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Abstract
Background—Although a number of investigations have reported cognitive deficits in patients
with bipolar disorder, relatively few have focused on the relationship between these impairments
and clinical outcome.

Methods—In order to help clarify the pattern of and extent to which cognitive deficits are
present at the onset of illness and their relationship to outcome, we examined 26 bipolar patients
during their first hospitalization and 20 psychiatrically healthy control subjects. All subjects
completed tests of frontal/executive control, psychomotor speed and memory function at baseline
and self-reports of clinical recovery (time to recover in days) at 12 months post study enrollment.

Results—At baseline, first episode bipolar patients demonstrated greater deficits relative to
control subjects on neurocognitive measures, and a significant association was detected between
time to recover and performance on a measure of frontal/executive function (interference
condition of the Stroop; p=.05; derived interference: p = .04). A trend towards significance was
also demonstrated between time to clinical recovery and verbal fluency (p=.06).

Conclusions—These findings indicate that neuropsychological deficits are seen early in the
course of bipolar disorder, prior to the effects of multiple or prolonged episodes, and may be
associated with clinical outcome. Future studies are needed to determine whether changes in
inhibitory processing or other cognitive function predict clinical outcome or are associated with
treatment response.
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INTRODUCTION
Bipolar disorder has been associated with significant and often persistent impairment in
cognitive function (Altshuler et al., 1993) however, the relationship of these cognitive
deficits to clinical outcome has not been well documented. Several investigations have
reported cognitive deficits which are suggestive of impairments in executive function,
attention, memory and psychomotor speed (Gurovitch et al., 1999; DuPont et al., 1995), yet
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relatively little research has focused on how these deficits relate to course of illness. It has
been hypothesized that the cognitive deficits present in patients with bipolar disorder are due
to residual effects caused by repeated or prolonged affective episodes, however, it is
possible that these functional changes represent core features of the illness (Nordenson et al.,
2004). Moreover, some studies have reported a progressive decline in cognitive performance
over time while others have not, raising the question of whether these deficits are present at
the onset of the illness (Altshuler, 1993). Several investigations have reported that bipolar
patients with a more severe course of illness and higher numbers of affective episodes
experience greater cognitive decrements (van Gorp et al., 1998; Kessing, 1998, Denicoff et
al., 1999), and that specific variables including age of onset, duration of illness and number
of hospitalilzations are associated with this neurocognitive profile. Given the importance of
understanding the relationship between clinical symptoms and cognition to assess the
potentially predictive value of cognitive variables with regard to functional recovery, recent
studies have begun to examine neuropsychological performance of bipolar patients at
variable points in their illness.

In an investigation by Rubinsztein et al (2000), investigators compared the performance of
14 bipolar patients in full or partial remission to that of 12 healthy control subjects on a
battery of neurocognitive tests, which included a pattern and spatial recognition task, a
delayed matching to sample task, and the One Touch Tower of London task, a spatial
problem solving task (Elliot at al., 1996). Euthymic bipolar patients performed significantly
worse on both the pattern and spatial recognition tasks as compared to controls and made
more errors on the delayed matching to sample task. Performance was significantly
correlated with total number of months of hospitalization, underscoring the importance of
examining the associations between clinico-demographic factors and neurocognitive
variables. In a study designed to assess the relationship between course of illness and
neurocognitive function, Denicoff and colleagues (1999) examined 49 bipolar outpatients
using a battery of tests, which included measures of inhibitory function (Stroop), verbal
fluency (Controlled Oral Word Association Test [COWAT]), verbal learning and memory
(California Verbal Learning Test [CVLT]), attention/vigilance (Continuous Performance
Test [CPT]), psychomotor speed (Grooved Pegboard), executive function (Wisconsin Card
Sorting Test [WCST]) and visual scanning/set maintenance (Letter Cancellation Test
[LCT]). The authors reported that duration of symptoms was significantly predictive of the
number of perseverative responses on the CVLT, total response time and number correct on
the CPT, and performance on the LCT. Similarly, Zubieta and colleagues (2001) observed a
negative correlation between executive function as measured by the WCST, and the number
of past affective episodes and hospitalizations due to mania in bipolar I subjects. In a study
by Lebowitz et al. (2001) bipolar patients with a history of multiple manic episodes
generated significantly fewer words on a phonemic fluency task and made more errors on
phonemic and semantic verbal fluency tasks than patients experiencing their first manic
episode and healthy controls. Other investigations have reported inverse correlations
between sustained attention and number of affective episodes and hospitalizations (Clark et
al., 2001). Psychomotor speed has also been shown to be associated with number of past
depressive episodes (MacQueen et al., 2001). In a study of euthymic bipolar patients, El-
Badri and colleagues reported that the while total number of affective episodes was
significantly related to cognitive impairment in multiple domains, no significant association
was detected between cognitive performance and duration of illness or age of onset (El-
Badri et al., 2001). In a recent study by Frangou and colleagues (2005), remitted bipolar
patients showed impairment on a range of tasks requiring executive function relative to
control subjects and found that duration of illness predicted loss of inhibitory control
(Frangou et al., 2005). Finally, Nehra and colleagues examined cognitive performance in a
group of euthymic bipolar patients following their first episode relative to euthymic multiple
episode bipolar patients and control subjects (Nehra et al., 2006). While the study reported
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that overall, first episode patients performed more poorly than multiple episode patients or
controls, mutiple episode patients demonstrated significantly worse performance on a
subtest of executive functions, specifically perseverative errors on the WCST task, than
either of the other two groups. Further, multiple episode patients also achieved lower overall
scores on a memory scale than the other groups, raising the question of progressive
cognitive impairment with repeated clinical episodes.

These investigations indicate a significant relationship between neurocognitive impairments
and clinical variables, including frequency of affective episodes and number of
hospitalizations. No study thus far has examined patients during their first hospitalization to
document prospectively the relationship between neurocognitive performance and recovery.
We examined bipolar patients during their first hospitalization, and hypothesized that
compared to normal control subjects, even after becoming clinically stable, these patients
would show deficits on neuropsychological tests sensitive to executive function. Further, it
was hypothesized that that deficits in cognitive performance would be predictive of clinical
recovery, therefore, we examined the extent to which performance on these measures was
related to rehospitalization status and time to recover (in days) at 12 months post study
enrollment.

METHODS
Forty six subjects were enrolled in this neuropsychological protocol which included 26
patients admitted to McLean Hospital for their first episode of bipolar disorder and 20 non-
psychiatric control subjects, matched for age, sex, handedness and parental socioeconomic
status (SES), recruited from the community. All subjects completed a structured clinical
interview (SCID-P) to ensure accurate diagnoses as well as clinical rating scales to
characterize the phase of their illness. These were administered by an experienced clinical
interviewer with an established good inter-rater reliability (kappa >.90). Control subjects
were free of Axis I pathologies and had no first degree relatives with any Axis I diagnosis.
All subjects were native English speakers, and had no history of head trauma, alcohol or
substance dependence. A neurocognitive test battery, which included tests of frontal/
executive control was administered to each study subject, and for the bipolar patients, within
one week of admission. All subjects signed an Informed Consent form approved by the
McLean Hospital Institutional Review Board.

The neuropsychological tests were chosen because they are standard, well-known measures
which can be administered and scored reliably, and have proven sensitive to frontal lobe
dysfunction (Lezak 2004). The Stroop Color-Word Test (Stroop, 1935) measures the ability
to inhibit inappropriate responses and resist interference and includes three sections (color
naming, word reading and interference). The task is designed to establish competing
response tendencies within the study subject and to assess the subjects’ ability to suppress
the interfering stimuli (Comalli et al., 1962; Lezak, 2004). The Trail Making Test is a visual
conceptual and visuomotor tracking task and involves first connecting consecutively
numbered circles on one work sheet (Part A) and then connecting the same number of
consecutively numbered and lettered circles on another work sheet by alternating between
the two sequences (Part B). Trails B is the more sensitive of the two tests, particularly to
frontal-lobe dysfunction, as scores on this section are indicative of the subject’s ability to
shift sets and process concurrent stimuli (Reitan, 1958; Lezak, 2004). The Wisconsin Card
Sorting Test assesses a person’s ability to form abstract concepts, utilize feedback, and to
shift and maintain set. In the Controlled Oral Word Association (FAS) test, subjects are
asked to generate as many different words as possible that begin with a particular letter
during a 1 minute period. Three letters are used in succession (F, A, S); the total number of
words generated for all three letters comprises the verbal fluency score. Finally, subjects
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completed the Vocabulary subtest of the Wechsler Adult Intelligence Scale- Revised
(WAIS-R) as a measure of general intellectual ability (Wechsler, 1981). The Vocabulary
subtest has been identified as the single best measure of both verbal and general mental
ability (Lezak, 2004; Spreen and Strauss, 1991). All tests were administered by a trained
psychometrician blind to subjects’ diagnostic group.

At the time of neuropsychological evaluation, first hospitalized bipolar patients had received
no more than two weeks of pharmacologic treatment, and most were seen within one week
of entering the hospital. All subjects agreed to be enrolled in a naturalistic, longitudinal
study which required patients to be evaluated at monthly intervals. At 12 months post study
enrollment, first episode patients completed a second clinical interview (to confirm
diagnosis) and provide information regarding clinical state and recovery.

Statistical Analyses
We examined differences in neuropsychological functioning between bipolar patients and
healthy controls using one-tailed Student’s t-tests (as the direction of the group differences
were hypothesized a priori); to account for multiple comparisons we used a Bonferroni
adjusted significance level, one-tailed, of .005. Neuropsychological test scores found to
differ significantly between the groups were entered as dependent variables in analyses of
covariance (ANCOVAs) that included age, sex and education as covariates. Finally, to
examine the association of neuropsychological functioning and clinical outcome (time to
recovery), we used Spearman’s Rho correlations. Variables that departed significantly from
a Gaussian distribution were log-transformed.

RESULTS
Demographic characteristics for the study subjects are listed in Table 1. The study groups
were matched for parental socioeconomic status, age and sex, however, bipolar patients
completed slightly fewer years of education compared to control subjects (14.0 vs. 15.8, p=.
01). With regard to estimated intellectual function, bipolar patients performed in the high
average range (VIQ=108.4) while normal controls achieved scores in the superior range
(VIQ =120.9), yielding a significant between-group difference (p=.02). Given that patients
were evaluated within the first two weeks of their hospitalization, and that scores may reflect
elements of the current clinical state, a correction for VIQ was not included in the current
data. Additionally, the primary outcome variable in this study is the relationship between
neurocognitive performance and recovery within the patient cohort, which would not be
affected by a between-group correction for IQ.

Table 2 shows the results of the t-tests of group differences. First hospitalized bipolar
patients demonstrated significantly poorer performance on Trail Making Test, Part A, a test
of psychomotor speed, than control subjects (p=.002). Patients also performed more poorly
than controls on the Trail Making Test Part B, which has an additional requirement of
maintaining and shifting of mental set (p = .002). Both these group differences survived
Bonferroni correction. Subtraction of the time to complete Trails A from the time to
complete Trails B was calculated to examine the latency effect of shifting set. This score
was not significantly different between groups.

On the Stroop Color Word Test, bipolar patients performed significantly slower on all three
conditions (Color Naming, Word Reading, and Interference) relative to control subjects,
although only the group difference in Color Naming remained significant after Bonferroni
correction (p = .001). To better isolate inhibitory capacity from psychomotor speed, we also
calculated a derived interference score (Interference score minus Color Naming score), but
this score did not differ significantly between groups. On the Wisconsin Card Sorting Test
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(WCST), a test of abstraction and the ability to shift mental set, first hospitalized patients
achieved fewer total categories than control subjects, a difference that was still significant
with Bonferroni correction (p <.001). Interestingly, after a clarification of the rules, no
significant differences were detected between the groups, indicating that first hospitalized
patients were able to utilize feedback to improve their performance. Total number of
perseverations on the WCST also differed between the groups, with first hospitalized bipolar
subjects making significantly more errors than control subjects at the adjusted Bonferroni
level (p <. 001).

To examine potential confounds of demographic variables on the above group differences,
we conducted ANCOVAs predicting each of the five neuropsychological test scores that
survived Bonferroni correction, with sex, age and education as covariates. None of these
demographic variables were significantly associated with Stroop Color Naming, total
categories on the WCST, total perseverations on the WCST, or time to complete Trails A or
B.

For the analyses examining neuropsychological functioning in relation to clinical outcome,
“time to recovery” was defined as the number of days required for the patient to return to a
baseline level of function, which was assessed using self-report data collected at 12 months
post study enrollment. At the one year post discharge time point, bipolar patients completed
comprehensive clinical follow-up interviews in the laboratory or by telephone. As shown in
Figure 1, a significant association was detected between time to recovery and the score on
the Interference condition of the Stroop test (rs = 0.51; p=.05), as well as for the derived
Interference score (rs = 0.48; p=.04). A strong but not statistically significant negative
correlation was found between recovery and the verbal fluency score (rs = −0.47; p=.06).
Finally, age at onset and length of illness were not significantly correlated with time to
recovery, nor were they significantly associated with the Stroop scores. Thus, the
correlations between time to recovery and Stroop variables were not accounted for by these
indicators of illness severity.

DISCUSSION
As hypothesized, bipolar patients experiencing their first hospitalization demonstrated a
significant relationship between neuropsychological performance and time to recovery.
Consistent with previous reports, bipolar patients performed more poorly on frontal/
executive tasks when compared to healthy control subjects. Performance on tasks which
require abstraction, executive control, inhibition, or shifting of mental set appeared to be
altered early in the course of the illness in these patients, consistent with theories of
anomalous prefrontal function (Yurgelun-Todd et al., 2000; Nordenson, Gruber, Yurgelun-
Todd, 2004; Yurgelun-Todd et al., 2006). Results from this investigation demonstrate that
patients who performed better on the interference condition of the Stroop test, a task
requiring active inhibition of an overlearned tendency, required fewer days to return to a
baseline level of function as defined by patients’ self-report. In fact, a significant association
was also detected for the derived interference condition and time to recovery. The derived
score is designed to control for the potential effects of psychomotor slowing, thus providing
a precise measure of inhibitory capacity, therefore, these findings indicate that more
efficient processing of tasks requiring executive function is related to a decrease in time to
recovery.

Performance on the Stroop interference condition, measured both by CI and CI-CN, is a
process previously shown to be mediated, at least in part, by the anterior cingulate cortex
(ACC) (Carter et al., 1995; Gruber et al., 2004), and was significantly associated with time
to recovery. These results complement recent neuroimaging studies of bipolar patients
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which report alterations in frontal regions (Drevets et al., 1997; Blumberg et al., 1999).
Structural MR studies have reported alterations of subregion specific prefrontal volume in
bipolar patients (Lopez-Larson, 2002) and a number of functional imaging investigations
have reported reductions of frontal activity during cognitive challenge tasks (Blumberg et
al., 2000; Yurgelun-Todd et al., 2000; Adler et al., 2004; Strakowski et al., 2005). One
recent structural MR study examined gray and white matter volumes of subregions of the
ACC and performance on tests of executive function, which included the Trail Making Test
and the Wisconsin Card Sorting Test, in bipolar patients and healthy subjects. Consistent
with findings from the current investigation, the authors of that study reported poorer
performance in bipolar patients relative to controls on tasks requiring executive function.
Further, a significant interaction was detected between groups for the relationship between
ACC gray and white matter volume and prediction of task performance, suggesting a
different contribution for these regions in patients and control subjects.

While the precise role of the ACC and the dorsolateral prefrontal cortex (DLPFC) in bipolar
disorder are not clear, both regions have been shown to be components of a neural network
which plays a critical role in the completion of tasks requiring self monitoring and
inhibition, functions often noted to be altered in bipolar patients (Gruber et al., 2004;
Christodoulou et al., 2006). In one recent functional magnetic resonance imaging (fMRI)
investigation, bipolar patients demonstrated significantly reduced signal intensity within a
subregion of the anterior cingulate cortex which accompanied an increase in the dorsolateral
prefrontal cortex relative to control subjects during the performance of the interference
condition of the Stroop test (Gruber et al., 2004). The alterations in cingulate activation
noted in patients with bipolar disorder may be reflective of an abnormality of the anterior
cingulate itself, or inappropriate modulation of the cingulate by other interactive brain
regions including the DLPFC. One possibility is that patients with bipolar disorder have an
inherent disruption of the frontal network, which supports inhibitory functions (Mayberg et
al., 1997). This functional change would be consistent with clinical observations in bipolar
disorder (Clark et al., 2001; Sax et al., 1999), as bipolar patients have difficulty staying on
task and maintaining mental focus. The current findings would suggest that bipolar patients
who demonstrate the strongest inhibitory control are also the most likely to demonstrate
shorter times to return to baseline levels of functioning.

Studies have begun to characterize the relationship between clinical symptoms and cognitive
function in order to assess the predictive value of cognitive variables in terms of functional
recovery. A number of investigations have identified a relationship between cognitive
performance and number of past affective episodes and hospitalizations, suggesting that
deficits in recall and recognition are associated with a longer duration of bipolar illness and
a history of affective, particularly manic, episodes (Deckersbach et al., 2004; Cavanaugh et
al., 2002; Donaldson et al., 2003). Recently, Martinez-Aran et al. (2004) identified a positive
correlation between bipolar patients’ performance on all measures of the CVLT and their
Global Assessment of Functioning (GAF) scores. Poor GAF scores were also associated
with more perseverative errors on the WCST, reduced psychomotor speed, impaired verbal
fluency, and deficits in delayed logical and visual recall. All measures of the CVLT except
for recognition were inversely correlated with duration of illness and total number of
hospitalizations, manic episodes, and suicide attempts suggesting a significant relationship
between verbal memory performance and the course of bipolar illness. In the current
investigation, the patient population was evaluated early in the course of illness, and had no
prior history of hospitalizations, underscoring the likelihood that differences noted between
the groups are independent of treatment effects or the result of course of illness.

Several factors should be considered in interpreting the study findings. This investigation
focused on the relationship between neurocognitive performance and time to recovery or
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outcome, as defined by the number of days required for the patient to return to a baseline
level of function following their initial hospitalization. Given that many subjects were not
rehospitalized within the first 12 months, this measure was based on patients’ self report of
clinical state and their determination of “return to baseline” levels of function. Self -report
measures rely on patients’ ability to be good and truthful historians, which may be a
confounding variable in this study (Sainfort et al., 1996). It is of note, however, that subjects
were enrolled in a longitudinal study and were contacted at several points during the
investigation. Subjects were therefore “used to” thinking about their own clinical state and
were able to determine the number of days to feeling better. Further, since subjects were
contacted at multiple time points, it is likely that their reporting remained consistent, and for
subjects who were rehospitalized, number of days were calculated based on hospital records.
An additional consideration of the current investigation is the fact that some subjects were
taking pharmacotherapeutic agents at the time of initial testing, which differed per
individual. All testing was completed within two weeks of medication treatment, and in
most cases, within a single week of being in the hospital. Although we cannot eliminate the
possibility that some medication effects were present, it is probable that pharmacotherapy
would have only hindered their cognitive performance as they were in the earliest stages of
treatment; the relationship to outcome would likely have remained the same. In fact, the
majority of subjects remained on the same therapeutic regime at their “recovery” point,
although some of the dosages may have been altered. Thus, it is expected that any potential
effect of medication would have remained throughout the investigation and not affected the
relationship between cognitive performance and outcome. The significant between-group
difference for VIQ is likely due to the fact that scores are an estimate, based on a single
measure of the WAIS-R battery, and that control subjects, matched for patient age and
socioeconomic status, were largely comprised of healthy individuals from the community,
many of whom were from local colleges and universities. While the VIQ is commonly used
to estimate IQ, patients’ scores were likely slightly reduced relative to premorbid levels,
given their recent inpatient admission. Nevertheless, the relationship between Stroop
performance and time to recovery is a within-patient analysis, which remains unaffected by
a between-group difference in VIQ.

In summary, findings from the current investigation suggest an association between baseline
inhibitory capacity, as measured by the Stroop test, and time to recovery in first episode
bipolar patients. Neither age at onset or length of illness were significantly correlated with
time to recovery, or performance on the Stroop;, the relationship between time to recovery
and Stroop performance was not accounted for by these indicators of illness severity. These
neuropsychological measures may be associated with dysfunction in frontal regions,
particularly the anterior cingulate cortex. Furthermore, the neuropsychological deficits were
seen in patients early in the course of the illness, prior to the potential neurotoxic effects of
repeated affective episodes, or alterations secondary to chronic treatment with
pharmacologic agents. Future studies are needed to determine whether changes in inhibitory
processing or other cognitive function predict clinical outcome or are associated with
treatment response.
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Figure 1.
Time to recovery was defined as the number of days required for the patient to return to a
baseline of function, which was assessed via self-report collected at 12 months post study
enrollment. A significant association was detected between time to recovery and the score
on the Interference condition of the Stroop test (p=.05), as well as for the derived
Interference measure (CI-CN:p=.04).
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Table 1

Demographic and Clinical Features in First Episode Bipolar Patients and Healthy Comparison Subjects (Mean
± SD or N(%))

Variable Healthy Controls (N = 20) Bipolar Patients (N = 26)

Age (years) 25.3 ± 4.7 24.4 ± 5.5

Sex (Male) 15 (75) 19 (73)

Education 15.8 ± 2.1 14.0 ± 2.3*

Handedness (Right) 19 (95) 24 (92)

Estimated VIQ 120.9 ± 16.3 108.7 ± 18.2*

Age of Onset (years) -- 23.8 ± 5.0

Duration of Illness (days) -- 26.2 ±2.9

*
p<.05
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Table 2

Neuropsychological Measures of Executive Functioning in First Episode Bipolar Patients and Healthy
Controls

Frontal-Executive Task Bipolar Patients N = 26 Mean ± SD Healthy Subjects N = 20 Mean ± SD p-value* (t-test)

Trail Making (seconds)

 Trails, PartA 44.0 ± 14.2 32.5 ± 9.8 .002

 Trails, Part B 64.8 ± 28.1 44.7 ± 14.1 .002

 Trails B-A 21.1 ± 19.1 12.3 ± 8.9 .24

Stroop Color Word Test (seconds)

 Color Naming 69.4 ± 15.0 56.7 ± 9.6 <.001

 Word Reading 48.1 ± 9.7 43.6 ± 6.6 .05

 Interference 120.4 ± 32.4 100.8 ± 22.7 .01

 Derived Interference 51.0 ± 21.5 44.1 ± 17.6 .15

Wisconsin Card Sorting Test

 Total Categories 7.05 ± 5.1 8.7 ± 1.3 <.001

 Total Perseverations 17.2 ± 11.4 7.1 ± 5.1 <.001

Verbal Fluency

 Total Words 40.1 ± 10.0 47.3 ± 13.6 .03

*
p-values are one-tailed; those that remained significant after Bonferroni correction are printed in bold.
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