulation in BD.

Our study, in combination with the literature, suggests that deficits in sustained attention may
be a somewhat nonspecific endophenotypic marker for psychopathology. Indeed, ISV-RT may
be an attentional trait that is shared across many groups. Increased ISV-RT has been detected
in patients with ADHD,18,37 schizophrenia,51 BD,7–9 and sustained attention deficits have
been observed in the first-degree relatives of patients with ADHD14,15,52 and BD.8,53 This
lack of specificity is not surprising because deficits in sustained attention are characteristic of
each of these illnesses, and indeed, there is evidence for overlapping pathophysiological
mechanisms54,55 (e.g., as previously noted, COMT and dopaminergic genes have been
implicated in BD, schizophrenia, and ADHD). Furthermore, offspring of adults with BD are
at risk for a number of illnesses other than BD, including ADHD.56,57 It is also possible that
different psychopathologies could demonstrate a similar deficit, but the deficit may be
mediated by different circuitry. Subsequent research may reveal some endophenotypes specific
to BD and some that are shared with other illnesses, reflecting both shared and unique risk-
related genes.

To explore this possibility, future research should include pathological control groups that do
not exhibit deficits in sustained attention to ascertain whether ISV-RT is specific to psychiatric
conditions manifesting this symptom, rather than being a more global marker for
psychopathology. We are currently testing the hypothesis that the youths with BD and their at-
risk relatives have increased ISV-RT relative to subjects with anxiety disorders, as well as to
the controls. Future studies are needed to identify clusters of endophenotypes that may assist
in determining at-risk youths who will be more or less likely to develop BD.

Additional limitations of our study include small sample sizes and the heterogeneous nature
of the at-risk group, which includes both siblings and offspring of BD probands. However,
post hoc analyses demonstrate no difference in ISV-RT between these two at-risk subsamples.
The “narrow phenotype” criteria used to diagnose BD not only require distinct episodes (as
does DSM-IV-TR) but also are more stringent than DSM-IV-TR in requiring an episode of
elation. Therefore, our results are not generalizable to youths who receive the diagnosis of BD
in the absence of discrete episodes or to those whose episodes are characterized by irritability
without euphoria. Most patients with BD were medicated, and some were not euthymic, but
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our findings were present in both euthymic youths with BD and unmedicated euthymic at-risk
youths, suggesting that increased ISV-RT is not due to the confounding effects of mood state
or medication. However, analyses only examining particular classes of medications (e.g.,
stimulants) may have been under-powered because of small sample sizes.

Some of our subjects have comorbid ADHD. Our post hoc analyses excluded subjects with
ADHD, and there was a lack of correlation between ISV-RT and ADHD symptoms, suggesting
that increased ISV-RT is related independently to BD and familial risk for BD. However, our
analyses did not directly control for ADHD symptoms. Finally, the at-risk group (12 years)
was significantly younger than the other two groups (14 years). Although our analyses included
age as a covariate, it is important to note that, throughout adolescence, response inhibition
continues to improve and has a linear association with age.58,59 Therefore, the 2-year age gap
between our at-risk subjects and other samples represents a developmentally sensitive time
during which changes in brain maturation and behavioral performance are continuing to occur.
Future studies should include samples matched on age. However, even if matched on age, it is
possible that response inhibition may be delayed in patients with BD. Thus, although the control
and BD groups were age-matched, the BD patients may perform worse because of
developmental delays. Studies are needed that follow patients with BD and at-risk youths
longitudinally.

In summary, the finding of increased ISV-RT in children with BD and those at risk supports
the idea that increased ISV-RT may be one of several risk markers for BD. The identification
of endophenotypes will ultimately aid in early identification, intervention, and possibly
prevention of illness. Increased ISV-RT may result from inefficient top-down control, present
across a number of psychopathologies characterized by sustained attention deficits. This deficit
may reflect overlapping pathophysiological mechanisms among these illnesses or may result
from distinct mechanisms in different illnesses. Future comparative imaging studies are needed
to explore the underlying pathophysiology of increased ISV-RT in the various disorders.
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Fig. 1.
Mean reaction time variability on Flanker task incongruent trials by group subjects with
attention-deficit/hyperactivity disorder are excluded in the right side of the figure. AR = at risk;
BD = bipolar disorder; NV = normal volunteer; RT = response time. *F2,74 = 6.77, p < .01,
BD > NV (p < .01), AR > NV (p < .03); **F2,52 = 4.43, p < .02, BD > NV (p = .03), AR > NV
(p < .02).
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TABLE 1

Demographics and Clinical Characteristics for Patients With BD, Youths With Familial Risk for BD, and Control
Subjects

Group

Characteristic BD (n = 28) AR (n = 26) NV (n = 24) p

Age (mean) 14.0 ± 2.3 12.0 ± 3.0 14.3 ± 1.8 .01
Full-scale IQa(mean) 108.1 ± 13.8 114.3 ± 15.3 109.8 ± 12.1 .26

  n (%) n (%) n (%)  

Sex (male) 14 (50) 18 (69) 14 (58) .35
Any Axis I diagnosis 28 (100) 7 (27)
Bipolar disorder I 22 (79) 0 (0)
Anxiety disorder 16 (57) 5 (19)
ADHD 19 (68) 3 (12)
Oppositional defiant disorder 9 (32) 0 (0)
Unmedicated 4 (14) 26 (100)
Euthymica 14/27 (52) 24/24 (100)
Depresseda 3/27 (11) 0 (0)
Hypomanic, manic, or mixeda 10/27 (37) 0 (0)
CDRS,a mean 29.96 ± 14.56 19.79 ± 4.88
YMRS,a mean 9.63 ± 6.99 2.73 ± 3.69

Note: AR = at risk; BD = bipolar disorder; CDRS = Children's Depression Rating Scale; NV = normal volunteer; YMRS = Young Mania Rating Scale.

a
IQ scores and mood ratings were unavailable for 1 BD and 2 AR youths; the means and percentages for these groups is based on n = 27 BD and n = 24

AR.
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