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Abstract
Background— The frequency, pattern, and correlates of neurocognitive impairment in older
patients with bipolar disorder have received little study. We examined neurocognitive abilities in
middle-aged and older adults with bipolar disorder to groups with schizophrenia or normal subjects,
as well as the relation of neurocognition to clinical characteristics.

Method— We administered a battery of neurocognitive and clinical measures to older (45–85 years)
outpatients with bipolar disorder (n=67), schizophrenia (n=150), and normal comparison subjects
(n=85). Within the bipolar group, we assessed the association between neurocognitive performance
and psychiatric symptoms, quality of life, and medication status.

Results— The group with bipolar disorder differed on nearly all neuropsychological tests compared
to normal subjects, with medium effect sizes. Bipolar patients as impaired as those with schizophrenia
on half of the tests administered, and performed better on the remaining tests, with small effect sizes.
Neurocognitive deficits in bipolar disorder group related to lower quality of life, but not to psychiatric
symptom severity or duration of illness.

Limitations— Samples were outpatients with mild-moderate symptoms, and findings may not
generalize to acutely ill populations. We lacked data on illness history to examine the cumulative
impact of psychopathology.

Conclusions— Among clinically stable middle-aged and older outpatients, bipolar disorder was
associated with substantial neurocognitive impairment, with a pattern that was somewhat distinct
from that found in schizophrenia. Deficits in the bipolar group were not related to severity or duration
of psychiatric symptoms, but were related to quality of life. Bipolar disorder often involve disabling
and enduring cognitive impairments in older outpatients.
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The limited research on neurocognitive deficits in bipolar disorder (BD) suggests that
impairments are less severe and less diffuse than those which typify schizophrenia (SC)
(Altshuler et al., 2004,Dickerson et al., 2004,Goldberg, 1999,Krabbendam et al., 2005).
However, longer or more severe illness courses may relate to greater cognitive deficits in BD
(Bearden et al., 2001,Robinson and Ferrier, 2006), raising questions about whether, and in what
areas, neurocognitive functioning in BD and SC remain distinct in later life. There have been
few investigations of BD patients, and no studies in older patients using comprehensive
neuropsychological batteries nor comparisons across older outpatients with BD, SC, and
normal comparison subjects (NCs). In light of the growing number of BD patients entering
older age (Jeste et al., 1999a), research on the magnitude, pattern, and correlates of
neurocognitive impairment in later-life BD is needed to understand the course of this illness
over the lifespan.

Although the degree of cognitive impairment varies across studies depending on the clinical
state of the patients and methods used to assess cognition, the most robust deficits reported in
BD have been in the domains of executive functioning and verbal memory, whereas
vocabulary, phonemic fluency, and psychomotor speed appear to be less impacted (Bearden
et al., 2001,Robinson et al., 2006). Importantly, reports of neurocognitive deficits among
euthymic patients suggest that impairment is not purely secondary to acute psychiatric
symptoms. A recent meta-analysis of 31 studies concluded that younger adults with BD
performed better than patients with SC in most domains tested (Krabbendam et al., 2005).
Therefore, several investigators have concluded that the neuropsychological performance of
patients with BD is intermediate between that of patients with SC and NCs, with a less diffuse
pattern of impairment (Goldberg, 1999,Altshuler et al., 2004,Krabbendam et al., 2005).

Relatively little is known about the neuropsychological performance of older outpatients with
BD, as the majority of available clinical data on older adults with BD derive from small (n<30)
retrospective studies of inpatients with few data from standardized instruments or from age-
matched comparison groups (Burt et al., 2000,Gildengers et al., 2004,Savard et al.,
1980,Harvey et al., 1997). However, these findings suggest that neuropsychological deficits
might be more pronounced among older relative to younger BD patients (Savard et al.,
1980,Burt et al., 2000). Among mixed-age samples with BD, longer and more severe illness
courses related to greater cognitive impairment (Bearden et al., 2001,Robinson and Ferrier,
2006).

The goals of this study were to investigate the magnitude, specificity, and clinical correlates
of neurocognitive functioning among middle-aged and older outpatients with BD. We
administered measures of neuropsychological functioning, psychopathology, and quality of
life to community-dwelling older adults with BD, SC, and NCs. Based on studies of the
neuropsychological performance of younger adults, we hypothesized that middle-aged and
older BD patients would demonstrate intermediary cognitive abilities between NCs and
patients with SC (i.e., SC<BD<NCs) using both raw and norm-referenced scores, and that,
among BD patients, the greatest impairment would be observed on measures of executive
functioning and verbal memory. We also examined the relationship of demographic,
psychopathologic, functional, and medication status variables (e.g., duration of illness, severity
of depressive, manic, and psychotic symptoms, history of substance use disorder, quality of
life, and current medications) to cognitive performance in the BD group. Among BD patients,
we hypothesized that neurocognitive impairment would relate to longer duration of illness,
more severe symptoms, and worse quality of life.
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METHOD
Participants

Participants were 67 community-dwelling outpatients with BD, 150 outpatients with SC, and
85 NCs between ages 45 and 80 years. The present report is based on analyses of data collected
as part of several studies in the NIMH-funded Advanced Center for Interventions and Services
Research at the University of California, San Diego (UCSD) between 1992 and 2006. Patients
were recruited to participate from a number of settings, including UCSD outpatient psychiatry
clinics, community clinics, the San Diego Veterans Administration Healthcare System, and
board and care homes in the San Diego area. NCs were volunteers recruited through local
advertisements. Some data from the SC patients and NCs have been previously reported
(Heaton et al., 2001,Jeste et al., 1999b,Gladsjo et al., 2004). The Institutional Review Board
of UCSD approved the studies and the data analyses. All participants provided a written
informed consent prior to participating in the research.

The participants were screened with a medical history questionnaire and with laboratory and
physical examinations to exclude the following: 1) history of major neurological disorders or
head trauma resulting in loss of consciousness for more than 30 minutes, 2) DSM-III-R
(Association, 1987) or DSM-IV (Association, 1994) diagnosis of dementia, 3) current systemic
medical disease requiring inpatient treatment, or 4) diagnosis of substance abuse or dependence
within the past 6 months. Diagnoses were made with administration of the Structured Clinical
Interview for the DSM-III-R(Association, 1987) and DSM-IV(Association, 1994) by trained
post-doctoral fellows, and confirmed during a subsequent consensus meeting attended by at
least one board-certified geriatric psychiatrist.

BD patients were not required to be euthymic to be in this study unlike some previous reports
(Altshuler et al., 2004,Gildengers et al., 2004,Robinson et al., 2006), as the aim of our
investigation was to examine correlates of neuropsychological performance in a representative
sample of community-dwelling BD patients. All of the participants were clinically stable
enough to complete the evaluations. According to DSM-IV criteria, 14 BD participants were
in full or partial remission, 16 were in a depressive episode, 15 in a manic episode, 11 mixed
episode, and 9 were not otherwise specified. Two participants had BD II disorder, and the
remaining 65 were BD I. A total of 36% had concurrent psychotic features. Current medication
data were not available on three participants. A total of 31% were taking lithium, 15% were
taking valproic acid, and 11% were taking an anticonvulsant. In addition, 55% were taking an
antipsychotic medication (39% were on a typical and 16% on an atypical antipsychotic). A
total of 58% were taking lithium, valproic acid, or carbamazepine as well as an antipsychotic
medication, and 23% were taking none of these medications. In the SC group, 81% were taking
antipsychotic medications (61% typical, 16% atypical, and 4% both atypical and typical). The
proportion of the BD and SC patients taking atypical antipsychotic medications was relatively
small, because some of the data were collected prior to the widespread usage of atypical
antipsychotics.

Neuropsychological Measures
Trained research assistants administered a comprehensive neuropsychological battery,
reflecting a broad range of neuropsychological abilities, to all of the patients and NCs. Most
of these tests are widely used in both clinical neuropsychological assessment and research on
cognitive abilities in both patient groups (Krabbendam et al., 2005). We compared groups on
raw scores for individual neuropsychological tests, to aid in comparability with previous
studies, and used normative data to calculate and compare demographically corrected T-scores.
The most recent and appropriate normative data were used (Heaton et al., 2004,Heaton et al.,
1991,Heaton et al., 1993) to correct for age, gender, education, and when available, ethnicity
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(only Heaton et al. 2004; Expanded (Heaton et al., 2004) norms are adjusted for African
American ethnicity; the Caucasian norms were applied to Caucasian and non-African
American groups). T-scores were averaged to form a Global Functioning Score and six
composite ability areas (described below). These composite ability areas were derived from a
confirmatory factor analysis of older persons with psychotic disorders and NCs (Gladsjo et al.,
2004).

Global Cognitive Functioning (14 Measures): Verbal/Crystallized Knowledge: (2
measures) WAIS-R Vocabulary subtest (Wechsler, 1981); and Boston Naming Test (Total
correct)(Kaplan et al., 1983); Attention/Working Memory (2 measures): WAIS-R Digit
Span subtest (Wechsler, 1981); and Digit Vigilance (Time) (Lewis and Rennick, 1979); Verbal
Memory (2 measures): Story Memory Test (Learning Score and Delayed Recall) (Heaton et
al., 1991); and California Verbal Learning Test (CVLT) (Trials 1 through 5; Long delay free
recall) (Delis et al., 1987); Visual Memory (1 measure): Figure Memory Test (Learning Score
and Delayed Recall) (Heaton et al., 1991); Speed of Information Processing (5 measures):
WAIS-R Digit Symbol-Coding subtest, Trailmaking Test Parts A and B (Time) (Heaton et al.,
1991); Letter Fluency (Total correct) (Heaton et al., 1991); and Grooved Pegboard (Time in
non-dominant hand) (Matthews and Klove, 1964); Reasoning/Problem Solving (2
Measures): WAIS-R Block Design; and Wisconsin Card Sorting Test (Preservative Errors)
(Heaton et al., 1993).

For the Global Cognitive Functioning score we required 7 of 14 measures, and all but the Speed
of Information Processing ability area, we required that participants have one or more tests
available in the domain to be used in the analyses. For the Speed of Information Processing
ability area, we required three of five measures.

Finally, we also calculated a mean Deficit Score to estimate the proportion of each group with
global cognitive impairment. Deficit scores range from 0 (T>40) to 5 (T<20). Studies with
diverse clinical populations indicate that a mean Deficit Score of 0.5 provides a reasonable
discrimination between impaired and unimpaired performance (Heaton et al., 1994); we
calculated the percentage of subjects with Deficits Scores greater than 0.5.

Clinical Evaluation
Participants were administered the following clinical rating scales: Hollingshead highest
occupational functioning rating (Hollingshead and Redlich, 1958), Hamilton Depression
Rating Scale (HAM-D) (Hamilton, 1967), Brief Psychiatric Rating Scale (BPRS) (Overall and
Gorham, 1962) and Positive And Negative Syndrome Scale (PANSS) (Kay et al., 1988). We
also extracted a four-item mania-like “excitement” subscale from the PANSS (items measuring
uncooperativeness, poor impulse control, excitement, and hostility), which has previously been
shown to have high concordance (Lindenmayer et al., 2004) with the Young Mania Rating
Scale (Young et al., 1978). Health-related quality of life was assessed with the Quality of Well-
Being (QWB) scale (Kaplan et al., 1998). The research assistants who administered and scored
these rating scales were kept blind regarding the participants’ diagnoses (to the extent possible)
and their neuropsychological performance.

Statistical Analysis
Distributions for each variable were checked for normality, and transformations were
conducted when needed to meet assumptions for parametric analyses. One-way analysis of
variance (ANOVA) was performed on the demographic and clinical variables. A MANOVA
and subsequent ANOVAs were conducted on neuropsychological variables. When omnibus
ANOVA tests were significant, pair-wise comparisons between groups were conducted with
Tukey’s Honestly Significant Difference tests. To indicate the magnitude of differences
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between groups, effect sizes (Cohen’s d) were computed for pair-wise differences between the
BD, NC, and SC groups. Due to identified differences in age and education between groups,
we repeated all the comparisons on raw score data controlling for age and education. We did
not control for age and education in comparisons of neuropsychological ability areas since
these variables were already corrected for age and education via normative data (Heaton et al.,
2004,Heaton et al., 1993). Finally, within the BD group, we examined the relationship of select
demographic, psychopathologic, and quality of life variables to Global Cognitive Functioning
and the six neuropsychological ability areas (T-Scores) with Pearson correlations. To account
for the multiple comparisons, we set the alpha at 0.01. All the tests were two-tailed.

RESULTS
Demographic and Clinical Data Comparisons

The NC group was older than the BD and the SC groups by an average of about seven years,
and had a higher proportion of women (Table 1). Educational and occupational attainment
were higher in the NC and BD groups compared to the SC group. The two patient groups had
similar ages of illness onset, number of medical conditions, and rates of past comorbid
substance use disorder. Both patient groups were experiencing mild levels of depressive
symptoms, general psychopathology, and psychotic symptoms, whereas the NC group reported
experiencing no or minimal symptoms. There were no significant differences between patient
groups on the HAM-D, but patients with SC had slightly higher ratings on the BPRS and the
PANSS.

Raw Neuropsychological Test Score Comparisons
The MANOVA comparing neuropsychological variables was significant [F(34,262)=2.6,
p<0.001], with significant ANOVA differences on all neuropsychological measures (Table 2).
In pair-wise tests, BD participants had significantly worse performance than the NCs on all
measures except for the WAIS-R Vocabulary, Story Memory Learning, and Boston Naming
Test. Across measures in Table 2, the mean effect size (Cohen’s d) for difference between BD
and NC groups was 0.48 (sd=0.19; median=0.51. BD participants had significantly better
scores than the SC sample on approximately half of the measures; the mean effect size for
difference between these two groups was 0.29 (sd=0.15; median=0.31). The mean effect size
for difference between SC and NCs groups was 0.74 (sd=0.22). ANOVAs were repeated
controlling for age and education, and the results were nearly identical, except that pair-wise
differences between BD and SC groups were no longer significant on the WAIS-R Vocabulary
and Boston Naming Test.

Demographically-Corrected Neuropsychological Global and Ability Area Comparisons
All the ANOVAs comparing T-scores for Global Cognitive Functioning and the six ability
areas across groups were significant (Figure 1). Pair-wise comparisons indicated greater
deficits in the BD group than the NC group on all ability areas. The BD group perfromed better
than the SC group on four of the six ability areas, whereas no differences were observed in
Reasoning/Problem-solving and Visual Memory ability areas. Finally, the percentage of BD
patients with Global Cognitive Impairment (i.e., Deficit Score≥0.5) was 56%, compared to
65% of the SC group and 12% of the NC group.

Relationships of Neurocognitive Ability Areas with Demographics, Psychopathology,
Quality of Life, and Medication Status in the BD Group

There were no significant correlations between age and Global Cognitive Functioning (r=
−0.118, p-value=0.362) or any of the six ability area scores, indicating that age did not relate
to impairment in performance beyond that corrected by published norms. No correlations were
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significant (at alpha < 0.01) between Global Cognitive Functioning and education (r=0.043;
p-value=0.738), duration of illness (r=−0.077; p-value=0.545), HAM-D (r=−0.020; p-
value=0.679), BPRS (r=−0.060; p-value=0.691), PANSS negative (r=−0.086; p-value=0.646,
PANSS positive (r=−0.114; p-value=0.542 or PANSS ‘excitement’ subscale scores (r=0.046;
p-value=0.804). Only one significant correlation emerged among individual ability areas
(between Attention/Working Memory and Education, r=0.407; p-value=0.001). In contrast,
quality of life (QWB scores) was positively correlated with Global Cognitive Functioning
(r=0.439, p-value=0.439). Finally, no difference in Global Cognitive Functioning was
observed between BD patients with versus without histories of substance use disorders.

Patients taking lithium had worse mean Global Cognitive Functioning scores than those not
taking lithium (T-score=38.6, sd=6.7 vs. T-score=43.3, sd=5.3 respectively; F(1,62)=9.0,
p=0.004). Similarly, patients taking antipsychotic medications were more impaired than those
not taking antipsychotic medications (T-score=40.3, sd=6.5 vs. T-score=43.7, sd=4.8
respectively; F(1,62)=5.9, p=0.017). There was no significant difference in Global Cognitive
Functioning between those taking typical versus atypical antipsychotic medications. BD
patients not taking lithium and/or antipsychotic medications still performed significantly worse
than the NCs on Global Cognitive Functioning. Too few BD patients were taking other
medications to examine their relationship to cognitive functioning.

DISCUSSION
To our knowledge, this is the first comprehensive study of neuropsychological functioning in
middle-aged and older outpatients with BD. As hypothesized, the group with BD performed
worse than NCs (with medium effect sizes) on nearly all neuropsychological tests. However,
in contrast to our hypothesis, impairment was distributed across nearly all ability areas
assessed, and were unrelated to psychiatric symptom severity or duration of illness. As
hypothesized, neurocognitive ability among BD patients predicted a significant proportion of
variance in quality of life. The BD patients performed similarly to those with SC in half of the
cognitive domains, and performed better on the remaining tests with small effect sizes. These
results highlight cognitive impairment as a common and disabling aspect of late-life BD, but
also suggest some differences in neurocognitive abilities between BD and SC in later life.

Our data suggested that over half (56%) of the BD patients had clinically significant overall
cognitive impairment (defined as a Deficit Score≥0.5). Given the heterogeneity of BD and
variance in methods used to assess cognitive abilities, comparisons across studies are somewhat
difficult. Nevertheless, this finding is consistent with previous studies of late-life BD
employing cognitive screening measures. Gildengers et al. (2004) found impairment in about
half of a sample of 18 older BD inpatients and outpatients and Burt et al. (2000) (n=13) and
Savard, Rey and Post (1980) (n=7) found significant (although not age-corrected) differences
between younger and older inpatients with BD in verbal memory and problem solving.

Relative to previous studies directly comparing younger adults with BD, NCs, or SC (Altshuler
et al., 2004,Krabbendam et al., 2005,Dickerson et al., 2004), our findings suggest broader
impairment among older BD patients compared to NCs. Moreover, these differences between
BD and NC groups were unrelated to educational and occupational attainments, which were
both slightly higher in the BD group. It is further notable that occupational level had no
association with cognitive performance in the BP patients, although this finding requires
replication. Among younger adults, deficits in verbal memory and executive functioning have
been identified in euthymic states, and are perhaps the most robust domains of impairment
(Bearden et al., 2001,Krabbendam et al., 2005). In our outpatient sample, depressive or
psychotic symptoms did not correlate with verbal memory or reasoning/problem solving
scores, further suggesting that these deficits are not simply a byproduct of these symptoms.
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We also found evidence for speed of information processing deficits, with the largest effect
sizes between BD and NC groups among all measures seen on the Trailmaking Test (Parts A
and B), WAIS-R Digit Symbol, and Grooved Pegboard, and performance on these measures
related to health-related quality of life. Cognitive slowing has been identified as a central and
persistent component of late-life depression (Butters et al., 2004), which raises the question of
whether late-life BD may involve similar neurocognitive underpinnings.

The neurocognitive distinctions between the BD and SC samples were more subtle than
between the BD and NC groups, with smaller effect sizes than those observed in studies of
younger adults. In a meta-analysis of 31 studies, Krabbendam et al. (2005) reported a mean
effect size difference across cognitive measures of 0.49, which is approximately twice as large
as that found in our sample. This relatively small level of distinction between older patients
with BD and SC was also evident in a study of chronically institutionalized patients (Harvey
et al., 1997). As predicted, our BD group performed better than patients with SC on measures
of verbal skills/crystallized knowledge, information processing speed, and verbal memory.
Therefore, our findings support the notion that BD patients are less cognitively impaired than
patients with SC in later life. However, the overall gap in neurocognitive abilities between
these disorders may be narrower in later life. There is evidence for stability in cognitive
functioning among community-dwelling middle-aged and older adults with SC (Heaton et al.,
2001), and longitudinal studies comparing these two disorders will be useful to determine if
there are actual disease-related declines in BD. Possible cohort differences between younger
and older persons with BD cannot be ruled out in cross-sectional comparisons.

Although we did not group BD patients into euthymic, depressed, and manic subgroups as in
some previous reports (Martinez-Aran et al., 2004,Altshuler et al., 2004), it is doubtful that
their neurocognitive deficits are solely attributable to concurrent depression or mania for two
main reasons: 1) Our sample was comprised of outpatients who had, in general, mild levels of
depressive, manic, and psychotic symptoms, and 2) None of the symptom measures showed
any significant relationships with any domains of cognitive performance in the BD group,
similar to the lack of association between manic symptoms and cognitive functioning reported
among older adults with BD (Young et al., 2006). Thus, from a clinical standpoint,
neuropsychological impairment should be considered an important part of the presentation of
older adults with BD, and are at least somewhat independent from symptom severity.

Patients with BD taking lithium or antipsychotic medications (typical or atypical) had worse
cognitive functioning, which corresponds to previous literature on the incidence of cognitive
side effects of these medications in elderly BD patients (Young et al., 2004). However, we
cannot determine from our data whether the relationship of these medications to cognition can
be attributed to the medication itself or to other patient or provider-related factors, especially
since a higher proportion of our sample was unmedicated than might be predicted.
Nevertheless, these findings suggest that further research should investigate the incidence and
severity of cognitive side effects of the medications commonly used to treat BD. Finally, similar
to a previous study linking global cognitive functioning with community living skills among
older BD patients (Martinez-Aran et al., 2004), we found that better attention/working memory,
verbal memory, and information processing speed related to better health-related quality of
life. Parallel to the growing recognition of the centrality of neurocognition to treatment of SC
(Heinrichs, 2005), the extent to which these deficits in later-life BD is altered by medications
should be examined.

The strengths of this study include a relatively large outpatient sample of older BD patients,
use of two comparison groups that have been better characterized in previous literature, and
administration of a comprehensive battery of neuropsychological tests and symptom measures
to assess a range of cognitive and psychopathologic factors. However, these findings must be
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interpreted in light of several limitations of the study. Both patient samples were comprised of
community-dwelling outpatients who were generally experiencing low levels of symptoms.
Therefore, our findings may not generalize to hospitalized or acutely ill patients. In addition,
the proportion of women in the sample was low and fewer patients had a history of substance
abuse than is typically reported for BD samples, which may further limit the generalizability
of the results. Some of our data predate the widespread usage of atypical antipsychotics, which
may attenuate the differences between the SC and BD groups if atypical antipsychotics indeed
enhance cognitive abilities, a point of some controversy. These data are cross-sectional; thus,
future longitudinal research will be needed to examine the effects of aging on the development
of cognitive deficits. We did not have available a commonly used standardized measure of
mania such as the Young Mania Rating Scale (Young et al., 1978), and therefore, the effect of
manic symptoms on neuropsychological performance in older adults deserves further study.
However, we did not find evidence for a significant relationship with a mania-like ‘excitement’
subscale of the PANSS nor general psychopathology (i.e., BPRS scores), and thus, it is unlikely
that acute and undetected manic symptoms greatly impacted performance in the BD group.
Finally, we did not have detailed information about illness history, such as the number of
previous manic or depressive episodes, nor reliable information on cumulative exposure to
psychiatric medications. In previous studies, cumulative illness burden appeared to have a
greater negative impact on cognitive functioning than duration of illness or concurrent
symptoms (Bearden et al., 2001,Robinson and Ferrier, 2006) Again, a longitudinal
investigation of cognitive functioning would help address these shortcomings.

In conclusion, we found neurocognitive impairments in a sample of community-dwelling
middle-aged and older patients with BD that were more diffuse and also more similar in severity
to those in patients with SC than has been reported in studies of younger adults with these
diagnoses. Therefore, clinical care of BD patients who enter later life should take into account
the presence of cognitive impairment, and future longitudinal research should examine the
mechanisms related to the development of cognitive deficits in BD across the life span, so that
preventive and rehabilitative interventions could be designed and implemented.
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Figure 1. T-Scores in Individual Ability Areas among Normal Comparison Subjects (NCS), Bipolar
Disorder (BD), and Schizophrenia (SC) Groups
T-Scores have a mean of 50 and a Standard Deviation of 10. Error bars represent the 90%
confidence interval of the standard error of the mean. Results of ANOVAs and Tukey Pairwise
tests comparing groups were Global Cognitive Functioning: F(2,253)
=53.1,p<0.001;SC<BD<NC; SC=BD<NC; Verbal/Crystallized Knowledge: F(2,291)=18.1,
p<0.001; SC<BD<NC; Attention/Working Memory: F(2,299)=40.1,p<0.001 SC<BD<NC;
Verbal Learning and Memory: F(2,298)=35.7,p<0.001;SC<BD<NC Visual Learning and
Memory: F(2,279)=25.7,p<0.001; SC=BD<NC; Speed of Information Processing: F(2,299)
=75.9,p<0.001;SC<BD<NC; Reasoning/Problem Solving: F(2,276) = 17.6, p <0.001;
SC=BD<NC
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