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Abstract
Research has yet to provide a comprehensive understanding of the genetic basis of bipolar disorder (BP). In genetic
studies, defining the phenotype by diagnosis may miss risk-allele carriers without BP. The authors aimed to test
whether quantitatively detected subclinical symptoms of bipolarity identifies a heritable trait that infers risk for BP. The
Quantitative Bipolarity Scale (QBS) was administered to 310 Old Order Amish or Mennonite individuals from
multigenerational pedigrees; 110 individuals had psychiatric diagnoses (20 BP, 61 major depressive disorders (MDD), 3
psychotic disorders, 26 other psychiatric disorders). Familial aggregation of QBS was calculated using the variance
components method to derive heritability and shared household effects. The QBS score was significantly higher in BP
subjects (31.5 ± 3.6) compared to MDD (16.7 ± 2.0), other psychiatric diagnoses (7.0 ± 1.9), and no psychiatric diagnosis
(6.0 ± 0.65) (all p < 0.001). QBS in the whole sample was significantly heritable (h2= 0.46 ± 0.15, p < 0.001) while the
variance attributed to the shared household effect was not significant (p= 0.073). When subjects with psychiatric
illness were removed, the QBS heritability was similar (h2= 0.59 ± 0.18, p < 0.001). These findings suggest that
quantitative bipolarity as measured by QBS can separate BP from other psychiatric illnesses yet is significantly heritable
with and without BP included in the pedigrees suggesting that the quantitative bipolarity describes a continuous
heritable trait that is not driven by a discrete psychiatric diagnosis. Bipolarity trait assessment may be used to
supplement the diagnosis of BP in future genetic studies and could be especially useful for capturing subclinical
genetic contributions to a BP phenotype.

Introduction
Bipolar disorder (BP) affects about 1% of the population,

causing significant disability worldwide. BP is considered
a highly heritable condition with an estimated 40–80%
heritability1–3. Case-control genome-wide association
studies (GWAS) are beginning to illuminate the genetic
risk for this complex polygenic disorder and have iden-
tified a number of loci4–6 though findings have been

difficult to replicate. Most genetic studies of BP define the
study group by diagnosis. While this definition is impor-
tant for clinical care of BP patients, whether this is the
correct phenotype to use to search for genes conferring
risks for BP is not clear. Genetically susceptible indivi-
duals without BP expression may be missed or even
erroneously grouped into the control groups. Our
hypothesis is that bipolarity is not only expressed in BP
but may also be a heritable subclinical trait that is present
even in non-bipolar individuals, yet much more severe in
BP and as such separates BP from other psychiatric
diagnoses.
The Bipolar Spectrum Diagnostic Scale (BSDS) is a self-

report scale designed to screen for bipolar spectrum
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disorders7. BSDS was shown to have a sensitivity of 0.75
and a specificity of 0.93 for BP in an outpatient clinic
population7, a range that was generally supported by other
studies8–11. These data support the clinical validity of
BSDS to quantify clinical and subclinical bipolarity
symptoms. The original BSDS does not include all DSM-5
BP symptoms. We adopted much of the BSDS content
and format but modified items to cover symptoms in the
DSM-5 bipolar I criteria, and also implemented a new
severity rating for each item, henceforth called the
Quantitative Bipolarity Scale (QBS). To our knowledge
the heritability of BSDS or other quantitative bipolarity
tools, such as the Mood Disorders Questionnaire
(MDQ)12, has never been evaluated. Although QBS is
designed to be consistent with DSM-5, it is completed by
patients, allowing independent evaluations of its validity
using clinician assessed DSM-5 diagnoses.
The ideal sample to test whether a quantitative bipo-

larity measurement is a heritable endophenotype would
be a population with BP and with a family structure which
enables estimation of genetic vs non-genetic effects. Pio-
neered by Egeland, there has been a long history of
studying the genetics of BP through large pedigrees in the
Amish/Mennonite population3,13. The Old Order Amish
and Old Order Mennonite (OOA/M) population is a
founder population whose large families and genealogical
record keeping make the population a powerful resource
for genetic and heritability analyses even in modest
sample sizes. The prevalence of BP in the OOA/M
appears similar to that in the general population14 though
some pedigrees carry a heavier burden of mood dis-
orders3,15. In addition, they share similar rural upbringing
and school education. The high environmental homo-
geneity reduces between-subject variations of uncon-
trolled developmental and environmental factors
theoretically yielding more precise estimates of genetic
contributions. The low incidence of substance use dis-
orders decreases another confounding factor commonly
present in BP patients in the general population. There-
fore, this study aims to develop a potentially novel
phenotyping alternative to supplement traditional

diagnosis-based genetic research in BP by taking advan-
tage of the large family structures in the OOA/M, to test
the hypothesis that QBS provides a heritable quantitative
trait that separates BP from other psychiatric diagnoses.

Methods and materials
Subjects
The study included 310 members of OOA/M families

[134 male, 176 female, age (42.3 ± 18.7, mean ± s.d.)] from
119 nuclear families in Pennsylvania and Maryland. The
sample included 173 sibling (sibship size ranged from 2 to
9), 25 spouse pair, and 185 parent-child pair relationships.
Sixty nuclear families had one individual participating
(although they are related to other members in the
extended pedigrees at second or third degree levels), 24
families had two participants, 35 families had three or
more participants. As this is a founder population and
marriages are kept within the community, most families
are connected using genealogical records maintained by
the OOA16 and the OOM communities17 and digitalized
in the NIH Anabaptist Genealogy Database (AGDB)18.
The genealogical data were converted to the pedigree
format by the SOLAR-Eclipse software (http://www.nitrc.
org/projects/se_linux). Exclusion criteria included major
medical and neurological conditions and substance abuse
in the past year. Recruitment was based on the Research
Domain Criteria (RDoC) strategy19 and included all Axis-I
psychiatric illnesses, starting with identifying families with
at least two cases of any psychiatric illnesses and then
followed by recruiting members from the same household
regardless of diagnosis. Families without psychiatric ill-
nesses were also recruited. Note that this traditional
definition of case and control families is a relative term in
a population isolate where families are interrelated. For
this study individuals without psychiatric illness were
labeled as controls irrespective of their family status.
Figure 1 gives an example of one pedigree. Only indivi-
duals that were directly interviewed were included in the
analysis.
The data included 110 individuals with a lifetime diag-

nosis of psychiatric disorders: bipolar disorders (n= 20,

Fig. 1 An example pedigree. Individuals whose diagnoses were estimated based on informant reports did not participate in the study. Some
members and birth orders were removed or altered to mask the family identity. MDD major depressive disorder, BP bipolar disorder
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including 19 bipolar I and 1 bipolar II), major depressive
disorder (MDD) (n= 61), schizophrenia spectrum dis-
orders (n= 3), and other psychiatric disorders (n= 26,
including: other specified depressive disorder5, persistent
depressive disorder3, premenstrual dysphoric disorder2,
adjustment disorder1, attention deficit hyperactivity dis-
order1, substance use disorder3, social anxiety disorder3,
panic disorder3, obsessive compulsive disorder2, gen-
eralized anxiety disorder1, other specified anxiety dis-
order2) and 200 individuals with no lifetime psychiatric
disorders. The Schedule for Clinical Interview for DSM-5
(SCID-5) was used to determine diagnoses by trained
clinicians. Each SCID interview was reviewed in con-
sensus meetings. For SCID inter-rater reliability, a
research team from another study interviewed 17 of the
current OOA/M participants15. Diagnoses for 15 of
17 subjects were in agreement while 2 had minor dif-
ferences (kappa= 0.87), supporting the reliability of the
SCID in this population. All study participants gave
written informed consent as approved by the University
of Maryland IRB.

Quantitative bipolarity rating scale (QBS)
The original BSDS contains 19 items and a summary

item7 in a format designed to extract the polarity of mood
by self-report. We revised the BSDS to reflect DSM-5
criteria for bipolar I disorder. For example, the DSM
symptoms “inflated self-esteem or grandiosity” and
“decreased need for sleep” were not represented in the
original BSDS. In the revision, we added items addressing
those symptoms as well as items addressing racing
thoughts and distractibility. The original BSDS had one
item “may be more talkative, outgoing, or sexual” which
we separated into three items as they are represented by
more than one symptom criterion in DSM-5. Also an item
regarding increased substance use during periods of ele-
vated mood was removed as this is not a specific criterion
for BP in DSM-5. Furthermore, as we aimed to develop a
quantitative phenotype, a severity scale was implemented
for each item. Subjects were asked to rate each item from
0 to 3 (0 for “this description doesn’t really describe me at
all”, 1 for “this description fits me to some degree but not
in most respects”, 2 for “this description fits me fairly
well”, and 3 for “this description fits me very well or
almost perfectly.”)
The QBS analysis was based on the summed values

from all individual items as well as a item asking how
much the scale as a whole describes the individual.
Additional analysis was performed on predefined subscale
scores. Items 3 through 8 refer to depressive symptoms.
Items 11 through 24 refer to manic symptoms. Items 1, 2,
9, and 10 refer to mood fluctuation symptoms. Hereafter
these respective sums are referred to as depression sub-
score, mania subscore, and mood fluctuation subscore.

The Quantitative Bipolarity Scale (QBS) is available online
(www.mdbrain.org/QBS_instructions_and_scale.pdf).

Statistical analysis
Linear mixed-effects model fit by maximum likelihood

estimation was used to compare QBS scores across
diagnostic groups, where age and sex were fixed effects
and familial relationships were random effects. This pro-
cedure was repeated for QBS subscores. Receiver Oper-
ating Characteristic (ROC) curve was performed to
evaluate sensitivity and specificity of QBS. Cutoff was
based on the Youden-Index to determine the point for
which sensitivity plus specificity is maximal20.
Heritability estimates were obtained using the variance

components method as implemented in the SOLAR-
Eclipse software package (http://www.nitrc.org/projects/
se_linux). Heritability (h2) is defined as the proportion of
the total phenotypic variance that is explained by additive
genetic factors in related individuals. The variance para-
meters are estimated by comparing the observed pheno-
typic covariance matrix with the covariance matrix
predicted by kinship. Inverse Gaussian transformation
was applied to ensure normality of the measurements.
Household effects were simultaneously estimated for
shared environmental effects. Siblings were grouped in
the same household. Significance of the heritability is
tested by comparing the likelihood of the model in which
additive genetic factors is constrained to zero with that of
a model in which additive genetic factors is estimated.
Twice the difference between the loge likelihoods of these
models yields a test statistic21. Age and sex were used as
covariates when calculating the heritability of QBS scores.
The familiality of QBS score was further evaluated by
comparing family members (first or second degree rela-
tives) of individuals with high QBS score (defined by QBS
score cutoff > 23, which is the mean plus one SD of the
entire group) to the remaining individuals on QBS scores.
We further estimated the extent to which QBS score

and BP diagnosis (coded as 1 for bipolar diagnosis and 0
for controls) were explained by shared genetic factors.
The genetic correlation (ρG) of the two traits is modeled
as a linear function of kinship coefficients that express
relatedness among all pairs of individuals in the pedigree;
the phenotypic variance–covariance matrix and its addi-
tive genetic and random environmental components are
then obtained. The significance of the components are
then estimated directly by the likelihood ratio test22,23. If
ρG is significantly different from zero then a significant
proportion of the traits’ covariance is considered to be
influenced by shared genetic factors22. Inverse Gaussian
transformation was applied to achieve normality of the
QBS measure.
To further explore whether there are latent structures of

QBS not captured by the predefined depression, mania,
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and mood fluctuation subscales, factor analysis was per-
formed using the whole sample. Principal axis factor
analyses were performed to identify the latent constructs
in the data using oblique (promax) rotations. The optimal
solution was based on a combination of common factor
solution eigenvalues > 1.0, factor structure using loadings
> 0.35, and percent of variance explained.

Results
Clinical validity
Age and sex ratio did not differ significantly across

diagnostic groups (Table 1). The QBS score was sig-
nificantly higher in the BP group compared to all other
groups [F3,305= 30.3, p < 0.001] (Table 1). Post-hoc tests
showed that there was a significant difference between the
QBS score in subjects with BP (31.5 ± 3.6, mean ± s.e.)
compared to MDD (16.7 ± 2.0), other psychiatric diag-
nosis (7.0 ± 1.9), and no psychiatric diagnosis (6.0 ± 0.65)
(all p < 0.001). The difference was not significant when
comparing BP and psychotic disorders (14.7 ± 1.9, p=
0.12) although this may be due to the limited number of
individuals with psychotic disorder in the sample
(Table 1).
The QBS score of bipolar patients was approximately

double that of MDD, and individuals with MDD showed a
two to three fold higher mean QBS score compared to
individuals with other psychiatric illnesses. Controls
showed the lowest mean QBS score (Fig. 2). These char-
acteristics support the specificity and sensitivity of this
scale. We further compared patients with currently
symptomatic BP (31.9 ± 4.4; n= 15) to patients who have
lifetime BP but are currently in full remission (30.2 ± 7.0;
n= 5), and found that their QBS scores were not sig-
nificantly different (t= 0.20, p= 0.8). This suggests that
QBS captures the longitudinal trait aspect of bipolarity
symptoms. There was no correlation between age and
QBS score (r=−0.09, p= 0.11).

The validity of QBS in terms of specificity and sensi-
tivity was formally investigated with a ROC curve ana-
lysis. For BP vs controls, sensitivity and specificity was
0.90 and 0.88; for BP vs. all other psychiatric diagnoses,
sensitivity and specificity was 0.90 and 0.81; for BP vs
MDD sensitivity and specificity was 0.90 and 0.61 (Fig. 3
and Table 2).
In terms of the subscales, mood fluctuation, depression,

and mania subscores were all significantly different across
the five diagnostic groups (Table 1). The key post-hoc
tests were comparisons between BP and MDD. This
analysis revealed that the mood fluctuation and mania
subscores were significantly different between the two
groups (p= 0.006 and p= 6 × 10−9 respectively), but the
depression subscore was not (p= 0.34). This supports the
validity of QBS for identifying the converging symptoms
(depression) and diverging symptoms (mania and mood

Table 1 Sample Demographics, QBS (quantitative bipolarity scale) score and QBS subscores across diagnostic groups

Bipolar

disorder

Major depressive

disorder

Psychotic

disorder

Other psychiatric

illness

Control Test statistic

(F or x2)

P-value

N 20 61 3 26 200

Gender (Male:female) 12:8 21:40 1:2 12:14 88:112 1.2 0.31

Age 50.3 ± 3.1 42.4 ± 2.1 41 ± 16 44.4 ± 3.3 41.1 ± 1.4 4.5 0.35

QBS score 31.5 ± 3.6* 16.7 ± 2.0 14.7 ± 4.9 7.0 ± 1.9 6.0 ± 0.6 30.6 2 × 10−21

Mood fluctuation subscore 5.9 ± 0.7* 3.6 ± 0.4 3 ± 1 2.0 ± 0.6 1.5 ± 0.2 18.5 1 × 10−13

Depression subscore 6.4 ± 1.1 5.0 ± 0.5 3.3 ± 0.9 2.0 ± .06 1.2 ± 0.1 30.6 2 × 10−21

Mania subscore 17.7 ± 2.0* 7.2 ± 1.2 7.3 ± 3.2 2.4 ± 0.8 2.9 ± 0.4 28.1 7 × 10−20

Data are recorded as mean ± standard error. Asterisk indicates measure with significant difference (p < 0.5) between bipolar disorder and major depression
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Fig. 2 QBS (quantitative bipolarity scale) score across diagnostic
groups. Mean QBS score is shown for each of five diagnostic groups
[bipolar disorder (n= 20), major depressive disorder (MDD) (n= 61),
Psychotic Disorder (n= 3), other psychiatric diagnosis (n= 26),
controls (n= 200). Error bars represent standard error
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fluctuation) characterizing these two major mood
disorders.
Factor analyses identified two factors that together

accounted for 60% of the variance in the data. All
depression items and mood fluctuation items loaded onto
factor 1 and all manic items loaded onto factor 2.

Genetic validity as measured by familial aggregation
Consistent with the literature, a diagnosis of BP was

highly heritable in this sample (h2= 0.71 ± 0.45, p= 0.03).
The QBS score also was significantly heritable (h2=
0.46 ± 0.15, p= 4 × 10−4) (Table 3). Repeating the QBS
analysis with adjustment for shared environment
(household effects), the heritability remained significant
(h2= 0.38 ± 0.17, p= 0.008) and the proportion of phe-
notypic variance attributable to household effects was not
significant (0.12 ± 0.09, p= 0.07) (Table 3). One possibi-
lity is that the significant heritability of QBS was driven by
the presence of BP cases. However QBS heritability
remained significant even when removing all bipolar cases
(h2= 0.55 ± 0.15, p= 4 × 10−5). Lastly, we removed all
psychiatric illnesses and found that the heritability of the
QBS score remained similarly significant (h2= 0.59 ± 0.18,

p= 4 × 10−4) while the phenotypic variance from shared
environment in controls was zero (Table 3). It is unclear
why the heritability of QBS in controls was greater than
that in the subsample without BP, which was greater than
that in the whole sample; however, standard methods24

indicate that these were not statistically significant
differences.
An alternative analysis of familiality showed that indi-

viduals with a first or second degree relative with a high
QBS score had a significantly higher QBS score (7.9 ±
0.85, n= 82) than individuals without such relatives
(5.2 ± 0.47, n= 192) [t(272)= 2.9, p= 0.01)].
In further support of genetic validity, genetic correlation

analyses demonstrated significant shared genetic variance
between BP and QBS score (ρG= 0.55, p= 0.04).
Exploring the heritability of the QBS subscores, we

found that the mood fluctuation, depression, and mania
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Fig. 3 Receiver Operating Characteristic (ROC) Curves. Lines show
the ROC curves for the quantitative bipolarity scale distinguishing
bipolar disorder vs controls (red), non-bipolar psychiatric illness
(green), and major depressive disorder (blue)

Table 2 Characteristics for each comparison in Fig. 3

Comparison Group Sensitivity Specificity AUC SE 95% C.I. p-value

Controls 0.9 0.88 0.94 0.02 0.91–0.98 6 × 10−11

Other psychiatric illness 0.9 0.81 0.90 0.02 0.86–0.95 1 × 10−9

Major depressive disorder 0.9 0.61 0.77 0.05 0.67–0.88 3 × 10−4

AUC is area under the curve, SE is standard error. All comparisons used a cutoff score of 16 based on the Youden index

Table 3 Heritability of QBS (quantitative bipolarity
scale) score

Whole

sample

(n= 310)

Whole sample

without bipolar

(n= 190)

Non-psychiatric

control subjects

(n= 200)

Unadjusted

h2 0.46(0.15) 0.55(0.15) 0.59(0.18)

p 4 × 10−4 4 × 10−5 2 × 10−4

Age and sex

effect (R2)

0.01 0.03 0.05

Adjusted

h2 0.38(0.17) 0.50(0.17) 0.59(0.18)

p(h2) 0.008 0.002 2 × 10−4

Household 0.12(0.09) 0.05(0.08) 0

p(Household) 0.07 0.25 –

Age and sex

effect (R2)

0.01 0.03 0.05

Additive heritability estimates [h2(SE)] are shown with and without adjustment
for shared environment. Household is the proportion of the phenotypic variance
attributed to shared environment (household effects). Both models included age
and sex as covariates. R2 is the phenotypic variance explained by the covariates
age and sex (none was significant)
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subscores all had significant heritability (h2= 0.44 ± 0.15,
p= 4 × 10−4; h2= 0.34 ± 0.15, p= 0.007; h2= 0.44 ± 0.15,
p= 7 × 10−4, respectively). In addition, all QBS subscores
remained significantly heritable when the analysis was
performed on controls only (h2= 0.42 ± 0.18, p= 0.006;
h2= 0.49 ± 0.20, p= 0.003; h2= 0.43 ± 0.16, p= 0.002,
respectively). These subscore findings suggest that the
significant heritability of QBS is not driven by any one
facet of the scale.

Discussion
We investigated whether bipolarity quantification can

capture the genetic risk for BP beyond that obtained by
categorical diagnoses. We found that a concise bipolarity
quantification tool using a self-report format that covers
symptoms in the current DSM-5 for BP is significantly
heritable in pedigree samples from the OOA/M popula-
tion, interestingly even in individuals without BP or psy-
chiatric diagnosis.
BP is a highly heritable condition. GWAS of BP con-

ducted outside the Amish have identified ~30 significant
loci though many have not been replicated4,25,26, which
indicates that the strong heritability of BP may involve
polygenicity and heterogeneity. The genetic loci that may
be associated with QBS are yet to be determined. BP has
been associated with 11q12.2 region and also a number of
single nucleotide polymorphisms including those in the
ODZ4 (TENM4,encoding teneurin transmembrane pro-
tein 4), MAD1L1 (encoding mitotic arrest deficient-like
1), and TRANK1 (encoding tetratricopeptide repeat and
ankyrin repeat containing 1) genes6. It would be inter-
esting to determine whether using the QBS phenotype
can replicate some of these loci associated with BP or
whether QBS identifies additional candidate loci. In
addition to GWAS studies, more recently whole-genome
or -exome sequencing has been used in the search for BP
related genes. As rare alleles can be enriched in founder
populations, with better characterized phenotypes, the
OOA/M may provide an important cohort for discovering
risk variants for BP3,15.
Use of diagnosis as the primary phenotype in the search

for genes conferring risk for BP has often gone unques-
tioned though some have investigated temperamental
traits as endophenotypes for bipolar disorder27–29. It is
known that BP is prone to over- or under-diagnosis30,
which has led to the development of tools to screen for BP
such as the MDQ and BSDS. A quantitative trait mea-
suring bipolarity may be more informative than diagnosis
for genetic studies31. Furthermore, as the onset of BP can
occur later in age, future patients can be erroneously
included as controls or with diagnoses of MDD that may
convert to BP later, an issue particularly problematic in
pedigree-based genetic search where candidate gene
identification has been largely dependent upon comparing

case vs non-case status within pedigrees. A tool that can
identify subclinical bipolar symptoms and their genetic
influence may address this important concern. The
bivariate genetic correlation analysis here showed a sig-
nificantly shared genetic correlation between QBS and BP,
supporting that this quantitative bipolarity is at least
partially tagging the genetic risk of BP.
This measure of bipolarity scored much higher in BP

and clearly separated BP from other psychiatric illnesses.
However, the detection of subthreshold bipolarity may
also be of value. Subthreshold bipolarity has been exten-
sively studied32,33 and may indicate undiagnosed bipolar
features in the general population or patients with MDD34

and may even predict the conversion of unipolar
depression to BP35. This view is consistent with our
findings in which patients with MDD have a three times
higher total bipolarity score, as well as higher mania,
mood fluctuation, and depression subscores, compared to
non-psychiatric controls.
One of the limitations of this study is that the QBS

findings were not evaluated in the general population.
However, although OOA/M are culturally and envir-
onmentally separated from other Caucasians of European
descent in North America, there is evidence that the
clinical presentation of mood disorders is similar36. The
original version of the BSDS has been applied to several
populations leading to a range of values for sensitivity
(0.70–0.90) and specificity (0.51–0.93) of bipolar vs non-
bipolar patients depending on the cutoff score used7–11.
Using the QBS, the sensitivity and specificity were com-
parable in OOA/M, which supports the generalizability of
our findings.
Furthermore, research indicates that genetic findings in

the OOA/M may be highly applicable to the larger
population. For example, the contactin-associated pro-
tein-2 (CNTNAP2) gene, first associated with autism in
the OOA/M37, has since been replicated in multiple stu-
dies in the general population38,39. Similarly, genetic stu-
dies of non-psychiatric traits have identified associations
and biological mechanisms that are replicable in the
general population40,41.
One of the novel findings of this study in the OOA/M

cohort is that the heritability of QBS was substantial even
in subsamples without psychiatric diagnosis, suggesting
that the range of subtle bipolarity symptoms assessed by
QBS is not specific to mental illness but rather that QBS
may be indexing a heritable trait characterized along a
continuous dimension from subclinical to overtly clinical
symptoms. However, controls in families of a founder
population with many cases of BP, may have inflated risk
as they are genetically more closely related than discreet
families in cohorts from the general population. There-
fore, this particular conclusion must be re-tested by
applying QBS to family or twin samples from the general
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population. However, even if this caveat of inflated risk is
true, it may actually further support QBS as a marker of
genetic risk for BP. In addition, a OOA/M cohort with
more densely sampled nuclear families than ours may be
helpful in a replication study.
To the best of our knowledge, there has not been a tool

designed to quantitatively assess mania vs depression vs
mood fluctuation and then used to assess their relative
heritability. The three quantitative subscales for mood
fluctuation, depression, and mania within QBS were each
found to be significantly heritable. Our definitions of the
subscores were based on the clinical description of each
item. Factor analysis confirmed the clear distinction
between manic and depression items. It is unclear why the
depression and the mood fluctuation items clustered
together. We speculate that it may reflect fluctuations
between normal and depressed moods occurring more
commonly than fluctuations between normal and manic
moods. Factor analysis of QBS in a larger sample of BP
may allow a clearer distinction.
Another notable limitation of this study is the lack of

QBS administration over time, thus we did not address
reliability. Our study and other studies using the BSDS
address validity with measures of sensitivity and specifi-
city, however, we do not know of any studies that address
reliability. Furthermore we did not evaluate the predictive
power of QBS for risk of conversion to BP, which we plan
to address in subsequent studies. Some individuals in our
study classified as controls were below the age of max-
imum risk for BP and may go on to develop BP. However
this may also be a strength of the QBS approach because a
main purpose of this study is to investigate quantitative
bipolarity with and without BP. Another limitation of this
study is the low number of individuals with a schizo-
phrenia spectrum disorder (1% of the current sample,
which is epidemiologically similar to the rate in the gen-
eral population), given the data supporting a genetic
overlap between schizophrenia and BP42. An additional
limitation is that only about 6% of the current sample
have BP but their QBS scores are by definition higher and
predominate in the distribution of the overall sample,
which is a limitation of the current sample. Future studies
recruiting BP based samples are needed to further validate
the questionnaire.
Heritability is only the first step of genetic validity; whe-

ther QBS would assist in the search for genes conferring risk
of developing BP remains to be seen. This study suggests
that quantitative bipolarity as measured by the concise self-
administered QBS task may be a useful phenotype in sup-
plementing the diagnosis phenotype in BP genetic studies.
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