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Abstract Early-onset bipolar disorder is an impairing

condition that is strongly associated with genetic inheri-

tance. Neurocognitive deficits are core traits of this disor-

der which seem to be present in both young and adult

forms. Deficits in verbal memory and attention are per-

sistent within euthymic phases in bipolar adults, adoles-

cents, and children. In younger samples, including type I or

II and not otherwise specified patients, executive functions

are not widely impaired and the existence of visual-spatial

deficits remains unclear. The main aim of this study was to

compare the neurocognitive performance in young stabi-

lized type I or II bipolar patients and healthy controls.

Fifteen medicated adolescents with bipolar disorder and 15

healthy adolescents, matched in age and gender, were

compared on visual-spatial skills (reasoning, memory,

visual–motor accuracy) and executive functioning (atten-

tion and working memory, set-shifting, inhibition) using

t-tests and MANCOVA. Correcting for verbal competence,

MANCOVA showed that patients performed significantly

worse than controls in letters and numbers sequencing

(P = 0.003), copy (P \ 0.001) and immediate recall

(P = 0.007) of the Rey Complex Figure Test, interference

of the Stroop Color-Word Test (P = 0.007) and non-

perseverative errors on the Wisconsin Card Sorting Test

(P = 0.038). Impaired cognitive performance was found in

young bipolar patients in working memory, visual-motor

skills, and inhibitory control.
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Introduction

The terms ‘‘Early-onset bipolar disorder’’ (EOBD) and

‘‘Pediatric bipolar disorder’’ (PBD) are used to define cases

that begin during childhood and adolescence. The condi-

tion affects between 0.6 and 2% of the child and adolescent

population and between 2 and 8% in clinical populations

[29, 61]. The risk increases to 15% in children and ado-

lescents with a parent with bipolar disorder (BD) [6].

EOBD causes significant impairment, accompanied by

elated or irritable mood, rages, rapid cycling, conduct

disorders, and substantial psychiatric and psychosocial

morbidity [9].

In most cases, the neurocognitive function is clearly

affected throughout the patient’s lifetime and, in conse-

quence, neurocognitive deficits are believed to be the

important markers of the biologic roots of the disorder

[23]. A great deal of research, based mainly on adult

onset forms, has tried to isolate the internal cognitive

phenotype of BD. Deficits in verbal memory, attention,

visual spatial processes, and executive functions have

frequently been described within adults suffering from

BD [34, 45, 50, 55]. Some of these neuropsychological

deficits, such as verbal learning, verbal memory, or cog-

nitive set-shifting, appear to be related to the presence of

mild symptoms of the affective disorder [47]. Similarly,

other studies have found that the deficits in declarative

memory, verbal fluency, or psychomotor speed are related

to the negative influence of recurrent manic episodes, the

number of hospitalizations, the presence of psychotic
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Hospital Clı́nic of Barcelona, Barcelona, Spain

e-mail: slera@clinic.ub.es
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symptoms or the duration, and doses of the pharmaco-

logical treatment [22, 30, 32, 33, 63].

However, the persistence of poor performance on these

tasks in euthymic adult patients and in their unaffected

relatives suggests that these specific deficits may be puta-

tive endophenotypes [7, 11, 23, 27, 48]. Moreover, a

growing if not entirely consistent body of literature also

defines executive dysfunctions [4, 8, 17] and deficits in

visual-spatial skills as endophenotypic traits of bipolar

disorder [20, 44].

The greater clinical severity of EOBD compared with

adult bipolar disorder forms, and the possibility that this

difference may have a biologic etiology, have stimulated

the search for cognitive deficits [18, 42]. Efforts to deter-

mine, and limit, the effects of possible deficits at early ages

should be a major focus of assessment and treatment

planning.

To our knowledge, neurocognitive functioning in young

bipolar patients has not been analyzed in depth. The works

that have been published report a non-unitary variety of

neurocognitive deficits [14, 36, 38]. The specificity of the

attention deficits has been questioned: some studies have

described similarities in performance on sustained attention

tests in stabilized young bipolar patients, unipolar patients,

and healthy controls or between controls, unaffected and

affected remitted high-risk offspring of BD parents [16,

46], while others have shown that this neurocognitive

deficits appear in BD in cases of co-morbidity with atten-

tion deficit and hyperactivity disorder (ADHD) [49].

However, as in adults, the majority of studies have reported

major impairment in verbal fluency, verbal memory, and

attention tasks in both manic and euthymic pediatric

patients compared to controls [15, 21, 43]. These results

point consistently toward a common deficit among adults,

children, and adolescents.

Although a recent meta-analysis of EOBD/PBD con-

firmed this verbal memory impairment as the more robust

deficit [26], the findings for executive functions are still

inconclusive. Inhibition and working memory dysfunctions

have not been consistently found to be low in young BD

patients in most studies [13–15, 46], while difficulties in

set-shifting or problem solving were detected in only a few

of them [38, 43].

Another point of interest is visual-spatial ability in

younger patients. Although some studies detected and

analyzed visual-spatial memory deficits in bipolar adoles-

cents [13, 37], others failed to find differences with regard

to healthy subjects [14, 25, 43]. Despite these inconsistent

initial findings, moderate effect sizes were associated with

specific deficits in visual-spatial perception, visual mem-

ory, and motor skills in the meta-analysis conducted by

Joseph et al. [26]. Nevertheless, only five of the included

studies considered the measures of visual-motor skills, in

spite of the fact that they appear to be an innovative area of

study in other child and adolescent pathologies, like

ADHD, obsessive compulsive disorder, or autism spectrum

disorders [1, 10, 58]. Further research in this area should be

conducted in patients with EOBD/PBD.

Also controversial are the characteristics of the studied

samples classified in the categories of EOBD or PBD.

Some of these samples, in principal those referred as PBD,

included cases ranging from prepubertal onset to adoles-

cent and included several subtypes, as type I or type II, or

not otherwise specified form (NOS-BD). However, the

clinical manifestation of BD is different from a child to an

adult, and consensus has not been still achieved about their

diagnostic criteria [5, 9, 31]. Because of the lack of con-

clusive scientific agreement, it is conceivable that the

samples were heterogeneous and the etiopathogenesis of

these cases may be different [29, 42]. In consequence, it

would result difficult to find consistency within neuro-

cognitive profiles across the samples of different studies in

relation to executive functioning and visual-spatial per-

formance. Recently, a committee of experts on child and

adolescence bipolar disorder—supported by the American

Association of Child and Adolescent Psychiatry—stated

the term ‘‘Early-onset bipolar disorder (EOBD)’’ for

patients younger than 18 years and the term ‘‘Very early-

onset bipolar disorder (VEOBD)’’ for patients younger than

12 and proposed a corpus of unified criteria for their

diagnostics [9].

As deficits on verbal memory and sustained attention

have been clearly demonstrated in children and adolescent

bipolar patients as well as in adults, the main aim of this

study was to compare neurocognitive performance in a

group of adolescents with EOBD and a group of healthy

age- and gender-matched controls in the most controversial

domains, such as working memory, visual–spatial–motor

skills and executive functions of inhibition, and set-shift-

ing. We hypothesized that EOBD patients would perform

worse than matched controls on all these tasks, except in

set-shifting.

We focused on the functioning of patients with an

adolescent onset of type I or II BD, forms of the disorder

that are quite similar to the adult manifestation of these

subtypes. As a result, we refer to our case sample as

‘‘Early-onset bipolar disorder (EOBD)’’ and not as pedi-

atric bipolar disorder (PBD).

Patients and methods

Design

This is a cross-sectional controlled study, with two mat-

ched samples.
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Sample

Thirty subjects, from 15 to 17 years, were assessed during

2007 and 2008. Fifteen presented EOBD (12 of type I and 3

of type II), and 15 were healthy matched controls. In each

subgroup, 53% were female and 47% were male. Patients

were recruited from the Department of Child and Adoles-

cent Psychiatry and Psychology of Hospital Clı́nic, in

Barcelona, where they had been diagnosed and were

receiving treatment. Controls were from the same city

district; they were recruited as volunteers through public

advertisements and received financial compensation. The

semi-structured interview Kiddie-SADS-PL was adminis-

tered to confirm the diagnosis of BD in cases, according to

the DSM-IV-TR criteria, and to exclude psychopathology

in controls. Patients were euthymic and had not had psy-

chotic symptoms for at least 3 months before the neuro-

psychological evaluation. At the time of inclusion, all

patients fulfilled the following criteria: (a) diagnosis of

type I or II BD; (b) scores \20 on the Brief Psychosis

Rating Scale (BPRS), \18 in the Beck Depression Inven-

tory (BDI), and \14 in the Young Mania Rating Scale

(YMRS). The exclusion criteria were the following: (a)

acute symptomatology, (b) not otherwise specified-BD, and

(c) neurological disease or mental retardation (Intellectual

Quotient Full Scale \ 70, weighted from the Vocabulary

and Block Design of Wechsler scales of intelligence). All

EOBD patients were receiving mood-stabilizing medica-

tion (11 lithium 800–1,200 mg, 3 valproate 400–1,000 mg,

1 oxcarbamacepine 1,200 mg), 11 of them a co-adjuvant

antipsychotic (4 risperidone 2–8 mg, 4 olanzapine

5–20 mg, 3 quetiapine 100–800 mg), and three cases were

receiving antidepressants (2 sertraline 50–100 mg, 1 flu-

voxamine 150 mg). Sociodemographic and clinical data

are shown in Table 1. The study was described to all par-

ticipants and families, and written informed consent was

obtained. These study procedures were approved by the

local ethical committees.

Measures

All subjects’ cognitive performance was assessed with the

same battery of neuropsychological tests, detailed in

Table 2. Scores were recorded in accordance with Spanish

normative data, with mean of 50 and standard deviation of

10.

Statistical analysis

Despite the small sample size, almost all measures were

distributed normally according to the Kolmogorov–Smirnov

test (P values ranged from 0.13 to 0.20), except for RCFT

copy and Immediate recall (P = 0.026 and 0.03). Taking

these results into account, nonparametric Mann–Whitney

U-tests for RCFT measures and parametric t-tests for the rest

of measures were carried out initially to compare patient and

control groups. When nonparametric tests showed statisti-

cally significant differences, parametric tests were calcu-

lated in order to simplify data. In the second stage, the scores

of both groups were compared using MANCOVA test

(adjusted for the vocabulary test score). The level of statis-

tical significance was set at P \ 0.05.

Table 1 Demographic and clinical data of EOBD cases (N = 15)

N % l ± r

Gender (#) 7 47

Urban origin 14 92

Divorce in parents 2 8

Illness duration [1 year 6 40

Recent hospitalization 13 87

Previous hospitalizations 7 47

One 5 33

Two 1 7

More than two 1 7

Suicidal ideation 5 33

Suicide attempts 2 13

Psychotic symptoms 2 13

DSM-IV-TR diagnostics at recruitment

Bipolar disorder type I 12 80

Bipolar disorder type II 3 20

Co-morbidity 6 20

ADHD 4 27

Substance abuse 1 7

Oppositional-defiant disorder 1 7

Number of episodes

One 5 33

Two 8 53

More than two 2 13

Type of first episode

Manic/hypomanic 5 33

Depressive 3 20

Mixed/unspecified 7 47

Mood-stabilizers monotherapy 2 13

Two drug therapies 9 60

Three drug therapies 4 27

Age at recruitment 16.4 ± 1.0

Age onset of first unspecified symptoms 11.2 ± 3.5

Age onset of specified BD symptoms 13.7 ± 2.4

Duration of specified BD symptoms (years) 3.1 ± 1.2

Clinical scales scores

Brief Psychiatric Rating Scale 6.4 ± 5.4

Young Mania Rating Scale 2 ± 2

Beck depression inventory 6.6 ± 5
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Results

Samples were similar in age and gender, as expected from

the matching procedure. EOBD patients scored lower than

healthy controls on all measures (Table 3; Fig. 1). T-tests

showed significant differences in vocabulary, digit span,

letters and numbers sequencing, immediate recall of

WMS-III visual memory, and the non-perseverative errors

index of WCST. Nonparametric tests showed significant

differences in RCFT variables between groups (Mann–

Whitney U-test; RCFT copy: z = -3.49, P \ 0.001;

RCFT immediate recall: z = -2.38, P = 0.016) (in

Table 3, t-test values are also described for these vari-

ables). The contrast in Block Design and Interference

Index of the Stroop Test came close to statistical differ-

ence. No significant differences were found on Delayed

recall of WMS-III Visual memory and perseverative

errors of the WCST. In summary, EOBD subjects per-

formed around one standard deviation worse than healthy

controls on tasks of attention, working memory, visual-

spatial immediate memory, visual-motor accuracy, and

inhibitory control.

Table 2 Tests and instruments of the neuropsychological battery

Neurocognitive function Test Instrument

Intellectual quotient Block design as visual-spatial reasoning Wechsler intelligence scales: WISC-IV in

\16 years old or WAIS-III in C16 oldVocabulary as verbal competence

Auditory attention and

working memory

Digit span Wechsler intelligence scales: WISC-IV in

\16 years old or WAIS-III in C16 years oldLetters and numbers sequencing

Visual spatial memory Visual reproduction—immediate

and delayed recall

Wechsler Memory Scale 3rd edition

Immediate recall accuracy Rey-Osterrieth Complex Figure Test

Executive functions

Set-shifting Total errors Wisconsin Card Sorting Test

Perseverative errors

Inhibition Interference index Words and Colors Stroop Test

Non-perseverative errors Wisconsin Card Sorting Test (WCST)

Visual-perceptual motor skills Copy accuracy Rey-Osterrieth Complex Figure Test (RCFT)

Table 3 Differences IN neuropsychological performance between EOBD and healthy adolescents

Means (SD) t-test MANCOVA

Controls Patients t P-value F P-value

Gender (females) n = 8, 53% n = 8, 53%

Age 16.1 (1.2) 16.4 (1.0) -0.72 0.48

Block design 50.1 (8.3) 43.8 (9.2) 1.98 0.058 0.01 0.92

Vocabulary- 52.1 (8.3) 40.5 (6.9) 4.16 \0.001**

Digit span 51.3 (8.3) 42.9 (11.1) 2.33 0.027* 1.29 0.27

Letters & numbers 54.3 (7.3) 40.3 (7.4) 5.46 \0.001** 11.33 0.003**

WMS-III visual memory

Immediate recall 57.3 (11.7) 43.7 (15.4) 2.74 0.011* 1.78 0.20

Delayed recall 43.4 (19.7) 38.9 (12.7) 0.75 0.45 0.001 0.98

RCFT Immediate recall 54.2 (9.3) 43.5 (14.1) 2.45 0.021* 8.77 0.007**

Interference Stroop 55.9 (4.2) 50.7 (9.0) 1.99 0.056 8.62 0.007**

RCFT copy 60 (6.5) 42.4 (13.8) 4.46 \0.001** 22.14 \0.001**

WCST

Perseverative errors 63.1 (13.9) 53.6 (12.4) 1.79 0.086 0.79 0.38

Non-Perseverative errors 54.9 (8.9) 46.3 (7.2) 2.66 0.014* 4.82 0.038*

Mean and standard deviations of each cognitive measure. t-tests and - MANCOVA (corrected for vocabulary scores) values and their associated

P-values

* a\ 0.05; ** a\ 0.01
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However, as differences on vocabulary test mean scores

were observed between groups, a MANCOVA was con-

ducted in order to retest the differences between cases and

controls, controlling for their verbal competence. There-

fore, the model reflected significant global differences

(F = 4.24, P = 0.007) and test-specific differences

between groups in letters and numbers, Stroop interference

index, copy and immediate recall of RCFT, and non-

perseverative errors of WCST (Table 3). The differences

on digit span and Immediate recall of WMS-III Visual

memory found previously disappeared when adjusted for

verbal competence.

Discussion

Bipolar adolescents performed worse than healthy adoles-

cents in all measures, with significant differences in various

tasks of executive functions and visual-spatial skills, dif-

ferences that raised and exceeded one standard deviation

from unaffected controls (Fig. 1). Controlling for verbal

IQ, the statistical differences between EOBD and healthy

adolescents remained on attention, working memory,

visual-motor accuracy, and inhibitory control. In accor-

dance with our hypothesis, deficits in almost all the exec-

utive functions were observed, except for set-shifting tasks.

However, we did not detect deficits in visual memory or

visual-spatial reasoning, as expected.

Previous literature reports have described similar dys-

functions in similar degree. First, the impairment of

attention and working memory has been observed in sev-

eral studies, in both adults and adolescents [7, 11, 26, 34].

Our data suggest that the higher the demand on working

memory (letter and number in front of digit span), the

greater the difference in performance between patients and

controls. Other studies with different procedures, such as

CPT-Identical Pairs, found poorer performance with

increased working memory in young bipolar patients [12].

However, Joseph et al. [26] reported that the attention

deficit in pediatric bipolar patients did not differ from that

observed in other psychiatric disorders and therefore sug-

gested that it was an unspecified impairment. In our study,

the difference in selective attention (digit span) disap-

peared when verbal competence was controlled.

Secondly, a principal deficit in general executive func-

tion was observed in our sample. Significant worse scores

were recorded in bipolar patients on inhibitory control

(Stroop interference index, non-perseverative errors

WCST) than in healthy subjects. As reported in adult

studies [39, 59], patients had a stronger tendency to miss

the predominant criteria that guide toward the right answer,

reflecting deficits in the inhibition of distracters and in the

maintenance of the target response. These deficits have

been attributed to dysfunctions in the ventral prefrontal

cortex [7, 19, 23, 24] and have been suggested to be a core

cognitive trait in BD, probably linked to the etiological

pathway of the disorder. Nevertheless, we did not detect

decreased performance in our sample on the set-shifting

executive task (perseverative errors of WCST). By con-

trast, some studies with pediatric and adult samples have

found moderate effect sizes related to a worse performance

on overall WCST and Trail Making Test (TMT) measures

[43, 59], which suggested deficit in the dorsolateral pre-

frontal cortex functioning.

Third, Frantom et al. [20] observed that deficits in

visual-spatial-constructional abilities, executive functions,

visual learning, visual memory, and motor speed were

present in type I adult bipolar patients as well as in their

unaffected relatives. As a result, they proposed visual-

motor deficits as a candidate endophenotype. We observed

deficits in visual-motor skills within bipolar patients, based

on significant differences on copy accuracy and immediate

recall accuracy of RCFT, but not in other tasks such as

visual-spatial reasoning or visual memory, as Torres et al.

[56] observed in bipolar young adults. Probably, the

accuracy on immediate recall of RCFT was lower because

of the difficulties in the process of copy encoding and

visual learning, processes that are considered as impaired

by the International Society for Bipolar Disorders- Battery

for Assessment of Neurocognition (ISBD-BANC) Com-

mittee [59]. Studies with MRI have related the gray matter

thinning of the frontal lobe or the decrease in its volume

with performance on the RCFT, both in healthy children

and adolescents and in children with organic pathologies,

suggesting that differences in this task performance could

be due to the level of maturation of these cortical areas

[2, 52]. Other functional neuroimaging studies have
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reported relations between arousal and visual-spatial

attention in healthy adults, suggesting that there may be

overlapping neuronal anatomical networks in the right

hemisphere and that functional deficits in attention and

visual skills may also be related [24, 38].

Lastly, and unexpectedly, we found verbal competence

deficiencies in our sample of bipolar adolescents. To our

knowledge, these differences have been reported only by

two previous studies in young bipolar patients [14, 41].

Some studies of affected children and adolescents did not

consider this measure of verbal ability, while others matched

their samples according to IQ. We estimated verbal com-

petence from the Wechsler Vocabulary scale, separated

from the performance intellectual functioning (Block

Design) and from the Full Score IQ (FSIQ). Although the

lower Vocabulary score could be seen as a reflection of a

lower intellectual quotient among our bipolar adolescents

than in healthy controls, evidence from adult bipolar patients

suggests that this consideration is not valid when symptoms

are stabilized [8]. Interestingly, our case and control groups

did not differ on estimated performance-IQ. This lower

verbal competence identified by some reports points to the

differences in the ability of cases and healthy subjects to

process and react to life events. Furthermore, these verbal

deficits may underlie the verbal memory and verbal fluency

deficits observed in all BD patients, regardless of their age at

onset [21, 28, 43, 54]. In fact, the high correlations between

the Auditory Memory Indexes of WMS-III with the Verbal

Comprehension Index of WAIS-III (r = 0.54–0.57) reflect

this relation between verbal IQ and verbal memory [57].

Our intention in this work was to study a sample of

adolescent BD as homogeneous as possible, which com-

prised only types I and II and excluded NOS forms. Ado-

lescent forms of types I and II BD are similar to the same

adult subtypes and neuropsychological profiles between

them are quite similar. Only the degree of impairment has

been found higher in type I in relation to II in adult BD on

some tasks, as inhibitory control and verbal memory, but

not in other [55]. However, the category ‘‘Pediatric bipolar

disorder’’ is still not considered as a validated and

approved by consensus diagnostic category and there are

not equivalent diagnostic criteria from one research to

another, mainly for NOS type. This lack of consensus

probably has influenced the characteristics of the case

samples in different studies [5, 9, 31, 60].

The International Society for Bipolar Disorders has

recently recommended a neuropsychological battery to use

in bipolar disorders according to the deficits found by pre-

vious research, the Battery for Assessment of Neurocogni-

tion (ISBD-BANC) [59]. Three of the tests used in our study

are included in the ISBD-BANC, and other instruments are

measures of similar domains recommended. We join to this

proposition of battery for future studies.

The preliminary sample size has to be mentioned as a

limitation of the present study, which conditioned the

ability to analyze differences between subgroups of EOBD.

Comparisons between our small subgroups would be

invalid. Due to previous discrepant findings, the compari-

son between EOBD with or without an associated ADHD is

of high interest. Whereas some studies found that adoles-

cents with both disorders showed higher deficits on atten-

tion, working memory, and executive functions in front of

BD alone, others failed in finding differences [13, 25, 43,

46, 49]. Nevertheless, the study of comorbidity with

ADHD needs to consider the clinical characteristics of

PBD from one study to another, due to the different ratios

reported among both diagnostics, ranging from 21 to 60%

[3, 35, 51]. In our sample, four of the fifteen bipolar

patients had co-morbid ADHD (27%), coincident with the

ratios of adult bipolar patients that have presented associ-

ated ADHD in lifetime [40, 53].

Other recent studies have put their interest in the degree

of neurocognitive impairment depending on the presence

of psychotic symptoms or not. In adults, Martı́nez-Aran

et al. [33] found that BD adults with history of psychotic

symptoms show slightly more impairment in some execu-

tive functions than patients without these symptoms, and

worse clinical outcome and significant poorer performance

in overall executive functions and working memory tasks

than healthy controls. To our knowledge, scientific pro-

duction about the influence of psychotic symptoms on

neurocognitive performance of child and adolescent pop-

ulation is limited. In that sense, Zabala et al. [62] observed

that children and adolescents with a first psychotic episode

showed worse performance than healthy controls in all

neuropsychological domains, but differences were not

found between diagnostic groups (schizophrenia, BD, and

other psychoses). Therefore, further research is necessary

to study the effect of psychosis over the clinical outcome

and the cognitive impairment of EOBD.

On the other hand, it has also been investigated the

nature of mood episodes over the cognitive functioning.

Torres et al. [56] found significant lower scores on both

visual-spatial reasoning and set-shifting executive func-

tions in young BD adults recovered from their first manic

episode than in unaffected controls; verbal IQ and inhibi-

tory control executive task were similar. These results are

completely opposite to ours; in consequence, more research

should to be conducted differentiating cognitive impact

according to the nature of episodes.

Clinical implications

These findings contribute to the knowledge of EOBD, in

order to identify its specific deficits and help to design

longitudinal studies that isolate the impairment due to the
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symptoms emergence from that due to the course of the

disorder or the use of treatments. Moreover, this growing

corpus of data allows developing programs of neurocog-

nitive training with the aim to reduce the negative impact

of the illness over functioning.

Conclusions

Deficits in a wide range of neurocognitive functions were

found in relation to euthymic Early-onset bipolar disorder,

affecting working memory, visual-motor accuracy, and

executive functions of inhibitory control. Further research

should be conducted to replicate the presence of these

deficits in larger samples of adolescents with BD. It would

be interesting to differentiate subgroups according to the

type of BD, nature of first mood episode, presence of

psychotic symptoms, comorbidity with ADHD, and drug

therapies used.
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