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ABSTRACT

Objective: To determine the risk for bipolar I disorder in first-degree
relatives of children with DSM-IV bipolar | disorder via meta-analysis
and expanded controlled study.

Data Sources and Extraction: Meta-Analysis. We searched the
PubMed database for scientific articles published in the world
literature in the English language through 2011. The keywords
searched were bipolar disorder, first-degree relatives, family study,
control. All online abstracts were reviewed and relevant full
manuscripts were collected and reviewed. Citations were also
examined for other potential relevant articles. We included only
controlled family studies that examined rates of bipolar | disorder in
all first-degree relatives (parents and siblings) of pediatric bipolar |
probands and included only studies that had age- and sex-matched
controls. Family history studies were excluded. Also excluded were
studies that were not in English, did not report the rates of all first-
degree relatives, and reported only bipolar spectrum rates. We

also excluded family studies that included only adult probands.

We conducted a meta-analysis of the 5 controlled family studies of
pediatric bipolar | probands that met our search criteria using the
random effects model of DerSimonian and Laird.

Method: Family Study. We greatly expanded our previous sample of
DSM-IV bipolar | probands using structured diagnostic interviews.
Our new study included 239 children satisfying full DSM-/V diagnostic
criteria for bipolar | disorder (n=687 first-degree relatives), 162 ADHD
(without bipolar | disorder) probands (n=511 first-degree relatives),
and 136 healthy control (without ADHD or bipolar I disorder)
probands (n=411 first-degree relatives). We used the Kaplan-

Meier cumulative failure function to calculate survival curves and
cumulative, lifetime risk in relatives. Cox proportional hazard models
were used to calculate the risk of bipolar | disorder in relatives.

Results: The pooled odds ratio for bipolar | disorder in relatives

was estimated to be 6.96 (95% confidence interval [Cl], 4.8 to 10.1).
We also found first-degree relatives of bipolar | probands to be
significantly more likely than first-degree relatives of both ADHD
(hazards ratio [HR]=2.73;95% Cl, 1.66 to 4.50; P<.001) and control
probands (HR=2.71; 1.57 to 4.66; P<.001) to have bipolar | disorder.

Conclusions: Our results document an increased familial risk for
bipolar | disorder in relatives of pediatric probands with DSM-IV
bipolar | disorder.
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An emerging pediatric literature documents
that pediatric bipolar disorder is prevalent and
estimated to afflict more than 1% of children. Lewinsohn
et al! reported a 1% prevalence of bipolar I disorder in
a community sample of adolescents in Oregon. More
recently, Merikangas et al® reported a 2.9% prevalence
of bipolar disorder in a large epidemiologic sample of
over 10,000 adolescents. A meta-analysis of international
epidemiologic studies estimated the prevalence of pediatric
bipolar disorder to be 1.8% and found no significant
difference in prevalence between the United States and
other countries?; that study also found no evidence of an
increase in prevalence between 1985 and 2007. While these
studies support the notion that a sizable minority of youth
suffer from bipolar disorder, controversies remain as to the
whether the pediatric form of bipolar disorder is a valid
clinical entity.

Family studies are a cornerstone for the external
validation of any psychiatric disorder* and can be useful in
supporting the validity of pediatric bipolar disorder. Indeed,
many twin studies of adults show that bipolar disorder is a
highly heritable condition,” which suggests that if pediatric
bipolar disorder is a valid entity, it too should be heritable.
Although an emerging pediatric literature has begun to
document the familiality of pediatric bipolar disorder,
uncertainties remain as to the magnitude of this effect.%”

The main aims of the present study were 2-fold. First,
we sought to examine the magnitude of the familiality of
pediatric bipolar disorder as documented in the extant
literature. To this end, we conducted a meta-analysis by
aggregating data from all published controlled family
studies of pediatric bipolar disorder. Second, we aimed
to extend our previous work examining the familiality of
pediatric onset bipolar disorder by substantially expanding
our original sample of youth with bipolar I disorder and their
first-degree relatives. We used as comparators probands
and relatives of an age and sex matched group of youth
with attention-deficit/hyperactivity disorder (ADHD) and
similarly matched healthy control (controls) youth without
bipolar I disorder or ADHD, assessed with similar research
methodology. We hypothesized that relatives of youth with
bipolar I disorder would have higher rates of bipolar I than
relatives of ADHD youth and control youth. To the best of
our knowledge, this is the largest family study of pediatric
bipolar to date in the research literature.
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® By providing information that is one step removed from
a diagnosis in an affected child, family studies remain
the cornerstone for the validation of complex psychiatric
disorders such as pediatric bipolar disorder.

® By documenting the high familiality of pediatric bipolar
disorder, our study provides strong support for the validity of
pediatric bipolar disorder.

® By providing evidence for the validity of pediatric bipolar
disorder, this work will support efforts in the community
for the identification and treatment of children manifesting
a clinical picture consistent with the diagnosis of bipolar
disorder.

METHOD

Meta Analysis

We searched the PubMed database for scientific articles
published in the world literature in the English language.
The keywords searched were bipolar disorder, first-degree
relatives, family study, control. All online abstracts were
reviewed and relevant full manuscripts were collected and
reviewed. Citations were also examined for other potential
relevant articles. We included only controlled family
studies that examined rates of bipolar I disorder in all first-
degree relatives (parents and siblings) of pediatric bipolar I
probands and included only studies that had age- and sex-
matched controls. Family history studies were excluded.
Also excluded were studies that were not in English, did not
report the rates of all first-degree relatives, and reported only
bipolar spectrum rates. We also excluded family studies that
included only adult probands.

Family Study

Subjects. This study represents a large expansion of our
previous sample of 157 families of pediatric probands with
bipolar I disorder diagnosis ascertained through NIMH
grants.® The expanded sample was possible through the
support of a philanthropic grant to increase the sample size
using the same methodology (all of these funding sources
are noted in the acknowledgments section).

As previously described, families were recruited and
assessed at the Clinical and Research Program in Pediatric
Psychopharmacology and Adult ADHD at Massachusetts
General Hospital based on the presence of a diagnosis of
bipolar I disorder in proband youth 6-17 years of age of both
sexes.® Comparators were youth with ADHD and controls
without ADHD or bipolar disorder of similar age and sex
along with their first-degree relatives.”~!? All studies used
the same assessment methodology regardless of the disorder
used to classify probands as cases. All study procedures were
reviewed and approved by the subcommittee for human
subjects of our institution. All subjects’ parents or guardians
signed written informed consent forms and children older
than 7 years of age signed age-appropriate written assent
forms.
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For this study, we recruited an additional 82 probands
and their 200 first-degree relatives for a total of 239 bipolar
I probands and their 687 first-degree relatives. From 522
families participating in our case-control ADHD family
studies, we randomly selected 162 nonbipolar ADHD (511
tirst-degree relatives) and 136 nonbipolar, non-ADHD
control probands (411 first-degree relatives) so that the age
and gender distribution was similar to that of the bipolar I
probands. ADHD probands with comorbid bipolar disorder
were not included in the present analyses.

Ascertainment method. Potential bipolar I probands were
ascertained from our clinical service, referrals from local
clinicians, or self-referral in response to advertisements. To
avoid biasing our sample toward familial cases of bipolar
disorder, all probands were ascertained blind to the diagnostic
status of their relatives. Subjects were administered a phone
screen, reviewing symptoms of DSM-IV bipolar I disorder
and, if criteria were met, were scheduled for a face-to-face
structured diagnostic interview. In addition to the structured
diagnostic interview, the principal invstigator (J.W.) met with
each proband and his or her parents for a clinical interview
in order to confirm the diagnosis of bipolar disorder using
the Schedule for Affective Disorders and Schizophrenia for
School-Age Children (K-SADS) mania module. We have
published data on the convergence of these clinical interviews
with our structured interview diagnosis on the first 69 cases.
We report 97% agreement between the structured interview
and clinical diagnosis in this analysis of 69 children.'?

As previously reported,® 1 ADHD cases were identified
from either a major academic medical center, where we
selected ADHD subjects from referrals to a pediatric
psychopharmacology program, or from a health maintenance
organization, in which ADHD subjects were selected from
pediatric clinic outpatients. Controls were ascertained from
outpatients referred for routine physical examinations
to pediatric medical clinics at each setting, identified
from their computerized records as not having ADHD.
Screening procedures were similar to those described for
the recruitment of the bipolar probands with the exception
that we queried about ADHD (and not bipolar disorder) in
the initial telephone screening and each proband was not
assessed clinically. No co-occurring disorders in probands
or relatives were excluded.

Diagnostic procedures. Psychiatric assessments of
subjects younger than 18 years were made with the K-SADS-E
(epidemiologic version),'* and assessments of adult family
members were made with the Structured Clinical Interview
for DSM-IV (SCID),' supplemented with modules from the
K-SADS-E to cover childhood disorders. Diagnoses were
based on independent interviews with mothers and direct
interviews with children older than 12 years of age. Data
were combined such that endorsement of a diagnosis by
either report resulted in a positive diagnosis.

Interviews with both the K-SADS-E and SCID
were conducted by extensively trained and supervised
psychometricians with undergraduate degrees in psychology.
This training involved several weeks of classroom instruction
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Figure 1. Meta-Analysis of Previous Family Studies®

Bipolar | Age of

Probands,  Probands Relatives, Weight
Study n (y)° n OR (95% Cl) (%)©
Kutcher and Marton, 19918 23 17 81 _5_._> 14.26 (1.81-112.45) 3.21
Wozniak et al, 1995 16 <12 46 E 4,56 (1.46-14.29) 10.49
Faraone et al, 1997%° 15 104 51 —J:— 6.66 (2.49-17.78) 1417
Geller et al, 2006% 95 10.8 284 —E—— 10.10 (5.10-19.97) 29.35
Wozniak et al, 20108 157 10.5 487 —‘-E— 5.74 (3.26-10.11) 42.78
Overall (2=0.0%, P=.622) <> 6.96 (4.81-10.07)¢  100.00

T : T
0.1 10

2Small dot indicates estimated odds ratio (OR), the size of the square surrounding the dot is proportional to the sample size, and the horizontal line
indicates the 95% confidence interval (CI). Odds ratios greater than 1 indicate greater transmission of bipolar I disorder from relatives of bipolar I

probands compared with control probands.
YExpressed as mean values except for Wozniak et al.®
“Weights are from random-effects analysis.
4P<.001.

of interview mechanics, diagnostic criteria, and coding
algorithms. They also observed interviews by experienced
raters and clinicians and were observed while conducting
interviews during the final training period. In addition,
all diagnoses were reviewed by a sign-off committee
of experienced board-certified child and adolescent
psychiatrists or clinical psychologists. The committee
members were blind to the subjects” ascertainment status,
ascertainment site, and data collected from other family
members. We computed x coefficients of agreement by
having experienced clinicians diagnose subjects from
audiotaped interviews made by the assessment staff. Based
on 500 interviews, the median k coefficient between raters
and clinicians was 0.99. For individual diagnoses, the x
values were ADHD (0.88), conduct disorder (1.0), major
depression (1.0), mania (0.95), separation anxiety (1.0),
agoraphobia (1.0), panic (0.95), substance use disorder (1.0),
and tics/Tourette’s (0.89). The median agreement between
individual clinicians and the clinical review committee was
0.87 and for individual diagnoses was ADHD (1.0), conduct
disorder (1.0), major depression (1.0), bipolar (0.78),
separation anxiety (0.89), agoraphobia (0.80), panic (0.77),
substance use disorder (1.0), and tics/Tourette’s (0.68).
Children and adolescents were diagnosed with bipolar
I disorder according to DSM-IV criteria. The DSM-IV
requires subjects to meet criterion A for a distinct period
of extreme and persistently elevated, expansive or irritable
mood lasting at least 1 week, plus criterion B, manifested
by 3 (4 if the mood is irritable only) of 7 symptoms during
the period of mood disturbance. To ensure that the B
criterion symptoms were concurrent with A criterion mood
disturbance, subjects were directed to focus on the worst or
most impairing episode of mood disturbance while being
assessed for the presence of the confirmatory B criterion
symptoms. That is, the subject was asked to consider
the time during which the screen was at its worst for the
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purpose of determining whether the remaining symptoms
were also evident at the same time as the screening item.
Also recorded was the onset of first episode, the number
of episodes, offset of last episode, and total duration of
illness. Any subject meeting criteria for bipolar II disorder
or bipolar disorder not otherwise specified was not included
in this study. To gauge a distinct episode, our interviewers
asked for “a distinct period (of at least 1 week) of extreme
and persistently elevated, expansive or irritable mood” and
further required that the irritability endorsed in this module
is “super” and “extreme.

Statistical analysis. Our meta-analysis used the random
effects model of DerSimonian and Laird!® as implemented in
Stata 12.0. We used the I? index to assess the heterogeneity of
effect sizes.!” Its value lies between 0 and 100 and estimates
the percentage of variation among effect sizes that can be
attributed to heterogeneity. A significant I? suggests that the
effect sizes analyzed are not estimating the same population
effect size.

For our family study, differences in demographics and
clinical characteristics were assessed using ANOVA for
continuous outcomes, Pearson x* for binary outcomes, and
Kruskal-Wallis for socioeconomic status (SES). The Kaplan-
Meier cumulative failure function was used to calculate
survival curves and cumulative lifetime risk in relatives. The
cumulative failure function was calculated based on the ages
at onset for the individual disorders for affected subjects and
the age at the time of interview for unaffected subjects. The
individual disorders were assessed during the structured
diagnostic interview. Cox proportional hazard models were
used to calculate the risk of bipolar disorder as well as other
psychiatric disorders in relatives. All diagnoses reported
represent lifetime rates. Data are expressed as mean +SD
unless otherwise specified. All tests were 2-tailed, and our a
level was set at .05 for all analyses, unless otherwise noted.
We calculated all statistics using STATA, version 12.0.

PSYCHIATRIST.COM [ 1330



Wozniak et al

Table 1. Clinical and Demographic Characteristics (N=2,146)?

Bipolar I ADHD Control
Families Families Families

Probands n=239 n=162 n=136
Age,y 10.7+3.3 10.6+3.0 10.7+3.0 F,534=0.03, P=.97
Gender, n (%) male 174 (73) 121 (75) 99 (73) x%,=0.21,P=.9
Past GAF score 40.7+5.8 50.7+7.3 70.5+8.5 F,53,=778.53, P<.001
Current GAF score 46.6+5.9 57.4+8.2 733+7.3 F, 55,=628.35, P<.001
Parents n=444 n=323 n=269
Age,y 42.8+6.3 413164 41.6£5.8 F, 103,=6.16, P=.0022
Gender, n (%) male 212 (48) 161 (50) 133 (49) x>,=0.38, P=.83
Past GAF score 51.8+9.8 57.0£12.6  63.5£12.4 F, 3, =88.61,P<.001
Current GAF score 63.4+7.7  68.5%9.5 73.0£7.9 F, g45=110.25 P<.001
Siblings n=243 n=188 n=142
Age,y 12.3+4.6 13.8+5.9 12.9+5.1 F,570=4.14, P=.016
Gender, n (%) male 112 (46) 103 (55) 74 (52) X},=342,P=.18
Past GAF score 57.5+£9.6 61.8+12.0 66.0+10.7 F, 570=28.27, P<.001
Current GAF score 629+7.7  67.9+108 71.1+84 F, 549=41.01, P<.001
Total n=926 n=673 n=547
Socioeconomic status® 1.8+0.9 1.8+1.0 1.5+0.7 x%,=9.33, P=.009
Race/ethnicity, n (%)

White 877 (95) 667 (99) 536 (98) X2s=41.19, P<.001

African-American 32 (3) 6(1) 7 (1)

More than 1 15 (2) 0(0) 0(0)

Unknown 2(<1) 0(0) 4 (1)

*Values expressed as mean + SD unless otherwise noted.
PFor socioeconomic status, 1 = most advantaged, 5=most disadvantaged.

Abbreviations: ADHD = attention-deficit/hyperactivity disorder, GAF = Global Assessment of

Functioning.

RESULTS

Meta Analysis Results

Our literature search identified 5 manuscripts that met
our inclusion and exclusion criteria.®!8-2! The meta-analysis
of these studies is presented in Figure 1. In the figure, the
small dot gives the estimated odds ratio, the size of the square
surrounding the dot is proportional to the sample size, and
the horizontal line gives the 95% confidence interval. Odds
ratios greater than 1 indicate greater transmission of bipolar I
disorder from relatives of bipolar I probands compared with
control probands. As Figure 1 shows, all studies reported
significant differences in the rates of bipolar I disorder in the
first-degree relatives of pediatric bipolar I probands when
compared with rates in relatives of controls. The pooled odds
ratio of risk for bipolar I disorder to relatives of pediatric
bipolar I probands was estimated to be 6.96 (95% CI, 4.8
to 10.1). There was no statistically significant heterogeneity
among studies (I>=0%, P=.62) suggesting that each study
was estimating a common odds ratio.

Expanded Sample Family Study Results

Clinical and demographic characteristics are presented
in Table 1. We found statistically significant differences in
the ethnic and sociodemographic composition between
groups. The control families had the highest SES and the
bipolar I families had the most ethnic diversity. As a result,
all subsequent analyses were adjusted for SES and ethnicity.
Siblings of bipolar I probands were significantly younger
compared to the siblings of ADHD and control probands.
While bipolar I probands had a significantly lower GAF
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score than the ADHD and control probands, there were no
statistically significant differences between the age and sex
distributions of the proband groups. Relatives of the bipolar
I probands had significantly lower GAF scores compared
to relatives of ADHD and control probands and were
significantly older than the relatives of ADHD and control
probands. We found no other significant differences in
demographic characteristics of relatives.

Risk for Bipolar | Disorder in First-Degree Relatives

The age-dependent cumulative, lifetime prevalence risk
of bipolar I disorder in relatives is illustrated in Figure 2.
First-degree relatives of bipolar I probands were significantly
more likely than first-degree relatives of both ADHD
(hazard ratio [HR] =2.73; 95% confidence interval [CI],
1.66 to 4.50; P<.001) and control probands (HR=2.71;95%
CI, 1.57 to 4.66; P<.001) to have bipolar I disorder (Figure
2). In contrast, relatives of ADHD probands were not at an
increased risk for bipolar I disorder compared to relatives of
control probands (HR=0.99; 95% CI, 0.51 to 1.92; P=.98).
These findings remained significant after controlling for
psychiatric comorbidity in probands (disruptive behavior
disorders/antisocial personality disorder, major depression,
multiple (>2) anxiety disorders, and substance [drug or
alcohol] use disorders).

DISCUSSION

To the best of our knowledge, this study represents the
largest controlled, blinded, direct interview family study of
pediatric bipolar disorder to date. This new expanded sample
increased by over 50% (N =239) our previous report of 157
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Figure 2. Familial Risk of Bipolar | Disorder in First-Degree
Relatives of Pediatric Bipolar | Probands, ADHD Probands, and
Control Probands?

0.30-
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— ADHD

0.25+ - - Bipolar|

0.20+
P <.001 vs ADHD and controls

0.15+ IR

0.10

Cumulative Lifetime
Prevalence in Relatives

0.05+
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Age (y)P

Bipolar I, n=687 relatives in 239 families; ADHD, n=511 relatives in 162
families; controls, n=411 relatives in 136 families.

bAges at onset for individual disorders were assessed during the structured
diagnostic interview.

Abbreviation: ADHD = attention-deficit/hyperactivity disorder.

bipolar I probands. In this much expanded sample of pediatric
bipolar I probands, we replicated our initial findings documenting
that rates of bipolar I disorder were significantly greater in the
first-degree relatives of pediatric probands with bipolar I disorder
than in the first-degree relatives of ADHD and control probands.
These results, coupled with those of the meta-analysis of the
extant literature, provide strong support for the familiality of
bipolar I disorder, which provides further support for the validity
of pediatric bipolar I disorder as a diagnostic entity.

As shown in the meta-analysis, our findings documenting high
level of familiality of pediatric bipolar I disorder are consistent
with the prior pediatric literature on the subject. They are also
consistent with family studies of adult bipolar I probands that
document high levels of heritability of bipolar disorder in adults
that range from 59%-87%.

In our meta-analysis, the studies that met our criteria (direct
interview, controlled, all first-degree relatives included) reported
odd ratios indicating that the risk for bipolar I disorder to relatives
of bipolar I probands is 4 to 14 times greater than the risk to
relatives of nonbipolar probands. In addition to finding significant
familial transmission in all prior studies, we found no evidence
of heterogeneity in the magnitude of familial transmission. This
finding can be seen in Figure 1, which shows that the confidence
intervals for the odds ratios overlap among the different studies.
This lack of differences between studies suggests that the familial
transmission of bipolar disorder cannot be accounted for by the
diagnostic traditions of a single group of investigators. While
all research groups employ standardized structured diagnostic
techniques, they differ in the interviews they employ, which
may lead to differences in sample characteristics. For example,
there are differing approaches to diagnosing bipolar I disorder
in the presence of ADHD? due to concerns about overlapping
symptoms and the use of irritability as a mood criterion for
diagnosing bipolar I disorder in youth.?*

As in our previous report, the familial transmission of bipolar
I disorder in this expanded sample was statistically significant
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even when controlling for psychiatric comorbidity in
the probands. Aside from the Geller et al*! study, which
controlled for the presence of ADHD, other family
studies did not report findings adjusted for psychiatric
comorbidity. This finding further supports the hypothesis
that bipolar I disorder is not an alternate expression of
a different disorder. The lack of difference between the
ADHD and control families in the prevalence of bipolar I
disorder is consistent with our prior work suggesting that,
in the absence of comorbid bipolar disorder, ADHD does
not share susceptibility genes with bipolar disorder.?%->2¢

Our family study results and those of the meta-
analysis add to an emerging literature over the last 2
decades that provides compelling support for the validity
of pediatric bipolar disorder as a diagnostic entity.
Clinical studies have documented the unique diagnostic
features associated with this disorder across different
clinical and research centers in this country and abroad,
reporting high levels of severe and persistent irritability
and associated morbidity and disability.>?’-3% Large-
scale follow-up studies have documented persistence of
pediatric bipolar disorder into adolescent and young adult
years.’0-32 A recent comprehensive review of the extant
pharmacologic literature of pediatric bipolar disorder
treatments comprises close to 3,000 bipolar youth who had
participated in clinical trials. That review documented the
safety and efficacy of antimanic treatments for pediatric
bipolar disorders.*> Emerging neuroimaging and genetic
studies have also begun to describe neurobiological
correlates of pediatric bipolar disorder as well.”>4~38

Our findings should be considered in the context
of methodological limitations. Although we used lay
interviewers with undergraduate degrees in psychology,
rather than clinician raters, these raters were extensively
trained to high levels of interrater reliability. Although
we did not administer structured diagnostic interviews
directly to children younger than age 12, the diagnosis
of bipolar I disorder in probands was corroborated by
clinical assessment by an expert child and adolescent
psychiatrist.!® Although we relied for comparison on
existing samples of ADHD and non-ADHD families,
these were recruited from the same catchment area
and were assessed using the same assessment methods.
Because this sample was clinically referred and primarily
white, these results may not generalize to nonreferred
children or to families of other ethnic groups.

Despite these limitations, results from this large family
study and meta-analysis provide compelling evidence for
the familiality of pediatric bipolar I disorder and, thus,
robust support for the validity of pediatric onset bipolar
I disorder as a diagnostic entity.
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