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Objective: The purpose of this study was
to assemble and validate a database of
phenotypic variables that were collected
from families with bipolar disorder as a
resource for genetic and other biological
studies.

Method: Participants were ascertained
for two bipolar disorder genetic linkage
studies: the University of Chicago, Johns
Hopkins, and National Institute of Mental
Health (NIMH) Intramural Program (CHIP)
Collaboration and the NIMH Genetics Ini-
tiative project. All participants underwent
detailed, phenotypic assessment with ei-
ther the Schedule for Affective Disorders
and Schizophrenia-Lifetime Version or
one of four versions of the Diagnostic In-
terview for Genetic Studies. Clinicians re-
viewed the interview items and derived
variable definitions that were used to ex-
tract data from the original datasets. The
combined data were subjected to range
and logic assessments, and a subset was
re-verified against the original data. In-
consistent data and variables that were
deemed unreliable were excluded. Sev-
eral of the resulting variables were char-
acterized in the total cohort and tested

for familial clustering, heritability, and
statistical power in genetic linkage and as-
sociation studies.

Results: The combined database of phe-
notypic variables contained 197 variables
on 5,721 subjects in 1,177 families. Deoxy-
ribonucleic acid (DNA) samples are avail-
able for 5,373 of these subjects. The clini-
cal presentation of bipolar disorder varied
markedly. Most subjects suffered from se-
rious and often disabling illness. Many
phenotypic variables are strongly familial,
and some quantitative variables are
highly heritable. The cohort assembled in
this study offers substantial power to carry
out genetic linkage and association stud-
ies that use specific clinical features as co-
variates or as primary phenotypes.

Conclusions: This is the largest database
of phenotypic variables yet assembled for
bipolar disorder, and it is now available to
the research community. Researchers and
clinicians can use this database to explore
the connections between phenomenol-
ogy and genetics in a cohort that is ade-
quately powered to detect even modest
genetic effects in bipolar disorder.

(Am J Psychiatry 2007; 164:1229-1237)

A\though family, twin, and adoption studies have pro-
vided strong evidence that genetic variation plays a major
role in the etiology of bipolar disorder, susceptibility genes
have proven difficult to identify definitively. Mode-of-in-
heritance studies have suggested that multiple genes are
likely to be involved in the etiology of bipolar disorder (1),
which is consistent with the results of more than 20 ge-
nome-wide linkage scans (2). If the effect of any single
gene is generally modest for bipolar disorder, can we iden-
tify the clinical features that tag more genetically homoge-
neous subtypes, facilitating susceptibility gene identifica-
tion? Clinical subtyping has been an effective method in
determining the etiology of other illnesses, such as Alzhei-
mer’s disease and breast cancer, in which families with
early onset illness led researchers to the identification of
disease genes (3, 4).

Several clinical features have been shown to increase ev-
idence of genetic linkage to chromosomal regions or asso-
ciation with gene variants. Comorbid panic disorder (5)
and bipolar II disorder (6) appear to enhance linkage to
distinct regions on chromosome 18q. In two datasets, psy-
chotic features showed linkage to chromosome 13q (7, 8),
and early age at onset showed linkage to chromosome
21922 in two cohorts (9). It has been reported that mania
at onset enhances linkage to chromosome 16p (10), and a
linkage to chromosome 2 was shown to be associated with
attempted suicide in bipolar disorder (11). Psychotic fea-
tures, mood-incongruent psychotic features, and persecu-
tory delusions in bipolar disorder have strengthened evi-
dence suggesting that there is a genetic association with
DTNBP1 (dysbindin), NRG1 (neuregulin), and DAOA
(G72), respectively (12-14). These early successes suggest
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that clinical phenomenology can help to define more ge-
netically homogenous forms of bipolar disorder.

The choice of features studied in bipolar disorder genet-
ics has been guided largely by clinical experience. Features
that show familial aggregation may be particularly prom-
ising (15), and most of the features, as mentioned previ-
ously, that enhance linkage or association signals are in-
deed familial. However, only a minority of the myriad
clinical features in bipolar disorder have been studied.

The study of clinical features has been limited by the
time-consuming process of gathering and assembling rel-
evant clinical data in cohorts of sufficient size. Large-scale
genetics efforts have yielded the human genome se-
quence and, more recently, the HapMap, which is a refer-
ence cataloguing what is common in human sequence
variation. The authors of the HapMap paper called for
comparable large-scale efforts in the phenotypic arena
(16). A similar concept, the “Human Phenome Project,”
was advanced by Freimer and Sabatti (17). Freimer and Sa-
batti advocated an international effort to create phenomic
databases, comprehensive assemblages of systematically
collected phenotypic information, to aid in the identifica-
tion of disease genes. In this vein, the Autism Phenome
Project has implemented prospective compilation of
comprehensive phenotypic data in order to parse genetic
heterogeneity in autism (18), and an Epilepsy Phenome-
Genome Project is planning similar work (http://
65.175.48.5/epgp/index.htm). To our knowledge, no com-
parable databases for bipolar disorder yet exist.

To address this issue, we have combined retrospective
clinical data from two large family cohorts, collected over
20 years, for bipolar disorder genetic linkage studies. In
the process, we cleaned and integrated 284,788 datapoints
from 1,453 subjects in the University of Chicago, Johns
Hopkins, and the National Institute of Mental Health
(NIMH) Intramural Program (CHIP) Collaboration cohort
and 2,974,796 datapoints from 4,268 subjects in the NIMH
Genetics Initiative Bipolar Disorder Collaborative project
cohort. The final result, which we named the Bipolar Dis-
order Phenome Database, offers substantial power to de-
fine novel clinical subtypes of bipolar disorder, test for fa-
milial aggregation, and carry out genetic linkage and
association studies that use specific clinical features as co-
variates or as primary phenotypes.

Method

Description of Original Data

The CHIP cohort was derived from three clinical data collec-
tions: two conducted at Johns Hopkins (one from 1985 to 1997
[“DANA”] and one from 1997 to 1999 [“400+”]) and a third con-
ducted at the Johns Hopkins, University of Chicago, and NIMH
Intramural Program (from 1999 to 2004 [“ChiHop”]). Ascertain-
ment required a bipolar I disorder proband and two first-degree
relatives with at least one of the following major mood disorders:
schizoaffective, manic; bipolar I disorder; bipolar II disorder,
with recurrent major depression; or recurrent major depressive
disorder (19). The NIMH Genetics Initiative cohort was ascer-
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tained in two phases, from 1991 to 2003. The first phase (“G4” or
“Waves 1 and 2”) was carried out at four centers. The second
phase (“G9” or “Waves 3 and 4”) was conducted by these same
four centers and at five additional centers (for additional infor-
mation about the NIMH Genetics Initiative Bipolar Disorder
project, see the data supplement that accompanies the online
version of this article). Ascertainment required a bipolar I disor-
der proband and a sibling with bipolar I disorder or schizoaffec-
tive disorder, bipolar type (20). Figure 1 is an overview of the
studies and substudies. Informed consent was obtained from
subjects after each study was fully explained.

Interviews were conducted using the Schedule for Affective Dis-
orders and Schizophrenia-Lifetime Version (21) or the Diagnostic
Interview for Genetic Studies. Four versions of the Diagnostic In-
terview for Genetic Studies were used, including versions 1.0, 2.0,
3.0, and 3.0 GenRED (22). Diagnoses were made based on inter-
view, medical records, and family informant data, using a best-
estimate procedure and employing the Research Diagnostic Crite-
ria or DSM-III-R or -IV combined with the Research Diagnostic
Criteria. The DSM/Research Diagnostic Criteria combinations
were used in the NIMH studies in order to preserve the Research
Diagnostic Criteria guidelines for bipolar II disorder that were
eliminated from DSM-III-R and changed substantially in DSM-IV.

We included all subjects that were entered into the clinical da-
tabases for these projects, which included some subjects or fami-
lies that were ultimately deemed ineligible for the genetic studies
because of failure to meet ascertainment criteria or to provide
blood samples.

Consolidation of Interviews

Because blood samples were collected in five subprojects with
various instruments over a 20-year period, a major task was to as-
semble a uniform clinical database. Figure 2 shows an overview of
the process through which the data were checked and combined.
Research clinicians (Drs. Kassem, Lopez, McMahon, MacKinnon,
Potash, and Schulze) reviewed the items from the Schedule for Af-
fective Disorders and Schizophrenia-Lifetime Version and the
four versions of the Diagnostic Interview for Genetic Studies to
determine where interviews differed and which questions could
be reasonably combined. Wherever the wording or context of
questions was inconsistent across interviews, an effort was made
to extract data that were consistent with both interviews; wher-
ever this was impossible, datapoints were excluded. The objective
was to achieve a broad combination that maximized the capture
of information while retaining consistency. The Schedule for Af-
fective Disorders and Schizophrenia-Lifetime Version was the
limiting factor, since it collected the least detailed information.
Because one of the CHIP substudies used the Schedule for Affec-
tive Disorders and Schizophrenia-Lifetime Version, while NIMH
studies did not, CHIP-only and NIMH-only datasets were created
separately to maximize data retention (see the supplemental ta-
ble, which accompanies the online version of this article). These
are available as separate modules of the database.

The following components were combined for both cohorts:
best-estimate diagnoses, pedigree information, demographics,
mania, depression, hypomania, alcohol use, psychosis, suicidal-
ity, and anxiety. For the NIMH group, we also included medical
history, psychiatric overview, drugs of abuse, eating disorders,
and antisocial personality disorder. We adopted a rule that >75%
ofitems had to be identical across instruments in order for data to
be considered indicative of a shared construct that could be in-
cluded in the final database.

The Diagnostic Interview for Genetic Studies and Schedule for
Affective Disorders and Schizophrenia-Lifetime Version interviews
were most similar for the depression and mania sections; while the
Diagnostic Interview for Genetic Studies had more detail, both as-
sessed the same core features. The one significant structural differ-
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FIGURE 1. Studies and Substudies Used to Create the Bipolar Disorder Phenome Database?
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ence was in the assessment of hypomania. In the Schedule for Af-
fective Disorders and Schizophrenia-Lifetime Version and early
versions of the Diagnostic Interview for Genetic Studies, hypoma-
nia was discussed after the mania and depression sections. In later
Diagnostic Interview for Genetic Studies versions, the assessment
of hypomania was folded into the section on mania.

The sections on psychosis and alcohol and substance use dis-
orders were rather dissimilar. For psychosis, the difference was in
the level of detail gathered. The Schedule for Affective Disorders
and Schizophrenia-Lifetime Version asks only about the presence
of hallucinations or delusions—the two are not distinguished. By
contrast, the Diagnostic Interview for Genetic Studies has sepa-
rate questions about each, and an extensive section on details of
psychotic experiences. For alcohol use disorders, the difference
between interviews derived from a change in diagnostic criteria.
The Schedule for Affective Disorders and Schizophrenia-Lifetime
Version assesses Research Diagnostic Criteria for alcoholism,
while the Diagnostic Interview for Genetic Studies assesses DSM
alcohol abuse and dependence. The sections on substance use
disorder were so dissimilar that only best-estimate diagnoses
could be matched (Research Diagnostic Criteria for drug use dis-
order to DSM criteria for substance abuse).

We attempted to make the item response scales uniform after
the combinable sections were identified. For example, in some
instances clinicians had to recode 5-point scales in one instru-
ment in order to match a 4-point scale in the same question in an-
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other instrument. This involved both algorithms and clinician
judgments. Data managers reviewed the responses to each item
and sent potential errors back to the clinicians who determined
when problematic data should be considered “unknown.”

Data Cleaning and Combining

We ensured that all interviewed subjects were present in each
table by performing row counts. Best-estimate diagnosis and ped-
igree tables were exceptions, since the former also contained diag-
noses based on medical records and family histories for a few indi-
viduals, and the latter contained data on subjects who did not
participate but whose information was necessary to connect rela-
tives in the pedigree. Random subsets of 30 to 50 subjects were
chosen for verification against the original data. Data managers
then ran scripts to identify potentially illogical answers. Data man-
agers and physicians reviewed the output to check for unsuitable
and unlikely answers. Data managers investigated discrepancies
by reviewing the scripts and the original tables. Discrepancies that
could not be resolved in this manner were removed.

During the quality assurance process, the collaborators per-
formed preliminary analyses on beta-test versions of the files and
identified potential discrepancies or limitations. Some subjects
were in the database twice because of two interviews; these dupli-
cates were dropped. Some families had two probands assigned;
the proband ascertained earliest was designated the “new
proband.” Some subjects were diagnosed with a major mood dis-
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FIGURE 2. Process of Data Cleaning, Checking, and Com-
bining Data from Two Studies to Create the Bipolar Disor-
der Phenome Database

CHIP Dataset

Y Y

Planning Stage: Clinicians combined interview concepts

v v

Combination Stage 1: Data managers queried original tables
in each dataset to combine into new, consolidated concepts.
Two datasets still remained separate.

Quality Assurance Stage 1: Data managers and clinicians
performed the following quality assurance measures:
Row Counts: all subjects were accounted for
Read and Verifies: combined data were compared to original
Logic Scripts: answers were checked for logical possibility
Clinician Verification: clinicians reviewed possible errors

NIMH Dataset

If discrepancies were found in the quality assurance stage,
data managers consulted the combining scripts, the original
data tables, and/or the source data (hard-copy interviews) to
identify and correct the source of the error.

L Subjects unreliable for entire interview (N=59):
5,963 data points overwritten with code for
unreliable data (—-6666).

Subjects unreliable for sections of interview
(N=118): 4,178 data points overwritten.
Subjects with individual variables declared

unreliable (N=136): 387 data points
overwritten.

Combination Stage 2: Data managers queried
separate databases to combine into one.

Y

Quality Assurance Stage 2: Data managers and
clinicians performed the same quality assurance
measures shown above.

Bipolar Disorder Phenome Database

order at low confidence. These diagnoses were changed to
“other,” and a “high confidence best-estimate” field was created
to reflect the new standard.

Once the phenome data were curated and verified in both
datasets, the CHIP and NIMH data were merged into one, creat-
ing a single, seamless database. This database was then passed
through quality assurance steps similar to those described previ-
ously in this article.

Data Analysis

Counts and percentages were tabulated by diagnosis for each
categorical variable using the statistical software STATA. For con-
tinuous variables, means and medians were calculated to ac-
count for outliers. Chi square and analysis of variance (ANOVA)
statistics were used to test for differences in clinical features be-
tween diagnostic groups. The generalized estimating equation
was used to assess whether the presence of a feature in a proband
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predicted its presence in the first-degree relatives of that proband
(23). The generalized estimating equation allows for an analysis of
clustered data using logistic regression but also taking into ac-
count potential correlation between observations when multiple
members of the same family are considered.

Heritability of quantitative variables was assessed with QTDT
(24). QTDT uses a variance-components approach to estimate
the proportion of variance attributable to genetic factors. Since
the pedigree sizes were limited, we contrasted a model that incor-
porated environmental variance to one that incorporated envi-
ronmental and genetic variance, with no term for shared familial
variance, generating a likelihood ratio chi square statistic with
one degree of freedom. Heritability was estimated as the genetic
divided by the total variance. Since the goal of analyses at this
stage was purely descriptive, p values are reported without cor-
rection for multiple testing.

We used formulas described by Risch (25) to estimate the
power to detect linkage using clinical covariates, at both signifi-
cant (logarithm of the odds ratio [LOD]=3.6) and suggestive
(LOD=2.2) thresholds (26), assuming an information content of
0.7 for the microsatellite genome scan and 0.9 for the single nu-
cleotide polymorphism genome scan. We assessed the power of
family based association tests using PBAT software (27) under the
following assumptions: a multiplicative genetic model, an alpha
significance of p<0.01, and a marker in perfect linkage disequilib-
rium with the risk allele. Power for case-control studies was as-
sessed using the Genetic Power Calculator (28). We used the same
parameters as above, assuming equal numbers of case and com-
parison subjects.

Results

The CHIP dataset originally contained 1,510 subjects.
After vetting, 57 subjects were dropped because of unreli-
able, inconsistent, or largely missing data. The final CHIP
Phenome Database includes 1,453 subjects (800 affected)
in 263 families and 196 variables with 284,788 datapoints.

The original tables from the NIMH cohort contained
4,449 subjects, and 181 subjects were dropped. Low confi-
dence diagnoses of major mood disorder were present for
881 subjects; these were deemed “other” rather than “af-
fected” in the database. The final NIMH Phenome Data-
base includes 4,268 subjects (2,386 affected) in 914 fami-
lies and 697 variables with 2,974,796 datapoints.

The combined Bipolar Disorder Phenome Database
consists of 5,721 subjects (3,186 affected) in 1,177 families,
197 variables, and 1,127,037 datapoints. In the combined
cohort, 25,878 (2.3%) datapoints are unknown, missing, or
unreliable; 215,487 (7.2%) datapoints in the NIMH group;
and 3,264 (1.1%) datapoints in the CHIP group. The diag-
nostic breakdown is illustrated in Figure 1.

To indicate the value of subjects for genetic studies, col-
umns were added in the pedigree table of the database.
These included whether the family had >1 subject with bi-
polar I disorder and whether DNA samples were available.
A total of 5,118 subjects (3,070 affected) from 977 families
met both criteria.

Clinical Picture

Among the subjects interviewed, 120 had schizoaffec-
tive disorder, bipolar type, 1,958 had bipolar I disorder, 527
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TABLE 1. Clinical Correlates of Major Mood Diagnoses in the Combined Database

Disorder?

Schizoaffective Major Depressive

Disorder, Bipolar Type Bipolar | Disorder Bipolar Il Disorder Disorder
Characteristic (N=120) (N=1,958) (N=527) (N=581)
N % N % N % N %

Gender (female) 62 51.7 1,214 62.0 351 66.6 433 74 .55
Ethnicity (White)b 95 79.2 1,701 86.9 469 89.0 509 87.6
Missed work 108 90.0 1,686 89.3 274 55.9 257 46.9x%:53%
Never married 48 40.0 548 28.0 126 23.9 101 17 4
Divorced/separated 36 30.0 480 24.5 90 171 101 17 4s5%
Panic disorder 19 15.8 425 21.7 114 21.6 73 12.6%
Alcohol abuse/dependence 56 46.7 751 38.4 185 35.1 154 26.5%4:%
Drug abuse/dependence® 19 15.8 240 12.3 54 10.2 45 7.7%%
ocD 10 8.3 120 6.1 26 4.9 11 1.9
Phobia 12 10.0 254 13.0 71 13.5 76 13.1%
Eating disorder 6 5.0 125 6.4 31 5.9 32 5.5%%
Attempted suicide 52 433 704 36.0 116 22.0 106 18.2:38x
Psychotic features 106 88.3 1,222 62.4 61 11.6 53 9. 73k
Mood-incongruent psychotic features 68 56.7 309 15.8 4 0.8 10 1.7%%%
Ever hospitalized 50 41.7 967 49.4 147 279 141 24 3k
Ever treated 116 96.7 1,905 97.3 460 87.3 503 86.6%:%

Mean Median Mean Median Mean Median Mean Median
Age at interview 40.6 39 42.0 41 42.4 41 47.0 461
School years 13.5 13 14.4 14 14.4 14 14.3 14
Age at first mania episode (years) 22.8 21 24.4 22
Number of mania episodes 8.7 4 11.0 4
Age at first depression episode (years) 20.2 18 20.7 18 223 20 25.4 23F
Number of depression episodes 10.5 5 12.5 5 10.2 4 6.4 3t
Number of suicide attempts 3.3 2 2.8 2 1.8 1 1.8 T
Number of hospitalizations 12 5 4.8 3 3.8 2 3.6 2%

a Schizoaffective disorder, bipolar type, and bipolar | disorder subjects were grouped together and compared with bipolar Il disorder and ma-
jor depressive disorder subjects combined for statistical comparison.

b Ethnicity/race data are either “other” (mixed) or unknown for 9.6% of samples.

¢ The NIMH and GenRED studies used the Diagnostic Interview for Genetic Studies interview, which assessed DSM-III-R and DSM-IV substance
abuse and dependence constructs. The CHIP study used the Schedule for Affective Disorders and Schizophrenia-Lifetime Version interview
for 61% of subjects and the Diagnostic Interview for Genetic Studies for 39%. The Schedule for Affective Disorders and Schizophrenia-Lifetime
Version assessed Research Diagnostic Criteria for drug use disorder, which corresponds roughly to the substance abuse construct. The sub-
stance dependence construct was not captured.

#p<0.05. ##p<0.005. *++p<0.0005. Tp<0.00005.

had bipolar II disorder, and 581 had major depressive dis-
order. Table 1 shows the demographics, core illness fea-
tures, and additional illness features associated with these
diagnostic categories. The cohort was majority female and
predominantly European American.

suicide (36.4% versus 20.0%, p<0.0005), and hospitaliza-
tion (48.9% versus 26.0%, p<0.0005).

Familial Aggregation

We used a proband-predictive model to assess familial
aggregation of 13 selected clinical variables in the com-
bined dataset. Table 2 shows the odds ratios (OR) for the
occurrence of the trait in relatives if the proband reported
the same trait. By this metric, the most strongly familial
traits were history of psychiatric hospitalization (OR=3.94,

Subjects suffering from bipolar disorder in this sample
had to contend with serious, often disabling illness. Most
had missed work because of illness, and more than one-
half of bipolar I disorder or schizoaffective disorder, bipo-

lar type, subjects were divorced, separated, or never mar-
ried. Comorbidity is the rule, especially alcohol and sub-
stance use disorders and panic disorder. Typically, bipolar
disorder had already begun to manifest by the late teens,
and most individuals with the disorder had been treated
or hospitalized for it. Suicide attempts and psychotic fea-
tures are common among these individuals.

Subjects with schizoaffective disorder, bipolar type, and
bipolar I disorder had a more severe illness course than
those with bipolar II disorder and major depressive disor-
der. For example, subjects with schizoaffective disorder,
bipolar type, and bipolar I disorder had higher rates of
missed work (86.3% versus 47.9%, p<0.0005), attempted

Am | Psychiatry 164:8, August 2007

SE=0.45, z=12.12, p<0.0001), comorbid obsessive-compul-
sive disorder (OCD) (OR=3.53, SE=0.99, z=4.51, p<0.0001),
and absences from work because of mood disorder (OR=
3.07, SE=0.44, z=7.88, p<0.0001). However, all variables
measured showed statistically significant familial aggrega-
tion in this large cohort.

Heritability

Some quantitative variables were much more heritable
than others (Table 2). In particular, age at first mania,
number of manic episodes, and episode frequency (29)
are highly heritable, suggesting that these variables may
be especially useful as covariates in genetic linkage and as-
sociation studies.

ajp.psychiatryonline.org 1233
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TABLE 2. Familial Aggregation and Heritability of Selected Variables?

Familial Aggregation of Clinical Features

Heritability of Selected Quantitative Variables

0dds Chi

Variable Ratio 95% Cl p Variable N Square p

Early age at onset 1.39 1.17-1.66 <0.0001 Age at most severe suicide attempt 851 0.51

Attempted suicide 1.46 1.21-1.76 <0.0001 Age at first major depression episode 2,633 15.19 0.0001

Never married 1.64 1.33-2.03 <0.0001 Age at first hypomania episode 239 0.24

Alcohol disorder 1.66 1.40-1.97 <0.0001  Age at first mania episode 1,623 20.01 <0.0001

Psychotic features 2.01 1.65-2.44 <0.0001  Number of depressive episodes 2,399 21.5 <0.0001

Panic disorder 2.16 1.71-2.73 <0.0001  Number of depressive symptoms 2,971 10.5 0.0012
(worst episode)

Anorexia nervosa 2.22 1.30-3.79 0.003 Episode frequency 2,351 16.51 <0.0001

Simple phobia 2.42 1.61-3.65 <0.0001  Number of hypomanic episodes 239 2.6

Missed work 3.07 2.32-4.05 <0.0001  Number of manic episodes 1,796 39.71 <0.0001

ocD 3.53 2.04-6.12 <0.0001  Number of manic symptoms 1,645 5.09 0.0241
(worst episode)

Ever hospitalized 3.94 3.16-4.92 <0.0001  Number of suicide attempts 862 0.11

2 .0dds ratios for the proband trait predicting the relative trait, and statistical significance for heritability estimated by QTDT (24).

Power for Genetic Studies

If the bipolar disorder phenotype is composed of multi-
ple subphenotypes with distinct genetic causes, then any
particular genetic variant might contribute to causation of
one or several subphenotypes, but not all. If this is the case,
studying subphenotypes of the disorder might be more in-
formative than studying the phenotype of the disorder as a
whole. While subtyping reduces cohort size, it might in-
crease genetic homogeneity within the subgroup and
thereby increase the recurrence-risk ratio in the case of
linkage or genotype relative risk in the case of association.
Thus, stratification based on covariates could increase the
power to detect a signal if it provides a sufficient increase in
genetic homogeneity. We assessed the power to detect ge-
netic linkage and association using selected variables from
the Bipolar Disorder Phenome Database, including psy-
chotic features, attempted suicide, early age at onset, panic
disorder, phobia, and alcohol abuse/dependence.

For linkage studies, we restricted analyses to families
who met the original study criteria. These 807 families
(1,191 independent-affected sibling pairs) were vetted for
inheritance errors, unlikely recombinations, and the pres-
ence of identical twins. We depicted power under two sce-
narios. One scenario assumed markers that were spaced an
average of 9 cM apart. We calculated the increase in recur-
rence-risk ratio in a covariate-defined subgroup that was
necessary to maintain an 80% power to detect linkage at
LOD thresholds of 3.6 and 2.2 when the size of the sub-
group was defined by the frequency of the covariate (Table
3). The early age at onset covariate provided the most
power, since a recurrence-risk ratio of 1.40 can be detected
by linkage at the suggestive threshold. Comorbid panic dis-
order, which provided the most modest power, can detect a
ratio of 2.98. The second scenario assumed a finer linkage
map, with single nucleotide polymorphisms (spacing, 0.64
cM). Using the single nucleotide polymorphism scan, the
power to detect linkage was somewhat enhanced.

We estimated the power to detect genetic association
using both family-based and case-control designs. For the
latter, we have 977 unrelated bipolar I disorder (or
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schizoaffective disorder, bipolar type) probands with
available DNA samples. We employed the same set of co-
variates as for linkage. Table 3 shows the genotype relative
risk detectable with >80% power, given varying frequen-
cies of the disease-related allele. The minimum detectable
genotype relative risk for psychotic features ranged from
1.30-1.66, while the minimum detectable risk for comor-
bid panic disorder was 1.46-2.03. For family-based associ-
ation studies, we have 663 informative families, including
397 two-parent families and 266 single-parent families,
each with one to seven bipolar I disorder offspring. This
cohort conferred less power across most scenarios, shown
in Table 3, to detect association by family-based methods.

Discussion

The Bipolar Disorder Phenome Database is designed to
complement the large bodies of genetic data that are gen-
erated through the Human Genome Project, The Interna-
tional HapMap Consortium, the Genetic Analysis Infor-
mation Network, and similar efforts. The objective of the
database is to accelerate the discovery of genes that con-
tribute to bipolar disorder, a common and often disabling
disease. One key to making data valuable to the commu-
nity is to provide public access. The Bipolar Disorder Phe-
nome is now publicly available on mirror sites at Johns
Hopkins (http://bioinformoodjcs.jhmi.edu/phenome/)
and at NIMH (http://mapgenetics.nimh.nih.gov). The
original CHIP tables can be obtained there as well. DNA
blood samples matching the NIMH component of the da-
tabase can be obtained from the NIMH Center for Genetic
Studies (http://nimhgenetics.org/) as well as the original
NIMH clinical data.

Value could be added to the Bipolar Disorder Phenome
Database by incorporating data from additional studies.
Integration could be accomplished easily with studies us-
ing the same instruments (Schedule for Affective Disor-
ders and Schizophrenia-Lifetime Version and Diagnostic
Interview for Genetic Studies). This integration might be
particularly valuable for cohorts in which genetic data
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TABLE 3. Effects Detectable With at Least 80% Power in Linkage and Association With Covariates?

Variable Metric
Early Age  Psychotic Alcohol Attempted Panic Risk-Allele
Linkage and Association Total at Onset Features Disorder Suicide Disorder LOD Frequency
Linkage
Affected sibling pairs 1,191 615 435 349 192 109
Microsatellites
1.34 1.53 1.70 1.85 2.61 5.40 3.6
1.26 1.40 1.51 1.6 2.02 2.98 2.2
Single nucleotide polymorphisms
1.31 1.48 1.63 1.75 2.36 4.16 3.6
1.24 1.36 1.46 1.54 1.89 2.64 2.2
Family-based association®
Informative families, two-parent/ 397/266 291/188 301/217 209/178 197/154 127/110
one-parent
1.63 211 1.96 2.45 2.73 4.53 0.05
1.39 1.71 1.61 1.95 2.14 3.55 0.15
1.32 1.59 1.50 1.80 1.99 3.55 0.3
Case-control association
Case subjects 977 673¢ 775°¢ 552¢ 541¢ 359¢
1.57 1.71 1.66 1.80 1.81 2.03 0.05
1.34 1.42 1.39 1.47 1.47 1.60 0.15
1.26 1.33 1.30 1.36 1.37 1.46 0.3

a Minimum locus-specific recurrence-risk ratio detectable with at least 80% power (affected sibling pairs were assessed using the schizoaffective
disorder, bipolar type; bipolar | disorder; bipolar Il disorder; and major depressive disorder model as affected). Minimum genotype relative
risk detectable with at least 80% power, (alpha=0.01) (schizoaffective disorder, bipolar type, or bipolar | disorder as affected). Affected sibling
pairs were assessed using the schizoaffective, bipolar type; bipolar | disorder; bipolar Il disorder; and major depressive disorder model as af-
fected.

b Two-parent/one-parent families with one to seven schizoaffective disorder, bipolar type, or bipolar | disorder offspring per family. A maxi-

mum of four offspring were counted in the power calculations because of limitations imposed by the PBAT software program.
¢ Number of unrelated schizoaffective disorder, bipolar type, or bipolar | disorder cases with the covariate of interest.

have already been combined. It is also worth considering
combining these clinical data with physiological data
from brain imaging, hypothalamic-pituitary-adrenal axis,
evoked potential, and neuropsychological studies. To our
knowledge, large-scale studies of this type have not been
performed on patients with bipolar disorder, although
they are underway in autism research (18). Some subjects
in the database have already undergone endophenotypic
assessments at various centers.

Further steps that could be added to the existing dataset
include data reduction through techniques such as factor
analysis. These factors could then be tested for familiality,
and the factor scores could be used as phenotypes for ge-
netic study. This has been performed, for example, with
linkage for alcohol dependence (30) and bipolar disorder
(31) and with association for schizophrenia (32) and OCD
(33). The bipolar disorder study (32) used part of the
NIMH Genetics Initiative cohort and assessed depression
and irritable mania factors as phenotypes in linkage. Little
evidence for linkage was detected, although the cohort
was only one-sixth the size of the cohort presently con-
tained in the Bipolar Disorder Phenome Database.

Several limitations to the present study should be con-
sidered. First, the variables included were collected retro-
spectively and were subject to recall bias. Second, reliabil-
ity and validity of individual items were not directly
addressed. Low reliability would have reduced the esti-
mates of familiality and heritability. However, diagnostic
reliability and reliability of selected items were assessed
for both the Schedule for Affective Disorders and Schizo-
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phrenia-Lifetime Version and Diagnostic Interview for Ge-
netic Studies and was found to be fair to good (34-37).
Third, the estimates of heritability presented cannot re-
solve the effects of shared genes and shared familial envi-
ronment, since these are confounded in the nuclear fami-
lies that make up the bulk of the database. Furthermore,
the tools that are currently available do not allow an as-
sessment of the heritability of dichotomous measures in
family cohorts (38). Finally, even in this very large data-
base, the power to detect small genotype relative risks
through association is ample only with common disease
alleles that are in very high linkage disequilibrium with
marker alleles.

This is a phenomenological database. However, we have
not yet attempted to incorporate data from potential en-
dophenotypes, as valuable as they may be (39). Rather, the
signs and symptoms encompassed by the Bipolar Disor-
der Phenome Database are meant to describe, in the full-
est detail possible, the clinical picture of bipolar disorder.
Phenomenology is naturally limited by the examiner’s
ability to elicit, and the participant’s willingness to report,
the contents of the conscious mind (40). On the other
hand, phenomenology gives us the most immediate re-
port of the subjective experience of mental illness and the
most direct glimpse into the mind of the sufferer. Using
the Bipolar Disorder Phenome Database, researchers, for
the first time, can explore the connections between phe-
nomenology and genetics in a cohort that is adequately
powered to detect even modest effects.
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