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Background

Youth with bipolar disorder (BPD) may represent an important cohort that has the
potential to permit reliable identification of bipolar susceptibility genes more
readily than in adult BPD. Yet, genetic studies of juvenile-onset bipolar disorder
have lagged behind kindred research in adults. There are no twin and adoption
studies of pediatric bipolar disorder, but the heritability of this subtype is expected
to be high given the results from family studies. Controversy over which set of
diagnostic criteria most accurately defines the condition in childhood has been an
obstacle to progress in this regard. Resolution of these controversial issues will
require access to data on which diagnostic determinations can be based from
relatively large cohorts of juveniles-at-risk and their siblings. Pediatric- and early
adolescent-onset bipolar disorder may represent a genetically loaded and
homogeneous subtype of bipolar disorder, which, if used in genetic linkage and
association studies, should increase power to detect genetic risk loci. We believe
that the resources of the Internet can be helpful in assembling a research cohort of
the required scope for this important work.

Method

Beginning in January, 2003, the recruitment and assessment phase for a genetic
study was initiated to identify and ascertain 500 or more sibling pairs (in the U.S.)
affected with BPD. A novel method was designed for rapid case screening via an
internet-based interactive program developed and hosted by the Juvenile Bipolar
Research Foundation ("http://www.jbrf.org"). In this system, probands are
identified by a comprehensive battery of parent-completed questionnaires
assessing psychiatric/neurologic symptoms in biological sibships. Initial inclusion
decisions for study evaluation are based on scores on the Child Bipolar Parent
Questionnaire (CBQ) Version 2.0, and a set of specific questions posed to parents
that capture information about earliest symptoms, mood swings, sleep/wake
cycle, and aggressive behaviors. Schedule for Affective Disorders and
Schizophrenia (Present/Lifetime) (SADS P/L; Kaufman et al. 1997) interviews and
best-estimate consensus diagnoses by three psychiatrists ultimately will
determine inclusion in the study. Inclusion criteria will include at least 40/65
positively endorsed items on the CBQ, and candidacy for BPD diagnosis
assignment will require positive indicators on at least 20/33 core syndromal
features.

When the JBRF genetics database has been established, we shall undertake
studies examining the heritability of bipolar disorder, based on concordance rates
derived from parent-child concordance studies, twin studies, and adoption
studies.

Results

As of early March 2004, from 238 parents with 2 or more children screened via the
Internet-based system, data were available on 518 offspring, including 206 sets of
affected sib-pairs, 26 sets of sib-trios, and 6 sets of sibsize 4 or more. Of these, 312
(60%) were male. Average age was 12.4 £ 4.5 years (median 12.2). The parents
report that almost half (44.8%) of the subjects were considered to have a current
or past diagnosis of bipolar disorder and 78% suffered from within-the-day mood
cycling. Other diagnoses reported by the parents to have been assigned currently
or at some prior time were: ADHD, 55.0%; major depression, 30.8%; oppositional
defiant disorder, 29.2%; obsessive- compulsive disorder, 20.7%; generalized
anxiety disorder, 17.4%; seasonal affective disorder, 11.6%; conduct disorder, 8.3%;
eating disorder, 7.4%; pervasive developmental disorder, 6.6%; Tourette’s
Syndrome, 5.2%; Asperger’s Syndrome, 2.5%; and schizoaffective disorder, 0.8%.
Demographic and diagnostic data for this study sample are summarized in Table 1.

Co-occurring parent-reported diagnoses were common. BPD and ADHD were
recorded jointly in 28.4% of the subjects; BPD and oppositional defiant disorder in
17.2%; BPD and major depression in 15.3%; BPD and generalized anxiety disorder,
10.5%; and BPD and conduct disorder, 4.7%. ADHD, as noted above the most
frequently recorded diagnosis and the most frequently co-occurring in
combination with BPD, also co-occurred very frequently with other diagnoses,
especially with oppositional defiant disorder, 22.2%, and major depression, 17.8%.

Multiple occurrences of parent-reported current/prior BPD diagnoses in these
sibships were frequent. In 76/238 (31.9%) families, BPD was noted as having been
diagnosed in 2 or more children. In 10 of the 238 families (4.2%), BPD was reported
as having been diagnosed in 3 or more children.

A wide variety of psychotropic medications were reported by parent-responders
to have been used by their offspring. Prevalence rates for use of some 25 different
medications are summarized in Table 3, separately by BPD subjects and all others.
Over 90% of the BPD subjects were reported to having had one or more
psychotropic medications prescribed for them. In the non-BPD subgroup, this
estimated percentage was 65% (Table 20). On average, the mean number of
medications was much higher (2.3 =+ 1.3) in the BPD subgroup compared to all
others (1.3 £ 1.3; Table 2). In the BPD subgroup, as expected, mood stabilizers were
prominent among the medications reported by parents to have been prescribed
for their children. Figure 1 shows the percentages of subjects in the BPD and All
Other subgroups taking zero, one, two, ... psychotropic medications.

The most commonly prescribed medicine in the subgroup reported to have a
current/prior BPD diagnosis was Depakote, reported by 28% of the parents. Two
antipsychotic medications, Risperdal and Seroquel, were second and third in rank
within this BPD group, reported for 22% and 20% of BPD subjects, respectively.
The most commonly-prescribed medication in the non-BPD subgroup was
Topamax, somewhat surprisingly, with 36% of the parents reporting use of this
medicine by their children; next in rank in the non-BPD subgroup was Depakote
(24%). These medications data are summarized in Table 2. There were substantial
numbers of subjects taking medications in four different psychotropic medication
categories: antiADHD drugs (30%), antidepressants (26%), antipsychotics (40%),
and mood stabilizers (52%). The overlaps among these four medication categories
are shown in Figure 2.

As noted above, Child Bipolar Parent Questionnaire (CBQ) data were obtained
from the parents via the Internet-based system. The CBQ data provided for
juveniles designated as having a bipolar disorder diagnosis, either currently or at a
past time, differed very substantially in many respects from comparison CBQ data
for all other subjects. Total CBQ score, obtained by summing the number of the
instrument’s 65 items scored >2 on this Likkert scaled instrument for frequency of
occurrence of a symptom or behavior where 3 represents “often” and 4 “very often
or almost constantly”, was substantially higher among BPD subjects than in the
rest of the study sample. These data are summarized in Table 2. Total scores on a
subscale comprising the 33 CBQ items identified by an expert panel to be most
closely associated with bipolar disorder symptoms (also scored as the count of
items >2) also are summarized in Table 2. Also provided in the table are summary
(mean £ SD) data on the several items among the CBQ’s 65 items that most clearly
discriminated BPD from non-BPD children. The behavioral labels for these highly-
discriminating items are provocative in suggesting how the BPD subjects may
differ from other juveniles in this study sample. For example, the five items with
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ne largest discriminating z-statistics were: [1] recurrent anxiety-producing
noughts, [2] grandiosity, [3] repetitive checking, [4] bizarre behavior, and [5] night
terrors. Based on this preliminary inspection of the genetics database, we believe
that, if the database continues to mature, these data will prove to be an invaluable
resource supporting important behavioral genetics studies in early-onset bipolar
disorder.

Discussion

To our knowledge, this is the first Internet-based program designed to identify and
ascertain prospective participants for a genetic study on bipolar disorder. At least
500-600 sibpairs will be needed to have adequate statistical power for such a
study. In the first operational year, more than 240 parents of affected sib-pairs
have elected to provide data via the Internet-based system. Preliminary results
suggest that many of these volunteer participants may be eligible for the genetics
study. These data indicate that recruitment of a study sample of sibpairs of size at
least as large as the required minimum of 500-600 sibpairs should be feasible via
the Internet-based system. The Internet-query system obtains a large amount of
information, including data on a wide range of behavioral symptoms, episodes of
illness, co-occurring psychiatric disorders, functional status, and treatments, both
pharmacologic and otherwise. Comparison data of many kinds are being
assembled on sibs of juveniles identified as manifesting symptoms of bipolar
illness. We expect to maintain ongoing contact with a large fraction of the
participating families; thus, outcome assessments should be feasible. All of these
data should be very useful in support of the overall objective of this Internet-based
project: assessment of heritability of juvenile-onset bipolar disorder.

Table 1.

Age/sex/diagnostic characteristics in 518 juveniles whose parents provided
psychiatric diagnostic information via an Internet-based data acquisition system
for use in a genetics study of juvenile-onset bipolar disorder

Number (%)X K X X X K K 412(79.5 KX X X X 106 (20.5)
Number of familiesI X X X X 206KX X X X X X 32
Sex:MGirls(N, %)X K X X X 161399 X X X K 43(41)

X X Boys X X X X X X 25161)0K X X X X 61(59)

Age (years)W K K K K K K 11.7+45(2-25XX X 11.4+45(2.5-21)

Co-occurring diagnoses:

Major depressionlfl X X X K 129(313)XK X X K 30(28.8)
ADHD MK X K X K X K X 237(575)KK X X X 47(45.2)
Oppositional defiant disorder 131318)KNK X X K 21(20.2)
Generalized anxiety disorderXX 68 (16.5)M X X X X 22(21.1)
Conductdisorderl X X K X 36(8.7)XX X X X X 7(6.7)

a. Age in years is reported as mean x SD (range)

Table 3.

Bipolar Child Questionnaire (BCQ) responses for bipolar genetics database
Index Cases (first identified by parents) vs. Siblings BCQ total score, mood swings,
and BCQ items best discriminating the two subgroups

Number (%) XX K X X X 238(46.0)XKX X X 280 (54.0)XNK X —NX K X ——
BCQ Total Score€ M X K 56.1+6.6(32,65)XX 529+7.3(30,65)X6.64XX K <0.00
BCQ 33-Item Subscale Score® X29.8 +3.7 (14,33) KX 28.0+4.4(10,33)X4.79XX X <0.00°
Mood swings (yes/no)X X X 206(86.6)X X K X 194 (69.8)X X K 498XX X <0.00°
BCQ-Items:

X Q54.FearofanimalsMX X 3.13+1.03KX X X 254+1.11KX X 6.81XX X <0.00°
X Q58. Paranoid thinking XX 2.88+ 097X K X 2.38+1.03XX X 599KX K <0.00
X Q59.Bizarre behavior® X 259+1.11KX X K 2.08*+1.10XX K 565XX K <0.00
X Q60. Recurrent anxious 217x1.12KK X X 1.73+£1.02KX K 560XX X <0.00°
X X  thoughts

X Q18. Suicidal thoughts XX 3.53+0.79KX K X 3.19+0.86XX X 5.10 X 0.001
X Q31.Grandiosity B X XK 3.54+065KX X X 3.25+085KX X 4.59KX X <0.00°
X Q62. Repetitive checkingKX 1.89+1.06KX K X 1.58+1.00XX K 4.33XX K <0.00
X Q40. Fidgeting, hands/feet8.29+0.92XX K X 295+ 1.04KX X 4.04XX X <0.00°
X Q20.Suicide attempt X X 2.83+1.19KX X K 244+1.17XX X 4.01 X 0.001
X X  made, past

X Q16. Depressed mood, 310£1.14XX X X 273+1.09XX X 3.74 X 0.003
X X  1-2days

X Q29. Excessiverisks®MX X 3.01£1.00X X X 264+1.13KX K 3.70XX X <0.001
X Q2. Nightterrors B X X 3.17+0.88KX X X 294+1.04KX X 225XX X <0.00T

a. Reported are mean £ SD for BCQ total score, BCQ 33-item subscale score, and the BCQ
items best discriminating subjects whose parents identified them as having a bipolar
diagnosis vs. all others. BCQ items are scored 1 to 4, with higher scores indicating greater
severity. BCQ total score is sum of items scored >1.

b. Index Case = First child/adolescent identified by parents; Siblings are all other included
in parent report.

c. z-statistics adjusted for clustering on family membership.

Table 2.

Bipolar genetics database subjects, medications reported

Number (%) XX X X X X 231 (44.8) XX KX 285(55.2)XK KN —NX X X KX
One or more medicationsXX 213 (922)KNX X 184 (64.6)X X X 550XX X X <0.001
Mean number of medicationsX2.31+1.3 (09 1.30+1.3(0,11)X 8.00XX X KX

Medications:

X DepakoteXX XN X K K 65R281)K X X 32(11.2)K X X 239KX K X <0.00°
X RisperdalX X K X X X 52(22.1)M K X 27 (9.5)XK K K 15.8KX X X <0.001
X Seroquell X X X X X 46(199)M X X 28(9.8)KX X X 106KX X X <0.00
M LithiumMX X X X X X 44(19.0)K X X 30(105)M X X 7.54 X K 0.006
X Trileptall X K X X X 31(134)K X X 31109 KM X K 0.78 X K 0.38
X Adderall® X K X X X 30(13.00M X X 27(95)XK X K 1.60 XX X X 0.21
X Clonidinel X K X X X 29(126)M X X 26(9.1)XX K K 1.58 X K 0.21
M TopamaxX X K X X X 29(126)M X X 4(1.4X X X K 265KX X X <0.001
X WellbutrinXX K X X X 26(11.3)M X X 19(6.7)XX K K 3.37 X K 0.066
X Lamictal X X X K K 25(10.8)K X X 20(7.00XX X X 2.32 X K 0.13
M Zyprexalll X X X X X 23(10.0)K X X 16 (5.6)XX X X 3.44 X X 0.063
X Concertal X X KX X X 23(10.00M X X 19(6.7)KX X X 1.85 X X 0.17
M Zoloft M X X X X X 19(8.2)MX X X 20(7.0)KX X X 0.26 X K 0.6T
X GeodonDK MK K X X X 16(6.9)KX K X 2(0.7)X X X K 147KX X X <0.001
X AbilifyX X X X X X X 146.1)KX X X 725K X X X 425K X K 0.039
M RitalinK X X X X X X 13(5.6)XX X X 20(70)XX X X 0.41 X K 0.52
X Tegretol X K X X X 13G6)KX X X 5(1.7)X X K K 5.69 X K 0.017
X EffexorlX K K X X X 7CB0K KX X X 828X X X K 002X X X 0.88
M Paxill M K K X X X 7BO0K KX X X 3(1.00X X X K 3.63 X K 0.105
M ProzacKX M M K X X 7(B3.00X X X K 828K K X X 0.02KX X X 0.88
M Celexal @ M K X X X 522)KK X X 310X X X K 1.03 X K 0.3
X LexaproM M M K X XM 3(13)X X X K 518K K X X 0.17 X K 0.68
X DexedrineX X X X X 3(13)X X X X 3(1.00X X X X 0.07 X X 0.80
X OthersMX K K X X X 4(1.7) KK X X 828X K K K 0.65 X K 0.42

a. Reported are number (%) of subjects whose parents reported that ge indicated
medicines had been prescribed.

b. Prior or current diagnosis of bipolar disorder, by parent report.

¢. c2 [df=1] examined statistical significance, except for number of medications, for which
z-statistic was used.

Number of Psychotropic Medications
by Diagnostic Category: BPD vs. ALL Others
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