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Abstract

Objectives: Previous studies have suggested that the sum of Attention, Aggression, and Anxious=Depressed
subscales of Child Behavior Checklist (CBCL-PBD; pediatric bipolar disorder phenotype) may be specific to pe-
diatric bipolar disorder (BP). The purpose of this study was to evaluate the usefulness of the CBCL and CBCL-PBD
to identify BP in children <12 years old.
Methods: A sample of children with BP I, II, and not otherwise specified (NOS) (n¼ 157) ascertained through the
Course and Outcome for Bipolar Disorder in Youth (COBY) study were compared with a group of children with
major depressive=anxiety disorders (MDD=ANX; n¼ 101), disruptive behavior disorder (DBD) (n¼ 127), and
healthy control (HC) (n¼ 128). The CBCL T-scores and area under the curve (AUC) scores were calculated and
compared among the above-noted groups.
Results: Forty one percent of BP children did not have significantly elevated CBCL-PBD scores (�2 standard
deviations [SD]). The sensitivity and specificity of CBCL-PBD� 2 SD for diagnosis of BP was 57% and 70–77%,
respectively, and the accuracy of CBCL-PBD for identifying a BP diagnosis was moderate (AUC¼ 0.72–0.78).
Conclusion: The CBCL and the CBCL-PBD showed that BP children have more severe psychopathology than HC
and children with other psychopathology, but they were not useful as a proxy for Diagnostic and Statistical Manual of
Mental Disorders, 4th edition (DSM-IV) diagnosis of BP.

Introduction

Pediatric bipolar disorder (BP) is now recognized as a
significant public health problem, noteworthy for its se-

verity and chronicity of symptoms (Pavuluri et al. 2005;
Youngstrom et al. 2004; Birmaher et al. 2006). Because of their
ease of administration, good psychometric properties, and
cross-cultural validation, the Achenbach Rating Scales (e.g.,
parent-rated Child Behavior Checklist; CBCL) (Achenbach
and Rescorla 2001) have been used widely in studies of youths
with varying types of psychopathology, pediatric BP included
(Biederman et al. 1995; Kahana et al. 2003; Mick et al. 2003;
Faraone et al. 2005; Youngstrom et al. 2005).

Biederman and colleagues (Biederman et al. 1995) proposed
that the sum of the Attention, Aggression, and Anxious=
Depressed subscales of the CBCL, pediatric BP phenotype,
(CBCL-PBD; alternatively referred to as the juvenile BP pheno-
type [CBCL-JBD]) may be specific for the diagnosis of pediat-
ric BP. A meta-analysis of seven studies (Biederman et al.
1995; Biederman et al. 1996; Carlson and Kelly 1998; Carlson et al.
1998; Geller et al. 1998; Hazell et al. 1999; Dienes et al. 2002)
showed that in comparison with children with attention-deficit=
hyperactivity disorder (ADHD) children with BP had signifi-
cantly higher scores on these three CBCL subscales (Mick et al.
2003). Efforts to establish the specificity of these scales in iden-
tifying children with BP have thus far met with mixed results.
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The CBCL-PBD was reported as a highly efficient way of
identifying children with BP in a clinical sample (Faraone et al.
2005) and was used as proxy research definition of BP in a
nonclinical sample (Hudziak et al. 2005). However, others
have reported that the CBCL poorly identified pediatric BP
and suggested that the high scores in the CBCL-PBD might be
due to the symptom severity, co-morbidity, or functional
impairment in subjects with BP (Kahana et al. 2003; Young-
strom and Youngstrom 2005). Methodological limitations
of previous studies include different approaches to clinical-
diagnostic ascertainment, small sample sizes with a prepon-
derance of male ADHD subjects (Kahana et al. 2003; Mick et al.
2003), lack of control for co-morbidities or other clinical and
demographic variables, and the absence of the full spectrum
of BP phenotypes. Two recent studies underscore these points
in a large community (Volk and Todd 2007) and clinical
(Holtmann et al. 2007) samples noting that whereas the CBCL-
PBD profile was associated with suicidality and functional
impairment and was moderately heritable, no children with
high CBCL-PBD scores (T-scores� 2 standard deviations
[SD]) fulfilled diagnostic criteria for BP.

The goal of the present study was to evaluate the diag-
nostic performance of the CBCL subscales (e.g., Total, Ex-
ternalizing, Attention, Aggression, and Anxious=Depressed)
and the CBCL-PBD phenotype in a large group of clinically
ascertained children diagnosed with BP spectrum disorders
(BP I, II, and not otherwise specified [NOS]), unipolar major
depressive=anxiety (MDD=ANX) disorders, disruptive be-
havior disorders (DBD), and a group of healthy control (HC)
children<12 years old. We sought to determine first, whether
or not children with BP have higher scores on the CBCL
compared to MDD=ANX, DBD, and HC groups, and, second,
if the CBCL-PBD phenotype is useful in identifying BP youth.

Methods

Clinical diagnoses

To evaluate whether the CBCL scores are specifically
higher in children with BP, we compared these children with
historical samples of children with non-BP and HC. The non-
BP and HC children were recruited and evaluated using a
methodology similar to the one used in our study, including
Diagnostic and Statistical Manual of Mental Disorders, 4th edition
(DSM-IV) diagnostic criteria (American Psychiatric Associa-
tion 2000), the CBCL (Achenbach and Rescorla 2001), and the
Schedule for Affective Disorders and Schizophrenia for
School-Age Children–Present and Lifetime Version (K-SADS-
PL) (Kaufman et al. 1997). Moreover, two of the investigators
(B.B. and D.A.) participated in these studies. The MDD=ANX
group did not include children with BP and the DBD group
did not include subjects with MDD or BP. Participants in the
healthy control group were free of any lifetime episode of any
major psychiatric disorder. The methods and instruments
used to ascertain and evaluate the BP youth have been de-
scribed in detailed elsewhere (Axelson et al. 2006).

An operationalized definition of BP NOS was used to di-
agnose children with this subtype of BP who did not meet the
DSM-IV criteria for BP I or BP II, but had a distinct period of
abnormally elevated, expansive, or irritable mood plus the
following minimum criteria: (1) two DSM-IV manic symp-
toms (three if the mood is irritability only) that were clearly
associated with the onset of abnormal mood; (2) a clear

change in functioning; (3) mood and symptom duration of a
minimum of 4 hours within a 24-hour period for a day to be
considered meeting the diagnostic threshold; and (4) a mini-
mum of 4 days (not necessarily consecutive) meeting the
mood, symptom, duration, and functional change criteria
over the subject’s lifetime, which could be two 2-day episodes,
four 1-day episodes, or another variation. Using these criteria,
we have previously shown that children and adolescents
meeting these more strictly defined BP-NOS criteria have
similar, but less severe, clinical pictures, co-morbid disorders,
family history, and longitudinal outcome than the BP I sub-
jects (Axelson et al. 2006; Birmaher et al. 2006). Moreover,
about 25% of these youth diagnosed with BP NOS converted
into BP I or BP II (Birmaher et al. 2006).

Subjects

A subgroup of 157 children younger than 12 years old
(9.4� 1.5) from the Course and Outcome of Bipolar Youth
(COBY) was included in this study (Axelson et al. 2006; Bir-
maher et al. 2006). Seventy nine of these children had BP I, 3
had BP II, and 75 had BP NOS. About 85% of the subjects with
BP had significant manic and=or depressive symptoms dur-
ing the month before the assessment, but they were not re-
quired to meet the criteria for a manic, mixed, or hypomanic
episode at the time of the study intake (Axelson et al. 2006;
Birmaher et al. 2006). For this study, only children, and not the
adolescents, with BP were included because existing CBCL=
BP studies have mainly included children younger than
12 years old (Mick et al. 2003). The MDD=ANX (n¼ 101,
10.0� 1.2 years old), DBD (n¼ 127, 8.7� 1.6 years old), and
HC (n¼ 128, 9.5� 1.6 years old) children were part of the
Neurobehavioral Changes in Pediatric Affective Disorder
(Birmaher et al. 2000) and the Resources to Enhance the Ad-
justment of Children-REACH (Kolko et al., 2008) studies at
the University of Pittsburgh. The MDD=ANX group included
46 children with MDD, 33 with anxiety disorder without
MDD (28 children with generalized anxiety disorder, 2 chil-
dren with panic disorder, 1 child with separation anxiety
disorder, 1 child with social phobia, and 1 child with both
generalized anxiety disorder and separation anxiety disorder)
and 22 with co-morbid MDD and anxiety disorders (9 chil-
dren with generalized anxiety disorders, 9 children with
separation anxiety disorder, 2 children with panic disorder, 2
children with generalized anxiety disorders and social pho-
bia). The DBD group consisted of 24 children with conduct
disorder (CD) and 103 children with oppositional defiant dis-
order (ODD). Informed consent was obtained from the study
subject’s parent or guardian before initiation of the assessment.

As shown in Table 1, there were significant between-group
differences in age, sex, race, and family intactness. Children in
the MDD=ANX group were the oldest and the DBD children
were the youngest among four groups. There were more male
subjects in all groups and its prevalence of male subjects was
highest in the DBD group and lowest in the MDD=ANX
group. Except for the DBD group, race was significantly
nonwhite in the study groups. General level of psychosocial
functioning as measured through the Global Assessment
Scale for Children (C-GAS) (Shaffer et al. 1983) was signifi-
cantly lower in the BP group when compared to the other
three groups. The prevalence of an ADHD diagnosis was
significantly higher in the BP and DBD groups as compared
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with the MDD=ANX and HC groups. The prevalence of
anxiety disorders was significantly higher in the BP and
MDD=ANX groups as compared with the DBD and HC
groups.

Clinical measures

Research interviewers were trained to reliably administer
the K-SADS-PL (Kaufmann et al. 1997). The results of each
interview were reviewed by a child psychiatrist or psychol-
ogist for diagnostic consensus. As reported elsewhere, there
was high reliability for differentiating BP from non-BP subjects
(K¼ 0.90) and from the BP diagnostic subtypes (K¼ 0.79). For
the nonmood disorders, values were 0.80 or higher (Axelson
et al. 2006).

The CBCL has 11 subscales, including Delinquent Beha-
vior, Aggressive Behaviors, Withdrawn, Somatic Complaints,
Anxious=Depressed, Social Problems, Thought Problems,
Attention Problems, Externalizing Problems (includes Delin-
quent and Aggressive Behaviors), Internalizing Problems
(includes Withdrawn, Somatic Complaints, and Anxiety=
Depressed Problems), and Total Problems (includes Exter-
nalizing, Internalizing, Social, Thought, and Attention Pro-
blems) (Achenbach and Rescorla 2001), and cut-off scores of
70 (2 SD above normal level) have been recommended as
clinically meaningful thresholds for a deviation from age-and
sex-matched healthy children. In accordance with previous
studies (Mick et al. 2003; Faraone et al. 2005), the CBCL-
PBD phenotype has been defined as the sum of Anxiety=
Depression, Attention Problems, and Aggressive Behaviors
subscales on the CBCL, and a cut-off score of 210 is 2 SD above
normal level. Subjects included from the BP and DBD studies
were administered the 2001 version of CBCL=6-18 (Achen-
bach and Rescorla 2001) and subjects from the MDD=
ANX study were administered 1991 version of CBCL=4-18
(Achenbach 1991), both of which obtain ratings of 118 specific
behavioral–emotional problem items. The data were modified
to be in accordance with the 2001 version after consultation
with the publisher.

The socioeconomic status for all subjects was measured
using the Hollingshead four-factor scale (Hollingshead 1975).

Statistical analysis

Kruskal–Wallis and analysis of variance (ANOVA) tests for
nonparametric and parametric data were used, respectively.
This was followed by chi-squared and F tests to compare
demographics, clinical variables (co-morbid lifetime ADHD,
anxiety, and conduct disorders and C-GAS), and CBCL T
scores including the CBCL-PBD phenotype between BP I, BP
II, and BP NOS as well as between BP, MDD=ANX, DBD, and
HC subjects. There were no significant differences in the
CBCL and CBCL-PBD results among children with BP I, BP II,
and BP NOS. Thus, for the comparison with other groups,
these subtypes of BP are combined into one group. CBCL
analyses were adjusted for significant demographic variables
and global functioning. Logistic regression was used to cal-
culate the odds ratios (ORs) reflecting how well each CBCL
score (eight subscales and internalizing, externalizing, and
total T scores) and CBCL-PBD predicted bipolar youth, while
controlling for significant demographic variables and global
functioning. Sensitivity and specificity of CBCL-PBD for BP
diagnosis were analyzed using the receiver operating char-
acteristics (ROC) analyses and area under the curve (AUC)
scores. ROC analysis is a valuable tool to evaluate diagnostic
tests and predictive models (Biederman et al. 2005; Zou et al.
2007). An ROC curve is a plot of sensitivity on the y axis
against false positive rate (1-specificity) on the x axis (Park
et al. 2004) and can be used to select the optimal cutting scores
under a variety of clinical circumstances, balancing the tra-
deoffs between sensitivity and specificity (Zou et al. 2007).

The AUC score is an overall summary of diagnostic accu-
racy and provides useful information about how a test per-
forms across different cutting scores (Park et al. 2004; Zou et al.
2007). The AUC equals 0.5 when the ROC curve corresponds
to random chance and 1.0 for perfect accuracy (Zou et al.
2007). The AUC scores can also be interpreted as the proba-
bility that a patient with BP would score higher on the CBCL

Table 1. Demographic and Clinical Variables in Bipolar (BP), Major Depression=Anxious (MDD=ANX),

Disruptive Behavior Disorder (DBD), and Health Control (HC) Subjects

BPa

(n¼ 157)
MDD=ANXa

(n¼ 101)
DBDa

(n¼ 127)
HCa

(n¼ 128) Statistics p Value

Age 9.4� 1.5b 10.0� 1.2c 8.7� 1.6d 9.5� 1.6b KW w2¼ 4 0.4 <0.001
Sex (% Male) 65.6b 52.5c 85.0d 65.6b w2¼ 28.8 <0.001
Race (% White) 83.4b 80.2b 47.2c 74.2b w2¼ 51.9 <0.001
SES 3.3� 1.2 N=A 3.1� 1.0 3.3� 1.0 KW w2¼ 2.6 0.27
Intactness of Family (%) 38.2b 40.7b N=A 94.5c w2¼ 55.3 <0.001
C-GAS Current 56.3� 12.5b 63.0� 10.3c 72.0� 7.0d 89.2� 5.6e KW w2¼ 261.5 <0.001
C-GAS Most Serious Lifetime 39.6� 10.1b 60.6� 11.1c N=A 87.9� 9.8d F¼ 139.5 <0.001
Lifetime ADHD 72.6b 18.8c 76.4c 0.0d w2¼ 231.8 <0.001
Lifetime CD 7.0b 0.0c 18.9d 0.0c w2¼ 45.9 <0.001
Lifetime Anxiety 41.4b 32.7b,f 15.0c 0.0d w2¼ 77.6 <0.001

a% Yes or mean� SD.
b–eDifferent superscripts indicate pairwise p� 0.05.
fAnxiety disorder without MDD.
Abbreviations: BP¼Bipolar disorder; MDD=ANX¼major depressive=anxiety disorders; DBD¼disruptive behavior disorders;

HC¼healthy controls; CD¼ conduct disorder; ADHD¼ attention-deficit=hyperactivity disorder; SES¼ Socioeconomic Status on Hollings-
head Four Factor Index Scale; C-GAS¼Global Assessment Scale for Children; N=A¼data not available.

CBCL BIPOLAR PROFILE AND PEDIATRIC BIPOLAR DISORDER 25



than would a patient without BP, when both are randomly
selected from the sample. In accordance with the literature,
AUC scores were interpreted as excellent (1.00–0.90), good
(0.80–0.90), moderate (0.70–0.80), or poor (0.60–0.70) accuracy
of the measure (CBCL) for predicting the (BP) diagnosis
(Swets 1988). To evaluate how the CBCL would function as a
screening test in a clinical population, we calculated optimal
cut-off scores that yield the maximum value of the equation of
the ‘‘sensitivityþ specificity� 1.’’ Depending on the instru-
ment used to ascertain diagnoses, the referral source, and the
clinic’s specialization, the prevalence of BP in clinical popu-
lations is between 0.6 and 15% (Pavuluri et al. 2005). On the
basis of this information, we estimated a BP prevalence rate of
8% for a psychiatric outpatient clinical population and cal-
culated negative predictive values (NPV) and positive pre-
dictive values (PPV) of CBCL subscales. All p values are based
on two-tailed tests with a2¼ 0.05.

Results

Subscales of the CBCL

Without any adjustments for between-group differences in
demographics and C-GAS, the BP group had significantly
higher CBCL Total Problem, CBCL-PBD, and Anxious=
Depressed, Aggressive Behaviors, Withdrawn, Social Pro-
blems, and Thought Problems compared with the MDD=
ANX, DBD, and HC groups (all p values< 0.001). The CBCL
Rule-breaking and Withdrawn Problems were the only two
subscales significantly higher in the DBD and MDD=ANX
groups, respectively, when compared with the BP group. The
CBCL Attention and Externalizing Problems were signifi-
cantly higher in the BP and DBD groups as compared with the
MDD=ANX and HC groups and the CBCL Somatic and In-
ternalizing Problems were significantly higher in the BP and
MDD=ANX groups compared with the DBD and HC groups
(all p values< 0.001). After adjusting for between-group dif-
ferences in demographic variables and C-GAS, the analysis
showed that the CBCL Anxious=Depressed (previously

higher in the BP group) and Withdrawn Problems (previously
higher in the MDD=ANX group) were not different between
the BP and MDD=ANX groups (Table 2).

CBCL-PBD phenotype

There were significantly more BP children (58.6%) that had
elevated CBCL-PBD scores � 2 SD compared with the MDD=
ANX (22.8%), DBD (37.0%), and HC (10.9%) children. How-
ever, 41.4% of the BP children did not have significantly ele-
vated CBCL-PBD scores. As depicted in Table 3, when only
subjects with psychopathology were analyzed (BPþMDD=
ANXþDBD), using the cut off of � 2 SD, the sensitivity was
57% and the specificity was 70% for the CBCL-PBD. When
healthy controls were also included in the above-noted anal-
ysis, sensitivity and specificity of CBCL-PBD scores � 2 SD
were 57% and 77%, respectively. In subjects with psychopa-
thology, the PPV was 14% and NPV was 95% for the CBCL-
PBD scores � 2 SD. The optimal cut off score for CBCL-PBD
was � 1.5 SD (�195), and in comparison to scores � 2 SD it
provided higher sensitivity (83% vs. 57%, respectively) and
NPV (97% vs. 95%, respectively) but lower specificity (50% vs.
70%, respectively) and PPV (13% vs. 14%, respectively). The
optimal cut-off scores were lower for several CBCL subscales
(e.g., Total, Internalizing, Externalizing, Anxious=Depressed,
Aggressive Behaviors, Withdrawn, and Social Problems)
when HC group was included in the analysis.

Logistic regression was used to analyze how well each
CBCL scored, and the CBCL-PBD predicted BP youth in
subjects with psychopathology and in HC plus subjects with
psychopathology. After controlling for between-group dif-
ferences in demographic variables and C-GAS, only Ag-
gressive Behaviors (OR¼ 1.04, 95% confidence interval
[CI]¼ 1.00–1.08, p¼ 0.03) and Thought Problems (OR¼ 1.12,
95% CI¼ 1.08–1.17, p< 0.001) were statistically significant in
our study groups (BPþMDD=ANXþDBD and BPþMDD=
ANXþDBDþHC) when the eight CBCL subscales were
analyzed. In subjects with psychopathology, the CBCL-
PBD (OR¼ 1.03, 95% CI¼ 1.01–1.04, p¼ 0.04) and Thought

Table 2. Child Behavior Checklist (CBCL) and CBCL–Pediatric Bipolar Disorder (CBCL-PBD)

Profiles in Biopolar (BP), Major Depression=Anxious (MDD=ANX), Disruptive Behavior Disorder (DBD),

and Healthy Control (HC) Subjects

CBCL T scores
(n¼ 513) BP (n¼ 157)

MDD=ANX
(n¼ 101) DBD (n¼ 127) HC (n¼ 128) Statistics p Value

Total problems 72.9� 5.6a 65.3� 8.9b 68.7� 7.9b 43.8� 9.3c KWw2¼ 291.7 <0.001
Internalizing 69.5� 8.7a 69.9� 9.1a 61.0� 10.2b 45.3� 8.5c F¼ 201.3 <0.001
Externalizing 72.5� 6.5a 62.7� 10.2b 71.1� 7.5a 45.3� 9.0c KWw2¼ 290.0 <0.001
Anxious=Depressed 69.6� 10.2a 65.6� 10.2a 61.9� 9.6b 54.9� 9.3c F¼ 55.5 <0.001
Attention Problems 68.0� 9.3a 58.2� 7.6b 67.4� 9.1a 56.6� 9.4c F¼ 58.6 <0.001
Aggressive Behaviors 78.2� 10.1a 65.0� 11.6b 73.4� 9.9c 58.0� 11.4b F¼ 95.8 <0.001
Withdrawn 65.7� 9.1a 67.7� 8.9a 59.2� 9.0b 55.1� 7.4b KWw2¼ 150.4 <0.001
Somatic complaints 64.2� 9.0a 65.6� 9.8a 58.7� 8.9b 54.4� 6.6c KWw2¼ 118.5 <0.001
Social Problems 68.5� 9.2a 62.1� 8.9b 63.0� 9.7b 55.2� 7.8c KWw2¼ 138.0 <0.001
Thought Problems 70.3� 8.5a 59.2� 7.7b 61.9� 8.8b 54.2� 7.3c KWw2¼ 196.2 <0.001
Rule-breaking behavior 65.1� 8.1a 57.3� 7.7b 67.8� 8.3c 56.7� 9.2a F¼ 55.9 <0.001
CBCL-PBD 215.9� 21.6a 188.7� 24.0b 202.7� 23.1c 169.4� 26.8d F¼ 96.1 <0.001

a–dDifferent superscripts indicate pairwise p� 0.05.
Abbreviations: BP¼Bipolar disorder; MDD=ANX¼major depressive=anxiety disorders; DBD¼disruptive behavior disorders;

HC¼healthy controls; CBCL¼Child Behavior Checklist; CBCL-PBD (Child Behavior Checklist–Pediatric Bipolar Phenotype)¼
Anxious=DepressedþAttention ProblemsþAggressive Behaviors.
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Problems (OR¼ 1.12, 95% CI¼ 1.07–1.17, p< 0.001) were the
only significant scores when the CBCL-PBD and the five re-
maining CBCL subscales (Delinquent Behavior, Withdrawn,
Somatic Complaints, Social Problems, Thought Problems)
were included in the analysis. The OR was 1.04 (95%
CI¼ 1.02–1.05, p< 0.001) when the sum of Thought Problems
and the CBCL-PBD scores were included in the analysis.
When the CBCL Externalizing, Internalizing, and Total Scores
were analyzed, only Total Scores significantly predicted the
bipolar cases (OR¼ 1.14, 95% C¼ 1.00–1.30, p¼ 0.04).

When only subjects with psychopathology (BPþMDD=
ANXþDBD) were included in the ROC analysis, the accuracy
of predicting BP spectrum disorders was in the moderate
range for the CBCL Thought Problems (AUC¼ 0.79), CBCL-
PBD (AUC¼ 0.72), Total Problems (AUC¼ 0.71), and Ag-
gressive Behaviors (AUC¼ 0.71) (Table 3). The AUC scores
were higher when healthy subjects were included in the
analysis (Fig. 1) and the accuracy of predicting BP spectrum
disorders was in good range for the CBCL Thought Problems
(AUC¼ 0.84) and Total Problems (AUC¼ 0.81) (Table 3).

Discussion

The main goal of this study was to evaluate the usefulness
of the CBCL and more specifically the CBCL-PBD as a diag-
nostic tool for identifying pediatric BP. Our study showed

that there were no significant differences in the scores of the
CBCL and the CBCL-PBD between the BP I, II, and NOS
groups and that BP children have more severe psychopa-
thology as measured by the CBCL or the CBCL-PBD than
healthy controls and children with other psychopathology.
Aggressive Behaviors, Thought Problems, Total Scores, and
the CBCL-PBD were more common in children with BP than
other disorders, but ORs for these disorders were not higher
than 1.14. Moreover, using the ROC analyses, the CBCL and
the CBCL-PBD did not reliably distinguish between children
with BP and those with MDD=ANX, DBD, and HC. That is,
the specificity of CBCL-PBD was 70–77% for scores � 2 SD
and 50–61% for scores � 1.5 SD (optimal cut off ) for the BP
diagnosis and the accuracy of CBCL-PBD for identifying BP
diagnosis was moderate (AUC¼ 0.72–0.78). Thus, the CBCL-
PBD phenotype was more frequently present, but not specific
to BP children. In addition, when only children with psy-
chopathology were included in the analyses, the AUC scores
for the CBCL-PBD were even lower. No CBCL subscales were
in the good range for identifying BP diagnosis among children
with psychopathology, and only the CBCL Thought and Total
Problems were in the good range when healthy children were
included in the analysis.

Before discussing the above-noted results, the following
limitations of the study need to be considered. The results
reported only apply to children younger than 12 years old and

Table 3. Child Behavior Checklist (CBCL) and Area under the Curve (AUC) Scores for Predicting

BP Diagnosis in All Subjects and in Subjects with Psychopathology

Healthy controlsþ subjects with psychopathology Subjects with psychopathology

CBCL n¼ 513 T scores Sensitivity Specificity PPV NPV AUC T scores Sensitivity Specificity PPV NPV AUC

Total problems �2 SD 77 68 17 97 0.81 �2 SD 77 51 12 96 0.71
Optimal

cut off
68 85 64 17 98 Optimal

cut off
74 52 79 18 95

Internalizing �2 SD 50 76 15 95 0.74 �2 SD 50 62 10 93 0.62
Optimal

cut off
62 86 59 15 98 Optimal

cut off
64 79 46 11 96

Externalizing �2 SD 72 68 16 97 0.78 �2 SD 72 51 11 95 0.66
Optimal

cut off
62 94 49 14 99 Optimal

cut off
68 74 44 10 95

Anxious=
depresseda

�2 SD 47 80 17 95 0.74 �2 SD 47 74 14 94 0.67
Optimal

cut off
59 92 46 13 99 Optimal

cut off
64 68 59 13 96

Attention
Problemsa

�2 SD 31 81 12 93 0.70 �2 SD 31 76 10 93 0.63
Optimal

cut off
59 90 48 13 98 Optimal

cut off
58 90 36 11 98

Aggressive
Behaviorsa

�2 SD 77 62 15 97 0.78 �2 SD 77 50 12 96 0.71
Optimal

cut off
66 90 52 14 98 Optimal

cut off
78 51 78 17 95

Thought
Problems

�2 SD 58 88 30 96 0.84 �2 SD 57 85 25 96 0.79
Optimal

cut off
66 76 76 22 97 Optimal

cut off
66 76 69 18 97

CBCL-PBD �2 SDb �210 57 77 18 95 0.78 �2 SDb �210 57 70 14 95 0.72
Optimal

cut off
195 84 61 16 98 Optimal

cut off
196 83 50 13 97

aCBCL-PBD (Child Behavior Checklist–Pediatric Bipolar Profile)¼Anxious=DepressedþAttention ProblemsþAggressive Behaviors.
bT scores � 2 SD is� 210 for CBCL-PBD and � 70 for all other subscales.
All Subjects¼BPþMDD=ANXþDBDþHC Groups; Subjects with Psychopathology¼BPþMDD=ANXþDBD Groups.
Abbreviations: CBCL¼Child Behavior Checklist; MDD=ANX¼major depressive=anxiety disorders; DBD¼disruptive behavior disorders;

BP¼ bipolar disorder; HC¼Healthy Controls; PPV¼positive predictive value, NPV¼negative predictive value (NPV and PPV were
calculated using an estimated prevalence of 8% BP in an outpatient psychiatric population).
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the data were obtained retrospectively. Because the study was
carried out with a clinical sample, our results may not apply to
children in community settings. Although the sizes of the BP I
and BP NOS samples were relatively large, we did not have
robust statistical power to detect small between-BP-subgroup
differences (Axelson et al. 2006). Although nearly all subjects
had significant manic and=or depressive symptoms during
the month before intake, a small proportion of the subjects
were euthymic at intake. This may have identified a cohort of
subjects whose illness was less chronic or severe than bipolar
subjects during a full-criteria episode. On the other hand, the
CBCL identifies psychopathology for the past 6 months.
However, the different time frames used by CBCL and life-
time clinical diagnosis of BP in identifying psychopathology
have been identical to all reported CBCL and BP studies
(Kahana et al. 2003; Mick et al. 2003; Faraone et al. 2005;
Youngstrom et al. 2005; Diler et al. 2007).

Similar to the other studies, we found higher Total Problems,
Anxiety=Depressed, Aggressive Behaviors, Social Problems,
Thought Problems, and CBCL-PBD T scores in BP children
compared to the depressed=anxious, disruptive behavior dis-
order, and healthy control children (Table 2). Faraone and
colleagues reported that, for the lifetime diagnosis of BP
(n¼ 22) in ADHD children (n¼ 471), the sensitivity of the
CBCL-PBD � 2 SD was 64% and the specificity was 93%
(Faraone et al. 2005). In the same study, the sensitivity was 14%
and the specificity was 98% for the lifetime diagnosis of BP
(n¼ 14) in the siblings (n¼ 410) of ADHD children. In our
study (157=513 children with BP), the sensitivity of the CBCL-
PBD scores of � 2 SD was 57%. In comparison with Faraone
and colleagues (Faraone et al. 2005), we found lower specificity
(93–98% vs. 70–77%, respectively), PPV (20–31% vs. 14–18%,
respectively), and NPV (97–98% vs. 95%, respectively) of the
CBCL-PBD scores � 2 SD for the diagnosis of BP. Moreover,
41.4% of BP children did not have significantly higher (� 2 SD)
CBCL-PBD scores and ORs for the CBCL and CBCL-PBD were
not higher than 1.14. In this study, the above results do not sup-
port the use of the CBCL-BPD as a proxy for the BP diagnosis.

Kahana and colleagues suggested the possibility of high
sensitivity and high negative predictive value of the CBCL
when screening the BP diagnosis (Kahana et al. 2003). Simi-
larly, there were more BP children in our study who had
significant CBCL-PBD scores (�2 SD) compared to the
MDD=ANX, DBD, and HC children and the sensitivity of the
CBCL-PBD for the BP diagnosis in our study was 83–84% for
scores � 1.5 SD (optimal cut-off score) and 57% for scores � 2
SD. The sensitivity and NPV of the CBCL subscales’ optimal
T-scores were as high as 90% and 99%, respectively, sug-
gesting that CBCL may be useful for ruling out BP diagnosis
(Table 3). However, the NPV is good only in populations
where the prevalence of BP is low (where the pretest rate of
nonbipolarity is already very high) and the high NPV comes
at a high price of false positives and poor accuracy. Because
the specificity and sensitivity of a test can change according to
the population studied and other factors, such as severity of
the illness and the rate of the disorder (Youngstrom and
Youngstrom 2005), the expected rate of BP in a given sample is
very important to consider when interpreting the clinical use
of CBCL. Others have suggested that higher rates of clinical
diagnoses lower the specificity of the test, because they would
increase the number of nonbipolar cases accidentally scoring
high on screening tests (Youngstrom et al. 2004). Similarly, we
found lower specificity and PPV for BP diagnosis in the group
of children that had the higher rate of BP diagnosis (children
with psychopathology) as compared to the group of children
that had the lower rate of BP diagnosis (healthy children and
children with psychopathology).

As described above, the ROC provides the opportunity of
plotting the sensitivity of a test as a function of its specificity,
moving across all possible thresholds (Park et al. 2004; Zou
et al. 2007). Few studies have used this method to evaluate the
diagnostic efficacy of the CBCL and the CBCL-PBD scores.
Kahana and colleagues studied the CBCL scores in a clinical
sample of children with BP, DBD, MDD, and other diagnoses
(Kahana et al. 2003). The ROC analysis suggested that the
CBCL Aggression and Withdrawn scores had a high level of

FIG. 1. Child Behavior Checklist–Pediatric Bipolar Disorder (CBCL-PBD) phenotype and area under the curve (AUC) scores
for identifying bipolar diagnosis in all subjects and in subjects with psychopathology. All Subjects¼BPþ
MDD=ANXþDBDþHC Groups, Subjects with Psychopathology¼BPþMDD=ANXþDBD Groups.
Abbreviations: ROC¼Receiver operating characteristics; BP¼ bipolar disorder; MDD=ANX¼major depressive=anxiety
disorders; DBD¼disruptive behavior disorders; HC¼healthy controls.
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predictive validity for BP (AUCs from 0.81 to 0.84). These
authors did not analyze CBCL-PBD; however, similar to our
results, they concluded that the sensitivity and specificity of
prediction was too low for clinical use (Kahana et al. 2003). In
earlier studies, Biederman and colleagues (Biederman et al.
2005) and Youngstrom and colleagues (Youngstrom and
Youngstrom 2005; Youngstrom et al. 2005) studied the diag-
nostic performance of the CBCL scores for the diagnosis of BP
in youth. They also did not analyze the CBCL-PBD pheno-
type, but the AUC scores for the CBCL subscales (Attention,
Aggression, and Anxious=Depressed, which form the CBCL-
PBD) were reported to be in the poor-to-moderate range
for BP diagnosis (n¼ 7) in a referred pediatric ADHD sam-
ple (n¼ 121). Also, the CBCL externalizing scores (AUC
¼ 0.82) were less specific for BP diagnoses compared to the
other scales for the BP diagnosis (Youngstrom et al. 2004). In
COBY’s large sample of BP children (n¼ 157), our AUC scores
for CBCL subscales were higher than those reported by Bie-
derman and colleagues (Biederman et al. 2005) and similar to
those found by Youngstrom and colleagues (Youngstrom et al.
2004) and by Kahana and colleagues (Kahana et al. 2003).

Using data from two family studies of ADHD, Faraone and
colleagues analyzed the CBCL-PBD and reported that the
CBCL-PBD score showed an AUC of 0.97 for the ADHD
children and 0.82 for their siblings for current diagnosis of BP
and of 0.89 for the ADHD children and 0.85 for their siblings
for lifetime diagnosis of BP, suggesting that the CBCL-PBD
provides a highly efficient way of identifying bipolar subjects
in that sample (Faraone et al. 2005). We found lower AUC
CBCL-PBD scores for BP (0.70–0.77 vs. 0.82–0.97, respectively)
than Faraone and colleagues. The ROC analysis in our study
suggested that the accuracy of predicting BP diagnosis was in
the moderate range for CBCL-PBD. The accuracy of predict-
ing BP diagnosis was in the poor-to-moderate range for the
CBCL subscales among children with psychopathology and
was in good range only for the CBCL Thought Problems
(AUC¼ 0.84) and Total Problems (AUC¼ 0.81) among heal-
thy children and children with psychopathology (Table 3). As
expected, the ROC analysis in our study suggested that the
CBCL scores did a better job in identifying BP cases when
healthy children were included in the analysis (Fig. 1), sug-
gesting that the CBCL may be more helpful in the community
as compared to the clinical samples. Of particular attention,
the Thought Problems in our study had the highest AUC score
for the BP diagnosis and the PPV was as high as 30%. Similar
to our study, the CBCL Thought Problems were suggested to
identify bipolar phenotype in a community sample of pre-
pubertal children (Diler et al. 2008). Future clinical and com-
munity bipolar studies in children that employ CBCL may
consider analyzing Thought Problems for its clinical use.

Conclusions

In summary, our findings do not support the use of the
CBCL or the CBCL-PBD as a proxy for DSM-IV diagnosis of
BP in clinically ascertained children. On the other hand, lower
scores in the CBCL subscales may help clinicians to reconsider
a BP diagnosis, especially in samples such as the community
samples that may have lower rates of BP. Moreover, any child
with significantly higher scores in the CBCL and the CBCL-
PBD should be carefully assessed for the presence of severe
psychopathology, including BP. In our opinion, assessment of

dimensional presentation of pediatric BP is important; how-
ever, particularly for BP that can be difficult to diagnose in
children, no screening test can substitute for the judgment of
well-trained clinicians in making an accurate BP diagnosis.
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