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Affective symptoms and intra-individual variability
in the short-term course of cognitive functioning in
bipolar disorder
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Background. Few studies have examined the short-term course of cognitive impairments in bipolar disorder (BD).
Key questions are whether trajectories in symptoms covary with cognitive function and whether BD is associated
with increased intra-individual variability in cognitive abilities.

Method. Forty-two out-patients with BD and 49 normal comparison (NC) subjects were administered a battery of
neuropsychological tests at baseline, 6, 12 and 26 weeks, along with concurrent ratings of depressive and manic
symptom severity. Mixed-effects regressions were used to model relationships between time, diagnosis and symptom
severity on composite cognitive performance. Within-person variance in cognitive functioning across time was
calculated for each subject.

Results. BD patients had significantly worse performance in cognitive ability across time points, but both groups
showed significant improvement in cognitive performance over repeated assessments (consistent with expected
practice effects). BD was associated with significantly greater intra-individual variability in cognitive ability than
NCs; within-person variation was negatively related to baseline cognitive ability in BD but not NC subjects. Changes
in affective symptoms over time did not predict changes in cognitive ability.

Conclusions. Moderate changes in affective symptoms did not covary with cognitive ability in BD. The finding of
elevated intra-individual variability in BD may reduce capacity to estimate trajectories of cognitive ability in
observational and treatment studies.
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Introduction issues in regard to the short-term course of cognitive
abilities are (1) the degree to which fluctuations in

Cognitive impairments are evident in 40-60% of . .
affective symptoms affect cognitive performance, and

people with bipolar disorder (BD) (Bearden et al.
2001 ; Burdick et al. 2006; Torres ef al. 2007) and contri-
bute substantially to functional disability among peo-
ple with the illness (Jaeger et al. 2007 ; Bowie et al. 2010;
Burdick et al. 2010). There is no single profile of cog-
nitive deficits, but affected domains typically include
sustained attention, working memory, verbal learning
and memory and executive control (Torres et al. 2007;
Arts et al. 2008). Although a hallmark feature of BD
is its fluctuating course, there are few longitudinal
studies that have examined within-person trajectories
of cognitive abilities (Goodwin et al. 2008). Two key

(2) whether performance on cognitive tests is more
variable within subjects over time in BD compared to
normative samples. Greater understanding of the
predictors and pattern of cognitive abilities over time
in BD is especially important in light of recently pro-
posed clinical research on pharmacologic and non-
pharmacologic treatments to ameliorate cognitive
deficits associated with this illness (Burdick et al. 2007 ;
Harvey et al. 2010).

The magnitude of the influence of affective symp-
toms on cognitive performance in BD is unclear,
although many studies attempt to isolate the effects of
state variation in affective symptoms from cognitive
abilities by including only euthymic patients (Torres
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et al. 2007; Arts et al. 2008). Cross-sectional studies
contrasting cognitive ability across depressed, manic
and euthymic patients reveal greater cognitive deficits
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in some states. For instance, Martinez-Aran et al. (2004)
found that verbal fluency was more impaired among
depressed patients than euthymic patients. Further-
more, in a sample of patients in euthymic, manic or de-
pressed states, Malhi et al. (2007) found impairments
in executive functioning in manic and depressed
patients that were not present in euthymic patients;
they also found that cognitive impairment correlated
with functional disability only among symptomatic
patients. However, in the few longitudinal studies that
have assessed the impact of symptoms on change in
cognitive abilities over 1- to 3-year periods (Depp et al.
2008; Arts et al. 2011; Chaves et al. 2011), the relation-
ship between change in affective symptoms and cog-
nitive trajectories was small or non-significant.
Therefore, cross-sectional studies are incompatible
with longitudinal studies on the issue of the impact of
symptoms on cognitive abilities.

In addition to trajectories of cognitive functioning,
a second dimension of the longitudinal course of cog-
nitive abilities in BD is within-person instability or
fluctuation in performance. Although longitudinal
studies indicate that cognitive deficits persist over
time in BD (Mur et al. 2008), greater within-person
variability over time in mean levels of cognitive func-
tioning has been seen in patients with BD relative to
both healthy comparators and to patients with schizo-
phrenia (Burdick et al. 2006; Depp et al. 2008). The
clinical significance of instability in cognitive abilities
in BD remains unclear, but related work has suggested
that instability in cognitive functioning is evident
in other neuropsychiatric illnesses, including people
with attention deficit hyperactivity disorder, multi-
ple sclerosis and age-associated cognitive decline
(MacDonald et al. 2006). Greater within-person vari-
ation over serial cognitive measurements is linked
with neurodegeneration, in particular reduced frontal
grey matter density and white matter abnormalities
(MacDonald et al. 2006). There has been some specu-
lation that the cognitive deficits in BD arise from
neurodegenerative processes (Krabbendam et al. 2000;
Goodwin et al. 2008). Thus, within-person variation
may represent a trait-like aspect of BD, possibly re-
lated to alterations in brain structure.

As the field moves toward clinical trials of
pharmacologic and non-pharmacologic treatments of
cognitive impairments, it is important to establish
normative naturalistic trajectories of neuropsycho-
logical test performance over periods commensurate
with the duration of typical clinical trials (Heaton et al.
2001). Nevertheless, a major limitation of research to
date is that all but one of the studies have included
only two serial cognitive assessments per person
(the exception is Arts et al. 2011). No study to our
knowledge has examined performance on repeated
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neuropsychological assessments among people with
BD within the time frame proposed for interventions
targeting cognitive abilities: according to the US Food
and Drug Administration (FDA) and the National
Institute of Mental Health (NIMH), the minimum
duration is 6 months (Buchanan et al. 2005). In the
present study, we assessed the short-term course of
cognitive functioning in 42 adult out-patients with BD
type I or 1II, in comparison to 49 demographically
matched adults without psychiatric illnesses. Based on
findings from cross-sectional studies and also those
using single follow-up assessments, we hypothesized
that slopes in depressive and manic symptoms would
account for significant variation in slopes of cognitive
ability, and that patients with BD would display
greater within-person variation, adjusting for mean
cognitive ability, in cognitive tests compared to the
normal comparison (NC) subjects.

Method
Sample characteristics

The present data were collected as part of subjects’
participation in a larger ongoing study of cognitive
and other determinants and short-term course of
capacity to consent to research among patients with
BD. Participants included in the present analyses were
42 out-patients with a diagnosis of either BD I or Il and
49 NC subjects. They were assessed at baseline, and
at 6, 12 and 26 weeks of follow-up. The design and
duration of the study was patterned after a typical
randomized clinical trial, although no medications or
other treatments were provided as a part of partici-
pating in the study. BD subjects were recruited from
out-patient psychiatry clinics at the University of
California, San Diego (UCSD) and the Veterans Affairs
San Diego Healthcare System, and from local area
assisted living (board and care) facilities (two subjects
with BD resided in board and care homes). NC sub-
jects were recruited through flyers posted in news-
papers, online, or in the community. All subjects
enrolled in the study provided written informed con-
sent for participation, including a signed printed
consent form reviewed and approved by the UCSD
Human Research Protections Program and by the
Institutional Review Board of the San Diego Veterans
Administration Healthcare System.

DSM-1V BD I or II diagnosis, or absence of current
or past psychiatric disorder for NCs, was established
with the Structured Clinical Interview for the DSM-
IV-TR (SCID; First et al. 2002). The SCID was con-
ducted by trained research associates and confirmed
in consensus meetings in which the SCID responses
and other available information were presented to a
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board-certified psychiatrist. Participants in the parent
study were included if they were fluent in English
and were able to give written consent to participate in
the study. Given that the present study addressed
longitudinal change and within-person variability, we
included participants with at least two of the four
assessments, therefore excluding data from 25 patients
with BD and 20 NC subjects in the larger dataset at
the time these analyses were initiated (this was an
ongoing study and some of the excluded participants
had not yet undergone the follow-up evaluations).
Potential participants were excluded from the parent
study if they met DSM-IV criteria for substance
dependence within 2 months preceding enrollment,
had been diagnosed with dementia or other neuro-
logical/medical conditions known to affect cognitive
functioning, or had medical problems that hindered
their ability to complete the assessments. Three of the
bipolar participants in the larger dataset were diag-
nosed with BD not otherwise specified (NOS) and
were excluded from the analysis.

BD and NC participants completed an average
of 3.4 assessments (s.0.=0.7) with no differences be-
tween groups in the number of assessments completed
[F(1,90)=0.3, p=0.585]. Comparing participants who
were included in the analyses to those excluded due to
only one assessment, the 25 BD patients with only one
assessment were significantly older than the 42 with
two or more time points [F(1,68)=6.6, p=0.012]. The
20 NCs who were excluded had a lower educational
attainment than the 49 included in the present analy-
ses [F(1,68)=4.6, p=0.046]. No differences between
included and excluded NCs or patients with BD were
evident in sex, ethnicity, education or manic or
depressive symptom severity.

Patients were assessed when in various states, as no
restrictions were placed on symptom status at study
entry. A total of 86 % met criteria for BD I and 14 % for
BD II. Based on the SCID, 52% of patients were
euthymic, 17% were depressed and 17% were ex-
hibiting a hypomanic or mixed episode at the time of
the baseline assessment. A total of 43% had a prior
history of substance use disorders (none had current
substance use disorders according to exclusion cri-
teria). Seventy-one percent of the patients were taking
a mood stabilizer, 43% an antipsychotic and 40%
an antidepressant; 14 were on both antipsychotics
and antidepressants, 26% on both antidepressants
and mood stabilizers and 10% on all three. Seventeen
participants were taking a second-generation anti-
psychotic and one a first-generation antipsychotic.
Thirteen participants were taking a selective sero-
tonin reuptake inhibitor (SSRI) or a serotonin-
norepinephrine reuptake inhibitor (SNRI) and four
were taking a tricyclic antidepressant.
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Assessments

Demographic information and clinical history were
collected from all participants at the baseline visit. Pre-
morbid verbal ability was estimated with the Word
Reading subtest of the Wide Range Achievement
Test — 4th edition (WRAT-4; Wilkinson & Robertson,
2006).

Affective symptoms

The presence and severity of manic symptoms (among
both BD and NC subjects) was measured with
the Young Mania Rating Scale (YMRS; Young et al.
(1978)). The presence and severity of depressive
symptoms was assessed with the clinician-rated
Montgomery—Asberg  Depression Rating  Scale
(MADRS; Montgomery & Asberg, 1979). Symptoms
were rated at all four study visits.

Cognitive ability

Participants’ cognitive functioning was assessed at
all four study visits with the same battery of neuro-
psychological tests. The neuropsychological battery
comprised of the following tests: Digit Symbol-
Coding and Letter-Number Sequencing from the
Wechsler Adult Intelligence Scale—Third Edition
[WAIS-IIII (Heaton ef al. 2001) total correct]; a selected
subtest from the Delis-Kaplan Executive Function
System (D-KEFS; Delis et al. 2001), that is the Trail
Making Test (total time for visual scanning, number
sequencing, letter sequencing, number-letter switch-
ing, and motor speed), Verbal Fluency (total correct for
letter and category fluency, and category switching),
and Color-Word Interference (total time for the inhi-
bition and inhibition/switching subtests); the Rey
Tangled Lines Test (RTLT; total correct); and the
Hopkins Verbal Learning Test—Revised [HVLT-R
(Shapiro et al. 1999); total correct across three learning
trials].

We calculated z scores for each of the tasks based on
performance in the NC sample (when needed, scores
were reflected such that high z values indicated better
cognitive functioning across all tests). We then cal-
culated a composite score from the z scores as our
cognitive functioning indicator for our analysis. The
composite was only calculated when scores from at
least 10 of the 14 tests were available. None of the
composite scores were excluded as a result of having
less than 10 of the tests available. In addition, there
were no differences between BD and NC samples in
the number of available tests at baseline [F(1,90)=
0.120, p=0.730] or at the 6-week [F(1,90)=14,
p=0.232], 12-week [F(1,78)=1.6, p =0.205] or 26-week
follow-up [F(1,63)=0.108, p =0.744]. The reliability of
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the composite score in BD and NC groups was high
(Cronbach’s a=0.934 and 0.914 respectively).

Statistical analyses

All variables were assessed for normality and trans-
formations were conducted when necessary. Baseline
demographic characteristics of NC versus BD groups
were compared with ANOVAs for continuous vari-
ables and Pearson y* for categorical variables. Demo-
graphic characteristics on which the two groups
differed were used as covariates in subsequent analy-
ses. We used linear mixed effects models to assess for
linear trajectories in cognitive abilities over time. In
our first model, we used random intercepts and slopes
for participants, with time (in months) entered as
our sole predictor. In this model, baseline values for
time were coded as ‘0’. A second model added diag-
nostic group (to determine whether groups differed
in cognitive performance across the study period) and
a time x diagnostic group interaction to determine
whether slopes in cognitive ability differed between
diagnostic groups. A third model added time-varying
values for MADRS and YMRS scores into the model to
covary for their correlation with cognitive functioning
across time. Finally, restricting the analysis to only the
BD group, we conducted two final models to deter-
mine whether within-person change in MADRS or
YMRS scores correlated with change in cognitive
ability over time. As an example, the regression equa-
tion for the MADRS model was:

NPl] =TTy +J‘[11(MADRSZ]) + eij/

where NP refers to neuropsychological performance
and MADRS refers to depression scores. In this model,
each person’s mean MADRS score was subtracted
from each of their actual observations of these vari-
ables at the four assessments. The intercept, m,;, is
therefore participant i’s neuropsychological perform-
ance score at their average level of depression. NP;; is
participant i’s level of cognitive ability at assessment j.
The slope, my;, is the change in participant i’s cognitive
ability for every one unit increase in depression. ¢;; is
the error term for person i. Each person therefore has
unique regression parameters, representing their own
relationship between depression and cognitive per-
formance. We replicated this exact model using YMRS
scores for our final model.

Intra-individual variability can be represented in
terms of dispersion across tests with a testing session
(i.e. dispersion) or variability relative to the within-
person mean performance over time. We looked on
intra-individual variability over time because we were
focused on the predictors, pattern and variability of
change within-person over time. We calculated the
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within-person standard deviation (w.s.0.) for each
subject, and then conducted an ANCOVA comparing
within-person variance between the NC and BD
groups with mean cognitive ability as a covariate.
Finally, we explored whether demographic character-
istics, baseline cognitive ability and within-person
variation in manic and depressive symptom severity
predicted w.s.p. in cognitive ability.

Results
Sample characteristics (Table 1)

The NC and BD samples did not differ from one
another in age, sex, ethnicity, education, or in esti-
mated pre-morbid verbal ability (WRAT-4 reading
scores). The BD group had lower mean cognitive
composite scores and, as expected, more severe de-
pressive and manic symptoms (MADRS and YMRS
respectively). The level of severity of affective symp-
toms in the bipolar sample was, on average, in the
mild range for both depression and manic symptom
scores. In terms of the amount of variability over time
in symptoms, the average patient experienced a range
across time points of 7 points on the YMRS and 12.8
points on the MADRS. The mean age of onset of BD
was 21.6 (s.0.=9.06) years.

Trajectory and fluctuations in cognitive ability

Fig. S1 (see online Supplementary Material) displays
the individual trajectories of performance on com-
posite cognitive ability across the four time points in
(a) BD and (b) NC samples. In the first analysis pre-
dicting composite cognitive ability, the single fixed
effect visit (time) was positive and significant
[estimate =0.007, standard error (s.e.)=0.001, t=6.6,
p<0.001], indicating that cognitive performance im-
proved over time. In the next analysis, diagnostic
group and diagnostic group x visit were entered.
Diagnostic group was associated with a significant
main effect, with lower performance in the BD group
by about j s.D. (estimate= —0.479, s.e.=0.122, t=3.9,
p <0.001). However, the diagnosis by time interaction
was not significant; that is, both groups improved in
cognitive test performance over the repeated assess-
ments (estimate=—0.002, s..=0.002, t=1.0, p=
0.317).

Impact of affective symptoms on cognitive ability

The addition of depressive symptoms (MADRS
scores) and manic symptoms (YMRS scores) into the
model revealed that neither MADRS score
(estimate =0.0001, s.e.=0.002, t=0.052, p=0.959) nor
YMRS score (estimate= —0.005, s.e.=0.003, t=1.3,
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Table 1. Characteristics of normal comparison (NC) and bipolar disorder (BD) groups

Test statistic

Variable NC (n=49) BD (n=42) F (df) or »2 (df) p value
Age (years), mean (s.D.) 40.1 (14.6) 43.8 (11.6) 1.8 (1, 89) 0.181
Sex (% female) 57.1 40.5 2.5 (1) 0.113
Ethnicity (%) 0.682 (1) 0.409

Caucasian 63.3 71.4

African American 41 9.5

Hispanic/Latino 8.2 11.9

Asian 12.2 0

Other 12.2 7.2
Education (years), mean (s.D.) 15.9 (2.2) 15.0 (2.4) 3.3 (1, 89) 0.071
MADRS score (baseline), mean (s.D.) 1.4 (2.3) 14.5 (11.1) 64.7 (1, 88) <0.001
YMRS score (baseline), mean (s.D.) 1.3 (1.6) 8.6 (8.3) 35.0 (1, 87) <0.001
WRAT-4, reading subtest, mean (s.D.) 97.6 (13.5) 98.3 (11.3) 0.6 (1, 79) 0.893
Cognitive composite score, mean (s.D.)

Baseline 0.2 (0.5) —0.34(0.7) 14.8 (1, 89) <0.001

6 weeks 0.2 (0.6) —0.2(0.7) 11.9 0.001

12 weeks 0.3 (0.6) —0.2(0.7) 15.1 <0.001

26 weeks 0.3 (0.5) —0.2(0.7) 11.9 0.001

MADRS, Montgomery—Asberg Depression Rating Scale; YMRS, Young Mania Rating Scale; WRAT-4, Wide Range
Achievement Test 4; df, degrees of freedom s.p., standard deviation.

p=0.174) was significant. In addition, the main effect
of diagnosis remained significant after entering
MADRS and YMRS scores into the model, indicating
that between-group differences in affective symptoms
did not account for the difference in cognitive ability
between bipolar and NC groups. To examine the im-
pact of change in affective symptoms and cognitive
ability, we examined within-subject change in time-
varying MADRS and YMRS scores in the bipolar group
only. There was no significant relationship between
changes in cognitive ability and changes in manic
symptoms (estimate=—0.007, sE.=0.004, t=14,
p=0.098) or depressive symptoms (estimate = —0.002,
s.E.=0.002, t=0.7, p=0.452). The correlations between
cognitive ability and depressive symptoms (MADRS
scores) were all non-significant: baseline: r=0.052,
p=0.746, 6 weeks: r=—0.090, p=0.561, 12 weeks:
r=0.013, p=0.940, and 26 weeks: r= —0.027, p=0.888.
For manic symptoms (YMRS scores), the correlations
were also non-significant: baseline: r=0.008, p=0.958,
6 weeks: r=—0.060, p=0.699, 12 weeks: r=—0.049,
p=0.665, and 26 weeks: r=—0.130, p=0.503.

Intra-individual variability in cognitive functioning

The mean w.s.0. was significantly greater among BD
versus NC subjects (w.s.0.=0.13, s.0.=0.05 versus
w.s.D.=0.10, s.0.=0.04 respectively), adjusting for
the mean cognitive composite score [F(1,89)=5.1,
p=0.026]. However, it is notable that the mean
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composite score was differentially related to intra-
individual variability across groups. In the BD sample,
w.s.D. was significantly negatively correlated with
baseline cognitive performance (1= —0.308, p=0.047).
Among NCs, the relationship with baseline cognitive
performance was significant and in the opposite
direction from that in the bipolar sample (r=0.355,
p=0.012). To determine whether these associations
were significantly different across groups, we ex-
amined whether the interaction of diagnostic group
with mean cognitive performance and diagnostic
group was significant in predicting intra-individual
variability. We found that the interaction term was
significant [F(1,89)=9.1, p=0.003], indicating that
cognitive ability was more negatively related to w.s.D.
in the bipolar group. Finally, neither baseline manic
nor depressive symptoms, nor within-person vari-
ation in depressive or manic symptoms, were related
to w.s..

Discussion

The present study revealed several potentially notable
aspects of the short-term course of cognitive abilities
in BD. Consistent with cross-sectional studies con-
trasting BD and NC groups on cognitive ability, BD
patients had worse overall cognitive performance than
NC subjects across each of four assessments over a
6-month period. The effect size of the group mean
differences was approximately 0.5 (Cohen’s d), which
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is consistent with prior meta-analyses reporting com-
parisons on composite measures of cognitive ability
(Torres et al. 2007; Arts et al. 2008). However, both
groups showed slight improvements in mean per-
formance over repeated assessments, as expected
from normal practice effects associated with repeated
exposure to the test materials; the magnitude of
these practice effects did not differ between the NC
versus BD groups. Contrary to our hypotheses, manic
and depressive symptoms had little effect on the
overall level of cognitive impairment or the dis-
crepancy between NC and BD patients in cognitive
ability. Additionally, change in symptoms was not as-
sociated with change in cognitive performance. Intra-
individual variability in composite cognitive ability
over time was greater in BD patients than among NCs.
Taken together, our findings suggest that future re-
search aimed at estimating and contrasting trends in
cognitive ability in BD, such as in cognitive remedia-
tion trials, would need to account for practice effects
(which are similar in magnitude to that in NCs) and
intra-individual variability (which is elevated in BD).
However, variation in affective symptoms among
mildly symptomatic out-patients with BD is unlikely
to substantially affect estimates of mean cognitive
performance.

Our findings add to the small number of longitudi-
nal studies suggesting relative independence of mood
symptoms and cognitive abilities, at least over a
6-month period. One clear caveat to this lack of
relationship is that patients with more acutely severe
manic or depressive symptoms than present in this
out-patient sample may indeed experience additional
cognitive deficits, or at least have more difficulty
engaging in cognitive testing and thereby showing
performance, if not actual, cognitive decrements.
Nonetheless, our findings suggest that fluctuations
in symptoms at the level characteristic of ongoing out-
patient status do not affect cognitive functioning.
Given that many studies attempt to isolate cognitive
deficits in BD by enrolling only euthymic patients (e.g.
Torres ef al. 2007 ; Arts et al. 2008), a concern for future
clinical trials aimed at cognitive remediation is the
extent to which affective symptoms might mask treat-
ment effects (see Buchanan et al. 2005 for a discussion
of this topic in schizophrenia). Based on the present
findings, it seems unnecessary to exclude patients
from such cognitive trials based on the presence of
non-severe manic or depressive symptoms.

Nevertheless, BD patients did evidence significantly
greater variability within-person variability in cogni-
tive performance compared to the NCs. Greater
variability has been found in prior studies in BD (with
only two serial assessments over a longer period of
time) in comparison to NC and schizophrenia samples
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(Burdick et al. 2006; Depp et al. 2008). There are two
primary implications of greater intra-individual
variability over time. First, if estimates of cognitive
abilities are less reliable over time, the presence of this
within-person variability reduces statistical power to
detect treatment effects. A conundrum in interpreting
these results is whether this variability reflects true
variability in neuropsychological abilities (i.e. the
underlying constructs) or instead is a reflection of
fluctuations in test performance only (i.e. due to
measurement error). Establishing a normative pattern
of neuropsychological change is necessary to identify
what constitutes a meaningful change in neuro-
psychological test performance among people with
BD in the context of treatment (pharmacologic
or psychosocial). Recent work suggests that the
MATRICS (Measurement and Treatment Research to
Improve Cognition in Schizophrenia) battery may be
appropriate in terms of identifying deficits in BD
relative to NCs (Burdick et al. 2011) (although some
alterations to this battery for BD have been advised by
a panel of international experts; Yatham et al. 2010),
and so an important next step would seem to be to
evaluate test-retest reliability in BD patients and to
develop norms for change in this group (Harvey et al.
2005; Cysique et al. 2011). Moreover, whether varia-
bility in practice effects relates to patient character-
istics would be important to evaluate; in our study the
positive association between baseline cognitive ability
and intra-individual variation within the NC group
may have arisen from stronger practice effects among
higher performing NCs, as has been found previously
(Rapport et al. 1997).

Second, there is some basis for suspecting that intra-
individual variability in cognitive ability in BD may be
a trait-like aspect of BD related to the pathophysiology
of the illness. Prior work has linked within-person
variability with a variety of brain abnormalities, in-
cluding changes in gray matter density and dimin-
ished connectivity in white matter tracts, with primary
localization in frontal brain regions and association
with executive control-type tasks (MacDonald et al.
2006). Without data on brain structure, we cannot
comment on the mechanisms of intra-individual
variability in BD; however, it was notable that intra-
individual variability was more negatively related to
baseline cognitive performance in the BD wversus the
NC group. Future research should examine the
association with variability over time with executive
control tasks, which may be relevant to recent
hypotheses related to hypotheses about neurodegen-
eration in BD (Goodwin et al. 2008).

There are several limitations to this study. The
present results are based on a modest-sized out-
patient sample of BD patients, and the results may not
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generalize to those in acute affective states, patients
with active substance dependence and/or in-patients.
Thus, in other more severely ill samples, the influence
of symptoms on trajectories of cognitive abilities may
be greater. Moreover, our study does not address
whether more pronounced switches between states,
for example from euthymic to severe depression, have
an impact on cognitive impairment, or the potential
impact of psychotic symptoms (both historical and
current) on trends in cognitive ability. In future re-
search it would also be useful to examine individual
cognitive domains with a more comprehensive battery
to determine whether some domains are associated
with more variability or practice effects than others.
Although our battery evaluated visual attention, we
lacked a measure of sustained attention, which has
been shown to be impaired in BD. Finally, there are a
variety of methods for estimating net within-person
variability (Ram & Gerstorf, 2009) that have differing
advantages. Within-person s.0. does not remove the
effects of trend, which is problematic given corre-
lations between serial test performance (e.g. practice
effects). Future studies with more frequent ad-
ministration of cognitive tests may allow for better
indicators of more ‘pure’ instability (e.g. the mean
squared successive difference), enabling better under-
standing of the relevance of intra-individual varia-
bility to BD.

In summary, the course of global cognitive ability
over a 6-month period in BD was found to be inde-
pendent from affective symptom severity, associated
with a similar level of practice effects as non-affected
people, and more variable within patients over time
than among NC subjects. For future clinical trials
aimed at remediating cognitive impairment in BD, the
development of standardized cognitive batteries used
as outcome measures should take into account the
likelihood of increase variability (e.g. using the reliable
change index plus practice effect method to define
meaningful cognitive changes). The sources and
clinical significance of intra-individual variability in
cognitive ability should be a focus of future research
in BD.
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