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Persistent Neuropsychological Deficit
in Euthymic Bipolar Patients:

Executive Function as a Core Deficit

Maria Mur, M.D.; Maria J. Portella, Ph.D.; Anabel Martínez-Arán, Ph.D.;
Josep Pifarré, M.D., Ph.D.; and Eduard Vieta, M.D., Ph.D.

Objective: To characterize neuropsychological
deficits during the euthymic phase in a sample
of bipolar outpatients treated with lithium as the
principal mood-stabilizer medication. We sought
to determine cognitive functioning of typical bi-
polar outpatients treated in clinical settings.

Method: Forty-four stable outpatients, fulfill-
ing criteria of bipolar disorder (DSM-IV), were
consecutively recruited from a defined catchment
area and compared with 46 healthy matched con-
trols in 2003. Patients were remitted for at least
3 months and euthymic (Hamilton Rating Scale
for Depression score < 8 and Young Mania Rating
Scale score < 6 for at least 3 months). They were
receiving lithium as monotherapy (45.5%) or
combined with other psychotropic medication
(54.5%). Neuropsychological assessment was
performed by means of a neuropsychological test
battery tapping into the main cognitive domains
(executive function, attention, processing speed,
verbal memory, and visual memory).

Results: Multivariate analysis of variance
showed that euthymic bipolar patients performed
significantly worse than controls in measures of
executive function (F = 2.57, df = 4,82; p = .04)
and inhibition (F = 3.83, df = 2,84; p = .03), after
controlling for subclinical symptomatology, years
of education, and premorbid intelligence quotient.
Processing speed also differed significantly be-
tween groups (F = 3.73, df = 2,84; p = .03). The
subgroup of patients on lithium monotherapy
(45.5%) differed significantly from healthy
matched controls on tasks of lack of inhibition
(F = 5.8, df = 2,36; p = .007). Executive tasks
showed between-subject effects.

Conclusions: These results suggest that im-
paired executive function and loss of inhibition
might be an important feature of bipolar disorder
regardless of the severity of the disease or the
effects of medication. Also, these executive-type
cognitive traits may constitute an endophenotype
for further studies on the etiology of bipolar
disorder.
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growing body of evidence suggests that bipolar
patients exhibit neuropsychological impairmentA

that persists even during the euthymic state.1–10 The most
common purpose of the studies published so far was to
identify the cognitive functions that are more impaired
and the clinical factors related to this impairment (i.e., to
identify the cognitive functions and the associated clinical
factors that have more implications on the psychosocial
functioning). A number of recent reviews11–14 summarize
the main results and suggest that euthymic patients seem
to show a neuropsychological impairment involving ver-
bal memory, attention, and executive function.

The majority of these studies were conducted in ter-
tiary settings. Thus, previous works may have exhibited a
bias toward greater severity when selecting patients and,
consequently, toward polypharmacy and other confound-
ing variables (e.g., side effects, interactions).7,15 In con-
trast, the study of euthymic outpatients followed during
a given period of time in a naturalistic way (for instance,
in a lithium clinic) might give the opportunity to assess
the cognitive impairment of more representative subjects.
These outpatients would presumably be receiving more
homogeneous treatments and not selected by their sever-
ity. Also, these individuals could show adherence to treat-
ment and be at good disposition of being followed-up.

The use of lithium as a mood stabilizer is still the first-
choice treatment for bipolar disorder,16,17 and its efficacy
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has been proved and accepted.18 It appears that lithium at
therapeutic doses generally does not exert a significant
negative effect on cognition,19 but neither is there evi-
dence of improved cognitive performance when related
factors are considered.20 In any case, it is difficult to con-
trol the effect of drugs on cognition. In bipolar disorder,
this becomes even more difficult because bipolar patients
are usually treated with more than one drug class.21

The aim of this study is to determine the neuropsycho-
logical performance of euthymic bipolar outpatients from
a lithium clinic that covers an entire health area. This
approach is of particular relevance because it implies
assessing the cognitive functioning of typical bipolar out-
patients treated in clinical settings.

METHOD

Subjects
Patients were enrolled into the study from the Lithium

Clinic Program at Hospital Santa Maria, Lleida, Spain.
This hospital covers the whole health area, about 140,000
inhabitants. All patients from the Lithium Clinic during
2003 were considered: there were 106 outpatients, 84 of
whom had bipolar I or bipolar II disorder diagnoses and
50 of whom met inclusion criteria. Inclusion criteria re-
quired that patients fulfilled DSM-IV criteria for bipolar I
or II disorder in remission for at least 3 months. Outpa-
tients were described as being in remission if they were
clinically stable according to their treating physician for
at least 3 months prior to assessment and had been on the

same treatment regimen over the same period of time. In
addition, following a recent review,22 patients were char-
acterized as euthymic if they had a total Hamilton Rating
Scale for Depression (HAM-D; 17-item23) score below
8 and a total Young Mania Rating Scale (YMRS24) score
below 6 for at least 3 months at the time of assessment.
Exclusion criteria were the following: significant physical
or neurologic illness, substance abuse or dependence
in the last 12 months, electroconvulsive therapy (ECT)
in the preceding year, and cotreatment with any mood-
stabilizing medication other than lithium.

The final sample included 46 outpatients who agreed
to participate and who were evaluated at a full clinical in-
terview by a psychiatrist, the evaluation including demo-
graphic, clinical, and treatment characteristics (see Figure
1). Two patients had to be excluded from the sample (one
because of a vascular brain illness and the other because
his intelligence quotient was below 1 standard deviation
[IQ < 80]). Therefore, 44 bipolar outpatients (22 male, 22
female, aged 18–65 years) were included. All patients had
blood and urine tests, including thyroid function, serum
lithium levels, and urine drug control. The study was
approved by the Local Ethics Committee, and written
informed consent was obtained from all participants (pa-
tients and healthy controls).

Forty-six healthy controls, matched in terms of gender
and age, were recruited with advertisements and from
nonmedical hospital staff. Controls had no current or past
psychiatric history, as determined by the Structured Clini-
cal Interview for DSM-IV Axis I Disorders.25 They had no
first-degree relatives with bipolar or psychosis diagnoses.
Control subjects underwent the same exclusion criteria
as the patients and were assessed at the same full clinical
and demographics interview by a trained psychiatrist.

Demographic and Clinical Data
The demographic and clinical data were systematically

obtained and included the following variables: age, gen-
der, years of education, current job status, and family his-
tory of mental illness. For bipolar outpatients, the follow-
ing variables were also obtained: age at onset, duration of
illness, age at first psychiatric hospitalization, number of
prior manic episodes and hospitalizations, years of stabili-
zation, presence or absence of rapid-cycling pattern, pres-
ence or absence of psychotic symptoms, presence or ab-
sence of seasonal pattern, presence or absence of suicide
attempts, and subtypes of bipolar diagnoses (I or II).

All outpatients were receiving lithium as the only
mood-stabilizing medication (dose, 400–1600 mg/day;
mean, 1109 mg/day; serum lithium levels, 0.20–1.00
mmol/L; mean, 0.68 mmol/L). The mean duration of
treatment with lithium was 51/2 years (range, 0.5–18
years). Lithium was given as strictly monotherapy in 20
patients; 13 patients were also receiving standard doses
of antidepressants (11 received SSRIs and 2, tricyclic
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Lithium + Other Treatments
(except other mood stabilizers)

N = 24

Patients Ruled Out
After Evaluation

N = 2
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Figure 1. Flow Diagram of Patients Selected for the Study
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antidepressants), and 9 were taking antipsychotics plus
lithium (8 received second-generation antipsychotics:
olanzapine up to 10 mg/day or risperidone up to 3
mg/day). Finally, 2 patients were taking lithium with anti-
depressant and antipsychotic drugs. Thus, the present
series was not an excessively medicated group.26

Assessments
Neuropsychological assessment. Although previous

results seem to indicate that tests sensitive to executive
functioning should be considered, given the link to psy-
chosocial functioning,4 we chose neuropsychological
tests that were frequently documented in previous litera-
ture.13 Therefore, our battery included neuropsychologi-
cal tests that tapped into broad cognitive categories in
order to provide a more general pattern of cognition.
Neuropsychological testing lasted approximately 2 hours
and was administered and evaluated by a trained neuro-
psychologist. The administered tests were the following
(detailed references of these tests can be found in
Martínez-Arán et al.8 and Lezak et al.27):

• Wisconsin Card Sorting Test (WCST), to assess
executive function and perseverative behavior

• Stroop Color and Word Test, to evaluate selective
attention and inhibition capacity

• FAS verbal fluency test, to assess executive
function

• Digit span subtest from the Wechsler Adult Intel-
ligence Scale (WAIS-III), to evaluate attention
(digits forward) and working memory (digits
backward)

• Trail Making Test (TMT), to evaluate processing
speed (TMT-A) and cognitive flexibility (TMT-B)

• Continuous Performance Test (CPT-II), to evalu-
ate sustained attention, processing speed, and per-
severative behavior

• California Verbal Learning Test (CVLT), to evalu-
ate verbal learning, recall, and recognition

• Rey-Osterrieth Complex Figure (ROCF) Test, to
evaluate visual memory

The estimated mean intelligence quotient of the sub-
jects was obtained from the weighted scores of Vocabu-
lary and Block Design subtests (WAIS-III28). These 2
scores are the most highly correlated with the total IQ.

Psychosocial functioning. Bipolar disorder impacts
social functioning, employment, and work productivity.
Thus, in this study we considered the working situation:
active (which included those subjects with a full-time
or partial-time job, students, and housewives), inactive
(those unemployed or temporary sick leave), or retire-
ment (permanent sick leave or pensioner). Also, patients
were assessed with the Global Assessment of Functioning
Scale (GAF18) to obtain information about the global

activity. This scale is widely used to measure psychoso-
cial functioning.29

Statistical Procedures
Data analyses were carried out with the statistical

package SPSS 14.0 for Windows (SPSS, Inc.; Chicago,
Ill.). Comparisons between groups of sociodemographic
characteristics were accomplished with a univariate
analysis of variance (ANOVA), by examining a single
factor of group (outpatients vs. healthy controls); Student
t tests and nonparametric tests were used when needed.
Two-tailed tests were used for all of the analyses, and
statistical significance was defined as p < .05.

Following Lezak et al.,26 all neuropsychological
tasks were sorted out by cognitive domains: executive
function, attention, processing speed, verbal memory,
and visual memory. Since all cognitive variables met the
criteria of normality, parametric tests were applied. Thus,
separate multivariate analyses of variance (MANOVAs)
were performed for each cognitive domain to protect
against inflation of type I error; covariates (those
clinical and demographic variables that showed signif-
icant differences between groups) were included to con-
trol their effects (multivariate analysis of covariance
[MANCOVA]): estimated premorbid IQ, years of educa-
tion, and presence of subclinical manic symptomatology.
The 4 following measures were the dependent variables
for the executive function MANCOVA: digit span back-
ward, TMT-B, FAS (total score), and number of catego-
ries on the WCST. The inhibition domain included the
number of perseverative errors on the WCST and inhibi-
tion on the Stroop task (the decision to examine inhibi-
tion isolated from the executive domain was made for a
better pragmatic comprehension of the multivariate re-
sults). For the attention domain analysis, dependent vari-
ables were digit span forward, detectability index of the
CPT, and Stroop task interference. The processing speed
domain incorporated the TMT-A and hit reaction time in
the CPT. The verbal memory domain took into account
first trial of the CVLT, total number of learned words on
the CVLT, short- and long-term recall, and recognition.
Finally, visual memory was delimited by short- (immedi-
ate) and long-term (delayed) recall on the ROCF Test.
Significant multivariate F ratios were followed by cor-
responding univariate comparisons (tests of between-
subject effects).

Analyses of executive function, inhibition, attention,
processing speed, verbal memory, and visual memory
data were also performed in a subset of patients who
were receiving only lithium (N = 20) compared with
20 healthy matched controls (in terms of age, years of
education, and premorbid IQ). Separate multivariate
analyses including subclinical manic symptomatology
as a covariate (MANCOVAs) were performed for each
cognitive domain.
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We analyzed cognitive impairment related to clinical
variables, psychosocial functioning, and lithium-related
variables in the group of bipolar patients. Given that the
low-level mood symptoms may impact cognitive func-
tion, partial correlations were carried out for quantitative
variables (HAM-D and YMRS scores were controlled
for). The association analyses between qualitative vari-
ables were performed by using Spearman correlation. In
order to allow multiple testing, the significance level for
these analyses was established at p = .005 (2-tailed).

RESULTS

Clinical and Psychosocial Assessment
The demographic and clinical characteristics for the

euthymic bipolar group and control group are shown in
Table 1. The 2 groups did not differ with respect to gen-
der and age, but they did differ in terms of years of edu-

cation and estimated premorbid IQ. Also, differences
between groups were found in YMRS scores but not in
HAM-D scores, which suggests the presence of subclini-
cal manic symptomatology in the bipolar group. With
regard to other demographic data (work situation), the
group of bipolar patients showed worse psychosocial
adaptation. None of the patients showed positive results
in any of the variables of the blood and urine tests.

For the second set of MANCOVAs, differences be-
tween the selected and nonselected patients were ana-
lyzed. Remitted bipolar outpatients on lithium mono-
therapy (N = 20) did not differ from those outpatients
receiving lithium plus other medications (N = 24) in al-
most any of the variables (data not shown), except the
patients treated with lithium, who had been stable for
a longer time (F = 7.23, df = 1,42; p = .01), were less
depressed (F = 4.44, df = 1,42; p = .04), and had better
global functioning (F = 7.29, df = 1,42; p = .01). On the

Table 1. Demographic and Clinical Variables for Euthymic Bipolar Patients and Healthy Controlsa

Variable Tested Euthymic Bipolar Patients (N = 44) Healthy Controls (N = 46) Statistic p

Age, y 42.59 (13.0) 42.22 (12.4) t = 0.14 NS
Gender, N χ2 = 0.00 NS

Male 22 23
Female 22 23

Job situation, N χ2 = 9.9 .007
Active 24 39
Inactive 7 3
Retirement/disability 13 4

Family history of mental illness, N χ2 = 24.05 < .001
No 8 32
Yes 36 14

GAF score 71.59 (9.4) NA
Education, y 10.5 (3.2) 12.5 (3.4) t = –2.86 .005
Estimated premorbid IQ 96.1 (11.3) 107.9 (9.1) t = –5.47 < .001
Clinical variables

YMRS score 1.8 (2.3) 0.7 (0.9) t = 3.01 .003
HAM-D score 1.8 (1.8) 1.4 (1.4) t = 1.31 NS
Age at onset, y 25.6 (11.5) NA
No. of hospitalizations 2.77 (3.34) NA
Chronicity, y 16.9 (11.67) NA
Total no. of manic episodes 2.45 (2.5) NA
Age at first hospitalization, y 29.7 (10.99) NA
Years of stabilizationb 3.4 (3.1) NA
Psychotic symptoms, N NA

Presence 31
Absence 13

Seasonal pattern, N NA
Presence 27
Absence 17

Rapid-cycling pattern, N NA
Presence 1
Absence 43

Suicide attempts, N NA
Presence 18
Absence 26

Lithium
Years treated with lithium 5.5 (3.9) NA
Serum lithium level, mmol/L 0.68 (0.19) NA
Lithium dose, mg/d 1104.6 (257) NA

aValues shown as mean (SD) unless otherwise noted.
bRank of period of stabilization from 3 months to 120 months.
Abbreviations: GAF = Global Assessment of Functioning, HAM-D = Hamilton Rating Scale for Depression, NA = not applicable,

NS = not significant, YMRS = Young Mania Rating Scale.
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other hand, the 20 lithium-treated patients did not
differ from the 20 healthy matched controls with respect
to gender and age, years of education, or estimated
premorbid IQ.

Neuropsychological Assessment
Group comparisons: 44 remitted bipolar outpatients

vs. 46 healthy controls. After controlling for covariates
(subclinical symptoms measured with YMRS scores, years
of education, and estimated premorbid IQ), MANCOVA
revealed that euthymic bipolar outpatients differed from
healthy subjects on tasks of the executive domain (F =
2.57, df = 4,82; p = .04). As shown in Table 2, euthymic
bipolar outpatients performed significantly worse on the
digit backward and the TMT-B. As revealed by multi-
variate F ratios, the groups differed in the inhibition do-
main (F = 3.83, df = 2,84; p = .03). Inspection of univari-
ate comparisons revealed that bipolar outpatients showed
lack of inhibition on the Stroop task. Finally, MANCOVA
showed that processing speed also differed between
groups (F = 3.73, df = 2,84; p = .03). Tests of between-
subjects effects indicated that, as compared to healthy con-
trols, remitted bipolar outpatients were slower on TMT-A
and CPT-II performance. In contrast, the MANCOVAs
carried out to compare group performances on attention,
verbal memory, and visual memory failed to reach statisti-
cal significance (p > .12).

Group comparisons: 20 remitted bipolar outpatients
on lithium monotherapy vs. 20 healthy matched controls.
MANCOVAs revealed that remitted bipolar outpatients on
lithium monotherapy differed significantly from healthy
matched controls on those tasks looking at inhibition
(F = 5.8, df = 2,36; p = .007). As displayed in Table 3, ex-
amination of univariate analyses indicated that bipolar out-
patients responded more impulsively on the Stroop task. In
contrast, the MANCOVA comparing group performance
on executive tasks did not reach statistical significance
(F = 2.15, df = 4,34; p = .1), although, as observed in Table
3, digit forward, verbal fluency, and TMT-B scores showed
between-subject effects. The MANCOVAs comparing per-
formance on attention, processing speed, verbal memory,
or visual memory did not show significant effects.

Association Results (N = 44)
The results of association analyses between neuropsy-

chological variables and psychosocial, clinical, and labo-
ratory variables are shown in Table 4. As suggested by
Robinson and Ferrier,22 the following clinical variables
were considered: age at onset, duration of the illness, num-
ber of hospitalizations, number of manic episodes, and
time of stabilization. We selected the neuropsychological
variables in which bipolar patients demonstrated impair-
ment relative to healthy comparison subjects: digit back-
wards, TMT-A, TMT-B, Stroop inhibition, and CPT-II hit

Table 2. Neuropsychological Test Results: Comparison of Euthymic Bipolar Patients and Healthy Controls

Euthymic Bipolar Healthy Controls p Value

Neurocognitive Test Patients (N = 44)a (N = 46)a F (group)b Group IQ YE YMRS

Executive domain
Digits backward 4.5 (1.6) 6.2 (1.9) 4.44 .04 .001 .01 .04
TMT part B 99.3 (46.6) 61.1 (22.5) 6.13 .01 .02 < .001 .02
FAS 36.0 (11.9) 45.0 (10.5) 2.82 .09 .005 .007 .09
WCST no. of categories 3.9 (1.9) 5.4 (1.2) 2.73 .1 .008 .3 .1

Inhibition domain
Stroop inhibition 35.8 (9.9) 45.0 (7.6) 7.39 .008 .06 .02 .9
Perseverative errors on WCST 27.4 (19.7) 15.9 (10.9) 1.55 .2 .008 .04 .6

Attention
Digits forward 7.5 (1.9) 8.9 (1.7) 2.1 .2 .001 .3 .5
Detectability on CPT-II 0.9 (0.5) 0.9 (0.4) 0.02 .9 .6 .6 .8
Stroop interference –0.8 (6.5) 1.2 (5.4) 0.3 .6 .4 .1 .7

Processing speed
TMT part A 47.3 (19.9) 30.8 (13.9) 4.84 .03 .02 .02 .9
Hit RT on CPT-II 472.3 (82.7) 426.3 (66.0) 4.05 .05 .4 .03 .3

Verbal memory
CVLT first trial 6.5 (1.8) 6.8 (1.5) 0.26 .6 .2 .03 .8
CVLT total words 49.9 (10.7) 54.4 (7.6) 0.00 .99 .1 < .001 .9
CVLT immediate recall 10.4 (3.2) 11.6 (2.3) 0.1 .7 .03 < .001 .6
CVLT delayed recall 10.7 (3.3) 12.5 (2.2) 1.2 .3 .2 < .001 .4
CVLT recognition 14.2 (1.6) 14.9 (1.3) 0.9 .3 .3 .004 .9

Visual memory
ROCF immediate 18.3 (5.9) 23.0 (4.9) 3.72 .06 .04 .001 .6
ROCF delayed 17.4 (5.6) 22.3 (5.3) 4.53 .04 .02 .006 .4

aValues shown as mean (SD).
bTests of between-subject effects from the multivariate analyses of variance.
Abbreviations: CPT-II = Continuous Performance Test II, CVLT = California Verbal Learning Test, FAS = verbal fluency test,

ROCF = Rey-Osterrieth Complex Figure Test, RT = reaction time, TMT = Trail Making Test, WCST = Wisconsin Card Sorting Test,
YE = years of education, YMRS = Young Mania Rating Scale.
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reaction time. Also, laboratory variables related to lithium
were included. For the study of association between lith-
ium-related variables and neuropsychological variables, 8
patients were excluded because the time interval between
the neuropsychological assessment and the blood test was
longer than 20 days.

As can be observed in Table 4, no clear relations
came up from the partial correlations between clinical/

Table 3. Neuropsychological Test Results: Comparison of Euthymic Bipolar Patients Treated With Lithium Monotherapy and
Healthy Controls

Bipolar Patients Healthy Controls p Value

Neurocognitive Test With Lithium (N = 20)a (N = 20)a F (group)b Group YMRS

Executive domain
Digits backward 4.5 (1.5) 5.7 (2.1) 5.2 .03 .5
TMT part B 82.7 (28.4) 64 (23.1) 3.9 .05 .8
FAS 36.9 (11.6) 44.5 (9.7) 4.9 .03 .6
WCST no. of categories 3.8 (2.3) 5.4 (1.2) 2.9 .09 .02

Inhibition domain
Stroop inhibition 35.6 (7.8) 44.9 (6.4) 10.7 .002 .1
Perseverative errors on WCST 23.7 (17.4) 16.7 (10.6) 2.3 .1 .8

Attention
Digits forward 7.4 (1.8) 8.8 (1.9) 4.6 .04 .8
Detectability on CPT-II 1.07 (0.3) 0.9 (0.3) 0.3 .6 .8
Stroop interference –1.8 (5.4) 0.5 (4.4) 0.6 .5 .1

Processing speed
TMT part A 40.5 (15.1) 35.9 (17.6) 1.0 .3 .6
Hit RT on CPT-II 470.4 (72.1) 418.2 (51.7) 3.0 .1 .4

Verbal memory
CVLT first trial 7.0 (1.7) 6.7 (1.4) 0.4 .5 .9
CVLT total words 52.5 (9.1) 52.4 (7.1) 0.02 .9 .8
CVLT immediate recall 10.9 (2.8) 10.6 (2.1) 0.01 .9 .6
CVLT delayed recall 11.3 (2.6) 12.1 (2.3) 0.9 .4 .8
CVLT recognition 14.7 (1.2) 14.9 (1.4) 0.3 .6 .8

Visual memory
ROCF immediate 20.0 (5) 22.5 (4.6) 2.6 .1 .7
ROCF delayed 18.9 (4.6) 21.7 (5.5) 3.4 .07 .5

aValues shown as mean (SD).
bTests of between-subject effects from the multivariate analyses of variance.
Abbreviations: CPT-II = Continuous Performance Test II, CVLT = California Verbal Learning Test, FAS = verbal fluency test,

ROCF = Rey-Osterrieth Complex Figure Test, RT = reaction time, TMT = Trail Making Test, WCST = Wisconsin Card Sorting Test,
YE = years of education, YMRS = Young Mania Rating Scale.

laboratory and neuropsychological variables. Addition-
ally, the associations that reached significance (p < .005)
were not expected: the earlier the onset of the illness, the
lesser the impairment. For this reason, we looked for
a confounding variable that could explain the lack of as-
sociation. We found that age correlated with all the neuro-
psychological tests (p < .002) as well as with all the clin-
ical variables (age at onset, p < .001; chronicity, p < .001;

Table 4. Associations Between Neuropsychological Variables and Clinical, Psychosocial, and Lithium-Related Variables
Executive Domain Processing Speed Domain

Variable Digits Backwards TMT-B Inhibition Stroop TMT-A Hits RT on CPT-II

Clinicala

Age at onset (y) –0.38* 0.46* –0.23 0.36 0.10
Duration of the illness (y) 0.08 0.19 –0.30 0.34 0.27
No. of hospitalizations –0.24 0.05 –0.08 0.23 –0.001
No. of mania episodes –0.22 0.01 –0.06 0.21 0.01
Time of stability (mo) –0.11 –0.01 –0.10 0.18 0.10

Psychosocial
Work situationb –0.13 0.35 –0.35 0.48* –0.1
GAFa 0.03 –0.1 0.06 –0.25 0.09

Lithium-relateda

Lithium dose 0.05 0.06 –0.03 0.15 –0.23
Years treated with lithium –0.20 0.24 –0.30 0.29 0.16
Serum lithium level –0.44 0.33 –0.31 0.20 –0.09

aPartial correlations controlling for affective low-level symptomatology (Hamilton Rating Scale for Depression and Young Mania Rating Scale
scores).

bAssociation was calculated by means of the Spearman rho.
*Significant correlation at p < .005.
Abbreviations: CPT-II = Continuous Performance Test II, GAF = Global Assessment of Functioning, RT = reaction time, TMT = Trail Making Test.
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and time of stability, p < .004) and with the years of lith-
ium treatment (p < .004), with the exception of the number
of manic episodes, number of hospitalizations, serum lith-
ium levels, and lithium doses. Indeed, when age was con-
trolled for, the few associations and tendencies in the ini-
tial partial correlations disappeared (p > .05). Regarding
the psychosocial variables, there was no clear association
between GAF scores and cognitive impairment (see Table
4). Only the current job situation significantly correlated
with TMT-A performance. Also, there was a tendency be-
tween job situation and TMT-B performance and Stroop
inhibition.

DISCUSSION

The main finding of the present study is that the sample
of lithium-treated euthymic bipolar outpatients displayed
cognitive impairment in the executive domain and in pro-
cessing speed. The cognitive deficits were maintained
even after subclinical symptomatology was controlled for.
These results suggest that the neuropsychological impair-
ment may be an expression of the disease phenotype and
not necessarily bear any relationship with other illness
characteristics such as greater severity of the illness or
polypharmacy. Indeed, when analyses were repeated for
the outpatients treated with lithium monotherapy, the re-
sults showed executive dysfunction, as revealed by the
performance on the Stroop task, where subjects must in-
hibit automatic responses. The differences found in pro-
cessing speed would suggest a more general impairment in
euthymic patients. It is possible that processing speed re-
flected another component of executive dysfunction, as
processing slowness has been reported in patients with
frontal lobe damage.30

A recent review about neuropsychological dysfunction
of bipolar disorder13 suggests that executive-type cogni-
tive traits may constitute a key endophenotype to be con-
sidered in future studies of bipolar disorder. Frangou et
al.10 found that in representative treatment samples of re-
mitted bipolar patients, executive dysfunction and lack of
inhibitory control seemed to be the core deficit. In this re-
gard, frontal executive dysfunctions, determined by the
WCST and the Stroop incongruent condition, have been
recently pointed out in euthymic bipolar patients.31 In a
more specific study, Kronhaus et al.32 have examined
the extent of functional abnormalities in neural systems
subserving executive function by means of Stroop task
performance in a group of remitted bipolar patients. Their
results showed decreased ventral prefrontal activity during
this task, which may highlight prefrontal cortex as a po-
tential candidate for illness-related dysfunction in bipolar
disorder. Therefore, cognitive impairment in patients suf-
fering from bipolar disorder appears to persist throughout
remission and may be characterized by impaired perfor-
mance on tasks involving executive function.

With respect to the sample of euthymic outpatients
assessed in this study, there are some characteristics that
need to be discussed. The criteria for euthymia are not
identical across studies published in the literature. A com-
plete absence of symptoms is not a realistic target for
all patients with bipolar disorder, but establishing a con-
sensus definition of euthymia that can readily be applied
would increase comparability for future studies. Such a
definition might be implemented by considering mea-
sures of clinical scales and, when necessary, by including
subclinical symptomatology as covariates. In the present
study, the criteria for euthymia were established follow-
ing some of the previous works.2,4,8 Among the outpa-
tients, only 2 became euthymic just 3 months before
assessment, and more than half of the sample had been
euthymic for more than 36 months. The fact that most of
the outpatients had been euthymic for a long time might
increase the reliability of the results. Another characteris-
tic that we would like to discuss is that this sample might
be representative of patients who attend a lithium clinic
in any given area, i.e., patients who show some clinical
features such as unified treatment, which makes the sam-
ple more homogeneous. However, these patients also
represent a self-selected population in which at least pa-
tients at high risk of poor outcome are underrepresented.33

Nevertheless, there seems to be an executive dysfunction
in euthymic bipolar outpatients that is independent of se-
verity and of polypharmacy.

In contrast to expectations, our verbal memory results
differed from those of previous findings, which suggested
persistent verbal memory dysfunctions during euthymic
states as a potential cognitive endophenotype.8,22,34 The
present results show that bipolar patients treated for a
long time with lithium, as monotherapy or combined
treatment, had a performance on measures of verbal mem-
ory similar to that of healthy controls. The lack of verbal
memory impairment has been reported in studies that
point to the neuroprotective properties of lithium.35 When
pharmacologic therapy is more complex (i.e., more than 2
drugs), this probably additionally affects cognition, and
particularly verbal memory. In this regard, some authors
have reported that verbal memory was more impaired in
euthymic patients treated with more medications, which
suggests that prophylactic treatment should be simplified
when possible to reduce cognitive impairment in bipolar
patients.36

Regarding the association analyses, no clear relation-
ships were found between performance on neuropsy-
chological tests and other variables. It has to be remarked
that low-level mood symptoms were controlled for, thus
blurring relations found in previous studies. The fact that
no associations were found could be explained in terms
of age at the time of assessment. Younger patients of this
sample were those with earlier age at onset, shorter dura-
tion of illness, and less time of stability. Thus, current
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age affects many of the clinical variables and perfor-
mance on all of the neuropsychological tests (the younger
they are, the better they perform). Nevertheless, an as-
sociation was found between the current job situation and
cognitive functioning: active outpatients displayed better
performance than those who were inactive or retired. This
result would be in agreement with the idea that the exhib-
ited neuropsychological impairment may be a contribu-
tory factor to a poor psychosocial outcome.15,37 Indeed,
it has been described that between 30% and 50% of pa-
tients with bipolar disorder experience significant psy-
chosocial disability that may be linked to persistent cog-
nitive impairment.38

No association between neuropsychological perfor-
mance and lithium-related variables was found. There-
fore, with the present results we are not able to determine
whether the lithium serum levels, the lithium doses, or
the duration of the treatment affect cognition. Lithium has
been well studied in terms of its effects on cognition (for
a review, see Pachet and Wisniewski19), and evidence
of mild impairment in psychomotor speed, verbal mem-
ory, and subjective cognitive complaints has been found
with lithium treatment. As discussed in Pachet and
Wisniewski,19 lithium also appears not to have a negative
effect on visuospatial constructional skills and attention/
concentration and does not have a negative cumulative
effect on cognition. To our knowledge, there has been
only 1 study performed with functional magnetic reso-
nance imaging, tapping into the cognitive impairment of
euthymic bipolar patients treated with lithium as the
unique mood stabilizer.39 That study focused on working
memory and suggested that the neuropsychological def-
icit might be related to the failure in engaging fronto-
executive areas of the brain.

In summary, there exists an executive dysfunction in
euthymic bipolar outpatients undergoing treatment with
lithium. This cognitive impairment may be a potential
endophenotype of bipolar disorder regardless of the se-
verity of the disease or the effects of the medication.
Studies on severity-based and polymedicated populations
might have overestimated impairments in domains such
as memory or learning and their impact on psychosocial
outcome. Thus, psychotherapeutic approaches should ad-
dress the persistent executive difficulties in order to im-
prove the quality of life of bipolar patients. In addition,
it would be desirable to develop cognitive rehabilitation
programs, known to partly remediate the neuropsy-
chological and psychosocial impairments in schizophre-
nia, to bipolar disorder. These programs should explore
benefits across other clinical and therapeutic aspects,
such as insight, compliance, or response to psychological
interventions.

Drug names: lithium (Eskalith, Lithobid, and others), olanzapine
(Zyprexa), risperidone (Risperdal).
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