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Abstract

Although twin and adoption show bipolar disorder (BP) has a strong genetic component, few chromosomal regions have been
consistently implicated by molecular genetic studies. To address this issue, we sought to determine if quantitative dimensions of
bipolar disorder symptoms would be useful for detecting genes that underlie the susceptibility to bipolar disorder. Subjects were
520 individuals diagnosed with bipolar I, bipolar II or schizoaffective disorder, bipolar type who had participated in the NIMH
genetics initiative for bipolar disorder. We constructed symptom scores from 29 psychiatric symptoms recorded in the Diagnostic
Interview for Genetic Studies (DIGS). Principal components factor analysis followed by a varimax rotation was used to extract
symptom dimensions. Factor scores were calculated for all genotyped individuals in the sample, regardless of affection status.
Heritable factors were used in a variance-components linkage analysis, which utilized the exact likelihoods of allele-sharing
identical-by-descent for each pair of relatives within each pedigree. The principal components factor analysis resulted in five
independent dimensions: depressed state, psychosis, sleep disturbances, psychomotor acceleration, and irritability. Two factors
were significantly heritable: depression (2>=0.53, p<0.001) and irritable vs. euphoric mania (h*=0.35, p=0.03). These were
subsequently used in a linkage analysis that resulted in LOD scores of <2.0, which are not statistically significant. The five
constructs developed through factor analysis appear to be consistent with previous factor analyses. Notably, only the dimensions
associated with the type of mood disturbance showed high heritability, which suggests that careful measurements of depression,
euphoria and irritability may be particularly useful in clarifying the genetic etiology of bipolar disorder in future studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

A genetic basis of bipolar disorder (BP) has been
firmly established with heritability estimates near 80%
(Kendler et al.,, 1995). Monozygotic twins consis-
tently show a greater risk for BP than dizygotic twins
(Kendler et al., 1993; Torgersen, 1986) and adoption
studies consistently show a greater risk of disease
development in biological relatives (Mendlewicz and
Rainer, 1977; Wender et al., 1986). Despite evidence
that BP has a strong genetic component, few genes
have been consistently implicated in the disease,
leaving the genetic etiology largely unknown (Berret-
tini, 2001; Tsuang and Faraone, 2000).

Not only have individual findings been difficult to
replicate, but also meta-analytic techniques have not
conclusively identified BP susceptibility genes. Bad-
ner and Gershon (2002) used 1128 affected individ-
uals from 11 studies and found the strongest evidence
for linkage on chromosomes 13q and 22q. Another
meta-analysis of 18 genome scans found no region
that achieved genome-wide statistical significance
(Segurado et al., 2003). The chromosomal regions
that were identified in this analysis as most promising
did not include chromosomes 13q or 22q.

Difficulty in gene identification has been attributed
to diagnostic differences, complex genetics, and
etiologic heterogeneity (Faraone et al., 1999; Risch
and Botstein, 1996). Another reason for the slow
progress towards gene identification may be the
limitations of using categorical diagnostic systems
to identify genetically homogeneous bipolar disorder
subgroups. Although a positive diagnosis for bipolar
disorder has high sensitivity and specificity for
mental disorders in general, differentiating BP from
disorders with overlapping characteristics is more
difficult (Faraone et al., 1996). In families of bipolar
disorder patients, symptoms of cyclothymia, dysthy-
mia, depression, and hypomania do not always fit
neatly into standard diagnostic formulations. Such
complications point to the potential of alternate
phenotype definitions in genetic analysis. For exam-
ple, the age at onset of bipolar disorder may
distinguish subforms of the disorder (Faraone et al.,
2003) and a linkage analysis of age at onset identified
potential susceptibility loci not identified in linkage
studies of bipolar disorder (Faraone et al., submitted
for publication).

Creating quantitative phenotypes of bipolar disor-
der symptom dimensions is one strategy for alternate
phenotype definition. Several studies have used factor
analysis to derive symptom dimensions for bipolar
disorder. Most have used small samples in proportion
to the number of variables analyzed (Akiskal et al.,
2003; Akiskal et al., 2001; Benazzi and Akiskal,
2003; Dilsaver et al., 1999; Rossi et al., 2001; Swann
et al., 2001; Ventura et al., 2000). Cassidy et al. (1998)
studies 237 subjects having DSM III-R bipolar
disorder. They found five factors: dysphoric mood,
psychomotor pressure, psychosis, increased hedonic
function, and irritable aggression. Serretti et al. (1999)
studied 509 subjects having DSM III-R bipolar
disorder. They found three factors: psychomotor
acceleration, psychosis, and irritability. Sato et al.
(2002) used 576 patients with 37 psychiatric con-
ditions and found seven factors: depressive mood,
irritable aggression, insomnia, depressive inhibition,
pure psychomotor acceleration, emotional lability/
agitation, and psychosis. We utilized similar meth-
odological techniques to identify underlying con-
structs of BP. We then performed linkage analysis
on those constructs that were heritable to identify
susceptibility genes for specific characteristics that are
fundamental to BP.

These three studies suggest that, in large samples,
reproducible dimensions of bipolar disorder symp-
toms can be identified. All three studies found
dimensions reflecting psychosis, psychomotor accel-
eration, and irritability. Two of the three also extracted
dysphoric mood as a symptom dimension. Given
these findings, we sought to test three hypotheses: (1)
that a factor analysis of the NIMH Genetics Initiative
Bipolar Disorder data would yield similar dimensions;
(2) that these dimensions would show evidence of
heritability and (3) that quantitative trait linkage
analysis would identify chromosomal regions harbor-
ing genes underlying these dimensions.

2. Methods
2.1. Subjects
Probands meeting DSM-III-R criteria for bipolar

type 1 were systematically ascertained by screening
consecutive patients at psychiatric hospitals near
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Indiana University, Johns Hopkins University, the
NIMH Intramural Research program, and Washing-
ton University as part of the NIMH Human Genetics
Initiative (http://www-srb.nimh.nih.gov/gi.html). If a
case had at least one first degree relative with BP I
(BPI) or schizoaffective disorder, bipolar type (SA/
BP), the family was retained for further examination.
Families were excluded if both parents had either
BPI or SA/BP. Subjects we separated into six
diagnostic categories: BPI, BP II (BPII), SA/BP,
unipolar depressed, other mental illness, and not
mentally ill. BPI and SA/BP were established
according to DSM III-R criteria while BPII and
unipolar depressed were diagnosed according to
RDC criteria. The overall sample consisted of 540
genotyped individuals in 97 families with 232 BPI,
32 SA/BP, 72 BPII, and 88 unipolar depressed
individuals. A genome scan of these families with a
qualitative trait for affection has been published
elsewhere (Edenberg et al., 1997; Rice et al., 1997,
Stine et al., 1997). We accessed the genotypes and
clinical data through the NIMH Center for Genetic
Studies (http://www.zork.wustl.edu/nimh/).

The Diagnostic Interview for Genetic Studies
(DIGS) is a structured clinical interview that assesses
the psychopathology of individuals. Among other
sections the DIGS includes a detailed assessment of
major depression, mania’hypomania, psychosis, drug
abuse and dependence, suicidal behaviors, and anxi-
ety disorders. Within-site and between-site test—retest
reliabilities of DIGS-based diagnoses were evaluated
according to DSM-III-R criteria for major depression,
BP, schizophrenia, and schizoaffective disorder. Reli-
abilities were shown to be excellent (0.73-0.95) for all
disorders except schizoaffective disorder, however,
the bipolar and depressed subtype had a good
specificity (Faraone et al., 1996; Nurnberger et al.,
1994). A semi-structured itemized assessment of
psychopathology in family members, the Family
Instrument for Genetic Studies (FIGS), and medical
records were used to supplement the DIGS data.

2.2. Factor analysis

There were 520 affected individuals included in the
factor analysis: 369 (71.0%) BPI, 115 (22.1%) BPII,
and 36 (6.9%) SA/BP. A descriptive summary of these
individuals is included in Table 1.

Table 1
Description of data used in factor analysis and linkage analysis

Factor analysis® Linkage analysis®

Total 520 206
# Male (%) 216 (41.5) 81 (39.3)
# Female (%) 304 (58.5) 125 (60.7)
Number of families 153 83
Age at interview (S.D.) 47.8 (17.2) n=512  50.4 (17.4)
Age at onset
Depression (S.D.) 21.5 (10.0) n=466  24.4 (13.0) n=126
Mania (S.D.) 32.3 (12.3) n=466  32.4 (13.3) n=77

? Represent BPI, BPII, and SA/BP individuals used in factor
analysis.

b Represents genotyped individuals regardless of affection
status with complete factor scores.

A total of 29 psychiatric signs and symptoms
relevant to BP were derived from data in the DIGS.
These were: activity change, anxiety, aggression,
anxiety, appetite change, distractibility, depressed
mood, elation, fatigue, feeling of guilt, flight of ideas,
grandiosity, hallucination, inadequacy, increased
activity, inhibited thought, initial insomnia, irritability,
lack of insight, loss of interest, middle insomnia,
motor restlessness, persecutory delusions, psychomo-
tor inhibition, racing thoughts, risky behavior, ruin-
ation, suicide, terminal insomnia, untrue beliefs, and
weight change.

These symptoms were used in a principle compo-
nents factor analysis followed by an orthogonal
varimax rotation (Gorsuch, 1983). The number of
factors in the final solution was determined by
considering the scree plot, the proportion of the total
variance explained, and the eigenvalue for the factor
(must be greater than unity). Standardized factor
scores were then calculated for all affected individuals
and their family members. Unaffected family mem-
bers did not contribute to the factor analysis but we
generated factor scores for affected and unaffected
individuals for genetic analysis. These analyses used
SAS, version 8.1 (SAS, 2000).

2.3. Genotyping and linkage analysis

Genotyping methods have been described else-
where (Edenberg et al., 1997; Rice et al., 1997; Stine
et al., 1997). Allele frequencies were created pre-
viously using the program USER13, which uses
maximum likelihood methods (Boechnke, 1991).
Marker distances were created using CRIMAP and
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these results were compared to existing genetic
databases. Mendelian inconsistencies were also exam-
ined previously. In total, there were 319 markers with
an average interval spacing of 10 cm throughout the
genome.

Each factor was assessed to insure that the
distributional requirements of variance-components
linkage analysis program, Sequential Oligogenic
Linkage Analysis Routines (SOLAR) (Almasy and
Blangero, 1998), were satisfied. Blangero et al. (2001)
indicate that linkage analysis is appropriate using
SOLAR if the following conditions are met: (1) the
quantitative trait data resemble a normal distribution;
(2) the kurtosis of the distribution is less than 2.0; and
(3) the t-test option is specified in SOLAR. When
these assumptions were not met, rank transformations
were employed.

The heritability of each factor score was calculated
using SOLAR. Statistical modeling was employed to
maximize the heritability of each factor by using the
other factors as covariates. Factors with statistically
significant (a=0.05) heritability estimates were used
in the linkage analyses. Exact identity-by-descent
(IBD) sharing proportions were calculated for each
relative-pair within each pedigree using Genehunter
2.0 (Kruglyak et al., 1996). These IBD estimates were
then transported into SOLAR and variance-compo-
nents linkage analysis was performed on the heritable
factor scores. LOD scores were calculated throughout
the autosomal chromosomes at 2 cm intervals.
Regions that had evidence for linkage (LOD>0.5)
were fine-mapped with points at approximately 1 cm
intervals. Table 1 shown above describes the basic
demographics of individuals used in the genetic
analyses.

3. Results

Five factors had eigenvalues greater than one and
the scree plot indicated that a five-factor solution was
appropriate. This solution explained 90.1% of the
variance. For each symptom, Table 2 shows factor
loadings greater than 0.30 along with the eigenvalues
and percent variance explained for each factor. Of 29
symptoms, 24 loaded onto only one of the five factors.
The symptom activity change loaded onto to 2 factors.
Four symptoms, anxiety, obsessive/compulsive ten-

Table 2
Factor analysis summary of 520 individuals diagnosed with BPI,
BPII, and SA/BP

Psychiatric
sign/symptom

Factor loadings

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Depressed mood ~ 0.81
Loss of interest 0.79
Inhibited thought 0.67

Inadequacy 0.61
Feeling of guilt 0.60
Fatigue 0.60
Psychomotor 0.53
inhibition
Activity change 0.53 0.50

Appetite change  0.51
Weight change 0.50
Suicide 0.42
Persecutory 0.76
delusions
Untrue beliefs 0.71
Hallucinations 0.71
Grandiosity 0.67
Middle insomnia 0.76
Terminal insomnia 0.71
Initial insomnia 0.61
Motor restlessness 0.52
Flight of ideas 0.75
Distractibility 0.67
Racing thoughts 0.37
Increased activities 0.31
Irritability 0.71
Elation —0.61
Eigenvalues 5.32 2.77 1.64 1.25 1.1
Proportion 0400 0208 0.123  0.094 0.083
variance
explained
Cumulative 0400 0.608 0.732  0.826 0.909
variance

dencies, aggression, and lack of insight did not load
onto any factor.

The first factor reflects depressed state. It includes
depression, loss of interest, inhibited thought, inad-
equacy, feelings of guilt, fatigue, psychomotor inhib-
ition, activity change, appetite change, weight change,
and suicide. Factor two describes psychosis with high
loadings for persecutory delusions, untrue beliefs,
hallucinations, and grandiosity. Factor three comprises
sleep disturbances, which includes initial, mid, and
terminal insomnia as well as motor restlessness. The
fourth factor describes psychomotor acceleration such
as flight of ideas, distractibility, racing thoughts, and
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increased activity. Factor five differentiates irritable
and euphoric mania with a large positive loading for
irritability and a strong negative loading for elation.
Aggression was also associated with this factor (i.e.
the highest loading for aggression was this factor),
however the factor loading was not large (0.24).

All five factors were highly non-normal and
therefore were transformed using a rank transforma-
tion. Two of the five factor scores were significantly
heritable and subsequently used in linkage analysis.
The heritability for depression was 0.53 (se(h?)=0.16,
p<0.001) in a model that incorporated three other
factors as covariates: psychosis (p=0.003); sleep
disturbance (p=0.07); and mania type (p<0.001).
The model examining irritable vs. euphoric mania was
also significantly heritable (2*=0.35, se(h?)=0.19,
p<0.03) and used depression, sleep disturbances,
and psychomotor acceleration as covariates (p<
0.001, p=0.001, p=0.004, respectively). Psychosis,
sleep disturbance, and psychomotor acceleration did
not yield significant heritabilities.

The strongest results of the genome screen for the
depression and irritable vs. euphoric mania factors
are presented in Fig. 1. No chromosomal region
reached the established threshold of statistical sig-
nificance (Lander and Kruglyak, 1995). For the
depression factor, the highest LOD score was 1.38
on chromosome 1 at 107 cm, located between
markers D1S224 and D1S1648. One region on
chromosome 2 also achieved a LOD score greater
than 1.0. The irritable vs. euphoric factor had a peak
LOD score of 1.47 on chromosome 5 at 130 cm,
closest to marker D5S1549, with LOD scores in

Depression Factor. Chromosome 1
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regions on chromosomes 2, 14, and 18 also achieving
values greater than 1.0.

4. Discussion

Our work suggests that there are five domains
underlying BP: depression, psychosis, sleep disturb-
ance, psychomotor acceleration, and irritability. Over-
all, these findings largely agree with previously
published studies. A depression factor had been
identified in several studies of individuals with bipolar
disorder (Cassidy et al., 1998; Dilsaver et al., 1999;
Rossi et al., 2001; Sato et al., 2002). Although one
study (Sato et al., 2002) differentiated depressive
inhibition from depressed mood, our findings did not.
Our psychosis factor encompasses classic psychotic
symptoms including persecutory delusion, grandios-
ity, untrue beliefs, and hallucination. This findings
replicates other research that identified psychosis as a
factor independent of the core manic and depressive
symptoms (Cassidy et al., 1998; Sato et al., 2002).

Our sleep disturbance factor has also been seen in
three previous reports (Dilsaver et al., 1999; Rossi et
al., 2001; Sato et al., 2002). There is therefore an
accumulating body of evidence to suggest that sleep
disturbance acts as an independently of other aspects
of disease, such as manic, depressive, and psychotic
symptoms. Our fourth factor describes the psycho-
motor acceleration common in manic episodes. It
included flight of ideas, distractibility, racing
thoughts, and increased activity. This factor resembles
several factors from previous research (Cassidy et al.,

Type of Mania Factor. Chromosome 5

2r 1.47

0 50 100 150 200
Chromosome Position (cM)

Fig. 1. The strongest evidence for linkage with the depression and type of mania factors.
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1998; Dilsaver et al., 1999; Rossi et al., 2001; Sato et
al., 2002; Serretti et al., 1999). The variable activity
change loaded onto this factor as well as factorl, the
depressive factor. This makes intuitive sense, as this
variable identifies a change in activity and not the
direction of the change. Therefore one would expect
that activity change would occur during both mania
and depression, with increasing and decreasing levels,
respectively. Our study concurs with this expectation,
as activity change has equal loadings on both factors.

Previous studies have also identified an irritable
aggression factor similar to our factor five, although in
prior studies aggression loaded higher that it did in
our analysis (Cassidy et al., 1998; Dilsaver et al.,
1999; Sato et al., 2002; Serretti et al., 1999). Although
aggression did not load as strongly as in other studies,
the variable had the highest loading on this factor
(0.24), indicating that the aggressive irritability factor
that has been identified previously concurs with these
findings. In summary, the symptom dimensions
extracted from our factor analysis substantially over-
lap with studies previously reported in the literature.
Similar to past work, we obtained independent
atypical features of depression, insomnia, psychosis,
and irritability. Thus, it is likely that these symptom
dimensions will be useful for future studies of bipolar
disorder.

Only the depressive and irritable vs. euphoric
mania factors were significantly heritable, while
controlling for the other significant factors as cova-
riates in the polygenic model. The heritability
estimates were 0.53 and 0.35 for depressive symptoms
and irritable vs. euphoric mania, respectively, suggest-
ing that genes are likely to be acting in each of these
domains. In future genetic studies, it may therefore be
useful to utilize more detailed data related to these
constructs to further efforts towards gene identifica-
tion for bipolar disorder. Such genes may not only
influence bipolar disorder, but may also play a role in
other mental illnesses with depressive and irritable
characteristics. We did not identify insomnia, psycho-
motor acceleration, or psychosis as being heritable.
This may indicate that although some of these
constructs are heritable for other disorders (i.e.
psychosis in schizophrenia), they may not be heritable
for bipolar disorder families.

Our linkage analysis of the two heritable traits
found little evidence for linkage, as none of the

chromosomal regions reached statistical significance.
The strongest findings showed only weak evidence for
linkage to regions of chromosome 1, at 107 cm, for the
depression factor and chromosome 5, at 130 cm, for
the irritable vs. euphoric mania factor. Nevertheless, it
is worth considering how these locations fit with prior
linkage studies of bipolar disorder. Blackwood et al.
(1996) reported a positive finding in the chromosome
1 region. The meta-analysis by Segurado et al. (2003)
shows that this study had a positive finding in the same
bin as our finding on chromosome 1. This linkage
region had also been implicated by the initial genome
scan from the NIMH Genetics Initiative Bipolar
Consortium using a narrow definition of bipolar
disorder (Rice et al., 1997).

No prior studies of bipolar disorder have impli-
cated the region of chromosome 5 that showed weak
evidence of linkage in our analysis of the irritable vs.
euphoric mania factor. The lack of prior findings
suggests this finding may be a false positive. But it is
also possible we have found a region that is specific to
the irritability—euphoria dimension. Albeit intriguing,
our findings must be interpreted cautiously as neither
quantitative trait achieved the threshold for significant
linkage in any region of the genome. Our results also
show no evidence of linkage to the most promising
chromosomal regions identified in meta analyses of
bipolar disorder: 8p, 9p, 10q, 13q, 14q, and 22q
(Badner and Gershon, 2002; Segurado et al., 2003).
Nor did our findings detect the regions implicated by
the most recent and largest genome scan of bipolar
disorder to date: 6q and 17q (Dick et al., 2003).

There are several limitations to this study that
should be considered. Factor scores can only be
generated for individuals with complete data. We had
clinical information on 520 individuals, but only 206
had complete data and were subsequently given factor
scores. This smaller sample size limited our power to
detect genes with linkage analysis. Also, the DIGS
interview not designed explicitly for creating quanti-
tative bipolar disorder symptom dimensions. It is
likely that a study designed to collect quantitative trait
data would create factor scores with less measurement
error and higher heritabilities.

Despite these limitations, we identified five symp-
tom dimensions through a factor analysis that may be
useful for future studies: depressive symptoms,
psychosis, insomnia, psychomotor acceleration, and
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irritability. Two of these, depressive symptoms and
irritability, were heritable and may be useful in future
molecular genetic research.
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