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ABSTRACT

Background. Executive impairments have been reported in affective illness, but the influence of
attention on executive performance has not been fully considered. The purpose of this study was to
investigate whether executive impairments in affective illness were independent of attention im-
pairments, and whether independent executive impairments were specific to bipolar (BP) affective
illness.

Method. Forty-two individuals with major affective disorders [20 unipolar (UP) depression and
22 BP disorder] were compared with 40 healthy controls on measures of attention and executive
function. None of the patients were currently experiencing an episode of affective illness.

Results. As expected, both UP and BP patient groups showed significant neuropsychological
impairments relative to controls. Significant differences in performance on executive function
measures were also observed between UP and BP patients, even after the influence of attention
had been taken into account. These impairments were not attributable to current levels of affective
symptomatology or to medication.

Conclusions. A single neuropsychological dissociation appears to be present between UP and BP
affective illness, with BP individuals showing a specific executive deficit that is independent of
attention impairment on the Hayling Sentence Completion Test (HSCT).

INTRODUCTION

Neuropsychological measures are potentially
very useful in psychiatric research. Importantly,
they may be endophenotypic measures. Biologi-
cal, and particularly genetic, studies are heavily
reliant on the precision and reliability of the
phenotypes studied (Craddock & Owen, 1996).
Clinical measures are usually distal from the
suspected underlying biological cause of illness.
Endophenotypes are of potential use because
they are intermediate between clinical presen-
tation and biological cause, and so can help our
understanding of how the two relate (Gottesman
& Gould, 2003). Neuropsychological measures

allow objective comparisons of individuals. This
is more complex with clinical measures, such as
symptom measures, which are often dependent
upon subjective assessments of presence/absence
or of relative severity.

In addition to being scientifically important,
understanding and measuring an individual’s
cognitive function is also clinically relevant.
Social interactions are cognitively complex, and
so it is likely that cognitive impairments have an
impact on social adaptation and quality of life.
It may also be that cognitive impairments have
a deleterious effect on psychological therapies,
understanding of medical advice or treatment
adherence (Crews & Harrison, 1995).

These promising applications of neuropsycho-
logical measures in psychiatry are dependent on
demonstrating specific associations between ill-
ness and aspects of cognitive function (such as
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attention or executive function) and describing
them in a manner that is precise, comprehen-
sible and can be applied outside the immediate
experimental paradigm.

Conceptualizing executive function and attention

We here define executive function as the process
or system through which cognitive resource, in
the form of attention, is allocated to multiple
cognitive systems. There are a number of alterna-
tive ways of conceptualizing executive function
and attention. Their exact delineation is unclear
(and remains a source of much debate). How-
ever, in practice the desire to develop accurate
models of cognitive control is often subsumed
by the desire to group cognitive tests together
within assessment batteries. Thus, most meas-
ures assessing one or more of the five situations
described by Norman & Shallice (1986) as
requiring the Supervisory Attention System
(SAS) (i.e. planning or decision making, troub-
leshooting when automatic processes run into
difficulty, novel situations, dangerous or tech-
nically difficult situations, situations where
strong habitual responses need to be overcome)
are referred to as executive function measures.
The more complex conditions within these tests
we treat as measures of executive function.
However, as indicated by the Norman& Shallice
model, performance on them is susceptible to
attention impairment. Therefore, the cognitive
control conditions for the measures used in
this study are treated as attention measures,
although they undoubtedly rely on other cogni-
tive processes as well.

Evidence of neuropsychological impairments in
affective illness

There is compelling evidence, including evidence
from systematic reviews, that patients with af-
fective illness show neuropsychological impair-
ments that may persist outside mood episodes
(Ferrier et al. 1999; Clark et al. 2002; Quraishi
& Frangou, 2002; Olley et al. 2005; Thompson
et al. 2005; Weiland-Fiedler et al. 2005). The
most commonly reported impairments are in
measures of attention, memory and executive
function, with bipolar patients showing some
evidence of specific executive function impair-
ments (Quraishi & Frangou, 2002).

In addition to the issues of small, unrepre-
sentative and heterogeneous samples, a great

difficulty with the existing literature is in inter-
preting diverse results from multiple neuro-
psychological measures. For example, it is not
immediately clear whether observed impair-
ments in measures described as assessing execu-
tive function are due to executive impairments or
impairments in other cognitive systems. Further
investigations and meticulous definitions of un-
derlying impairments are clearly required.

The purpose of this study was to investigate
the specificity of independent executive im-
pairments in bipolar (BP) versus unipolar (UP)
illness. Furthermore, multiple executive and
attention measures were used to give some in-
dication as to whether executive impairments
are test specific or more general.

METHOD

Samples

We assessed attention and executive perform-
ance in three groups of participants : (1) in-
dividuals with a history of recurrent UP major
depression; (2) individuals with a history of
BP disorder ; and (3) healthy controls with no
history of psychiatric illness. Local Research
Ethics Committees granted ethical approval
for the study, and all participants gave fully
informed written consent.

Participants (patients and controls) were in-
cluded if they were between the ages of 18 and
65 years, had no known illness with neurological
sequelae (including drug or alcohol misuse/
dependency), were white Caucasian, and were
native English speakers with good vision.

Patients

Patients were recruited from existing studies
within the Department of Psychiatry at the Uni-
versity of Birmingham. Systematic recruitment
occurred through local Community Mental
Health Teams (CMHTs) and lithium clinics,
while non-systematic recruitment was primarily
achieved through newspaper and radio adver-
tisements, patient support groups (Depression
Alliance and Manic-Depression Fellowship),
and contact with local clinicians. Of those pa-
tients who took part in the current study, 48%
had originally been recruited systematically.

Sixty-two patients were approached to take
part in the study. All patients approached were
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either out-patients or were no longer receiving
regular psychiatric care. None of the patients
were currently experiencing an episode of affect-
ive illness. Of these, 20 (32%) did not meet the
study inclusion criteria as outlined above (n=11)
or declined to take part (n=9). This resulted in a
patient sample of 42 individuals, which was
divided into two groups: UP and BP. The UP
group consisted of 20 individuals with a DSM-
IV diagnosis of recurrent major depression. The
BP group consisted of 22 individuals with a
DSM-IV diagnosis of bipolar I disorder (n=15),
bipolar II disorder (n=4) or schizo-affective
disorder (bipolar type) (n=3).

The patients were interviewed using Schedules
for Clinical Assessment in Neuropsychiatry
(SCAN; Wing et al. 1990) and psychiatric/gen-
eral practice case-notes were reviewed. These
data were combined for each participant to form
a written case-vignette, allowing independent
rating of cases by multiple researchers. Best-
estimate lifetime diagnoses were made according
to DSM-IV (APA, 1994). We also rated three
measures of current mental state : the Hamilton
Rating Scale for Depression (HRSD; Hamilton,
1967) ; the Young Mania Scale (YMS; Young
et al. 1978) ; and the Global Assessment Scale
(GAS; Endicott et al. 1976). Each patient was
diagnosed and had the current state scales
rated, independently, by at least two members
of the research team (psychiatrists or psycholo-
gists) and consensus was reached. Inter-rater
reliability was high. This was formally assessed
using 20 cases and resulted in a mean k statistic
of 0.85 for DSM-IV diagnosis. Mean intra-class
correlation coefficients (ICCs) for HRSD total
score, YMS total score and GAS score were
0.96, 1.00 and 0.92 respectively.

Controls

Forty control participants were recruited by the
friends and partners of patients and by adver-
tisements. Controls had no personal history of
psychiatric illness and no known or suspected
family history of psychiatric illness in first- or
second-degree relatives.

Neuropsychological tests

Three neuropsychological measures were selec-
ted that each assessed both attention and execu-
tive function. These are described below.

The Colour-Word Interference Test
(CWIT ; Delis et al. 2001)

This is a modified version of the Stroop Test
(Stroop, 1935). Three conditions are used. Con-
dition 1 (colour naming) involves naming the
colour of 50 coloured squares. Condition 2
(word reading) involves reading 50 colour words
printed in black ink (e.g. RED). In condition
3 (inhibition), participants are presented with
50 colour words printed in a different colour
(e.g. GREEN printed in red ink) and must name
the colour of the ink and not read the word (in
the example, the correct response would be red ).
The measures reported here are times taken to
complete each of conditions 1, 2 (used here as
attention measures) and 3 (executive measure).

The Hayling Sentence Completion Test
(HSCT ; Burgess & Shallice, 1997)

This test consists of two conditions. In condition
1, the examiner reads 15 sentences with the last
word missing. Participants must provide a single
word to complete each sentence (used here as
an attention measure). Condition 2 is identical
except that participants must provide words
that are unconnected to the sentences (executive
measure). Response latency for each of con-
ditions 1 and 2 and error measures are recorded.

The Trail Making Test (TMT ; Delis et al.
2001)

This version of the TMT consists of five con-
ditions. The basic task on which conditions 2–5
are based is a dot-to-dot test. In condition 1
(visual scanning), participants are given a sheet
showing circles containing numbers and letters
and must identify the circles containing the
number 3 (24/54 circles). Condition 2 (number
sequencing) involves connecting 16 circles con-
taining numbers in order (1–2–3, etc.) on a page
with a total of 32 circles containing numbers
and letters. Condition 3 (letter sequencing) is
identical except that 16 letters are connected
(A–B–C, etc.). Conditions 2 and 3 are used here
as attention measures. Condition 4 (number–
letter switching) is the main executive test con-
dition. Participants must alternate between
connecting numbers and letters, so that they
connect 1 to A, A to 2, 2 to B, B to 3, etc.
Condition 5 (motor speed) involves following
a dotted line as quickly as possible to connect
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a series of 32 empty circles. The measures re-
ported here are times taken to complete each of
conditions 1–5.

Covariate measures

The following potential confounders were in-
cluded in statistical analyses where possible :
pre-morbid IQ; state anxiety ; age; and, gender.
Pre-morbid IQ and state anxiety were measured
using the National Adult Reading Test (NART;
Nelson, 1982) and the State-Trait Anxiety In-
ventory (Spielberger et al. 1983) respectively.
Clinical variables, such as HRSD scores, were
not included as covariates as data were only
available for the patient groups.

Analysis

All analyses were carried out using SPSS for
Windows 10.0.7 and 11.0.1 (SPSS Inc., Chicago,
IL, USA). Four groups of statistical analyses
were performed:

(1) Group differences. Neuropsychological dif-
ferences between the three groups of par-
ticipants were assessed, in the first instance,
using Kruskal–Wallis (KW) tests due to dis-
tributional non-normality within the data.
Where these produced statistically signifi-
cant results, Mann–Whitney U tests were
used to assess differences between pairs of
groups, with a Bonferroni correction applied
for multiple testing. Analyses of covariance
(ANCOVAs) were then performed with the
inclusion of the covariates as discussed
above. Post-hoc tests were performed on
the marginal means from these analyses.
To assess the validity of the ANCOVAs,
Kolmogorov–Smirnov (KS) tests were used
to assess the normality of the residuals
produced. Where the residual distribu-
tions differed significantly from normality,
ANCOVA results were considered invalid
and are not reported.

(2) Executive impairment. ANCOVAs were
used to compare executive functionmeasures
between groups with the attention measures
as covariates. Again, residual normality was
tested using KS tests as a means of checking
the validity of analyses.

(3) The effect of mental state on performance.
The relationship between mental state
measures and neuropsychological perform-

ance was assessed using Spearman’s rank
correlations.

(4) The effect of medication on performance.
Given the small number of unmedicated
patients, the expected power of these analy-
ses was low.However, the potential influence
of medication on performance is of concern,
and so group comparisons (using KW tests)
were performed using only unmedicated
patients and controls. Paired comparisons
were performed using Mann–Whitney U
tests, which were not corrected for multiple
comparisons due to the exploratory nature
of the analyses. The specificity of executive
impairments was assessed in two ways:

(a) Medication status was included as a covari-
ate in addition to attention performance in a
secondary analysis of executive perform-
ance.

(b) Covariate analysis of executive performance
was conducted using only non-medicated
patients.

To reduce the risk of Type II errors, these
analyses were only performed where group dif-
ferences were found in the whole (medicated and
unmedicated) sample.

Power

The study had in excess of 80% estimated
power to detect group differences of moderate
to large size (Cohen, 1988).

RESULTS

Group characteristics

The demographic and covariate characteristics
of the three study groups are presented in
Table 1. There was a significant effect of group
on age (H=14.03, df=2, p=0.001), with both
UP (U=196.0, n=59, p=0.002) and BP patients
(U=227.5, n=61, p=0.002) being significantly
older than controls. There were no significant
differences in sex distribution across the groups
and the groups did not differ significantly in
terms of pre-morbid IQ. However, the groups
did differ in terms of state anxiety (H=14.357,
df=2, p=0.001), with both UP (U=216.0, n=
60, p=0.004) and BP patients (U=216.5, n=62,
p=0.001) showing significantly higher state
anxiety levels than controls.
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The mean age of illness onset was not signifi-
cantly different between the UP (25.1 years) and
BP (28.4 years) groups. There was no significant
difference between the mean number of episodes
of major depression experienced (5.4 in the UP
group and 7.7 in the BP group). The mean
number of episodes of mania in the BP group
was 5.3.

Nine of the patients (21%, four UP and five
BP) were taking no psychiatric medication at
the time of assessment. Twenty-three patients
(55%) were taking antidepressants (mainly
selective serotonin reuptake inhibitors, but also
tricyclics and monoamine oxidase inhibitors).
Fourteen (33%) were taking lithium. Ten (24%)
patients were receiving antipsychotic medica-
tions. Other medications being taken by small
numbers of patients included sodium valproate,
carbamazepine andbenzodiazepines.Mostmedi-
cated patients were receiving a single medica-
tion (n=13, 39%). Seven (21%), five (15%)
and seven (21%) patients were receiving two,
three and four medications respectively. One
patient was receiving a combination of seven
different medications.

Levels of current depressive and manic symp-
toms were low, and current levels of overall

functioning were high, as shown by the HRSD,
YMS and GAS scores respectively (see Table 1).
There were no significant differences in the
measures of current mental state between the
two patient groups.

Neuropsychological performance

Group differences

Table 2 shows the mean and standard deviation
of each neuropsychological measure for each
study group, together with the results of KW
tests and ANCOVAs. The pattern of impair-
ments, expressed as effect sizes for patient groups
relative to controls, is illustrated in Fig. 1.
Patients showed impaired performance relative
to controls on all neuropsychological variables.
The significant differences observed between the
UP and BP groups were confined to a measure
of executive function, specifically the error
scaled score on the HSCT, with the BP group
performing significantly worse than the UP
group. The HSCT error score reflects the ability
to successfully inhibit appropriate responses.

Following inclusion of the covariates, only
two of the neuropsychological variables pro-
duced a valid ANCOVA (i.e. normally dis-

Table 1. Demographic and covariate characteristics of the study groups and current mental
state measures of the patient groups

Controls
(n=40)

Unipolar patients
(n=20)

Bipolar patients
(n=22) p value

Demographics Age in years, mean (S.D.) 36.6 (14.3) 48.8 (10.3) 48.7 (9.7) 0.001
Female, n (%) 22 (55) 12 (60) 16 (73) 0.390
Male, n (%) 18 (45) 8 (40) 6 (27)

Covariate measures Estimated pre-morbid IQ, mean (S.D.) 119.5 (4.4) 117.4 (6.8) 115.7 (6.3) 0.095
State Anxiety 0.001

Mean (S.D.) 29.2 (7.0) 39.6 (12.9) 36.8 (9.5)
Median (IQR) 27.5 (9.0) 42.5 (24.3) 35.5 (10.0)

Current mental
state measures

HRSD — 0.422
Mean (S.D.) 3.5 (5.1) 1.7 (3.1)
95% CI 1.1–5.9 0.3–3.1
Median (IQR) 0.5 (6.8) 0 (2.0)

YMS — 0.202
Mean (S.D.) 0.2 (0.9) 0.7 (2.3)
95% CI 0.0–0.6 0.0–1.7
Median (IQR) 0 (0.0) 0 (0.0)

GAS — 0.848
Mean (S.D.) 75.6 (13.2) 74.6 (13.3)
95% CI 69.4–81.7 68.7–80.4
Median (IQR) 81 (18.8) 80.5 (15.0)

S.D., Standard deviation; IQ, intelligence quotient ; IQR, interquartile range; CI, confidence interval ; HRSD, Hamilton Rating Scale for
Depression; YMS, Young Mania Scale ; GAS, Global Assessment Scale.
p values are based on Mann–Whitney U tests for two-group comparisons and Kruskal–Wallis tests for three-group comparisons of ordinal

data. Categorical data were assessed using x2 tests.
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tributed residuals). These were the time taken on
the colour-naming condition (a simple measure
of attention) and the inhibition condition of the
CWIT. The other ANCOVAs did not produce
normally distributed residuals and so were not
considered valid. Consideration of the valid
ANCOVAs shows that after inclusion of the
covariates, the significant difference between the
UP group and controls on the colour-naming
condition disappeared, but there remained stat-

istically significant impairment in the BP group
relative to controls. The significant group dif-
ferences on the inhibition condition disappeared.
Performance on the inhibition condition was
significantly affected by age (F=16.301, p<
0.001). Further investigation using Spearman’s
correlations showed that time taken on the in-
hibition condition was significantly correlated
with age only in the controls (r=0.56, p<
0.001).

Table 2. Analysis of neuropsychological test results in unipolar patients (UP),
bipolar patients (BP) and controls (C )

Test Measure

Group performance, mean (S.D.)

Non-parametric tests

ANCOVA

Control
(n=40)

Unipolar
(n=20)

Bipolar
(n=22) p U tests

KS test
p F p

Post
hoc

Colour-Word
Interference
Test

Inhibition (s) 45.8 (11.3) 58.1 (16.3) 67.5 (23.8) <0.001 C<UP, C<BP 0.200 2.294 0.109 —
Word Reading (s) 18.6 (3.9) 20.1 (3.4) 23.0 (5.4) 0.002 C<BP 0.009 — — —
Colour Naming (s) 25.6 (4.4) 29.3 (4.6) 32.6 (7.4) <0.001 C<UP, C<BP 0.200 3.924 0.024 C<BP

Hayling Sentence
Completion
Test

Condition 1 Time (s) 4.3 (4.4) 13.6 (13.6) 13.3 (15.8) <0.001 C<UP, C<BP <0.001 — — —
Condition 2 Time (s) 15.9 (13.9) 38.6 (33.9) 68.8 (44.7) <0.001 C<UP, C<BP <0.001 — — —
Error Scaled Scorea 6.5 (1.4) 5.9 (2.1) 3.8 (2.4) <0.001 C>BP, UP>BP 0.017 — — —

Trail Making
Test

Visual Scanning (s) 19.8 (4.8) 20.9 (6.5) 26.3 (7.9) 0.002 C<BP 0.002 — — —
Number Sequencing (s) 27.5 (13.6) 35.7 (13.1) 43.1 (22.6) <0.001 C<UP, C<BP 0.001 — — —
Letter Sequencing (s) 25.4 (8.2) 35.6 (15.7) 45.1 (21.7) <0.001 C<UP, C<BP 0.004 — — —
Number-Letter
Switching (s)

63.1 (34.6) 90.5 (42.3) 124.6 (69.8) <0.001 C<UP, C<BP 0.002 — — —

Motor Speed (s) 24.9 (11.3) 35.0 (14.1) 40.9 (20.2) <0.001 C<UP, C<BP <0.001 — — —

S.D., Standard deviation; ANCOVA, analysis of covariance; KS, Kolmogorov–Smirnov.
a Lower Hayling Sentence Completion Test (HSCT) error scaled scores indicate impaired performance and an increased error rate.
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FIG. 1. Effect sizes of impairments in unipolar (%) and bipolar (&) patients relative to controls. CW, Colour-Word Interference
Test : I, Inhibition condition time; II, Word Reading condition time; III, Colour Naming condition time. HSCT, Hayling Sentence
Completion Test : I, Condition 1 time; II, Condition 2 time; III, Error Scaled score. TMT, Trail Making Test : I, Visual Scanning
time; II, Number Sequencing time; III, Letter Sequencing time; IV, Number–Letter Switching time; V, Motor Speed time.
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The specificity of executive impairment

As shown in Table 3, there was a significant
difference between the groups on the time taken
to complete sentences with a word that does not
fit, once the time taken to complete sentences
with a word that does fit was taken into account
(HSCT condition 2 time, covarying for condition
1 time) [F(2, 73)=14.894, p<0.001, MS(group)=
9633.626]. Post-hoc analysis of the group mar-
ginal means showed that the BP patients took
significantly longer than both UP patients and
controls to complete sentences with a word that
does not fit, even after controlling for the time
taken by each group to complete sentences with
words that do fit. There was no significant dif-
ference between the UP and control groups. The
residuals for the other two ANCOVAs (see
Table 3) were not normally distributed, and so
the results were not considered valid and are not
reported.

The ANCOVA of HSCT condition 2 times
(with condition 1 times as a covariate) was re-
peated with age, pre-morbid IQ, state anxiety
and gender as additional covariates. The mar-
ginal means from this analysis indicated that BP
patients remained impaired relative to both UP
patients (mean difference=27.246, S.E.=8.855,
p=0.009) and controls (mean difference=
32.545, S.E.=8.408, p=0.001), even following
Bonferroni correction [overall : F(2, 66)=8.415,
p=0.001, MS(group)=5004.640].

The effect of current mental state
on performance

The only measure that showed a significant
correlation between mental state measures and
performance was the HSCT condition 1 time,

which correlated negatively with GAS score
(r=x0.334, p=0.043). This means that poorer
current levels of daily functioning were associ-
ated with longer response times on condition 1
of the HSCT, although the size of the corre-
lation coefficient is modest. A complete set of
correlation coefficients for these analyses is
available, on request from the authors.

The effect of medication on performance

KW analyses limited to unmedicated patients
are shown in Table 4. Statistically significant
effects of group on performance were found for
condition 2 of the HSCT, the error scaled score
of the HSCT, and the motor speed condition
of the TMT. Individual group comparisons
showed that the unmedicated BP patients were
significantly slower than controls on condition 2
of the HSCT (U=9.0, n=44, p=0.004) and pro-
duced more frequent and severe errors on the
HSCT (U=12.0, n=44, p=0.003).

Inclusion ofmedication status as an additional
factor in assessing the independence of executive
impairments of attention performance did not
alter the results of the HSCT analysis. The BP
group remained impaired relative to both theUP
group (mean difference=37.887, S.E.=10.180,
p<0.001) and controls (mean difference=
45.296, S.E.=8.473, p<0.001). ANCOVA with
unmedicated patients alone produced non-
normal residuals (KS statistic=0.178, df=48,
p=0.001).

DISCUSSION

In a well-described, representative and narrowly
defined sample of individuals with a history of

Table 3. ANCOVA of executive performance following the inclusion of attention measures
as covariates

Principal measure Covariates
KS

Statistic
KS

Probability ANCOVA F
ANCOVA
p value

Post-hoc
tests

CWIT Inhibition (i) CWIT Word Reading 0.100 0.047 — — —
(ii) CWIT Colour Naming

TMT Number–Letter
Switching

(i) TMT Number Sequencing 0.119 0.006 — — —
(ii) TMT Letter Sequencing

HSCT Condition 2 Time HSCT Condition 1 Time 0.099 0.057 14.894 <0.001 C<BP,
UP<BP

ANCOVA, Analysis of covariance; KS, Kolmogorov–Smirnov; CWIT, Colour-Word Interference Test ; TMT, Trail Making Test ; HSCT,
Hayling Sentence Completion Test ; C, controls ; BP, bipolar patients ; UP, unipolar patients.
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major affective illness, who were not currently
experiencing an episode of affective illness, we
have demonstrated attention and executive
impairments compared to healthy controls with
no history of affective disorder. Where we could
make a valid assessment, the impairments re-
mained in the BP group even when the potential
confounding effects of gender, state anxiety and
pre-morbid IQ were taken into account. How-
ever, age was significantly correlated with execu-
tive performance in controls on the inhibition
condition of the CWIT, and differences between
patients and controls disappeared after con-
trolling for age on this condition.

Effects of mental state on performance

The relationship between mental state and
neuropsychological performance was assessed
within the patient groups using correlation
analysis. This suggested that neuropsychologi-
cal impairments were not attributable to mental
state effects. These data corroborate existing
evidence that these neuropsychological impair-
ments may persist outside periods of acute ill-
ness (Ferrier et al. 1999; Clark et al. 2002). The
presence of neuropsychological impairments in a
sample in relative clinical remission (as suggested
by lowHRSD, low YMS, and high GAS scores),
which are largely not correlated with measures
of current clinical state, supports the assertion
that these impairments may be a core and en-
during feature of affective illness and not simply
secondary to mood pathology. As such, these

cognitive impairments may be a consideration
for health-care professionals when deciding the
best way to provide information and advice
to patients and may be a productive target for
non-pharmacological interventions such as cog-
nitive therapies.

Had mental state measures been available for
the control group, it would have been possible
to include mental state measures as covariates in
the statistical analyses. This approach has been
used, notably in a recent paper by Thompson
et al. (2005). The results of this study, which
showed greater statistical power than previous
studies, support the findings of previous studies
as outlined above.

Effects of medication on performance

It may be that impairments, including impair-
ments in executive function, were secondary
to the effects of medications used either indi-
vidually or in combination. Evidence of neuro-
psychological impairments in the relatives of
those with affective illness (Gourovitch et al.
1999; Keri et al. 2001; Ferrier et al. 2004) and in
unmedicated patients (Swann et al. 1999; Den
Hartog et al. 2003; Porter et al. 2003) does exist,
suggesting that neuropsychological impairments
are not likely to be entirely attributable to
medication status or history. However, Frangou
et al. (2005a) have reported that current anti-
psychotic use predicts worse executive function
performance in BP patients, although the effect
of psychotic symptomatology is a potential

Table 4. Analysis of neuropsychological test performance in unmedicated patients and controls

Test Measure

Group performance
[median (interquartile range) mean rank]

p U tests
Control (C)
(n=40)

Unipolar (UP)
(n=4)

Bipolar (BP)
(n=5)

Colour-Word Inhibition (s) 45 (14) 24.52 54.5 (29.25) 30.88 41 (4.25) 17.88 0.421 —
Interference Test Word Reading (s) 17.5 (5) 23.56 21 (9.5) 29.00 20.5 (7.5) 29.38 0.580 —

Colour Naming (s) 25.5 (5.75) 23.73 29 (8.75) 33.00 25 (6.25) 23.75 0.445 —

Hayling Sentence
Completion Test

Condition 1 Time (s) 3 (5) 23.29 5 (5) 27.12 7 (11.5) 34.00 0.313 —
Condition 2 Time (s) 11.5 (15.25) 22.54 12.5 (33.25) 25.00 47.5 (105.25) 43.63 0.016 C<BP
Error Scaled Scorea 7 (1) 25.74 7.5 (4.75) 30.50 2.5 (4) 6.13 0.012 C>BP

Trail Making Test Visual Scanning (s) 18.5 (8) 24.83 14 (8.75) 11.63 21.5 (7.5) 34.13 0.069 —
Number Sequencing (s) 23.5 (9) 23.15 30.5 (12) 28.63 33.5 (14.75) 33.88 0.283 —
Letter Sequencing (s) 25 (8.75) 23.09 26.5 (13.25) 27.88 30.5 (11.50) 35.25 0.222 —
Number–Letter Switching (s) 55.5 (26.5) 23.39 59.5 (52.25) 27.38 70.5 (88) 32.75 0.404 —
Motor Speed (s) 22.5 (8.5) 22.10 30.5 (30.25) 35.00 30.5 (7.75) 38.00 0.028 —

a Lower HSCT error scaled scores indicate impaired performance and an increased error rate.
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confounder. Neuroleptics do appear to impair
the performance of healthy volunteers (Peretti
et al. 1997), and lithium may slow reaction times
in healthy individuals (Linnoila et al. 1986).

We attempted to provide some assessment of
the impact of medication effects on our results by
assessing performance in unmedicated patients
alone and by including medication status as a
between-subjects factor in ANCOVA of execu-
tive performance. The patterns of impairment
found were similar to those found in medicated
patients, despite a very small unmedicated sam-
ple. While this is not conclusive, we consider it
to be a strong indication that our main findings
are robust to the possible effects of the medi-
cations used in this sample.

Executive function and bipolarity

An important distinction between this study and
existing studies was the use of covariate analysis
to control for the effects of attention impairment
on executive performance. The finding that
executive impairments, beyond those attribu-
table to attention impairments, are both present
and large in BP patients reinforces an emerging
consensus within the literature that executive
impairments are a key feature of BP disorder.

This is of interest because executive impair-
ments in the BP group were significantly larger
than those in theUP group, even once differences
in attention performance had been included
in the analysis. This suggests the possible pres-
ence of a single dissociation between UP and
BP illness in terms of neuropsychological per-
formance, although similar findings in a non-
medicated sample would be needed to confirm
this.

The potential importance of the HSCT find-
ings is reinforced by a recent study by Frangou
et al. (2005b). In this study, both BP patients
and their unaffected relatives made more errors
on the HSCT than healthy controls. This sug-
gests that impaired HSCT performance may
not be secondary to illness onset or medication,
but may reflect an underlying feature of affective
illness pathology and so constitute an endo-
phenotype.

It should be noted that, while we report im-
pairments on some measures of ‘executive func-
tion’, findings are heterogeneous both within
and between studies. Frequently, the same
sample will show large impairments on some

executive function measures, with much smaller
impairments, or none at all, on other executive
measures. This is illustrated in a recent meta-
analysis (Robinson et al. 2006), which also
reports that heterogeneity is much less pro-
nounced within measures. This suggests that
executive impairment in BP disorder is not a
generalized feature of the illness but is likely
to be associated with more specific cognitive
systems.

One possible interpretation of the specific
HSCT impairment in BP patients is that a per-
petual failure of inhibitory control becomes,
somehow, unmasked during periods of acute
mania, resulting in symptoms such as pressured
speech, reckless behaviour and distractibility.
However, this interpretation needs to be tested,
perhaps by correlating executive performance
with lifetime measures of the presence and/or
severity of manic symptoms.

The effect of attention on performance on
executive function measures illustrates the im-
portance of not considering neuropsychological
measures as truly independent of one another.
This is particularly important when considering
higher-order cognitive functions; the measure-
ment of higher-order cognitive functions is
contingent on the integrity of lower-order pro-
cesses. Hence, researchers must consider care-
fully the wealth of data obtained from neuro-
psychological test batteries. It is imperative
that the data obtained from these tests and the
relationships between measures of specific as-
pects of performance are looked at in greater
detail to try to tease apart, with some precision,
the specific cognitive deficits associated with
different psychiatric illnesses.

Need for further research

Our demonstration of the presence of a possible
single dissociation between UP and BP individ-
uals clearly requires replication in similarly well-
defined and unselected independent samples.

Our findings may have utility outside neuro-
psychological investigations in that knowledge
of more specific impairments allows more re-
fined analysis at both the neurological and the
phenotypic level. We are currently investigating
relationships between the clinical features of
illness and neuropsychological performance in
order to refine our understanding of the neuro-
psychological structure of affective illness.
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Our study is cross-sectional and cannot deter-
mine whether the observed neuropsychological
deficits, including the single dissociation, are a
cause or consequence of the presence or course
of affective illness. There is a need for longi-
tudinal studies beginning in the pre-morbid
state (using, for example, high-risk samples).
Family studies of executive function and atten-
tion in UP and BP disorder may also help to
assess whether the pattern of neuropsycho-
logical performance is an endophenotype (or
vulnerability factor) in affective illness, or is
secondary to illness development. If shown to be
associated with liability toUP/BP, cognitive per-
formance could be useful in aetiological studies,
such as molecular genetic investigations, and
early intervention studies.

Neuropsychological impairments may have
an influence on functional recovery (e.g. Atre-
Vaidya et al. 1998), and so may be considered
as a target for pharmaceutical intervention.
Given this, it is important to consider their role
both independently of illness presentation and
as a possible clinical feature of aetiological im-
portance.
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