
BackgroundBackground Persistent neuropsycho-Persistent neuropsycho-

logicalimpairmentshave beenreportedinlogicalimpairmentshavebeenreportedin

the euthymic phase of bipolar affectivethe euthymic phase of bipolar affective

disorder.However, the findingshave beendisorder.However, the findingshave been

confoundedbymultiple episodes, chronicconfoundedbymultiple episodes, chronic

illness andresidualmood symptoms.illness andresidualmood symptoms.

AimsAims To assess sustained attention andTo assess sustained attention and

executive functioning in euthymic youngexecutive functioning in euthymic young

peoplewith bipolar I disorder who hadpeoplewith bipolar I disorder who had

hadnomore thantwo affective episodes.hadnomore thantwo affective episodes.

MethodMethod Thirtyeuthymicpatients (withThirtyeuthymicpatients (with

illness duration of less than 5 years andnoillness duration of less than 5 years andno

more thantwo affective episodes) and 30more thantwo affective episodes) and 30

matchedhealthyindividualswere assessedmatchedhealthyindividualswere assessed

for sustained attention and executivefor sustained attention and executive

functioning.functioning.

ResultsResults The bipolar group (mean ageThe bipolar group (mean age

22.4 years, s.d.22.4 years, s.d.¼2.52; duration of illness2.52; duration of illness

20.87 months, s.d.20.87 months, s.d.¼14.72), showed14.72), showed

impairmentontasks of attention andimpairmentontasks of attention and

executive functioning.Multivariate logisticexecutive functioning.Multivariate logistic

regression analysis demonstrated thatregression analysis demonstrated that

deficits in executive functioningdeficits in executive functioning

differentiated cases fromcontrols.Theredifferentiated cases fromcontrols.There

wasno correlation betweenresidualwasno correlationbetweenresidual

depressive symptoms anddepressive symptoms and

neuropsychologicalperformance.neuropsychologicalperformance.

ConclusionsConclusions Deficits in attention andDeficits in attention and

executive functioningwere present inexecutive functioningwere present in

youngpeoplewho had experienced only ayoungpeoplewho had experienced only a

fewepisodes of bipolardisorder,fewepisodes of bipolardisorder,

suggesting thatthe deficits are possiblysuggesting thatthe deficits are possibly

trait abnormalities.Whether thesedeficitstrait abnormalities.Whether these deficits

worsenwith progression of illness needsworsenwith progression of illness needs

to be examined in longitudinal studies.to be examined in longitudinal studies.

Declaration of interestDeclaration of interest None.None.

Persistent neuropsychological deficits pre-Persistent neuropsychological deficits pre-

sent in the euthymic state of bipolar affec-sent in the euthymic state of bipolar affec-

tive disorder, particularly impairment intive disorder, particularly impairment in

sustained attention, suggest that such defi-sustained attention, suggest that such defi-

cits could be vulnerability trait markers ofcits could be vulnerability trait markers of

the illness (Clarkthe illness (Clark et alet al, 2002, 2005, 2002, 2005aa; Clark; Clark

& Goodwin, 2004; Thompson& Goodwin, 2004; Thompson et alet al, 2005)., 2005).

However, previous studies included olderHowever, previous studies included older

participants with chronic illness and multi-participants with chronic illness and multi-

ple episodes. It is demonstrated that theple episodes. It is demonstrated that the

deficits correlate with both the duration ofdeficits correlate with both the duration of

illness and the number of affective episodesillness and the number of affective episodes

(McKay(McKay et alet al, 1995; Denicoff, 1995; Denicoff et alet al, 1999;, 1999;

ClarkClark et alet al, 2002; Savitz, 2002; Savitz et alet al, 2005). Our, 2005). Our

study examined attention and executivestudy examined attention and executive

functions in young euthymic patients withfunctions in young euthymic patients with

fewer episodes (maximum two) and shorterfewer episodes (maximum two) and shorter

duration of illness (duration of illness (555 years) to confirm5 years) to confirm

that the deficits are not necessarily thethat the deficits are not necessarily the

result of chronicity of illness and multipleresult of chronicity of illness and multiple

affective episodes. We predicted that atten-affective episodes. We predicted that atten-

tion and executive function deficits wouldtion and executive function deficits would

be demonstrable in young people withbe demonstrable in young people with

bipolar disorder in the euthymic statebipolar disorder in the euthymic state

compared with matched healthy controls.compared with matched healthy controls.

METHODMETHOD

The study was conducted in complianceThe study was conducted in compliance

with the guidelines of the ethics committeewith the guidelines of the ethics committee

of the institute, and all participants gaveof the institute, and all participants gave

written informed consent.written informed consent.

SampleSample

Thirty persons who fulfilled the inclusionThirty persons who fulfilled the inclusion

criteria were recruited into the study fromcriteria were recruited into the study from

the out-patient services of the Nationalthe out-patient services of the National

Institute of Mental Health and Neuro-Institute of Mental Health and Neuro-

sciences, Bangalore, India, during thesciences, Bangalore, India, during the

period September 2003 to February 2005.period September 2003 to February 2005.

None of them withdrew from the study.None of them withdrew from the study.

The inclusion criteria were a DSM–IVThe inclusion criteria were a DSM–IV

diagnosis of bipolar I disorder (Americandiagnosis of bipolar I disorder (American

Psychiatric Association, 1994); illness dura-Psychiatric Association, 1994); illness dura-

tion of less than 5 years; a history of notion of less than 5 years; a history of no

more than two affective episodes; age be-more than two affective episodes; age be-

low 30 years; right-handedness; at least 7low 30 years; right-handedness; at least 7

years of formal education; and euthymicyears of formal education; and euthymic

state. Euthymic status was defined as astate. Euthymic status was defined as a

score of less than 6 on the Young Maniascore of less than 6 on the Young Mania

Rating Scale (YMRS; YoungRating Scale (YMRS; Young et alet al, 1978), 1978)

as well as on the 17-item Hamilton Ratingas well as on the 17-item Hamilton Rating

Scale for Depression (HRSD; Hamilton,Scale for Depression (HRSD; Hamilton,

1960). Participants had to be free from1960). Participants had to be free from

active symptoms for at least 8 weeks pre-active symptoms for at least 8 weeks pre-

ceding the assessment and did not fulfilceding the assessment and did not fulfil

DSM criteria for an affective episode. ThisDSM criteria for an affective episode. This

was established by obtaining informationwas established by obtaining information

from the patient, a close relative of thefrom the patient, a close relative of the

patient, and the clinical charts. Exclusionpatient, and the clinical charts. Exclusion

criteria included a Mini-Mental Statecriteria included a Mini-Mental State

Examination (MMSE; FolsteinExamination (MMSE; Folstein et alet al, 1975), 1975)

score below 25; presence of any otherscore below 25; presence of any other

comorbid Axis I disorder including lifetimecomorbid Axis I disorder including lifetime

alcohol and substance misuse; evidence ofalcohol and substance misuse; evidence of

organic brain disorder or neurological dis-organic brain disorder or neurological dis-

order; history of treatment with electro-order; history of treatment with electro-

convulsive therapy; and presence of colourconvulsive therapy; and presence of colour

blindness and any auditory or visualblindness and any auditory or visual

impairment.impairment.

Control groupControl group

Thirty healthy individuals, individuallyThirty healthy individuals, individually

matched with participating patients formatched with participating patients for

age (age (++2 years), gender and years of edu-2 years), gender and years of edu-

cation (cation (++2 years), were recruited by word2 years), were recruited by word

of mouth. They did not have any lifetimeof mouth. They did not have any lifetime

Axis I disorder, had had at least 7 yearsAxis I disorder, had had at least 7 years

of formal education and were right-handed.of formal education and were right-handed.

Controls conformed to the same exclusionControls conformed to the same exclusion

criteria as the participants with bipolar dis-criteria as the participants with bipolar dis-

order. They also had no family history oforder. They also had no family history of

major psychiatric illness (psychosis, affec-major psychiatric illness (psychosis, affec-

tive disorder, suicide or alcohol and sub-tive disorder, suicide or alcohol and sub-

stance misuse) in a first-degree relative.stance misuse) in a first-degree relative.

This was confirmed by unstructured clinicalThis was confirmed by unstructured clinical

interview of those recruited.interview of those recruited.

Clinical assessmentClinical assessment

A diagnosis of bipolar disorder was estab-A diagnosis of bipolar disorder was estab-

lished from several sources – clinical chartslished from several sources – clinical charts

and unstructured clinical interviews of theand unstructured clinical interviews of the

participants and their immediate familyparticipants and their immediate family

members – and confirmed by administra-members – and confirmed by administra-

tion of the Operational Criteria for Re-tion of the Operational Criteria for Re-

search (OPCRIT; McGuffinsearch (OPCRIT; McGuffin et alet al, 1991;, 1991;

WilliamsWilliams et alet al, 1996) and the Mini Interna-, 1996) and the Mini Interna-

tional Neuropsychiatric Interview (MINI;tional Neuropsychiatric Interview (MINI;

SheehanSheehan et alet al, 1998). Global functioning, 1998). Global functioning

was assessed using the Global Assessmentwas assessed using the Global Assessment

of Functioning (GAF; American Psychiatricof Functioning (GAF; American Psychiatric

Association, 1994). Members of the controlAssociation, 1994). Members of the control

group also completed the MINI to rule outgroup also completed the MINI to rule out

the presence of any Axis I psychiatric disor-the presence of any Axis I psychiatric disor-

der. Handedness was determined with theder. Handedness was determined with the

10-item Edinburgh Handedness Inventory10-item Edinburgh Handedness Inventory
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(Oldfield, 1971) and colour blindness was(Oldfield, 1971) and colour blindness was

ruled out using the Ishihara isochromaticruled out using the Ishihara isochromatic

charts. Demographic and clinical character-charts. Demographic and clinical character-

istics of the participants are shown inistics of the participants are shown in

Table 1. At the time of assessment, 19Table 1. At the time of assessment, 19

participants (63%) were taking an anti-participants (63%) were taking an anti-

psychotic drug (olanzapine 8, risperidonepsychotic drug (olanzapine 8, risperidone

6, chlorpromazine 5); 27 (90%) were6, chlorpromazine 5); 27 (90%) were

taking a mood stabiliser (lithium 23, carba-taking a mood stabiliser (lithium 23, carba-

mazepine 2, valproate 2); 1 (3%) wasmazepine 2, valproate 2); 1 (3%) was

taking an antidepressant; and 9 (30%) weretaking an antidepressant; and 9 (30%) were

taking trihexyphenidyl. Sixteen patientstaking trihexyphenidyl. Sixteen patients

(53%) were receiving a combination of a(53%) were receiving a combination of a

mood stabiliser and other drugs and themood stabiliser and other drugs and the

remaining 14 (47%) were receiving mono-remaining 14 (47%) were receiving mono-

therapy with either a mood stabiliser ortherapy with either a mood stabiliser or

an antipsychotic.an antipsychotic.

Neuropsychological assessmentNeuropsychological assessment

Neuropsychological assessment lasted fromNeuropsychological assessment lasted from

1h 15min to 2 h. Assessments were per-1 h 15min to 2 h. Assessments were per-

formed in a fixed order in a quiet roomformed in a fixed order in a quiet room

by a trained psychiatrist (U.S.K.). If needed,by a trained psychiatrist (U.S.K.). If needed,

a short break halfway through the assess-a short break halfway through the assess-

ment was permitted. The tests administeredment was permitted. The tests administered

included the following: the Continuousincluded the following: the Continuous

Performance Test (CornblattPerformance Test (Cornblatt et alet al, 1988), 1988)

for sustained attention and executive func-for sustained attention and executive func-

tion; the Trail Making Test (Reitan &tion; the Trail Making Test (Reitan &

Wolfson, 1985) part A for attention andWolfson, 1985) part A for attention and

psychomotor speed and part B for atten-psychomotor speed and part B for atten-

tion, psychomotor speed and executivetion, psychomotor speed and executive

function; the Wisconsin Card Sorting Testfunction; the Wisconsin Card Sorting Test

(Heaton(Heaton et alet al, 1993) for cognitive flexi-, 1993) for cognitive flexi-

bility, working memory, problem-solvingbility, working memory, problem-solving

and set-shifting abilities; the Stroopand set-shifting abilities; the Stroop

colour–word association test for selectivecolour–word association test for selective

attention and executive function (Comalliattention and executive function (Comalli

et alet al, 1962); and the Tower of London test, 1962); and the Tower of London test

for forward planning and working memoryfor forward planning and working memory

(Shallice, 1982). These are well-established(Shallice, 1982). These are well-established

tests and detailed descriptions of them aretests and detailed descriptions of them are

found in standard texts (Lezak, 1995;found in standard texts (Lezak, 1995;

Spreen & Strauss, 1998). The Tower ofSpreen & Strauss, 1998). The Tower of

London test (RaoLondon test (Rao et alet al, 2004) and the Trail, 2004) and the Trail

Making Test (Mukundan, 1996) have beenMaking Test (Mukundan, 1996) have been

validated in the Indian population. Thevalidated in the Indian population. The

remaining tests are routinely used in theremaining tests are routinely used in the

institute for clinical and research purposes.institute for clinical and research purposes.

The tests were administered in the KannadaThe tests were administered in the Kannada

language to 12 participants in the bipolarlanguage to 12 participants in the bipolar

group and 7 in the control group, and ingroup and 7 in the control group, and in

English to the remaining participants.English to the remaining participants.

Statistical analysisStatistical analysis

The data were tested for normal distri-The data were tested for normal distri-

bution using the Shapiro–Wilk test.bution using the Shapiro–Wilk test.

Since most of the neuropsychologicalSince most of the neuropsychological

variables were not normally distributed,variables were not normally distributed,

non-parametric analysis was carried out.non-parametric analysis was carried out.

As the patients and controls were individu-As the patients and controls were individu-

ally matched, between-group comparisonsally matched, between-group comparisons

were made using the Wilcoxon signed rankwere made using the Wilcoxon signed rank

test for continuous variables along withtest for continuous variables along with

effect size for log-transformed values foreffect size for log-transformed values for

matched pair design. Effect size (matched pair design. Effect size (dd) is given) is given

byby dd¼mmyy//ssyy, where, where mmyy is the mean of theis the mean of the

differences anddifferences and ssyy the standard deviationthe standard deviation

of the differences (Cohen, 1988).of the differences (Cohen, 1988).

Categorical variables were analysed byCategorical variables were analysed by

McNemar’s test for dependent samples.McNemar’s test for dependent samples.

Subgroup analyses among patients wereSubgroup analyses among patients were

performed using the Mann–Whitneyperformed using the Mann–Whitney UU-test.-test.

Spearman’s correlation analysis wasSpearman’s correlation analysis was

employed to examine the relationship be-employed to examine the relationship be-

tween the scores on neuropsychologicaltween the scores on neuropsychological

tests and certain illness-related clinical vari-tests and certain illness-related clinical vari-

ables and the HRSD score. To identifyables and the HRSD score. To identify

significant neuropsychological variables insignificant neuropsychological variables in

4 5 44 5 4

Table1Table1 Demographic and clinical characteristics of the sampleDemographic and clinical characteristics of the sample

VariableVariable Bipolar groupBipolar group

((nn¼30)30)

Control groupControl group

((nn¼30)30)

PP

Gender,Gender, nn (%)(%)

MaleMale

FemaleFemale

21 (70)21 (70)

9 (30)9 (30)

21 (70)21 (70)

9 (30)9 (30)

^̂

Age, years: mean (s.d.)Age, years: mean (s.d.)11 22.40 (2.52)22.40 (2.52) 22.50 (2.32)22.50 (2.32) 0.810.81

Years of education: mean (s.d.)Years of education: mean (s.d.) 11.57 (1.94)11.57 (1.94) 11.50 (1.85)11.50 (1.85) 0.410.41

Marital status,Marital status, nn (%)(%)

SingleSingle

MarriedMarried

24 (80)24 (80)

6 (20)6 (20)

28 (93)28 (93)

2 (7)2 (7)

0.220.22

Religion,Religion, nn (%)(%)

HinduHindu

MuslimMuslim

ChristianChristian

26 (87)26 (87)

2 (7)2 (7)

2 (7)2 (7)

28 (93)28 (93)

1 (3)1 (3)

1 (3)1 (3)

0.690.69

Occupation,Occupation, nn (%)(%)

Self-employedSelf-employed

UnemployedUnemployed

Private jobPrivate job

Government jobGovernment job

Home-makerHome-maker

4 (13)4 (13)

13 (43)13 (43)

5 (17)5 (17)

1 (3)1 (3)

7 (23)7 (23)

00

9 (30)9 (30)

14 (47)14 (47)

00

7 (23)7 (23)

0.040.04

Background,Background, nn (%)(%)

UrbanUrban

RuralRural

8 (27)8 (27)

22 (73)22 (73)

14 (47)14 (47)

16 (53)16 (53)

0.240.24

Age at illness onset, years: mean (s.d.)Age at illness onset, years: mean (s.d.) 20.7 (2.53)20.7 (2.53)

Duration of illness, months: mean (s.d.)Duration of illness, months: mean (s.d.)22 20.87 (14.72)20.87 (14.72)

Number of episodes,Number of episodes, nn (%)(%)

Single episodeSingle episode

Two episodesTwo episodes

13 (43)13 (43)

17 (57)17 (57)

Time spent in episodes, weeks: mean (s.d.)Time spent in episodes, weeks: mean (s.d.) 18.70 (11.15)18.70 (11.15)

History of psychotic symptoms,History of psychotic symptoms, nn (%)(%) 25 (83)25 (83)

History of hospitalisation,History of hospitalisation, nn (%)(%) 19 (63)19 (63)

Number of admissions: mean (s.d.)Number of admissions: mean (s.d.) 0.77 (0.68)0.77 (0.68)

Duration of euthymia, weeks: mean (s.d.)Duration of euthymia, weeks: mean (s.d.)33 40.80 (38.50)40.80 (38.50)

Mood rating score: mean (s.d.)Mood rating score: mean (s.d.)

HRSDHRSD44

YMRSYMRS

0.53 (0.77)0.53 (0.77)

00

00

00

0.0010.001

GAF score: mean (s.d.)GAF score: mean (s.d.) 84.83 (5.49)84.83 (5.49)

Family history of bipolar disorder,Family history of bipolar disorder, nn (%)(%) 10 (33)10 (33)

GAF,Global Assessmentof Functioning; HRSD,Hamilton Rating Scale forDepression;YMRS,YoungMania Rating Scale.GAF,Global Assessmentof Functioning;HRSD,Hamilton Rating Scale forDepression;YMRS,YoungMania Rating Scale.
1. Age range for whole sample18^26 years.1. Age range for whole sample18^26 years.
2.Median duration14 months.2.Median duration14 months.
3.Median duration 27 weeks.3.Median duration 27 weeks.
4. Five patients had a score of 2, six had a score of1and the others scored 0.4. Five patients had a score of 2, six had a score of1and the others scored 0.
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differentiating cases and controls, the for-differentiating cases and controls, the for-

ward conditional logistic regression forward conditional logistic regression for

matched case–control design was usedmatched case–control design was used

(Dunlop(Dunlop et alet al, 1996). Even though non-, 1996). Even though non-

parametric tests were used, for clarity theparametric tests were used, for clarity the

data were expressed as mean and standarddata were expressed as mean and standard

deviation for continuous variables anddeviation for continuous variables and

number and proportion for categoricalnumber and proportion for categorical

variables. Statistical analysis was carriedvariables. Statistical analysis was carried

out using Stata version 7.0 for Windows,out using Stata version 7.0 for Windows,

and all reportedand all reported PP values are two-tailed.values are two-tailed.

All results atAll results at PP550.05 were considered to0.05 were considered to

be significant.be significant.

RESULTSRESULTS

The two study groups were comparable onThe two study groups were comparable on

most demographic variables (Table 1).most demographic variables (Table 1).

Neuropsychological performance in theNeuropsychological performance in the

two groups is shown in Table 2. The resultstwo groups is shown in Table 2. The results

suggest that the participants with bipolarsuggest that the participants with bipolar

disorder had impaired sustained attentiondisorder had impaired sustained attention

and executive functioning. Because of theand executive functioning. Because of the

large effect sizes on some of the variables,large effect sizes on some of the variables,

we performed further subgroup analyseswe performed further subgroup analyses

in the patient group. Neuropsychologicalin the patient group. Neuropsychological

performance did not differ significantlyperformance did not differ significantly

between subgroups based on number ofbetween subgroups based on number of

episodes (single episode,episodes (single episode, nn¼1313 v.v. two epi-two epi-

sodessodes nn¼17), and presence (17), and presence (nn¼10) or ab-10) or ab-

sence (sence (nn¼20) of family history of bipolar20) of family history of bipolar

disorder except on the Continuousdisorder except on the Continuous

Performance Test commission errorsPerformance Test commission errors

((ZZ¼772.682,2.682, PP¼0.007 for number of0.007 for number of

episodes;episodes; ZZ¼772.154,2.154, PP¼0.031 for family0.031 for family

history). There was also no significanthistory). There was also no significant

difference based on other subgroupingsdifference based on other subgroupings

such as gender, and intensity of currentsuch as gender, and intensity of current

treatment (combination of a moodtreatment (combination of a mood

stabiliser and other drugsstabiliser and other drugs v.v. monotherapy).monotherapy).

In the multivariate analysis, scores onIn the multivariate analysis, scores on

the Stroop test (interference) (coefficientthe Stroop test (interference) (coefficient

0.074, s.e.0.074, s.e.¼0.034,0.034, ZZ¼2.14,2.14, PP¼0.033) and0.033) and

Tower of London minimum moves (coeffi-Tower of London minimum moves (coeffi-

cientcient 771.982, s.e.1.982, s.e.¼1.122,1.122, ZZ¼771.77,1.77,

PP¼0.077) differentiated cases from controls0.077) differentiated cases from controls

after controlling for the possible confound-after controlling for the possible confound-

ing effects of years of education, residualing effects of years of education, residual

depressive symptoms (HRSD score) anddepressive symptoms (HRSD score) and

urban/rural residence. The two variablesurban/rural residence. The two variables

accounted for 81% of the varianceaccounted for 81% of the variance

((RR22¼0.8172).0.8172).

To examine the effect of residual de-To examine the effect of residual de-

pressive symptoms on neuropsychologicalpressive symptoms on neuropsychological

performance in the patient group, theperformance in the patient group, the

HRSD score was correlated with allHRSD score was correlated with all

the neuropsychological variables. Nothe neuropsychological variables. No

significant correlation was found. How-significant correlation was found. How-

ever, years of education correlated withever, years of education correlated with

the Continuous Performance Test totalthe Continuous Performance Test total

correct responses (correct responses (rr¼0.475,0.475, PP550.001)0.001)

and omission errors (and omission errors (rr¼770.485,0.485,

PP550.001) and the time taken for the0.001) and the time taken for the

Stroop word card (Stroop word card (rr¼770.563,0.563, PP550.001).0.001).

Average response time in the ContinuousAverage response time in the Continuous

Performance Test and time taken for thePerformance Test and time taken for the

Stroop colour and interference cards corre-Stroop colour and interference cards corre-

lated with the time spent in affective epi-lated with the time spent in affective epi-

sodes (Table 3). The number of episodessodes (Table 3). The number of episodes

correlated with Continuous Performancecorrelated with Continuous Performance

Test commission errors. Global functioningTest commission errors. Global functioning

measured by the GAF correlated with themeasured by the GAF correlated with the

Trail Making Test part A and Stroop colourTrail Making Test part A and Stroop colour

card times.card times.

DISCUSSIONDISCUSSION

Our study has demonstrated significant im-Our study has demonstrated significant im-

pairment in sustained attention and execu-pairment in sustained attention and execu-

tive functions in young, euthymic peopletive functions in young, euthymic people

with bipolar disorder compared with well-with bipolar disorder compared with well-

matched healthy controls, even after con-matched healthy controls, even after con-

trolling for the effects of residual depressivetrolling for the effects of residual depressive

symptoms.symptoms.
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Table 2Table 2 Neuropsychological performanceNeuropsychological performance

MeasureMeasure Bipolar groupBipolar group

((nn¼30)30)

Mean (s.d.)Mean (s.d.)11

Control groupControl group

((nn¼30)30)

Mean (s.d.)Mean (s.d.)11

ZZ PP EffectEffect

sizesize22

Continuous PerformanceTestContinuous PerformanceTest

Total correct responsesTotal correct responses

Total commission errorsTotal commission errors

Total omission errorsTotal omission errors

Response time, sResponse time, s

29.63 (8.77)29.63 (8.77)

21.40 (29.91)21.40 (29.91)

17.33 (8.74)17.33 (8.74)

0.80 (0.20)0.80 (0.20)

39.20 (4.79)39.20 (4.79)

12.73 (7.15)12.73 (7.15)

7.80 (4.79)7.80 (4.79)

0.60 (0.20)0.60 (0.20)

774.0764.076

0.9360.936

4.0974.097

3.2093.209

550.000.0011

0.3490.349

550.000.0011

0.000.0011

0.790.79

0.210.21

0.990.99

0.330.33

Trail MakingTestTrail MakingTest

Part A time, sPart A time, s

Part B time, sPart B time, s

68.60 (20.67)68.60 (20.67)

129.47 (40.20)129.47 (40.20)

44.53 (15.69)44.53 (15.69)

68.07 (19.97)68.07 (19.97)

3.7853.785

4.6394.639

550.000.0011

550.000.0011

0.860.86

1.721.72

Stroop testStroop test

Colour card time, sColour card time, s

Word card time, sWord card time, s

Interference time, sInterference time, s

110.53 (29.71)110.53 (29.71)

69.77 (17.14)69.77 (17.14)

168.77 (39.36)168.77 (39.36)

72.60 (12.27)72.60 (12.27)

50.30 (7.67)50.30 (7.67)

113.70 (14.04)113.70 (14.04)

4.704.7011

4.3614.361

4.4544.454

550.000.0011

550.000.0011

550.000.0011

1.351.35

1.071.07

1.301.30

Wisconsin Card SortingTestWisconsin Card SortingTest

CategoriesCategories

Perseverative errorsPerseverative errors

2.10 (1.30)2.10 (1.30)

30.30 (10.40)30.30 (10.40)

5.40 (1.25)5.40 (1.25)

13.67 (5.99)13.67 (5.99)

774.7064.706

4.4564.456

550.000.0011

550.000.0011

1.691.69

1.321.32

Tower of London testTower of London test

Problems solved in minimum number of movesProblems solved in minimum number of moves

Four-move problemsFour-move problems

Five-move problemsFive-move problems

8.90 (1.54)8.90 (1.54)

6.58 (2.42)6.58 (2.42)

8.25 (1.94)8.25 (1.94)

10.00 (0.79)10.00 (0.79)

5.39 (1.03)5.39 (1.03)

6.37 (0.76)6.37 (0.76)

773.1383.138

2.5112.511

4.0774.077

0.000.0011

0.00.01212

550.000.0011

0.680.68

0.440.44

1.031.03

1.Untransformedmeans are reported for clarity.1.Untransformedmeans are reported for clarity.
2.Calculated for matched pair design based on log transformation.2.Calculated for matched pair design based on log transformation.
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Comparison with previous studiesComparison with previous studies

Our findings are largely consistent withOur findings are largely consistent with

those of previous studies (for review, seethose of previous studies (for review, see

SavitzSavitz et alet al, 2005), including a recent study, 2005), including a recent study

from India (Goswamifrom India (Goswami et alet al, 2006). Our, 2006). Our

study differed from the latter study in thatstudy differed from the latter study in that

their participants were much older andtheir participants were much older and

had multiple episodes. In addition, softhad multiple episodes. In addition, soft

neurological signs and social disability wereneurological signs and social disability were

also measured in that study. Our findingsalso measured in that study. Our findings

are complementary to those of recentare complementary to those of recent

studies implicating impairment not just instudies implicating impairment not just in

sustained attention but also in executivesustained attention but also in executive

functions (McKayfunctions (McKay et alet al, 1995; Ferrier, 1995; Ferrier etet

alal, 1999; Martinez-Aran, 1999; Martinez-Aran et alet al, 2004, 2004aa,,bb;;

SavitzSavitz et alet al, 2005; Thompson, 2005; Thompson et alet al, 2005)., 2005).

However, some earlier studies demon-However, some earlier studies demon-

strated deficits in sustained attentionstrated deficits in sustained attention

(Ferrier(Ferrier et alet al, 1999; Clark, 1999; Clark et alet al, 2002; Clark, 2002; Clark

& Goodwin, 2004), whereas two others did& Goodwin, 2004), whereas two others did

not (Robertsonnot (Robertson et alet al, 2003; Goswami, 2003; Goswami et alet al,,

2006).2006).

Although our findings are similar toAlthough our findings are similar to

those of previous studies, effect sizes ex-those of previous studies, effect sizes ex-

ceeded 1 on several of the neuropsychologi-ceeded 1 on several of the neuropsychologi-

cal variables. The effect sizes in previouscal variables. The effect sizes in previous

studies usually ranged between 0.3 and 1studies usually ranged between 0.3 and 1

(Robinson(Robinson et alet al, 2004). We examined, 2004). We examined

patient subgroups based on number of epi-patient subgroups based on number of epi-

sodes, family history of bipolar disorder,sodes, family history of bipolar disorder,

gender and intensity of current treatmentgender and intensity of current treatment

to identify whether the large effect sizesto identify whether the large effect sizes

could be explained by any of these para-could be explained by any of these para-

meters. However, largely the differencesmeters. However, largely the differences

were not significant. In the correlation ana-were not significant. In the correlation ana-

lysis too, there was no correlation betweenlysis too, there was no correlation between

age at onset, duration of illness and numberage at onset, duration of illness and number

of admissions with neuropsychological per-of admissions with neuropsychological per-

formance. None of these could explainformance. None of these could explain

the variations in the effect size. However,the variations in the effect size. However,

the medication status and the nature of thethe medication status and the nature of the

sample might have some bearing on thesample might have some bearing on the

performance. The sample was recruitedperformance. The sample was recruited

from a tertiary care setting, whichfrom a tertiary care setting, which

essentially caters for severely ill patients.essentially caters for severely ill patients.

Are neuropsychological deficitsAre neuropsychological deficits
the result of the disease processthe result of the disease process
or trait-related?or trait-related?

Most previous studies included people whoMost previous studies included people who

were much older than our sample and whowere much older than our sample and who

experienced multiple relapses with long-experienced multiple relapses with long-

term exposure to psychotropic medicationterm exposure to psychotropic medication

(Savitz(Savitz et alet al, 2005). Our findings suggest, 2005). Our findings suggest

that the deficits are possibly trait-related,that the deficits are possibly trait-related,

considering that they were detected inconsidering that they were detected in

young euthymic individuals with few epi-young euthymic individuals with few epi-

sodes of the disorder. Cognitive deficitssodes of the disorder. Cognitive deficits

could be the endophenotype of mood disor-could be the endophenotype of mood disor-

ders (Clarkders (Clark et alet al, 2005, 2005bb). However, it is). However, it is

likely that they could worsen with progres-likely that they could worsen with progres-

sion of illness. It has been shown thatsion of illness. It has been shown that

neuropsychological deficits in bipolar dis-neuropsychological deficits in bipolar dis-

order correlate with both the number oforder correlate with both the number of

affective episodes and the overall durationaffective episodes and the overall duration

of illness (Savitzof illness (Savitz et alet al, 2005). In our study, 2005). In our study

we found only modest evidence for thiswe found only modest evidence for this

(Table 3). There was some indication of(Table 3). There was some indication of

greater impairment with longer time spentgreater impairment with longer time spent

in affective episodes. It is possible that within affective episodes. It is possible that with

progression of the illness, greater correla-progression of the illness, greater correla-

tion between neuropsychological deficitstion between neuropsychological deficits

and severity of illness would be seen, as inand severity of illness would be seen, as in

other studies. Such associations are oftenother studies. Such associations are often

considered to be indicators of a progressiveconsidered to be indicators of a progressive

disease process. However, one needs to bedisease process. However, one needs to be

cautious in arriving at such conclusions be-cautious in arriving at such conclusions be-

cause the direction of causality cannot because the direction of causality cannot be

determined from correlational analysis.determined from correlational analysis.

The result may well be interpreted to meanThe result may well be interpreted to mean

that those with neurocognitive deficits arethat those with neurocognitive deficits are

more vulnerable to spending a greater timemore vulnerable to spending a greater time

ill due to longer episodes and frequentill due to longer episodes and frequent

relapses.relapses.

4 5 64 5 6

Table 3Table 3 Correlation (Spearmans’s rho) of illness characteristics and neurocognitive performance in patients with bipolar disorder.Correlation (Spearmans’s rho) of illness characteristics and neurocognitive performance in patients with bipolar disorder.

MeasureMeasure Age at onsetAge at onset DurationDuration

of illnessof illness

CurrentCurrent

euthymiaeuthymia

NumberNumber

of episodesof episodes

Time spentTime spent

in episodesin episodes

Number ofNumber of

admissionsadmissions

GAF scoreGAF score

Continuous PerformanceTestContinuous PerformanceTest

Correct responsesCorrect responses

Commission errorsCommission errors

Omission errorsOmission errors

Average response time, sAverage response time, s

0.2870.287

0.0880.088

770.2900.290

0.0810.081

0.0050.005

770.1200.120

770.0050.005

0.0550.055

0.2990.299

770.1210.121

770.2860.286

770.1970.197

770.0580.058

0.498**0.498**

0.0620.062

770.1090.109

770.2750.275

0.1140.114

0.2830.283

0.462*0.462*

0.1100.110

770.00.01414

770.1130.113

770.0930.093

770.0640.064

0.00.01616

0.0570.057

770.0410.041

Trail MakingTestTrail MakingTest

Part A time, sPart A time, s

Part B time, sPart B time, s

0.0710.071

0.0960.096

0.0680.068

770.0620.062

770.1720.172

770.0560.056

770.2260.226

0.100.1011

0.0780.078

0.2360.236

770.0580.058

770.3490.349

770.388*0.388*

770.0940.094

StroopTestStroopTest

Colour card time, sColour card time, s

Word card time, sWord card time, s

Interference time, sInterference time, s

770.1220.122

770.1230.123

0.0610.061

770.0250.025

770.0240.024

770.1490.149

770.00.01919

770.0310.031

770.1150.115

0.1870.187

0.2920.292

0.2840.284

0.414*0.414*

0.1590.159

0.516**0.516**

0.1360.136

770.1480.148

770.1620.162

770.390*0.390*

770.2070.207

770.2250.225

Wisconsin Card SortingTestWisconsin Card SortingTest

Categories completedCategories completed

Perseverative errors, %Perseverative errors, %

770.1030.103

770.2300.230

0.1940.194

770.0090.009

0.0640.064

770.0450.045

770.0740.074

0.0620.062

770.1520.152

770.2930.293

0.0310.031

0.0020.002

0.1500.150

0.1520.152

Tower of London testTower of London test

Problems solved inminimum numberProblems solved in minimum number

of movesof moves

Four-move problemsFour-move problems

Five-move problemsFive-move problems

0.0080.008

770.2300.230

770.0120.012

0.0550.055

770.1340.134

770.1790.179

0.0630.063

770.2120.212

770.0040.004

770.0880.088

0.2540.254

0.0780.078

770.2580.258

0.1250.125

0.0470.047

0.0580.058

770.1070.107

0.0120.012

0.0290.029

770.1630.163

0.1110.111

GAF,Global Assessment of Functioning.GAF,Global Assessment of Functioning.
**PP550.05, **0.05, **PP550.01.0.01.

https://doi.org/10.1192/bjp.bp.106.022921 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.bp.106.022921


NEUROCOGNIT IVE DEF ICITS IN EARLY BIPOLAR DISORDERNEUROCOGNITIVE DEF ICITS IN EARLY B IPOLAR DISORDER

Confounding factorsConfounding factors

Previous studies have highlighted the con-Previous studies have highlighted the con-

founding effects of minor affective symp-founding effects of minor affective symp-

toms on neurocognitive performancetoms on neurocognitive performance

(Ferrier(Ferrier et alet al, 1999; Clark, 1999; Clark et alet al, 2002)., 2002).

However, a majority of our participantsHowever, a majority of our participants

had no mood symptoms (Table 1) and therehad no mood symptoms (Table 1) and there

was no correlation between neuropsycholo-was no correlation between neuropsycholo-

gical performance and HRSD score. Ourgical performance and HRSD score. Our

sample was also much ‘cleaner’; there wassample was also much ‘cleaner’; there was

no evidence of any other Axis I disorder, in-no evidence of any other Axis I disorder, in-

cluding ‘lifetime’ alcohol and substancecluding ‘lifetime’ alcohol and substance

misuse.misuse.

A confounding effect of psychotropicA confounding effect of psychotropic

drugs on neuropsychological performancedrugs on neuropsychological performance

cannot be ruled out. A majority of thecannot be ruled out. A majority of the

patient group were taking lithium andpatient group were taking lithium and

atypical antipsychotic agents. Nearly aatypical antipsychotic agents. Nearly a

third of our patients were also takingthird of our patients were also taking

trihexyphenidyl. Adverse effects of lithiumtrihexyphenidyl. Adverse effects of lithium

((KocsisKocsis et alet al, 1993; Honig, 1993; Honig et alet al, 1999),, 1999),

anticonvulsants (Thompson & Trimble,anticonvulsants (Thompson & Trimble,

1982), antipsychotics (King, 1994) and tri-1982), antipsychotics (King, 1994) and tri-

hexyphenidyl (Goldhexyphenidyl (Gold et alet al, 1991; Sweeney, 1991; Sweeney etet

alal, 1991; Heinik, 1998) on cognitive func-, 1991; Heinik, 1998) on cognitive func-

tions are well documented, although theretions are well documented, although there

is some evidence that lithium may not causeis some evidence that lithium may not cause

cognitive deficits (Engelsmanncognitive deficits (Engelsmann et alet al, 1988;, 1988;

JoffeJoffe et alet al, 1988; Goswami, 1988; Goswami et alet al, 2002),, 2002),

and that anticonvulsants (Drevets, 2000;and that anticonvulsants (Drevets, 2000;

ManjiManji et alet al, 2000) and atypical antipsycho-, 2000) and atypical antipsycho-

tics (Bildertics (Bilder et alet al, 2002) may even improve, 2002) may even improve

cognitive performance. The confoundingcognitive performance. The confounding

effect of psychotropic medication oneffect of psychotropic medication on

neuropsychological performance remainsneuropsychological performance remains

in most studies. It would be ideal to studyin most studies. It would be ideal to study

people with bipolar disorder who werepeople with bipolar disorder who were

drug-naıve or not undergoing any treat-drug-naı̈ve or not undergoing any treat-

ment. However, this is not a possibilityment. However, this is not a possibility

since it raises ethical dilemmas, and suchsince it raises ethical dilemmas, and such

drug-naıve patients are perhaps not repre-drug-naı̈ve patients are perhaps not repre-

sentative of the actual population of peoplesentative of the actual population of people

with bipolar disorder who seek help.with bipolar disorder who seek help.

LimitationsLimitations

The sample size was relatively small and theThe sample size was relatively small and the

study was cross-sectional. We did not havestudy was cross-sectional. We did not have

any measure of premorbid IQ. Not all theany measure of premorbid IQ. Not all the

tests used in the study have been validatedtests used in the study have been validated

in the Indian population, but this is unlikelyin the Indian population, but this is unlikely

to be a major limitation since the tests areto be a major limitation since the tests are

routinely used in clinical services and areroutinely used in clinical services and are

well validated in other populations. More-well validated in other populations. More-

over, the study had a matched controlover, the study had a matched control

group. The definition of euthymia was notgroup. The definition of euthymia was not

prospective, as in some other studiesprospective, as in some other studies

(Thompson(Thompson et alet al, 2005; Goswami, 2005; Goswami et alet al,,

2006). Participants in our study were not2006). Participants in our study were not

drug-free and a significant proportion ofdrug-free and a significant proportion of

them were taking trihexyphenidyl.them were taking trihexyphenidyl.

Implications for future researchImplications for future research

Our findings demonstrate that neuropsy-Our findings demonstrate that neuropsy-

chological deficits are possibly trait-related.chological deficits are possibly trait-related.

The deficits in the long run can cause con-The deficits in the long run can cause con-

siderable impairment in psychosocial andsiderable impairment in psychosocial and

occupational functioning (Martinez-Aranoccupational functioning (Martinez-Aran

et alet al, 2004, 2004aa,,bb; Thompson; Thompson et alet al, 2005);, 2005);

therefore, greater emphasis should betherefore, greater emphasis should be

placed on routine assessment of cognitiveplaced on routine assessment of cognitive

function in patients with bipolar disorder.function in patients with bipolar disorder.

Early intervention in the form of neuro-Early intervention in the form of neuro-

psychological rehabilitation may be parti-psychological rehabilitation may be parti-

cularly important, as there is somecularly important, as there is some

evidence that these deficits may increaseevidence that these deficits may increase

with disease progression. The role of avail-with disease progression. The role of avail-

able pharmacological agents in the ameli-able pharmacological agents in the ameli-

oration of neurocognitive deficits needs tooration of neurocognitive deficits needs to

be systematically studied. More researchbe systematically studied. More research

on people with first-episode disorder,on people with first-episode disorder,

high-risk populations and long-term assess-high-risk populations and long-term assess-

ments are needed to elucidate further thements are needed to elucidate further the

nature of neuropsychological deficits innature of neuropsychological deficits in

bipolar disorder, and whether thesebipolar disorder, and whether these

constitute a stable endophenotype of thisconstitute a stable endophenotype of this

condition.condition.
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