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Abstract

Objective—The Pediatric Bipolar Disorder (PBD) profile of the Child Behavior Checklist (CBCL),
a parent completed measure that avoids clinician ideological bias, has proven useful in differentiating
patients with Attention Deficit/Hyperactivity Disorder (ADHD). We used CBCL-PBD profiles to
distinguish patterns of comorbidity and to search for quantitative trait loci (QTL) in a genome wide
scan in a sample of multiple affected ADHD sibling pairs.

Method—540 ADHD subjects aged 5-18 years were assessed with the Kiddie Schedule for
Affective Disorders and Schizophrenia (KSADS-PL) and CBCL. Parents were assessed with the
Schedule for Affected Disorders and Schizophrenia (SADS-LA) supplemented by the KSADS for
disruptive behavioral disorders. Patterns of psychiatric comorbidity were contrasted based on the
CBCL-PBD profile. A QTL variance component analysis was used to identify potential genomic
regions that might harbor susceptibility genes for the CBCL-PBD quantitative phenotype.

Results—Bipolar spectrum disorders represented less than 2% of the overall sample. The CBCL-
PBD classification was associated with increased generalized anxiety disorder (p=.001), oppositional
defiant disorder (p=.008), conduct disorder (p=.003), and parental substance abuse (p=.005). A
moderately significant linkage signal (multipoint maximum LOD score, MLS=2.5) was found on
chromosome 2q.

Conclusions—The CBCL-PBD profile distinguishes a subset of ADHD patients with significant
comorbidity. Linkage analysis of the CBCL-PBD phenotype suggests certain genomic regions that
merit further investigation for genes predisposing to severe psychopathology.
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Introduction

Method
Subjects

The Child Behavior Checklist (CBCL) has been proposed as a nonideological measure to
characterize comorbidity in ADHD subjects.}:2 The CBCL is an empirically derived, highly
valid and reliable, parent checklist of pediatric psychopathology that is comprised of several
dimensions and scored according to established algorithms.3 As a parent completed measure,
the CBCL provides a common metric across patients and studies that is free from clinician
interpretation. Subsequent reports have proven the utility of this approach.>=2 Numerous
studies have demonstrated that a CBCL Pediatric Bipolar Disorder (PBD) profile, defined by
clinical elevations (T scores >70) on the CBCL Attention Problems (AP), Aggression (AGG),
and Anxious/Depressed (A/D) subscales, may represent a susceptibility profile for PBD in
children with ADHD. 4:5-7:9, The CBCL-PBD profile is highly heritable,>10:11 and its genetic
architecture has been established.10 It is clear from this previous work that the CBCL-PBD
profile does not substitute for a categorical DSM IV diagnosis of bipolar disorder, but serves
as a risk profile for severe psychiatric illness. 47,10

The sum of scales comprising the PBD profile also provides a putative quantitative trait suitable
for genetic investigation. Unlike discrete traits, which are either present or absent in individuals,
quantitative traits occur along continua within populations and provide greater measured
variability among individuals which can improve power to detect underlying genes. The
paucity of clear genetic findings in psychiatry, in spite of the well demonstrated heritability of
many psychiatric disorders, has been attributed in part to their complex nature and the

concomitant difficulty in measuring underlying liability with more quantitative approaches.
12-14

We previously conducted genome wide linkage studies in our sample of multiple affected
sibling pairs and identified several genetic regions associated with increased risk for ADHD,
although quantitative trait locus (QTL) analysis of ADHD symptom scores yielded no
significant linkages.15~18 In the current study, we used CBCL subscales to compare patterns
of lifetime psychiatric comorbidity in the same sample of ADHD youth. Given that we knew
rates of PBD in our sample were low, we assessed if subjects meeting CBCL-PBD criteria
were characterized by other mood disorders or, alternatively, other patterns of comorbidity.
Similarly, we assessed patterns of lifetime psychiatric diagnoses in parents based on their
children’s CBCL-PBD status to determine if parents from CBCL-PBD families had increased
rates of bipolar or other mood disorders, or alternatively, to assess other potential differences.
Lastly, we used each ADHD proband’s quantitative CBCL-PBD phenotype to conduct a
genome wide QTL analysis in search for genomic regions that might harbor risk genes
influencing severe psychopathology in ADHD subjects.

Study subjects were 540 children and adolescents aged 5 — 18 years (mean=10.6, SD=3.2) and
519 of their parents ascertained from 270 families with ADHD affected sibling pairs. Families
were included if at least one child met full DSM-IV ADHD criteria and a second child had a
diagnosis of definite or probable ADHD, defined as being no more than one symptom short of
full criteria, but with evidence of impairment in two settings. All families were English
speaking. Mean socioeconomic status (SES) rank as defined by Hollingshead was 2.4 (SD=.
9) (Hollingshead range=1-V).19

After receiving a full oral explanation of study requirements, subjects provided written
informed consent/assent under procedures approved by the UCLA Institutional Review Board.
Detailed descriptions of recruitment methods, screening, and subject assessment have been
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previously described.20:21 Briefly, lifetime psychiatric diagnoses were based on semi-
structured diagnostic interviews conducted by clinical psychologists or highly trained
interviewers with extensive experience and reliability training. Children and adolescents were
assessed using the Schedule for Affective Disorders and Schizophrenia for School-Age
Children — Present and Lifetime Version (KSADS).22 Adult parents were assessed using the
Schedule for Affective Disorders and Schizophrenia — Lifetime Version (SADS-LA 1V),23
supplemented with the KSADS Behavioral Disorders module for diagnosis of ADHD and
disruptive behavior disorders.22 Direct interviews were supplemented with parent and teacher
versions of the Swanson, Nolan, and Pelham, version 1V (SNAP-1V) rating scale,2* as well as
a parent completed CBCL and Teacher Report Form.3 Parents also completed current ratings
of self and spouse behavior with the ADHD Rating Scale IV (ADHD-RS).2

Best estimate diagnoses were assigned using all available clinical information according to
strict DSM-1V criteria, 28 and reviewed by senior clinicians (JJM, JTM). The mean weighted
k for proband diagnoses was 0.84 (SD=.14), including values for ADHD (1.0), oppositional
defiant disorder (.93), and conduct disorder (1.0). Mean weighted « for parent diagnoses was .
88 (SD=.10), including values for ADHD (.91), oppositional defiant disorder (.86), and conduct
disorder (.83). The mean weighted k comparing agreement between initial rater and best
estimate diagnoses for 10 psychiatric conditions occurring in more than 5% of all subjects was .
95 (SD=.03).

Children and adolescents were assigned to categorical groups with or without the CBCL-PBD
profile based on T scores using previously established thresholds (figure 1).4:1° The CBCL-
PBD group (N=45) consisted of subjects with T score elevations > 70 on the Attention
Problems, Aggressive Behavior, and Anxious/Depressed CBCL subscales. The CBCL-
Attention Problems (AP) group (N=103) consisted of subjects with T score elevations > 70 on
Attention Problems, but T score values < 70 on Aggressive Behavior and Anxious/Depressed
subscales. CBCL-comparison subjects (N=392) had values < 70 on all three subscales. All
probands had definite or probable ADHD. The total sample was 72% male and 77% Caucasian,
with no differences between the three groups for age (F=.89, p=.41), sex ratio (x* = 4.20, p=.
12), or race (x- = 1.55, p=.46). Additionally, families with at least one child meeting CBCL-
PBD criteria were classified as CBCL-PBD families (N=42), while those with no child meeting
CBCL-PBD criteria were classified as non-CBCL-PBD families (N=228). Finally, a
quantitative CBCL-PBD phenotype was computed for all ADHD probands by summing raw
scores on CBCL Attention Problems, Aggressive Behavior, and Anxious/Depressed subscales.

Genotype data for all ADHD probands and parents were obtained as previously described.1®:
17 Data were available for 423 highly polymorphic markers spanning all 22 autosomes. Denser
sets of microsatellite and single-nucleotide polymorphism (SNP) markers (~ 2 or 3 cM density)
were included for nine chromosomal regions chosen on the basis of increased linkage peaks
in previous genome scan studies of ADHD.16

Data Analysis

Descriptive statistics were summarized and rates of DSM-1V disorders in ADHD probands and
parents were computed. Sibling correlations on CBCL subscales were analyzed with Pearson’s
r statistic. To minimize the number of comorbidity comparisons between groups, we limited
consideration to those disorders occurring more than 5% in either the child or parent sample.
We used t tests or chi-square analyses to assess demographic differences between CBCL
defined categorical groups. Differences in rates of psychiatric comorbidities among CBCL-
PBD, CBCL-AP, and CBCL-comparison groups, as well as between parents in CBCL-PBD
and non-CBCL-PBD families, were assessed with chi-square analyses or Fisher’s exact tests.
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In consideration of multiple tests, significance was assessed at an alpha level < .01 for tests of
comorbidity, with p values less than .05 and greater than .01 considered trends. All statistical
tests were performed using SAS 9.1.27

Quantitative Trait Linkage Analysis

Results

To asses whether any genomic regions harbored loci that influence CBCL-PBD risk in our
ADHD sample, we used the maximum likelihood estimation of variance components (\VCs)
using the CBCL-PBD score as a quantitative trait. VC analyses were performed with
Genehunter Version 2.1. A model of no dominance was assumed, since twin and family data
support largely additive effects for both ADHD and the CBCL-PBD profile.10:28:29 /¢
analyses are known to be powerful tests of linkage due to consideration of almost all phenotypic
variability within families. The approach is based on a decomposition of the CBCL-PBD
phenotype as a linear function of the effects of the QTL, residual genetic, and random
environmental effects.30 For all computations, we employed a 1 cM increment for IBD
(inheritance-by-descent) scanning.

Subjects’ mean (SD) age was 10.6 (3.2) years. Twenty seven percent of ADHD subjects had
elevations (T > 70) on the AP scale, with 31% of these, or 8% of the entire sample, also showing
elevations on AGG and AD scales. Sibling scores on the quantitative CBCL-PBD phenotype
were highly correlated, with Pearson’s r equal to .44 (p<.0001). Of 270 families, 42 (16%) had
at least one child meeting CBCL-PBD criteria. The occurrence of bipolar spectrum illness was
low in the entire sample, with rates of bipolar | disorder of .9% and 1.9%; of bipolar Il disorder
of .7% and 2.2 %, and rates of cyclothymia of .2% and .4% in ADHD probands and parents,
respectively. There were a total of 10 cases (1.9%) of bipolar spectrum disorders (bipolar I,
bipolar Il, and cyclothymia) among the ADHD probands — 5 (1.3%) in the CBCL-comparison
group, 3 (6.6%) in the CBCL-PBD group and 2 (1.8%) in the CBCL-AP group. These samples
were not sufficiently large for categorical comparisons.

Table 1 summarizes differences in the frequencies of psychiatric comorbidities occurring in
more than 5% of the child or parent sample among CCL-PBD, CBCL-AP, and CBCL-
comparison ADHD subjects, as well as between parents from CBCL-PBD versus non-CBCL-
PBD families. The CBCL-PBD profile was associated with significantly higher rates of
comorbid oppositional defiant disorder, conduct disorder, and generalized anxiety disorder.
There were trends for increased obsessive compulsive disorder and Tourette’s disorder in the
CBCL-PBD group, and increased rates, but not significant even at the trend level, of substance
abuse disorders. There were no differences in rates of major depression or dysthymia. Parents
in CBCL-PBD families had significantly higher rates of substance abuse, but showed no
differences in mood disorders, anxiety disorders, or substance dependence.

Multipoint linkage analyses of the PBD phenotype yielded suggestive linkage near marker
D2S151 on chromosome 2q (figure 2). The multipoint maximum LOD score (MLS) of 2.5
exceeds the threshold (>2.2) for ‘suggestive’ linkage,3! with markers indicated in Table 2 that
span the one-lod support interval. Modest linkage signals (MLS range 1.5-2) were found on
chromosomes 5, 9, and 10, also suggesting regions of nominal linkage that may merit further
study.

Discussion

In a genetically enriched sample of ADHD affected sibling pairs, the CBCL-PBD profile
identified a small (8%) but distinct subset of individuals with severe psychopathology. These
results are consistent with an earlier report describing similarly increased rates of oppositional
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defiant, conduct, and anxiety disorders in clinical samples.2 Also in other reports, the CBCL-
PBD profile identified increased ADHD, oppositional defiant disorder, conduct disorder, and
suicidality in a population based twin sample,1! and increased delinquency and suicidality in
an epidemiological sample.32 The increased rate of substance abuse in the CBCL-PBD sample,
while not significant, is notable given that many subjects in our sample had not yet entered the
age of risk for substance use initiation, but is also consistent with previous findings.33 Looking
across our sample and others, it is clear that children and adolescents identified by the CBCL-
PBD profile possess significant psychopathology. There remains an ongoing clinical
imperative to recognize, characterize, and develop more specific treatment strategies for these
severely ill youth.

Although the potential value of QTL analyses in ADHD genetics studies has been discussed,
34 we are not aware of any prior studies that have successfully employed this approach using
the quantitative CBCL-PBD phenotype. Our previous investigations of ADHD symptoms
counts within ADHD affected sibling pairs revealed no significant evidence for linkage,® in
contrast to when the discrete ADHD phenotype was used.16 However, in the present study
using the CBCL-PBD quantitative phenotype, we found suggestive evidence for linkage on
chromosome 2 in a region that showed nominal linkage (MLS 1.0) in our first scan of ADHD
on the discrete ADHD phenotype and later fell below that nominal level in an extended sample.
15,16 Of particular related interest, is the recent finding of significant linkage on chromosome
2022-024, the same region underlying our peak linkage signal, with bipolar disorder in a study
of 52 families of European descent.3 This region has not, to our knowledge, been previously
examined in relationship to ADHD. These emerging results may support further study of this
region and use of the CBCL-PBD measure as a susceptibility profile within ADHD to identify
putative genes involved in that condition and its clinical heterogeneity.

Although the overall rates of bipolar spectrum illnesses in our sample were lower than in other
reports, they still represent up to a two-fold elevation above adult rates usually described in
community samples, but are not near the increased rates described with ADHD. 36 It is notable
that the CBCL-PBD group did have rates of diagnosed bipolar spectrum illness 3-5 times
greater than seen in the CBCL-comparison and CBCL-AP groups, although these differences
were not testable given the low overall rates in the sample. To our surprise, the CBCL-PBD
profile did not identify subjects or families characterized by increased rates of any DSM-IV
mood disorder. This contrasts with numerous prior investigations 1:2:4:6=9 put is consistent
with some reports.11:32 It is unclear why such large differences in ADHD comorbidity occur
across extant studies. Our sample, which required the participation of both biological parents,
might be biased towards healthier, better functioning families, although in previous reports we
demonstrated expected rates of comorbid disorders and psychiatric impairment.20:21,37 There
are subtle assessment differences between investigations. Some studies relied on the
epidemiological version of the KSADS (KSADS-E) which contains fewer probes and allows
less clinician discretion than the KSADS-PL used in our investigation.1:36 Other reports used
the CBCL itself as the diagnostic phenotype,®10:32 without consideration of DSM defined
syndromes.

Another explanation for the relatively low overall rates of bipolar spectrum illness seen in our
sample is the method employed at our site in interpreting the DSM. PBD has been defined by
some investigators as phenomenologically dissimilar from the adult presentation, more
typically characterized by chronic irritability and a relative lack of positive affective features
and distinct episodes.33:38:39=41 Others have argued that this approach in community settings
has led to inconsistent application of DSM criteria and a general tendency to assign a diagnosis
of bipolar disorder to any child with impulse control deficits and affective instability. 4244
One attempt to address the challenges of establishing valid symptomatic boundaries for PBD
is a proposed differentiation of narrow versus broad bipolar phenotypes.*# The narrow
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phenotype, which informed our application of DSM criteria in this study, is defined by strict
DSM criteria for mania or hypomania, including discrete episodes of elevated, expansive, or
irritable mood. In contrast, the broad phenotype is defined by chronic, non-episodic illness that
generally lacks the hallmark symptoms of grandiosity and hyperarousal. The predominance of
anxiety, oppositional defiant disorder, and conduct disorder in our CBCL-PBD group is more
suggestive of the chronic irritability described with the broad PBD phenotype. It is noteworthy
that while the CBCL-PBD profile failed to differentiate ADHD probands or parents with higher
rates of mood disorders, almost 70% of all families had evidence of lifetime parental
depression. The overall high rates of depression in these parents have previously been described
and might reflect the psychosocial stress of raising multiple siblings with ADHD, in addition
to any underlying biological predisposition.20 In particular view of our linkage findings, the
increased rates of psychoactive substance abuse in parents of CBCL-PBD families favors a
biological etiology for these disorders that merits further investigation.

There should be no disagreement, however, over the existence of a distinct pediatric syndrome
characterized by chronic irritability and affective instability. Our suggestive linkage findings
provide supporting evidence of a biological basis for this subgroup of ADHD patients. As we
develop future editions of the DSM, the nosological choice to be made is whether we should
continue to describe these individuals as bipolar, while acknowledging developmental
differences in younger patients, or instead operationalize a new diagnostic category that avoids
confusion with the typical adult bipolar presentation. As previously proposed, the CBCL-PBD
profile appears useful as a standardized measure in understanding subjects across studies and
in potentially identifying biological susceptibility to severe comorbidity.

This study has several methodological limitations. First, in constructing our CBCL categories,
we relied on previously described group thresholds. 419 Other groups have demonstrated that
slightly lower cutoffs points or quantitative interpretations of the CBCL-PBD scale lead to
increased sensitivity for detecting comorbid pathology.®’ However, as our interest was in
characterizing subjects who met the originally defined categorical CBCL-PBD cutoff, not in
establishing the predictive power of the rating, we choose to use the more conservative
threshold. This also reflected our wish to avoid repeated testing at various threshold levels in
an attempt to force the data to fit some a priori expectation. Second, we relied on a model of
additive effects in our QTL analysis, based on some prior studies.19:2% However, other work
has suggested that ADHD might be inherited under a dominant model.#> While this remains a
possibility, in QTL analysis the power to detect a dominant or recessive effect (if present) is
generally greater than additive alone across a range of allele frequencies and residual polygenic
effects.*6 Thus, mis-specification of our inheritance model would, in fact, reduce the power
available to detect genetic effects. Finally, the study data set has been used in previous
genomewide scans for ADHD and reading disorder.15~18:47 Although linkage peaks identified
inthis study do not overlap with these previous scans, we have chosen not to emphasize nominal
linkage peaks due to the increased probability of Type I error. Our findings need be considered
with caution in light of the multiple phenotype testing in the sample. They are offered as
preliminary data for comparison with other groups using this quantitative trait. Replication is
needed before further investigation, i.e. fine mapping and SNP association studies, is
warranted.

This study may be one of the first to identify a suggestive genetic association with such severe
behavioral problems in children. It remains unclear if the CBCL-PBD profile serves to identify
a more homogenous group of children with ADHD, or if it is also useful in indentifying severe
psychopathology in individuals without ADHD. The question is relevant as one considers

whether the identified individuals should be viewed as suffering from a severe ADHD subtype
or a separate, but commonly comorbid, condition. Consensus on the diagnostic classification

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2009 November 26.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

McGough et al.

of

Page 7

these patients will enhance ongoing research and support directed treatment studies that will

provide a basis for improved clinical management.
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Figure 1.
Quantitative Trait Loci Analysis for CBCL Pediatric Bipolar Disorder Phenotype.
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