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Abstract Differentiating between early-onset bipolar disor-
der (BD) and attention-deficit/hyperactivity disorder
(ADHD) can be difficult. Memory problems are commonly
reported in BD, and forgetfulness is among the diagnostic
criteria for ADHD. We compared children and adolescents
with BD (n023), ADHD combined type (ADHD-C; n026),
BD+ADHD-C (n015), and 68 healthy controls on memory
tests (Digit span, Children’s Verbal Learning Test-II). Fur-
ther analyses were performed on subgroups of BD (BD-I,
BD-II/BD-NOS, with and without previous psychotic

symptoms). All clinical groups demonstrated some prob-
lems with free recall, but the BD subgroup with a history
of psychotic symptoms had a more pervasive problem that
also included recognition and semantic clustering. The
ADHD-C groups demonstrated the lowest performance on
working memory. These data suggest that children and
adolescents with BD and previously psychotic symptoms
may have inefficient encoding of verbal material, whereas
memory problems in ADHD-C appear more characterized
by impaired free recall.
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The differential diagnosis between attention-deficit/hyper-
activity disorder (ADHD) and early-onset bipolar disorder
(BD) presents challenges for several reasons. ADHD and
the manic episodes of BD overlap regarding symptoms of
distractibility, restlessness, talkativeness, and loss of social
inhibition (Youngstrom et al. 2010). Cognitive deficits are
also reported in both ADHD and BD (Chamberlain et al.
2011; Joseph et al. 2008). ADHD-symptom checklists do
not differentiate ADHD from BD because they do not assess
the course of the symptoms, which is necessary to discern
the episodic presentation of BD from the chronicity of
symptoms in ADHD (Robertson et al. 2003). Even so, the
specific episodic course of BD may be obscured by inter-
episodic instability. There appears to be “a global delay or
arrest in the development of appropriate affect regulation”
(Carlson and Meyer 2006) in early-onset BD, and the course
is often more chronic than that in later onset BD (Birmaher
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et al. 2006). Lastly, affective symptoms are features of both
BD and ADHD (Anastopoulos et al. 2010; Skirrow et al.
2009), and unspecific manic symptoms are not uncommon
in children with ADHD (Carlson 1998; Carlson and Meyer
2006; Hazell et al. 2003).

These factors may contribute to misdiagnosis of ADHD
as BD and vice versa, as well as to artificially high comor-
bidity between ADHD and BD (Youngstrom et al. 2010).
This is especially the case with the not otherwise specified
subtype of BD (BD-NOS), and even more so in the diag-
nostic construct ‘Juvenile BD’, which include chronic irri-
tability rather than distinct episodes (Biederman et al. 1998).
However, evidence from family and outcome studies sug-
gests that the diagnostic categories of BD and ADHD
according to the Diagnostic and Statistical Manual (DSM-
IV)(American Psychiatric Association 2000) are unrelated
(Kent and Craddock 2003). Misdiagnosis is a serious prob-
lem because it may lead to unnecessary treatment, with
potentially harmful side-effects (Correll et al. 2011). Also,
delay of appropriate treatment may be associated with con-
siderable functional impairment and morbidity in both BD
and ADHD (Leboyer and Kupfer 2010; Leverich et al.
2007; Rasmussen and Gillberg 2000).

Despite the many overlapping symptoms, few studies
have attempted to delimitate BD and ADHD through direct
comparison (Mattis et al. 2011; Udal et al. 2009). Most of
the existing research has evaluated neuropsychological dif-
ferences between clinical participants with BD/ADHD
comorbidity and clinical participants with a single diagnosis
of BD or ADHD. These studies indicate differences in
cognitive functioning between the two disorders (Walshaw
et al. 2010). A systematic review of neurocognitive impair-
ment in paediatric BD identified the largest effect size for
verbal declarative memory (i.e., memory of factual informa-
tion) (Joseph et al. 2008). In that study, inspection of the
studies examining verbal memory indicated that the percent-
age of participants with ADHD did not moderate this effect.
A study that compared neuropsychological functioning in
adults with either BD or ADHD found that the ADHD group
had significantly better performance than the BD group on
memory tests (Torralva et al. 2010). This may imply that
verbal memory deficits are more specific to BD, despite
forgetfulness being among the diagnostic criteria for ADHD
(American Psychiatric Association 2000).

Declarative memory problems in ADHD have often been
considered as secondary to executive deficit (Antshel et al.
2010; Seidman et al. 2001). Most studies of declarative
memory in ADHD demonstrate impaired free recall and
intact recognition, contrary to what would have been
expected with a genuine amnestic disturbance (Aycicegi-
Dinn et al. 2011; Crocker et al. 2011; Kaplan et al. 1998;
Kibby and Cohen 2008; Oie et al. 1999). Working memory
(i.e., holding information in the mind while performing a

mental operation) is an executive function needed in unstruc-
tured tasks such as free recall. Working memory deficits have
been reported in children and adolescents with ADHD and in
children and adolescents with BD, thoughmost consistently in
ADHD (for a review, see Walshaw et al. (2010).

Regarding BD, declarative memory deficits have been
reported in both children and adolescents (Joseph et al. 2008;
Nieto and Castellanos 2011), and in adults (Kurtz and Gerraty
2009), also in euthymic state (Arts et al. 2008) and in healthy
relatives of individuals with BD (Bora et al. 2009; Doyle et al.
2009). Declarativememory deficits in children and adolescents
with BD include both recall and recognition of presented word
lists (Glahn et al. 2005), indicating a genuine verbal long-term
memory deficit. Such deficits are associated with academic
difficulties in children and adolescents with BD (Pavuluri et al.
2009) and with functional impairment in adults with BD
(Sanchez-Morla et al. 2009). These problems may be reduced
by early intervention (Pavuluri et al. 2010).

Young people may be more suited for neuropsychological
studies than adults because they are less influenced by illness-
related factors such as prolonged use of medication and drug
abuse. Also, a stronger influence of genes is hypothesized in
early-onset BD (Cahill et al. 2009; Faraone et al. 2004; Mick
and Faraone 2009). Though some studies report that much of
the cognitive deficit in children and adolescents with BD can
be explained by comorbid ADHD (Henin et al. 2007;
McClure et al. 2005; Rucklidge 2006), other studies of chil-
dren and adolescents with BD report memory deficits also in
those without comorbid ADHD (Doyle et al. 2005; Pavuluri et
al. 2006). These contradictory results may be due to method-
ological differences regarding how differences in IQ are
accounted for (McClure et al. 2005; Meyer et al. 2004), failure
to correct for multiple comparisons (Doyle et al. 2005), inclu-
sion of subjects in heterogeneous clinical states and with
multiple medications (Dickstein et al. 2004; Doyle et al.
2005; Henin et al. 2007; Mattis et al. 2011; Olvera et al.
2005; Pavuluri et al. 2006), or the inclusion of different sub-
types of ADHD and BD (Mattis et al. 2011; Rucklidge 2006).

One should be reluctant to interpret inattention as an
indication of the inattentive subtype of ADHD in individu-
als with BD, because inattention is a non-specific symptom
typical of several psychiatric disorders (Halperin et al.
1992). Cognitive deficits in adults with BD are found
to be associated with a history of psychotic symptoms
(Martinez-Aran et al. 2008; Savitz et al. 2009; Simonsen et
al. 2011). In children with BD, Glahn et al. (2005) revealed
a verbal declarative memory deficit only in those with BD-I
disorder, while children with BD-II and BD-NOS did not
differ from controls (the diagnostic subgroups of BD are
defined later in the methods section). This might be because
BD-I includes more of the psychotic subtype of BD. Ap-
proximately half of all BD clinical participants had dis-
played psychotic features on at least one occasion
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(Benazzi 1999), even more so in early-onset BD (Kowatch
et al. 2005; Pavuluri et al. 2004; Tillman et al. 2008). To the
best of our knowledge, no former study has compared learn-
ing and memory among the four groups of BD, ADHD
combined subtype (ADHD-C), concurrent BD and ADHD-
C, and controls, and no study has explored the effect of
lifetime psychosis on memory function in children and ado-
lescents with BD. The purpose of the present study is therefore
to explore memory test performance in children and adoles-
cents with ADHD, BD + ADHD-C, BD, and controls, with
further analyses on subgroups of BD. We hypothesized that:

1) The BD group will demonstrate a genuine amnestic deficit
affecting all aspects of verbal declarative memory, most
pronounced in those with a history of psychotic symptoms.

2) The ADHD-C group will show retrieval problems char-
acterized by impaired working memory and free recall,
but normal performance on the more structured recog-
nition task.

3) Those with concurrent ADHD-C and BD will be im-
paired on both working memory and declarative memory.

4) The different memory profiles may contribute to differ-
entiating between BD and ADHD.

Methods

Clinical Sample

Inclusion Criteria

1) BD defined as BD-I (DSM-IV 296.0-7), BD-II (DSM-IV
296.89), or BD-NOS (DSM-IV 296.80) (American Psy-
chiatric Association 2000). Because the DSM-IV criteria
for BP-NOS are vague, these were defined according to
the Course of Bipolar Youth Study criteria (Birmaher et
al. 2006): “…a minimum of elated mood plus 2 associat-
ed DSM-IV symptoms or irritable mood plus 3 DSM-IV
associated symptoms, along with a change in the level of
functioning, duration of a minimum of 4 hours within a
24-hour period, and at least 4 cumulative lifetime days
meeting the criteria”. Cyclothymic disorder (DSM-IV
303.13) was also included in the BD-NOS group.

2) ADHD defined as ADHD combined type (ADHD-C;
DSM-IV 314) (American Psychiatric Association
2000). We included ADHD-C only, because data sup-
porting the validity of other subtypes of ADHD are
scarce (WHO 1993; Woo and Rey 2005).

3) Concurrent ADHD-C and BD.

Exclusion criteria were age below 6.0 years or above
18.5 years, mental retardation according to DSM-IV or brain
injury.

Recruitment Procedure Clinical participants were recruited
from a general child and adolescent unit in Norway from
December 2004 to January 2009; 1983 individuals were re-
ferred during this period. Whenever BD was suspected
(n0232) by any of the staff, the patients were evaluated for
further assessment; of these, 47 were included. In addition, 17
patients were referred from other units; of these, 6 were includ-
ed. In addition, 18 patients with suspected ADHD-C only were
selected from other referred patients to optimize the age and
gender match; of these, 11 were included. The remaining
assessed patients did not meet the inclusion criteria (n0189),
met the exclusion criteria (n04), did not wish to participate
(n06), or did not complete the memory tests (n04). Finally, 64
clinical participants were included in the study: 23 with BD 26
with ADHD-C, and 15 with BD + ADHD-C (Table 1).

Diagnostic Assessment Psychiatric diagnoses were assessed
by a psychiatrist (first author) using the Kiddie-Schedule for
Affective Disorders and Schizophrenia Present and Lifetime
version (KSADS-PL) (Kaufman et al. 1997). Children and
their parents or guardians were interviewed separately.
KSADS-PL is a semi-structured interview designed to facil-
itate DSM-IV diagnostics, including a broad anamnestic
interview and a comprehensive diagnostic interview. It has
a strong content validity because it includes detailed probes
useful in eliciting meaningful information regarding present
and lifetime symptoms. Excellent-to-good validity and reli-
ability are reported (Kaufman et al. 1997; Kim et al. 2004).
The taped interviews, supplied with condensed medical
journals, were validated by a child and adolescent psychia-
trist. Inter-rater agreement (kappa) was 1.0 on bipolar dis-
order and 0.87 on ADHD-C. Information was also obtained
from the school via a teacher’s evaluation and in most cases
school observation by a clinician. The final inclusion diag-
noses were based on all available information from discus-
sions with the main researcher and an experienced child
psychiatrist (last author). Information regarding comorbidity
was also recorded from KSADS-PL.

A History of Psychotic Symptoms As in a number of other
studies (Rende et al. 2006; Savitz et al. 2009), a history of
psychotic symptoms was evaluated during the diagnostic in-
terview. A history of psychotic symptoms was defined as the
presence of at least one psychotic symptom (hallucination or
delusion) during a manic or a depressive episode. Also, very
brief psychotic phenomena were counted as ‘a history of
psychotic symptoms’. A history of state-dependent psychotic
symptoms was reported in 10 BD clinical participants and 4
BD + ADHD-C clinical participants (6 during depression and
8 during mania or mixed episode). No psychotic symptoms
were observed during assessments. Because the BD +ADHD-
C group was so small, pair-wise comparisons were performed
only in the BD subgroups with and without a history of
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psychotic symptoms, hereafter named the ‘BD-psychotic sub-
group’ and the ‘BD-nonpsychotic subgroup’, respectively.
The BD-psychotic subgroup was significantly older and
reported more comorbid drug abuse than did the BD-
nonpsychotic subgroup.

Medication When possible, medication was delayed until
after the diagnostic and neuropsychological assessment.
Only 5 BD-I clinical participants were diagnosed with BD
and treated with mood-stabilizer before they were referred to
the study (lamotrigine: n02, lithium: n01, valproate: n02,
and aripiprazole: n01). Medication was not discontinued in
these clinical participants.

Other medication (methylphenidate: n05) was discontin-
ued for a minimum of five times the elimination half-life
before testing.

State When possible, the clinical participants were assessed
in euthymic phase. The neuropsychologist reported mood
symptoms according to the following “scale”. 1. No mood
symptoms (n054). 2. Some mood symptoms (n08). 3.
Mood symptoms that may affect the validity of the results
(n02; both BD + ADHD-C) (Table 1).

Controls

Sixty-eight controls were recruited from three secondary
schools and one junior high school. The inclusion criterion
was attendance of regular school classes at normal grade
levels without known learning disorder or psychiatric dis-
orders. The parents confirmed that their child was not using
medication, receiving treatment from child and adolescent
psychiatric services, diagnosed with a declarative memory

Table 1 Sample characteristics by groups

B
B-I: n010
B-II: n06
B-NOS: n07

BA
B-I: n02
B-II: n03
B-NOS: n010

A
n026

C
n068

Bp
B-I: n08
B-II: n02
–

Bn
B-I: n02
B-II: n04
B-NOS: n07

Female 13 (56.5%) 7 (46.7%) 12 (46.2%) 37 (54.4%) 7 (70.0%) 6 (46.2%)

Age 13.3 (4.0) 13.5 (3.5) 12.6 (3.7) 12.3 (1.9) 14.8 (3.8) 12.2 (3.8)

Estimated IQ 100.1 (9.1) 101.3 (11.3) 97.8 (12.3) 99.7 (10.4) 96.1 (10.2) 102.9 (7.6)

Depressive 4 (17.4%) 0 1 (3.8%) – 2 (20.0%) 2 (15.4%)

Hypomanic 3 (13.0%) 2 (13.3%) 0 – 3 (30.0%) 0

Mood stabilizer 4 (17.4%) 1 (6.7%) 0 – 4 (40.0%) 0

ADHD rating scale-IV, percentiles; higher 0 more symptoms

P inattention 87.8 (18.3) 96.0 (4.8) 90.7 (12.4) 35.3 (29.3) 94.8 (4.9) 82.5 (22.8)

P hyperactivity 88.8 (15.2) 94.7 (6.1) 90.8 (11.5) 37.4 (29.6) 93.8 (6.4) 85.0 (18.9

T inattention 64.8 (26.6) 88.1 (13.7) 81.3 (14.5) 28.4 (28.1) 76.2 (25.2) 56.3 (25.8)

T hyperactivity 67.8 (29.9) 86.3 (7.9) 83.4 (12.1) 27.4 (27.7) 71.8 (35.4) 64.8 (27.1)

Problem profilesa from the Achenbach System; T-scores; higher 0 more symptoms

P Internalizing 67.1 (10.2 65.6 (6.8) 62.8 (9.6) 46.6 (9.4) 70.3 (9.3) 64.4 (10.5)

P Externalizing 65.0 (10.2) 71.4 (8.5) 65.9 (10.1) 43.5 (7.8) 67.4 (11.2) 63.0 (9.4)

T Internalizing 57.9 (11.8) 59.9 (9.6) 54.6 (9.9) 43.6 (7.5) 64.6 (9.4) 50.4 (9.7)

T Externalizing 65.0 (10.0) 68.8 (9.5) 66.6 (9.6) 48.2 (7.4) 67.6 (10.1) 62.1 (9.8)

Lifetime diagnoses or symptoms (from diagnostic interview; KSADS-PL)

Major Depression 17 (73.9%) 10 (66.7%) 5 (19.2%) – 7 (70.0%) 10 (76.9%)

Anxiety disorderb 12 (52.2%) 10 (66.7%) 6 (23.1%) – 5 (50.0%) 7 (53.8%)

PTSDc 3 (13.0%) 4 (26.7%) 3 (11.5%) – 0 3 (21.1%)

Tic disorder 7 (30.4%) 5 (33.3%) 3 (11.5%) – 3 (30.0%) 4 (30.8%)

Drug misuse 2 (8.7%) 4 (26.7%) 2 (7.7%) – 2 (20.0%) 0

RD/LDd 7 (30.4%) 4 (26.7%) 8 (30.8%) – 4 (40.0%) 3 (23.1%)

Values in mean (standard deviation) or number (percent). B Bipolar Disorder. A ADHD combined type. BA B + A. C Controls. Bp B with a history
of psychotic symptoms. Bn B with no history of psychotic symptoms. P Parent reported. T Teacher reported.
a Internalizing sub-scores on Anxious/Depressed, Withdrawn/Depressed and Somatic Complaints. Externalizing sub-scores on Rule-Breaking and
Aggressive Behavior
b Separation anxiety, social phobia, other phobia, generalized anxiety, panic disorder, obsessive-compulsive disorder
cMostly related to abuse/neglect
d Reading or language problems reported from parents
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disability, or currently receiving any form of special tutor-
ing/education. They were not evaluated by a specific diag-
nostic interview, but the teacher and parents completed the
Achenbach System of Empirically Based Assessment ques-
tionnaires (see below), which also measure DSM-IV-
oriented symptoms (Spatola et al. 2007). T-scores above
60 indicate a problem. Affective problems were reported
from 7 parents and 3 teachers. Anxiety problems were
reported by 4 parents and 4 teachers. ADHD problems were
reported by 3 parents and 4 teachers. Controls were in
common with another study (Egeland et al. 2009).

Checklist-Rated Behaviour

Symptom checklists rated by parents and school were used
for a clinical comparison of the sample. Symptom checklists
were not used as diagnostic tools; therefore, no cut-off
scores are provided (Table 1).

Parent- and teacher-rated behavioural and emotional
functioning were recorded from the Achenbach System
of Empirically Based Assessment questionnaires (Achen-
bach 2010), which include 120 behavioural items rated on
a three-step scale from 0 to 2. These are grouped in
problem areas and converted to T-scores relative to popu-
lation norms. T-scores above 60 indicate a problem. Mul-
tivariate analyses identified two main groups of problems,
designated Internalizing (anxious, inhibited behaviour)
and Externalizing (aggressive, antisocial behaviour). The
questionnaires are validated in a Norwegian sample
(Novik 2000).

ADHD rating scale–IV are parent- and teacher-rated
checklists of 9 inattentive and 9 hyperactivity/impulsivity
symptoms graded from 0 to 3 and linked to the DSM-IV
criteria for ADHD-C. The ratings are converted to an inat-
tention percentile and a hyperactivity/impulsivity percentile
relative to population norms. Adequate psychometric prop-
erties for the screening and assessment of ADHD are
reported (Barkley 1990; DuPaul 1998; Szomlaiski et al.
2009), but no study has explored its diagnostic validity for
ADHD versus BD. There are no Norwegian norms.

Neuropsychological Tests

IQ: All clinical participants completed the Wechsler Intelli-
gence Scales (1991, 1997). In the control sample, intellec-
tual capacity was estimated from scaled scores of the
subtests Similarities and Picture Completion from the
Wechsler Intelligence Scales.

Working memory was determined by the Digit Span
subtest from WISC-III/WAIS-III (Wechsler 1991, 1997), in
which the participant repeats forward and backward random
pairs of numbers read aloud. Digit Span is one of the most

commonly administered and widely accepted indexes of
working memory.

Verbal declarative memory was assessed by the child-
ren’s version of the Rey Auditory Verbal Learning Test: the
Children’s Auditory-Verbal Learning Test-2, in accordance
with the professional manual (Talley 1993). Normative data
from 595 public U.S. school pupils are available, and the
test is validated in several studies (Talley 1993). There are
no Norwegian norms.

The task was to recall an orally presented list of 16
ordinary Norwegian words over five learning trials, fol-
lowed by presentation and recall of a second interference
list. Short- and long-delayed recall of the initial list was then
assessed, followed by delayed recognition tests in which
words from both lists were mixed with new words. Impaired
recognition indicates a genuine amnestic deficit, whereas all
the other trials are based on free recall of learned material. In
the present study, short- and long-delay recall was adjusted
for words recalled in learning trial 5. Because words are
grouped into four semantic categories, one can assess the
extent to which participants use semantic strategies to recall
information.

The tests were administered in fixed order by an experi-
enced neuropsychologist. All analyses were performed on
raw data because the age variance was larger in the clinical
groups than among controls. In addition, the normative data
of the Children’s Auditory-Verbal Learning Test-2 are not
validated in a Norwegian sample (Fig. 1).

Ethics

The study was carried out in accordance with the Helsinki
Declaration and was approved by the Regional Committee
for Medical Research Ethics of Southern Norway and the
Norwegian Social Science Data Service. Children and
their caregivers were given verbal and written informa-
tion. Caregivers and children aged ≥12 years provided
written consent, and younger children provided spoken
assent.

Statistical Analysis

Statistical analyses were performed using SPSS software for
Windows version 16 (SPSS, Chicago, IL). Significance was
set at p<0.05 (two-sided).

Sample characteristics were analysed using analysis of
variance (ANOVA) for continuous variables, and categori-
cal data were analysed by chi-square or Fisher’s exact test as
appropriate.

Neurocognitive comparisons were explored using gener-
alized linear models (Nelder and Wedderburn 1972). A
generalized linear model is an extension of the linear mod-
elling process that allows models to be fitted to data that
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follow probability distributions other than a normal distri-
bution, such as a Poisson distribution. Generalized linear
models also have a lesser requirement for equality or con-
stancy of variances compared with the hypothesis tests in
traditional linear models. We analysed raw scores with
covariate age, gender, and estimated IQ. Because we con-
sidered simple Bonferroni correction to be too conservative
for the multiple groups of the present study, pair-wise post-
hoc analyses were performed with sequential Bonferroni
adjustments (Holm 1979). The sequential method works as
follows: When comparing six pairs with 0.05 as the thresh-
old p value (alpha level), then the most significant of the
three p values must be less than 0.05/60 .008 to be signifi-
cant; the second most significant p value of the three must
be less than .05/500.010; the third most significant must be
less than 0.05/400.013; the fourth most significant must be
less than 0.05/300.017; the fifth most significant must be
less than 0.05/200.025; and the least significant must be
less than 0.05 to be significant. Based on estimated marginal
means and corresponding standard errors from the general-
ized linear models, effect size was expressed as Cohen’s d0
Δ estimated marginal mean/pooled standard deviation (note
that effect sizes calculated from generalized linear models
with a Poisson distribution must be interpreted with cau-
tion). Main group comparisons (BD vs. ADHD-C vs. BD +
ADHD-C vs. C) were followed up by analyses of the BD
subgroups: BD-psychotic vs. BD-nonpsychotic vs. ADHD-
C vs. C, and BD-I vs. BD-II/BD-NOS vs. ADHD-C vs. C.

Because most of the clinical group differences (state,
medication, and comorbidity; Table 1) were considered
illness-specific, they were not entered as covariates in the

neurocognitive comparisons. Instead, follow-up correlation
analyses (Spearman’s rho) were used to explore whether
neurocognition was associated with mood symptoms, med-
ication, or comorbidity across the clinical groups.

Results

Main Clinical Groups

The mean estimated performance on neuropsychological
tests, and differences between the main clinical groups and
controls, are presented in Table 2. The ADHD-C group
performed significantly below the control group on working
memory and free recall (trial 1–5), with normal performance
on recognition.

The BD group performed significantly below the control
group on six of nine declarative memory measures, but not
significantly below controls on working memory. Despite
significant differences between the clinical groups and the
control group on semantic clustering, the effect sizes of
these differences were small. (However, because of the
non-parametric distribution of the test results and the
corresponding high values of standard errors, the effect size
values cannot be relied upon when comparing performance
on this test). The BD + ADHD-C group performed signifi-
cantly below the control group on working memory, free
recall (trial 1–5) and recognition. Neither of the clinical
groups performed significantly below controls on the
short-time and delayed recall trials. The only significant
difference between the main clinical groups was the

Fig. 1 Children’s verbal
learning test-II; standard scores
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impaired performance of the BD + ADHD-C group com-
pared with the ADHD-C group on recognition.

BD With and Without a History of Psychotic Symptoms

As shown in Table 3, the BD group was split into a BD-
psychotic subgroup with a history of psychotic symptoms,
and a BD-nonpsychotic subgroup without indications of pre-
vious psychotic symptoms. The BD-psychotic subgroup

performed significantly below controls on eight of the nine
declarative memory measures, including delayed recall and
recognition. The BD-psychotic group was also significantly
impaired compared with the ADHD-C and BD-nonpsychotic
groups on delayed recall and recognition. The BD-
nonpsychotic group performed significantly below the control
group only on the second learning trial. Neither of the BD
groups performed significantly below the control group on
working memory.

Table 2 Memory performance in bipolar disorder with and without comorbid ADHD, ADHD only and controls

Estimated mean1±95% C.I. Model effect Pairwise: Effect size d; p2

B n023 BA n015 A n026 C n068 B vs. BA
vs. A vs. C

B vs. C BA vs. C A vs. C B vs. A BA vs. A B vs. BA

Verbal Working memory

Digit Span 11.1±1.1 10.5±1.2 10.5±0.9 12.4±0.9 F(3,123)06.1** 0.4; 0.09 0.6; 0.01* 0.6; 0.00** 0.3; 0.97 0.0; 0.97 0.2; 0.97

Verbal declarative memory Children’s Verbal Learning Test-II

Learning trial 1 5.8±0.9 5.4±1.0 5.8±0.8 7.1±0.6 F(3,125)05.6** 0.5; 0.02* 0.6; 0.01** 0.5; 0.02* 0.0; 1.00 0.2; 1.00 0.2; 1.00

Learning trial 2 7.5±1.1 7.4±1.1 7.5±1.0 9.8±0.9 F(3,125)08.8** 0.7; 0.00* 0.7; 0.00** 0.6; 0.00** 0.1; 1.00 0.1; 1.00 0.0; 1.00

Learning trial 3 9.5±1.1 8.6±1.2 9.1±1.0 11.2±0.8 F(3,125)09.0** 0.6; 0.01** 0.8; 0.00** 0.7; 0.00* 0.2; 0.92 0.2; 0.92 0.4; 0.66

Learning trial 4 10.0±1.2 9.2±1.4 9.5±1.1 12.2±0.9 F(3,125)010.3** 0.6; 0.00** 0.8; 0.00** 0.8; 0.00** 0.2; 0.98 0.1; 1.0 0.3; 1.0

Learning trial 5 11.0±1.2 9.8±1.3 10.3±1.1 13.0±0.9 F(3,125)010.7** 0.6; 0.01** 0.9; 0.00** 0.8; 0.00** 0.2; 0.72 0.2; 0.79 0.4; 0.47

Semantic clustering 0.9±1.2 1.4±1.5 1.3±1.8 3.4±2.3 F(3,118)04.3* 0.3; 0.02* 0.3; 0.05* 0.2; 0.05* 0.1; 1.00 0.0; 1.00 0.2; 1.00

Short-time recall 9.8±0.9 9.5±1.1 9.7±0.8 10.8±0.7 F(3,116)03.0* 0.5; 0.18 0.4; 0.10 0.5; 0.09 0.1; 1.00 0.0; 1.00 0.2; 1.00

Delayed recall 10.0±1.0 9.8±1.2 10.1±0.9 11.4±0.8 F(3,124)03.4* 0.5; 0.08 0.5; 0.08 0.4; 0.08 0.0; 1.00 0.1; 1.00 0.1; 1.00

Recognition 28.6±1.0 27.2±1.2 29.4±0.9 29.9±0.7 F(3,125)07.0** 0.4; 0.06 0.9; 0.01** 0.2; 0.46 0.3; 0.46 0.9; 0.01* 0.6; 0.13

1 Covariate age, gender and estimated IQ. C.I. 0 95% Confidence Interval. B 0 Bipolar disorder. A 0 Attention deficit hyperactivity disorder
combined type. BA 0 B + A; C 0 Control. 2 After post hoc Sequential Bonferroni adjustment. *p<0.05. **p<0.01

Table 3 Memory performance in bipolar disorder with and without a history of psychotic symptoms

Estimated mean1±95% C.I. Model effect Pairwise: Effect size d; p2

Bp n010 Bn n013 Bp vs. Bc vs. A vs. C Bp vs. C Bn vs. C Bp vs. A Bn vs. A Bp vs. Bn

Verbal Working Memory

Digit Span 10.8±1.5 11.4±1.4 F(3,108)05.0** 0.49; 0.18 0.30; 0.58 0.0; 1.00 0.1; 0.70 0.1; 1.00

Verbal declarative memory Children’s Verbal Learning Test-II

Learning trial 1 5.5±1.2 5.9±1.2 F(3,110)04.1** 0.6; 0.09 0.4; 0.22 0.0; 1.00 0.0; 1.00 0.1; 1.00

Learning trial 2 7.3±1.5 7.1±1.4 F(3,110)07.6** 0.7; 0.03* 0.7; 0.00** 0.0; 1.00 0.0; 1.00 0.0; 1.00

Learning trial 3 8.2±1.4 10.5±1.4 F(3,110)09.0** 1.0; 0.00** 0.3; 0.46 0.1; 0.46 0.1; 0.23 0.3; 0.06

Learning trial 4 8.6±1.3 10.7±1.3 F(3,110)013.9** 1.1; 0.00** 0.5; 0.12 0.1; 0.30 0.1; 0.15 0.3; 0.08

Learning trial 5 9.5±1.5 11.9±1.4 F(3,110)010.6** 1.0; 0.00** 0.3; 0.32 0.1; 0.39 0.2; 0.16 0.3; 0.08

Semantic clustering 0.3±0.8 2.5±3.5 F(3,106,)07.4** 0.3; 0.03* 0.1; 0.42 0.1; .42 0.1, 0.42 0.5; 0.32

Short-time recall 9.2±1.1 10.6±1.2 F(3,103)04.4** 0.7; 0.01* 0.2; 0.83 0.0; 0.83 0.1: 0.51 0.2; 0.25

Delayed recall 8.8±1.1 11.6±1.2 F(3,109)06.5** 1.0; 0.00** 0.0; 0.97 0.2; 0.03* 0.1; 0.17 0.5; 0.00**

Recognition 26.9±1.2 30.1±1.2 F(3,110)07.5** 1.1; 0.00** 0.0; 0.90 0.2; 0.00** 0.1; 0.63 0.3; 0.00**

1 Raw scores, covariate age, gender and estimated IQ. C.I. 0 confidence interval. See Table 2 for estimated means of the ADHD group and the
control group

Bp 0 bipolar disorder with a history of psychotic symptoms. Bn 0 bipolar disorder with no history of psychotic symptoms. A 0 ADHD combined
subtype,

C 0 Control. *p<0.05, **p<0.01. 2 p-values after post hoc Sequential Bonferroni adjustment
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Diagnostic Subgroups of BD

Verbal learning differences were less pronounced between the
diagnostic subtypes of BD than between the BD-psychotic
and BD-nonpsychotic subgroups. The BD-II/BD-NOS group
performed significantly below controls on more verbal learn-
ing trials than did the BD-I group, but only the BD-I groupwas
significantly impaired compared with controls on the semantic
clustering, delayed recall and recognition trials (Table 4). None
of the BD diagnostic subgroups were significantly impaired
compared with controls on working memory.

Impact of Mood Symptoms, Medication, and Comorbidity

There were no significantly negative correlations between the
main findings (defined as score on Digit span, verbal learning
trial 5, and verbal recognition) and mood symptoms, medica-
tion, comorbid anxiety disorder, tic disorder, drug abuse, post
traumatic stress disorder, or reading problems.

Discussion

The present study compared verbal memory in children and
adolescents with BD, ADHD-C, BD + ADHD-C, and con-
trols. In a second step, we compared BD with and without a
history of psychotic symptoms, ADHD-C, and controls. In a
third step we compared BD-I, BD-II/BD-NOS, ADHD-C,
and controls.

All clinical groups performed below controls on verbal
learning trials (free recall). The BD-psychotic and BD-I

subgroups performed significantly below controls also on
delayed recall and recognition, indicating a genuine amnes-
tic deficit. These impairments were driven by the BD-
psychotic group, which also performed significantly below
the ADHD-C group on delayed recall and recognition. Only
the ADHD-C groups performed significantly below controls
on working memory. The ADHD-C only group demonstrat-
ed performance equal to healthy controls on the recognition
trial. Thus, the three first hypotheses were partially verified:
1. Genuine amnestic deficit in BD, most pronounced in
those with a history of psychotic symptoms; 2. Free recall
and working memory problems in ADHD-C; and 3. Free
recall, working memory, and amnestic problems in the BD +
ADHD-C group. The fourth hypothesis regarding differen-
tial diagnostic usefulness of memory profiles was not veri-
fied: With the exception of one area (recognition and to
some extent delayed recall) there were no group differences
among the clinical groups on any of the areas tested. How-
ever, declarative memory deficit cannot be used as a diag-
nostic marker for BD because only a subgroup of the BD
sample was significantly impaired compared with the con-
trols and ADHD-C on delayed recall and recognition. Work-
ing memory deficit had no diagnostic value: only the
ADHD-C groups performed significantly below controls
on this test, but looking at effect sizes, the difference be-
tween the clinical groups was marginal.

Findings in BD

The recall and recognition problems in the BD-psychotic
subgroup indicate a genuine encoding deficit that may be

Table 4 Memory performance in diagnostic subtypes of bipolar disorder

Estimated mean1±95% C.I. Model effect Pairwise: Effect size d; p2

B1 n010 B2n n013 B1 vs. B2n vs. A vs. C B1 vs. C B2n vs. C B1 vs. A B2n vs. A B1 vs. B2n

Verbal Working Memory

Digit Span 10.7±1.5 11.4±1.8 F(3,108)05,1** 0.5; 0.15 0.3; 0.59 0.0; 0.92 0.1; 0.67 0.1; 0.92

Verbal declarative memory Children’s Verbal Learning Test-II

Learning trial 1 6.1±1.3 5.4±1.1 F(3,110)04.2** 0.3; 0.60 0.6; 0.03* 0.0; 1.00 0.0; 1.00 0.1; 1.00

Learning trial 2 8.1±1.6 6.5±1.3 F(3,110)08.8** 0.4; 0.31 0.9; 0.00** 0.0; 0.50 0.1; 0.37 0.2; 0.31

Learning trial 3 9.3±1.5 9.6±1.3 F(3,110)06.8** 0.6: 0.06 0.5; 0.08 0.0; 1.00 0.1; 1.00 0.1; 1.00

Learning trial 4 9.5±1.4 9.9±1.3 F(3,110)011.6** 0.8; 0.00** 0.7; 0.01** 0.0; 1.00 0.0; 1.00 0.0; 1.00

Learning trial 5 9.9±1.6 11.6±1.5 F(3,110)09.6** 0.9; 0.00** 0.4; 0.36 0.0; 0.71 0.1; 0.36 0.2; 0.36

Semantic clustering 0.6±1.4 1.9±2.6 F(3,106)04.3* 0.3; 0.03* 0.2; 0.19 0.0; 0.48 0.1; 0.63 0.2; 0.48

Short-time recall 10.1±1.2 9.8±1.2 F(3,103)03.2* 0.5; 0.44 0.4; 0.21 0.0; 1.00 0.0; 1.00 0.0; 1.00

Delayed recall 9.6±1.2 10.8±1.2 F(3,109)03.1* 0.5; 0.03* 0.2; 0.79 0.1; 0.79 0.1; 0.79 0.2; 0.53

Recognition 27.6±1.3 29.4±1.2 F(3,110)03.8** 0.6; 0.00** 0.2; 0.84 0.1; 0.10 0.0; 0.92 0.3; 0.13

1 Raw scores, covariate age, gender and estimated IQ. C.I. 0 confidence interval. See Table 2 for estimated means of the ADHD group and the
control group. B1 0 Bipolar 1 disorder. B2n 0 Bipolar 2 disorder and bipolar disorder not otherwise specified. A 0 ADHD. C 0 Control. *p<.0.05
**p<0.01. 2 p-values after post hoc Sequential Bonferroni adjustment
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associated with the extremely low level of semantic clustering
in this subgroup. Semantic organization refers to real-world
knowledge and is one of the key factors in perception, exec-
utive functions, and memory (Chang et al. 2011; Gazzaniga et
al. 2009). Inconsistent reports of semantic clustering deficit in
BD (Bearden et al. 2006; Chang et al. 2011; Glahn et al. 2005)
may reflect different samples studied, because semantic defi-
cits in BD appear to be associated with a history of psychotic
mood episode(s) (Kravariti et al. 2009).

Recognition deficit is reported previously in children and
adolescents with BD-I, but not in children and adolescents
with broader BD phenotypes (Glahn et al. 2005; McClellan
et al. 2004). Because our BD-psychotic subgroup comprised
mostly BD-I participants and the BD-nonpsychotic sub-
group comprised all the BD-NOS participants, there was a
partial overlap between a history of psychotic symptoms and
the diagnostic subtypes of BD. Difference was more pro-
nounced between the BD-psychotic and BD-nonpsychotic
subgroups than between the BD-I and BD-II/BD-NOS sub-
groups (Tables 3 and 4), indicating that a history of psychosis
better explains the neurocognitive variance in the BD group
than the BD diagnostic subtypes do, in line with the findings
of several studies of adults with BD (Savitz;(Levy and Weiss
2010; Martinez-Aran et al. 2008; Savitz et al. 2009)
(Simonsen et al. 2011). Thus, a history of psychotic symptoms
may be a marker of a more serious developmental subtype of
BD with more cognitive deficits, or may be a sequel of
psychotic episodes in BD.

The high prevalence of psychotic mood episodes in our
BD sample is consistent with the findings of other studies
(Reddy et al. 1997; Rende et al. 2006; Tillman et al. 2008),
and supports the suggestion that early-onset BD commonly
represents a severe subtype of the disorder (Geller et al.
2008; Pavuluri et al. 2004). However, because it is difficult
to evaluate retrospective information of psychotic symptoms
in children, false perceptions and drug-related psychotic
symptoms may have been misinterpreted as psychotic epi-
sodes of BD (Hlastala and McClellan 2005; Reimherr and
McClellan 2004). Despite no reports of psychotic symptoms
outside a mood episode, our BD-psychotic group may have
included some participants misdiagnosed with schizoaffec-
tive disorder, which may have contributed to the marked
verbal memory deficit (McClellan et al. 2002; McClellan et
al. 2004). Nevertheless, a recent meta-analysis found that
individuals with paediatric BD suffer from cognitive deficits
(including verbal memory) that are milder but similar in
nature to those of patients with early-onset schizophrenia
(Nieto and Castellanos 2011).

The scarce impairments in the BD-nonpsychotic group
are supported by the recent adult BD literature (Savitz et al.
2009; Simonsen et al. 2011). In the present study, the BD-
nonpsychotic group included all participants with a diagno-
sis of BD-NOS, which is a “maybe bipolar” category: some

of these may have had mood instability of other aetiology,
while others may have had a BD prodrome (Glahn et al.
2005; Sala et al. 2009).

In the present sample, mood symptoms, medication, and
comorbidity had no significant impact on performance. Be-
cause of the small sample and large intra-group variation,
we cannot rule out the effect of these factors on test
performance.

Findings in ADHD-C

In line with the findings of most other studies, the ADHD-C
group demonstrated impaired working memory and free
recall problems compared with the controls, but no recog-
nition deficit (Crocker et al. 2011; Kaplan et al. 1998;
Martinussen et al. 2005; Seidman et al. 1998; Walshaw et
al. 2010). The ADHD-C group’s efficient recognition indi-
cates that verbal recall problems in ADHD may be due to
executive problems rather than a genuine amnestic deficit.
Free recall problems may explain why impaired listening
comprehension is correlated with working memory deficit
and inattention symptoms in ADHD (McInnes et al. 2003).

However, our findings are group results, and the majority
of ADHD participants in the present study did not demon-
strate significantly worse working memory than controls, in
line with the findings of most studies of ADHD-C (Willcutt
et al. 2005). Thus, working memory deficits cannot be used
as a neurocognitive marker of ADHD-C.

Findings in Concurrent ADHD-C and BD

The BD + ADHD-C group demonstrated declarative mem-
ory problems similar to the BD group and working memory
problems similar to (but not worse than) the ADHD-C
group. This indicates that the BD + ADHD-C group may
include some participants with ‘true’ comorbidity. The
comorbid group demonstrated pronounced recognition
problems, where the contribution from four participants
with a history of psychotic symptoms was considerable.
These four may belong to a more serious neurodevelopmen-
tal subtype of BD that is associated with comorbid ADHD,
cognitive deficits, and psychotic symptoms (Duffy 2010).
However, the heterogeneous performance and over-
representation of BD-NOS in our comorbid group indicate
that this group may include several disorders, some of which
probably belong to an ADHD-C subtype with substantial
mood instability (Sobanski et al. 2010) rather than to a
comorbid BD subtype.

Clinical Implications and Further Research

The present data suggest that children and adolescents with
BD and a history of psychotic symptoms show inefficient
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encoding of verbal material (i.e., a genuine amnestic defi-
cit), whereas performance of the ADHD group may be
better characterized by inefficient free recall of learned
material. To the best of our knowledge, this study is the
first to reveal that verbal amnestic problems in children and
adolescents with BD characterize those with a history of
psychotic symptoms, and not those without previous psy-
chotic symptoms; this is consistent with the findings in
adults with BD.

Longitudinal offspring studies are needed to clarify wheth-
er verbal long-term memory deficit is a marker of a psychotic
subtype of BD or is a consequence of psychotic episodes in
BD. Reports of normal cognitive development pre-morbid in
BD support the latter suggestion (Lewandowski et al. 2011;
Quackenbush et al. 1996), whereas findings of cognitive
deficits in two offspring studies indicate the presence of a
more serious neurodevelopmental subtype of BD (Maziade
et al. 2009; Meyer et al. 2004). If verbal memory deficit is a
marker for a more serious developmental subtype of BD, this
has importance for diagnostic evaluation, prognosis, and in-
tervention. If verbal memory deficit is a consequence of
psychotic episodes, it emphasizes the importance of identifi-
cation and treatment of early-onset BD, in light of the poor
prognosis of those with verbal declarative memory deficit
(Bonnin et al. 2010; Torres et al. 2010).

The low level of semantic clustering in the BD-psychotic
group indicates that verbal memory deficits in BD may be
secondary to semantic organization deficits (Sumiyoshi et
al. 2001; Sumiyoshi et al. 2005). Several cognitive domains
are largely dependent upon a well-organized network of
semantic associations (Rogers et al. 2004), and subtle
impairments in semantic organization can bring about con-
siderable changes in cognition and experiences, and also
influence delusion formation (Rossell 2006). Follow-up
studies may be needed to clarify the interplay among se-
mantic organization, long-term verbal memory, and behav-
ioural characteristics including psychotic symptoms.

Though memory function is not very useful in distinguish-
ing those with BD from individuals with ADHD-C, it may
lend insight into the neurobiological systems that are disrupted
in childhood psychiatric disorders. In terms of BD, this infor-
mation can also potentially define endophenotypes for further
parsing of BD. In addition, understanding cognitive abnor-
malities may promote tailored education strategies and per-
haps reduce the academic and functional impairment
associated with cognitive deficits in both BD and ADHD
(Biederman et al. 2004; Martinez-Aran et al. 2007; Miller
and Hinshaw 2010; Pavuluri et al. 2009; Thorell 2007).

Limitations and Strengths

The strengths of our study are that most of our clinical
participants were drug-free and euthymic, and we did

account for estimated IQ. Also, young people may be more
suitable for neuropsychological studies than adults because
they are less influenced by negative effects of long-term
illness.

The small and convenient clinical sample of the present
study limits the generalization of our findings. Because of
the developmentally insensitive BD criteria and the hetero-
geneity of the BD groups, the findings in these groups in
particular should be interpreted with caution. Also, prior
medication exposure may have influenced some of our
findings.

The considerable intra-group variation in test perfor-
mance in the BD groups may be a reflection of the hetero-
geneity of these groups, but the variance was also
considerable in our well-characterized ADHD-C group.
However, variable performance is expected in ADHD-C
because a failure to engage top-down control, depending
on the reward of the task, appears to underlie the shifting
cognitive performance in most individuals with ADHD
(Casey et al. 2007). Performance on neuropsychological
tests is also influenced by various factors, including moti-
vation, stress, and tiredness.

Our results may have been affected by statistical prob-
lems. Neuropsychological data on clinical groups are mostly
categorical and non-parametrically distributed, and are in-
fluenced by several moderators and covariates; these factors,
together with our small sample size, make statistical mod-
elling imperfect. This problem is common to most neuro-
psychological studies.

Conclusions

A genuine amnestic deficit may characterize BD with a
history of psychotic symptoms, in contrast to BD with no
previously psychotic symptoms. ADHD-C may be better
characterized by a deficit in free recall of learned memory.
These findings are not useful as diagnostic markers, but may
guide our understanding of daily life problems and facilitate
tailored educational strategies in children and adolescents
with ADHD and BD. Further studies are needed to clarify
whether memory problems are primary or secondary to
psychotic episodes in BD, and to investigate the interplay
among semantic organization, long-term memory, and
behavioural characteristics including psychotic symptoms.
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