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Objective: Mood-incongruent psychotic
features in bipolar disorder may signify a
more severe form of the illness and might
represent phenotypic manifestations of
susceptibility genes shared with schizo-
phrenia. This study attempts to character-
ize clinical correlates, familial aggrega-
tion, and genetic linkage in subjects with
these features.

Method: Subjects were drawn from The
National Institute of Mental Health
(NIMH) Genetics Initiative Bipolar Disor-
der Collaborative cohort, consisting of
708 families recruited at 10 academic
medical centers. Subjects with mood-in-
congruent and mood-congruent psy-
chotic features were compared on clinical
variables. Familial aggregation was tested

using a proband-predictive model and
generalized estimating equations. A ge-
nome-wide linkage scan incorporating a
mood-incongruence covariate was per-
formed.

Results: Mood-incongruent psychotic
features were associated with an in-
creased rate of hospitalization and at-
tempted suicide. A proband with mood-
incongruence predicted mood-incongru-
ence in relatives with bipolar | disorder
when compared with all other subjects
and when compared with subjects with
mood-congruent psychosis. The presence
of mood-incongruent psychotic features
increased evidence for linkage on chro-
mosomes 13g21-33 and 2p11-q14. These
logarithm of the odds ratio (LOD) scores
and their increase from baseline met em-
pirical genome-wide suggestive criteria
for significance.

Conclusions: Mood-incongruent psy-
chotic features showed evidence of a
more severe course, familial aggregation,
and suggestive linkage to two chromo-
somal regions previously implicated in
major mental illness susceptibility. The
13921-33 finding supports prior evidence
of bipolar disorder/schizophrenia overlap
in this region, while the 2p11-q14 finding
is, to the authors’ knowledge, the first to
suggest that this schizophrenia linkage re-
gion might also harbor a bipolar disorder
susceptibility gene.

(Am ] Psychiatry 2007; 164:236-247)

Mood-incongruent psychotic features in bipolar
disorder may signify a more severe form of the illness with
possible etiological ties to schizophrenia. The concept of
mood-incongruence was derived by Karl Jaspers (1), who
differentiated between “delusions proper” and “delusion-
like ideas,” depending on whether the content was “psy-
chologically incomprehensible” or emerged “understand-
ably from preceding affects.” Mood-incongruent psy-
chotic symptoms in the presence of a mood or affective
syndrome were initially classified under a broad schizo-
phrenia diagnosis in the DSM-I and II, but were later cate-

gorized under the Research Diagnostic Criteria’s schizoaf-
fective diagnosis. However, doubts about the diagnostic
utility of mood-incongruence led to the reclassification of
mood-incongruent psychotic mania or depression as a
subset of affective disorder in the DSM-III, and this con-
ception has been maintained in succeeding DSM editions.

Studies have found mood-incongruence to be common
in mood disorder, with prevalence rates reported at 30%—
40% of those with psychotic symptoms (2, 3). Although
one study reported only modest interrater reliability for
mood-incongruence (4), more recent studies have re-
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ported kappa scores in the very good to excellent range (5,
6). Outcome investigations have found mood-incongru-
ence to be associated with worse overall outcome (5, 7),
poor lithium responsiveness (8), and higher rates of at-
tempted suicide (9).

A few studies have provided modest evidence for famil-
ial aggregation between mood-incongruent psychotic
mood disorder and schizophrenia. Two separate cohorts
showed twice the morbid risk of schizophrenia in relatives
of probands with mood-incongruent psychotic major de-
pressive disorder compared with probands with the
mood-congruent psychotic form of the illness, although
these differences were not significant (10, 11). A third
study reported insignificantly elevated rates of schizo-
phrenia in relatives of probands with mood-incongruent
psychotic major mood disorder relative to the family
members of comparison subjects (12). Conversely, in an-
other report, relatives of probands with schizophrenia had
almost five times the prevalence of mood-incongruent
psychotic mood disorder compared with relatives of com-
parison subjects (13).

If mood-incongruent psychotic symptoms have a ge-
netic basis, they should cluster within a subset of bipolar
disorder families. Although prior studies have shown evi-
dence for familial aggregation of psychotic symptoms in
bipolar disorder (14, 15), only one study, to our knowledge,
has specifically addressed familial aggregation of mood-
incongruent psychotic symptoms. In siblings with bipolar
disorder, O’'Mahony et al. (15) reported a modest correla-
tion of mood-incongruent psychotic symptoms, which
was statistically significant when all possible sibling pairs
were evaluated but not when the analysis was restricted to
independent pairs.

Molecular genetic investigations have suggested that bi-
polar disorder and schizophrenia may share some com-
mon susceptibility genes. Linkage studies have found sig-
nals in several overlapping chromosomal regions,
including 6q16-22, 8p22-4, 13q31-34, 18p11, and 22q11-13
(16). Association studies have also demonstrated overlap,
particularly in the G72(DAOA)/G30 locus (17) and in the
DISC1 gene (18). A few studies have also provided evi-
dence that the psychotic form of bipolar disorder in par-
ticular may be the phenotypic manifestation of overlap
genes (19, 20). The only prior study to differentiate psy-
chosis by mood-incongruence found that an apparent
schizophrenia susceptibility haplotype in the neuregulin 1
gene was most strongly associated with bipolar disorder in
subjects with more marked mood-incongruent psychotic
symptoms (21).

In this study, we hypothesized that the presence of
mood-incongruent psychotic features would define a
schizophrenia-like subset of bipolar disorder and that use
of this trait would help identify overlap susceptibility
genes. To test this hypothesis, we examined whether
mood-incongruence would correlate with a more severe
clinical course of bipolar disorder, aggregate in families
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and uncover genetic linkage in chromosomal regions pre-
viously associated with schizophrenia.

Method

Subject Ascertainment and Assessment

Bipolar disorder family cohorts were drawn from the National
Institute of Mental Health (NIMH) Genetics Initiative Bipolar Dis-
order Collaborative project. The cohorts were ascertained in two
phases between 1991 and 2003. The first phase was carried out at
Johns Hopkins University, Baltimore; Indiana University, Bloom-
ington, Indiana; Washington University in St. Louis; and the
NIMH intramural program. The second phase was conducted by
these four sites and additional sites at the University of California,
San Diego; University of Iowa; University of Pennsylvania; Univer-
sity of Chicago; Rush-Presbyterian Medical Center, Chicago; and
University of California, Irvine. The ascertainment criteria in both
phases required a proband with bipolar I disorder and at least one
sibling with either bipolar I disorder or schizoaffective disorder,
bipolar type. Detailed ascertainment information has been pub-
lished elsewhere (22). Interviews were conducted using the Diag-
nostic Interview for Genetic Studies, versions 1.0, 2.0, or 3.0 (23).
Informed consent was obtained from all subjects after study pro-
cedures and goals were fully explained. Diagnoses were made
with a best-estimate procedure using the DSM-III-R or DSM-IV
and ranked on a 4-point confidence ordinal scale. Only diagnoses
meeting confidence levels 3 (“confident”) or 4 (“high”) were in-
cluded in the study. The clinical data collected in both phases
were recently assembled into a single comprehensive database.
This required that clinicians review items from the three versions
of the Diagnostic Interview for Genetic Studies to determine
where the versions differed and which questions could be com-
bined across versions. Data managers reviewed responses to each
item to identify inconsistencies, and clinicians reviewed potential
errors, deeming data of uncertain quality as “unknown.” The
cleaned dataset contained 3,643 subjects, including 708
probands, of whom 681 had bipolar I disorder (96.2%), and 27 had
atleast one sibling with either bipolar I disorder or schizoaffective
disorder, bipolar type (3.8%).

Classification of Psychotic Features and Mood-
Incongruence

The designation of psychotic features was based on a lifetime
history of delusions or auditory or visual hallucinations. Subjects
were only considered psychotic if their symptoms lasted persis-
tently for atleast 1 day or intermittently for 3 days or more. Mood-
incongruence was defined according to DSM-IV as hallucinations
or delusions with “content ... inconsistent with depressive
themes such as guilt, illness, personal inadequacy or catastrophe
... [or] inconsistent with manic themes such as inflated worth,
power, knowledge, identity, or special relationship to a deity or fa-
mous person.” In the Diagnostic Interview for Genetic Studies, in-
terviewers were asked to determine incongruence of content fol-
lowing descriptions of hallucinations or delusions in a mood
episode. At least one positive response to these questions in ei-
ther depressive or manic episodes rendered a subject positive for
a lifetime history of mood-incongruence. Since DSM-IV consid-
ers “delusions of thought insertion ... of thought broadcasting,
and ... of control” to be mood-incongruent, these psychotic
symptoms, along with thought withdrawal, were also classified as
mood-incongruent. Of note, interviewers deemed only a subset
of persecutory delusions to be mood-incongruent.

Genotyping

Most of the ascertained families were genotyped genome-wide
in four separate waves. Families in the first two waves were geno-
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TABLE 1. Clinical Correlates of Bipolar | Disorder Subjects

Mood-Incongruent
Psychotic Group

Mood-Congruent
Psychotic Group

Non-Psychotic

Analysis

Mood-Incongruent
Psychotic Group vs.
Mood-Congruent

Mood-Incongruent
Psychotic Group vs.
Non-Psychotic

Mood-Congruent
Psychotic Group vs.
Non-Psychotic

Variable (N=291) (N=404) Group (866) Psychotic Group? Group? Group?
Mean SD Mean SD Mean SD p p p

Age at onset 19.3 8.3 20.2 9.1 19.7 9.4 0.182 0.473 0.393
School years 14.1 2.7 14.5 3.0 14.5 2.9 0.045 0.05 0.637
Depressive

episodes 15.0 29.6 12.4 333 11.9 20.6 0.319 0.123 0.954
Manic episodes 14.5 37.2 9.7 23.8 10.5 26.6 0.067 0.111 0.623
Number of

suicide

attempts 3.0 4.9 3.3 5.5 2.6 2.6 0.688 0.342 0.150
Hospitalized for

depression 3.0 121 1.6 2.9 1.9 4.0 0.115 0.186 0.138
Hospitalized for

mania 3.0 4.3 2.3 4.3 1.5 3.4 0.096 <0.0005 0.0022
GAS in past

month 63.5 19.1 69.3 16.2 68.5 15.6 <0.0005 0.0001 0.428

N % N % N %

Unemployed 41 14.1 62 15.4 138 15.9 0.645 0.451 0.788
Never married 83 28.5 113 28.0 233 26.9 0.873 0.592 0.691
Divorced 71 24.4 87 21.5 172 19.9 0.374 0.100 0.491
Co-morbidity
Panic disorder 63 21.7 100 24.8 192 22.2 0.341 0.853 0.309
Alcohol abuse/

dependence 124 42.6 184 45.5 297 343 0.443 0.011 <0.0005
Substance abuse/

dependence 105 36.1 111 27.5 195 22.5 0.016 <0.0005 0.054
Rapid cycling 131 45.0 173 44.3 387 44.7 0.853 0.922 0.899
Lifetime audi-

tory hallucina-

tions 162 55.7 132 32.7 <0.0005 -- --
Lifetime visual

hallucinations 147 50.5 118 29.2 <0.0005 - -
Persecutory

delusions 200 68.7 186 46.0 <0.0005 - -
Ever attempted

suicide 132 45.4 151 37.4 297 343 0.035 0.001 0.285
Ever hospitalized 261 89.7 333 82.6 593 69.0 0.009 <0.0005 <0.0005
Ever received

electroconvul-

sive therapy 31 10.7 47 11.6 94 10.9 0.686 0.924 0.681

a Two-way comparisons were performed using a t test with 1 df for continuous variables and the chi square test for categorical variables.

typed by the original four sites of the NIMH collaboration (24). The
last two waves of families were genotyped at the Center for Inher-
ited Disease Research. The genotype data were cleaned using the
following procedures: 1) the data were examined using the Pedi-
gree Relationship Statistical Test to verify the reported familial re-
lationships; 2) UNKNOWN and/or PedCheck were used to identify
Mendelian inheritance errors; and 3) MERLIN was used to identify
unlikely genotypes based on inferences about the gene flow in
pedigrees given all available data. Potential errors were deleted if
they could not be resolved. The cleaned genotype data from the
four waves were combined into a single dataset. Markers were
given a unique label for each wave of data and placed on a com-
mon genetic map using the deCode genetic map as a framework.
Markers not available in the deCode map were placed on the
framework according to their physical position in the July 2003 as-
sembly of the Human Genome sequence. The genetic locations
were then interpolated based on their physical position relative to
the nearest flanking markers with known genetic locations. Identi-
cal markers genotyped in different waves were placed next to each
other on the common map with the minimal distance between
them. The resulting dataset used for the present linkage analyses
included 2,899 genotyped subjects from 644 families, with a total
of 669 markers, 366 of which were genotyped in more than one
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wave. These data have been analyzed for linkage with the standard
bipolar disorder phenotype. (The report on this analysis by Zandi
et al. is in preparation.) To facilitate comparison with prior find-
ings, we report marker locations in this study based on the Marsh-
field map (http://research.marshfieldclinic.org/genetics/
Map_Markers/maps/IndexMapFrames .html).

Data Analysis

Clinical correlates and familial aggregation. Differences be-
tween the three clinical subcategories (Table 1) were analyzed
with two-sided pairwise t tests for continuous data and Pearson’s
chi square test for categorical data.

To assess familial aggregation, probands were initially divided
into two groups: mood-incongruent psychotic features and non-
mood-incongruent psychotic features. The odds of probands
with mood-incongruent psychosis having affected first-degree
relatives with mood-incongruent psychosis were compared with
the odds of probands without this feature having such relatives. A
second analysis was restricted to those subjects with psychosis
only, and the odds of having a relative affected with mood-incon-
gruent psychosis were compared between probands with mood-
incongruent psychosis and probands with mood-congruent psy-
chosis. Odds ratios, controlled for sex, age and duration of illness,
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TABLE 2. Familial Aggregation of Mood-Incongruent Psychotic Features Among Bipolar Probands and First-Degree Rela-

tives With a Major Mood Disorder

Bipolar Probands With
Mood-Incongruent Psychotic

Features Other Bipolar Probands Analysis
Mood Incongruent Mood-Incongruent
Number Psychosis in Number Psychosis in
of Relatives of Relatives 0dds

Group and Diagnosis Relatives N % Relatives N % Ratio? 95% Cl z p
All first-degree relatives

Any mood disorder 251 54 21.5 973 117 12 2.07 1.43-2.98 3.89 <0.0005

Bipolar | disorder 151 45 29.8 597 86 14.4 2.60 1.69-4.00 4.36 <0.0005
First-degree relatives with

psychosis?

Any mood disorder 98 54 54.1 280 110 393 2.00 1.25-3.20 2.87 0.004

Bipolar | disorder 85 45 51.8 232 81 349 2.14 1.28-3.59 2.88 0.004

a Adjusted for sex, age, and duration of illness.

b Other bipolar proband group restricted to subjects with mood-congruent psychosis.

were calculated in STATA using logistic regression and general-
ized estimating equations, which take into account potential cor-
relation between observations when multiple members of the
same family are analyzed (25).

Linkage analyses. We analyzed the genotype data using an af-
fected relative pair approach implemented in the program LOD-
PAL of the S.A.G.E. package (version 4.4). This approach is based
on a conditional logistic parameterization of the recurrence risk
ratios for offspring and monozygotic twins, conditional on any
number of covariates (26). The model provides estimates for a pa-
rameter that measures the “average” linkage in the cohort as well
as for parameters that measure the change in linkage as a func-
tion of the covariates. Two phenotypic models were evaluated: 1)
a “broad” model consisting of at least one sibling with bipolar I
disorder; schizoaffective disorder, bipolar type; bipolar II disor-
der; or recurrent major depression and 2) a “narrow” model ex-
cluding recurrent major depression.

The effect of mood-incongruence on linkage was examined by
comparing models with and without mood-incongruence en-
tered as a covariate. Results are reported as logarithm of the odds
ratio (LOD) scores, derived by dividing the likelihood ratio statis-
tic from the fitted model by 2log10. Significance values were de-
rived based on the asymptotic distribution of the likelihood ratio
statistic under the null hypothesis of no linkage. The distribution
of the likelihood ratio statistic for the baseline model with no co-
variates is a 50:50 mixture of a point mass at zero and chi square
distribution with one degree of freedom. The distribution of the
likelihood ratio statistic for the one covariate model is a 50:50
mixture of chi square distribution with one degree of freedom and
two degrees of freedom. To test the significance of the covariate
effect, the likelihood ratio statistic difference between models
with and without the covariate was compared with a chi square
distribution with one degree of freedom.

Since asymptotic p values may be liberal, we evaluated the sig-
nificance of our best findings by randomly simulating genotypes
based on our families and pattern of missing data 10,000 times
using MERLIN. The number of replicates with a LOD score across
the chromosome as high as the original result was divided by
10,000 in order to yield the empirical chromosome-wide p value
for overall linkage. To test the empirical significance of the change
in LOD score (covariate effect) with mood-incongruence, we ran-
domly permuted the mood-incongruence covariate values
among the affected relative pairs 10,000 times. The number of
times that a replicate had a higher LOD score across the chromo-
some compared with the observed data was divided by 10,000 in
order to yield the empirical chromosome-wide p value for the co-
variate effect. Genome-wide significance levels were obtained by
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multiplying the chromosome-wide p value by a correction factor
derived from dividing the genome length in centimorgans (3,500
cM) by the length of the simulated chromosome.

Results

From the 3,643 subjects in the clinical dataset, 2,246 sub-
jects were diagnosed with a major mood disorder: 1,561
(70.1%) had bipolar I disorder; 253 (10.6%) had bipolar II
disorder; 348 (15.5%) had recurrent major depression; and
84 (3.7%) had at least one sibling with either bipolar I disor-
der or schizoaffective disorder, bipolar type. Among all
subjects, 799 had psychotic symptoms (35.6%), and of
these, 359 (44.9%) were classified as having mood-incon-
gruent psychotic features. The cohort with mood-incon-
gruent psychotic features consisted of 291 subjects with bi-
polar I disorder (81.1%), three with bipolar II disorder
(0.8%), six with recurrent major depression (1.7%), and 59
with schizoaffective disorder, bipolar type (16.4%). No sig-
nificant differences in sex (63.1% women) or race (92.8%
Caucasian) were seen between subjects with and without
mood-incongruent psychotic features. Compared with
other affected subjects, subjects with mood-incongruent
psychotic features were younger (39.6 versus 43.0 years, t=
5.08, df=590, p<0.00005) and had a slightly shorter duration
ofillness (20.5 versus 21.9 years, t=2.01, df=544, p=0.05).

Clinical Correlates in Bipolar | Disorder Subjects

Bipolar I disorder subjects with mood-incongruent psy-
chotic features were significantly different from both the
mood-congruent psychotic bipolar I disorder group and
the nonpsychotic group on several measures of illness se-
verity (Table 1), since they were more likely to have been
hospitalized, to have attempted suicide, and to have had a
history of substance abuse or dependence. The following
are measures of illness severity between the mood-incon-
gruent psychotic bipolar I group, mood-congruent psy-
chotic bipolar I group, and nonpsychotic group, respec-
tively: hospitalizations, 89.7%, 82.6%, 69.0%, respectively;
suicide attempts 45.4%, 37.4%, 34.3%, respectively; and
history of substance abuse or dependence, 36.1%, 27.5%,
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TABLE 3. Location of Highest LOD Scores Per Chromosome With Mood-Incongruent Psychotic Covariate?

Narrow Model Bipolar Phenotype (Schizoaffective Disorder,

Bipolar Type; Bipolar | and Il Disorder)

Broad Model Bipolar Phenotype (Schizoaffective Disorder,
Bipolar Type; Bipolar | and Il Disorder, Major Depressive
Disorder, Recurrent)

LOD score LOD score
(Mood- Direction (Mood- Direction
Location Incongruent LOD score of Location Incongruent LOD score of
Chromosome Marker (cm)P Psychotic)  (baseline)  change® Marker (cMm)P Psychotic)  (baseline)  change®
1 d1s518 202.2 0.88 0.83 + d1s1647 216.0 1.05 0.00 +
2 d2s436 118.2 3.15 2.01 + d2s410 125.2 2.32 0.89 +
3 d3s2409 70.6 0.98 0.00 — d3s2403 37.2 1.02 0.03 —
4 d4s1644 143.3 1.88 0.13 - d4s1625 146.0 1.56 0.29 -
5 d5s1719 94.8 2.46 0.07 — d5s641 92.4 3.47 0.23 —
6 d6s1021 112.2 2.95 2.92 - d6s1021 112.2 3.16 3.06
7 d7s2477 0.00 1.56 0.00 d7s2477 0.00 1.23 0.00
d7s2846 57.8 1.08 0.00 - d7s3043 62.1 1.72 0.00 -
8 d8s1119 101.0 1.31 0.00 — d8s1110 67.3 1.58 0.62 —
9 d9s934 128.0 1.30 0.67 + d9s934 128.0 1.45 0.52 +
10 d10s580 96.7 0.70 0.00 + d10s580 96.7 0.83 0.00 +
11 d11s4088 7.0 0.97 0.69 + d11s4088 7.0 0.83 0.74 +
12 d12s2078 149.6 0.95 0.66 + d12s2078 149.6 1.09 0.84 +
13 d13s785 72.0 2.73 0.10 + d13s785 72.0 2.99 0.18 +
14 d14s606 91.6 1.25 0.44 - d14s53 86.3 1.00 0.10 —
15 d15s966 112.6 1.03 0.00 + d15s818 71.8 0.71 0.00 +
16 d16s749 39.0 1.35 1.29 + d16s749 39.0 1.42 1.31 +
17 d17s1301 100.0 1.46 1.35 + d17s51298 10.7 1.07 0.11 -
18 d18s843 28.1 0.26 0.14 + d18s535 64.5 0.33 0.00 +
19 d19s544 100.0 0.84 0.00 - d19s544 100.0 1.16 0.00 -
20 d20s162 24.7 2.61 1.51 + d20s162 24.7 3.23 1.98 +
d20s470 39.3 2.53 0.29 + d20s470 39.3 2.89 0.49 +
21 d21s1265 26.6 0.62 0.00 — d21s1437 13.1 0.43 0.00 +
22 d22s686 13.6 1.26 0.14 - d22s5420 4.1 0.53 0.04 -

4 Includes all peak LOD scores and two additional peaks on chromosomes 7 and 20 that have a change in LOD score >1.

b Location is in cM on the Marshfield Map.

¢ Positive (+) and minus (=) signs indicate whether the increase in LOD score occurs in the presence or absence of mood-incongruent psychotic

features.

22.5%, respectively. Subjects in the mood-incongruent
psychotic group also had lower Global Assessment Scale
scores than those in the mood-congruent psychotic and
nonpsychotic groups (63.5, 69.3, 68.5, respectively). Fi-
nally, relative to subjects with mood-congruent psychotic
features, subjects with mood-incongruent psychotic fea-
tures had a higher lifetime prevalence of auditory (55.7%
versus 32.7%) and visual (50.5% versus 29.2%) hallucina-
tions as well as persecutory delusions (68.7% versus
46.0%, respectively).

Familial Aggregation

The familial aggregation analysis was first carried out
on the complete cohort of 708 probands and 1,224 first-
degree relatives with a major mood disorder. As shown in
Table 2, probands with mood-incongruent psychotic fea-
tures were significantly more likely to have relatives with
mood-incongruent psychosis than probands without
these features (21.5% versus 12.0%; odds ratio=2.07,
p<0.0005). When the analysis was restricted to bipolar I
disorder first-degree relatives (N=748), the degree of ag-
gregation increased (29.8% versus 14.4%; odds ratio=2.60,
p<0.0005).

To distinguish the specific aggregation of mood-incon-
gruent psychotic features from the aggregation of psy-
chotic features in general, aggregation analyses were re-
stricted to subjects with psychosis only. In these analyses,
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probands with mood-incongruent psychotic features were
significantly more likely to have relatives with mood-in-
congruent psychosis than were probands with mood-con-
gruent psychotic features. The odds ratios were 2.00 (p=
0.004) in the major mood disorder relatives cohort and 2.14
(p=0.004) in the bipolar I disorder only cohort (Table 2).

Linkage

Of the 2,899 genotyped subjects, 2,034 had a major
mood disorder, providing 1,435 affected relative pairs in
the narrow phenotypic model and 1,954 pairs in the broad
model. Of those genotyped and diagnosed with a major
mood disorder, 322 had mood-incongruent psychotic
symptoms. There were 73 affected relative pairs concor-
dant for mood-incongruent psychotic symptoms in each
of the two phenotype models.

The results of the LODPAL (S.A.G.E.) program analysis
with the mood-incongruent psychotic covariate are sum-
marized in Table 3, which shows the highest LOD scores
per chromosome for both phenotypic models and two ad-
ditional peaks where the LOD score changed by >1 unit.
The full covariate genome scan is shown in Figures 1 and 2.
The largest change in LOD score in the presence of the
mood-incongruent psychotic covariate was seen on chro-
mosome 13g21-33 in the broad model where the peak LOD
at marker d13s785 increased from a baseline value of 0.18
to an LOD of 2.99 (overall LOD nominal p<0.0006, change
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FIGURE 1. Genome-Wide Covariate (mood incongruent psychosis) Scan of the Narrow Model?
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FIGURE 2. Genome-Wide Covariate (mood incongruent psychosis) Scan of the Broad Model?
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FIGURE 3. LOD Scores Across Chromosome 13 with Baseline
and Covariate Values in Broad Bipolar Disorder Model?
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aShaded region represents previously found overlap regions be-
tween schizophrenia and bipolar disorder (27), and arrow shows lo-
cation of the G72/G30 gene. Location in cM is based on the Marsh-

field Map.

in LOD nominal p<0.0003). Permutation tests at this locus
showed an empirical genome-wide p=0.375 for the overall
LOD and p=0.142 for the change in LOD. The 2-LOD sup-
port interval under this model spanned 46 cM (Figure 3).

The highest overall LOD score in the narrow model was
found at marker d2s436 on chromosome 2p11-q14, with a
LOD of 3.15 in the presence of the mood-incongruent psy-
chotic covariate, compared with a baseline LOD of 2.01
(overall LOD nominal p<0.0004, change in LOD nominal
p<0.02). Permutation tests at this locus showed an empiri-
cal genome-wide p=0.23 for the overall LOD and p=0.55
for the change in LOD. The 2-LOD support interval
spanned 25 cM (Figure 4).

An additional peak in the broad model was seen on chro-
mosome 20p12, with a covariate LOD score of 3.23 at
marker d20s162, relative to a baseline LOD of 1.98 (overall
LOD nominal p<0.0004, change in LOD nominal p<0.02).
Permutation tests of the overall LOD showed a genome-
wide empirical p=0.249; however, the change in LOD did
not meet genome-wide suggestive linkage criteria, since
the empirical genome-wide p=1.11 indicates a result that
would be expected more than once per genome scan. A fi-
nal peak was also seen on 5q14, where the LOD increased
from a baseline of 0.23 to 3.47 at marker d5s1719 (overall
LOD nominal p=0.0002, change in LOD nominal p=0.0001),
but here, the evidence of linkage was strongest among sub-
jects without mood-incongruent psychotic features.

To test the specificity of the 2q and 13q findings, linkage
was reexamined in these regions using general psychosis
(mood-incongruent psychotic and mood-congruent psy-
chotic) as a covariate. A total of 871 genotyped subjects
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FIGURE 4. LOD Scores Across Chromosome 2 with Baseline
and Covariate Values in Narrow Bipolar Disorder Model?
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had a major mood disorder with psychotic features, and
there were 261 affected relative pairs concordant for these
features. In this larger cohort, the peak overall LOD scores
in the identified regions were notably lower than when
mood-incongruent psychosis was used as a covariate
(2.01 on 2q12 and 1.12 on 13q32).

As a further test of specificity, we evaluated whether per-
secutory delusions in particular would increase the link-
age signal on chromosome 13. There were 519 subjects
with a lifetime history of persecutory delusions, of whom,
252 (48.6%) also had mood-incongruent psychotic fea-
tures. Conversely, 252 (70.2%) of all mood-incongruent
psychotic subjects had persecutory delusions. When per-
secutory delusions were used as a covariate, the highest
LOD score obtained was 1.23 at 81 cM (d13s793).

Discussion

In this large cohort of multiplex bipolar disorder fami-
lies, mood-incongruent psychotic symptoms correlated
with a more severe outcome, aggregated in families, and
uncovered linkage signals in chromosomal regions previ-
ouslyimplicated in schizophrenia. These findings are con-
sistent with the hypothesis that mood-incongruent psy-
chotic symptoms in bipolar disorder may be phenotypic
manifestations of genes shared between bipolar disorder
and schizophrenia.

This study had several strengths. To our knowledge, the
cohort is the largest bipolar disorder family dataset re-
ported to date. Detailed clinical information was gathered
using a rigorous and well-validated instrument, and the
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Patient Perspectives

Mood-Incongruent Psychotic Features

“Mr. B” was a middle-aged man who was interviewed
near the end of a hospitalization for mania. He had suffered
with bipolar disorder for three decades. He was a clear and
vivid historian, although recalling many of his experiences
was distressing to him, and the research interview needed to
be interrupted so that he could request PRN risperidone
from his nurse. Beginning in his late teens, he had experi-
enced approximately 15 episodes of depression, which typi-
cally consisted of low mood, anhedonia, diminished self-atti-
tude, poor concentration, lethargy, psychomotor
retardation, and oversleeping. During his most severe de-
pression, he had frequent thoughts of death and actually
made a noose in his attic, although he did not use it. He also
believed that he was being punished by God for being an in-
adequate husband.

Mr. B. has been hospitalized five times during manic epi-
sodes, which have been characterized by elevated mood,
grandiosity, racing thoughts, and reckless behavior, such as
excessive spending and speeding on the highway. In one epi-
sode of mania, he thought his boss was treating him badly,
so he rigged a panel to electrocute the boss. He also began
to experience hallucinations, hearing the voice of a “witch
doctor” who urged him to kill his boss. In subsequent manic
episodes, he again heard the “witch doctor” screaming and
making demands of him, including ordering him to slit his
son’s throat. During these episodes, he felt that he had done
something terrible to provoke the “witch doctor” and wor-
ried that his son needed to be protected. In one period, he
bought aluminum foil and antennae to attach to televisions
and radios in order to demonstrate the reality of his voices.
At other times, he has feared that people could hear the
“witch doctor’s” voice as it diffused out of his head.

data were reviewed by data managers and clinicians to
minimize information bias. Our results are consistent with
most prior studies in showing that subjects with mood-in-
congruent psychosis had a more severe clinical course
than subjects with mood-congruent psychosis. Familial
aggregation of mood-incongruent psychotic features was
robust, since it was statistically significant under several
alternative sample definitions, including those controlling
for the clustering of psychotic symptoms in general. Per-
haps the strongest validation of our approach is that the
two strongest linkage peaks in our analysis were both in
regions of a priori significance.

Chromosome 13q31-33 has been the region with argu-
ably the strongest evidence for harboring a bipolar disor-
der/schizophrenia overlap gene. A meta-analysis identi-
fied chromosome 13q31-33 as one of the two strongest
linkage regions for both bipolar disorder and schizophre-
nia (27), although subsequent meta-analyses differed in
their findings (28, 29). On 13q32, there have been two ge-
nome-wide significant findings reported for schizophre-
nia (30, 31) and two suggestive findings for bipolar disor-
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Mood-Congruent Psychotic Features

“Ms. C” was a single young woman with a degree from an
elite university who worked in manual labor. She reported
being affectively ill for most of the last 13 years. She was re-
ceiving lithium. Her mood had been mildly elevated over
the few weeks prior to the research interview, and she ap-
peared somewhat irritable. She occasionally laughed inap-
propriately during the interview and had difficulty answer-
ing questions concisely. She commented, “I don’t like how
cut and dry these questions make things. There’s so much
more to it. | think bipolar disorder is really about a quest for
love.”

Ms. C had first experienced a prolonged 2-year depres-
sion in her early 20s, marked by low mood, anxiety, anhedo-
nia, thoughts of death, oversleeping, weight gain and ob-
servable slowness. Symptoms gradually remitted, but within
1 year she suffered her first manic episode. She recalled
awakening the morning after the start of the Gulf War with
“incredible insight” and felt that she had a special purpose:
to save the world by being on the side of good. She was
pregnant at the time and believed that her fetus would be
the second coming of Christ. She recalled being elated, phys-
ically restless, and having racing thoughts, with “diarrhea of
the mouth,” and decreased need for sleep. Eventually, she
was taken to see a psychiatrist and experienced resolution of
her symptoms after starting medication. Subsequently, she
experienced mild but chronic depressive symptoms for the
next several years, though she had no further manias or hos-
pitalizations.

der (32, 33). Furthermore, two studies have reported
evidence of linkage for psychotic bipolar disorder in this
region (19, 34), and another showed similar evidence in
schizophrenia families with psychotic mood disorder rela-
tives (35).

The 2-LOD interval for our chromosome 13 linkage
peak extends from 55-101 cM on the Marshfield Map
(71.0-108.9 Mb on the UCSC genome browser, build 35)
and includes the G72(DAOA)/G30 gene complex at 90.6
cM. G72 has been associated with schizophrenia in seven
cohorts and with bipolar disorder in five (17). Schulze et al.
examined the G72 gene in two bipolar disorder cohorts
and, in the context of examining psychosis in general as
well as individual psychotic symptoms, found an associa-
tion specifically with persecutory delusions (36). However,
they did not examine mood-incongruence. We found that
linkage using the persecutory delusions covariate in-
creased the evidence of linkage on chromosome 13q21-33,
but not to the extent that the mood-incongruent psy-
chotic covariate did.
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Chromosome 2p11-q14 has never been previously im-
plicated in bipolar disorder. However, in the largest
schizophrenia linkage meta-analysis, the 2p11-q14 region
was the strongest in the genome and the only one meeting
criteria for genome-wide significance (37). Our finding,
which peaks at 118 cM on the Marshfield Map, is squarely
in the middle of the meta-analytic region of 102-128 cM,
and our 2-LOD interval of 105-130 cM (84.0-122.5 Mb) is
virtually identical to that region. This region harbors a
large number of CNS expressed genes, including the in-
triguing gene EN1 or Engrailed 1, a homeodomain tran-
scription factor essential for the development and mainte-
nance of midbrain dopaminergic neurons (38). Given the
well-established role of dopamine in psychotic symptoms,
both in schizophrenia and bipolar disorder (39), this gene
is worthy of further study.

Our study should be interpreted in light of several limi-
tations. First, although the reliability of mood-incongru-
ence has been established in other studies, we were not
able to assess it in our dataset. Second, in light of a conser-
vative statistical assessment employing an empirical ge-
nome-wide correction, our results for chromosomes
2pl1-ql4 and 13g21-33 should be interpreted as sugges-
tive rather than significant evidence for linkage (40). This
is reflected in the genome-wide empirical p values that lie
between 0.05 and 1.0, which imply that findings of this
magnitude should occur by chance less than once per ge-
nome scan. While this level of statistical evidence for the
2p and 13q regions is modest when considered in isola-
tion, it becomes more compelling in light of the converg-
ing data referred to previously. Third, for the LODPAL
analyses, the number of mood-incongruent psychotic af-
fected relative pairs was small. This may have limited our
power to detect loci of modest effect and may explain why
we found no linkage evidence for other potential bipolar
disorder/schizophrenia overlap regions such as 1q42
(containing DISC1), 6922, 8p21-23 (containing
neuregulinl), 18p11, or 22q11-13.

In conclusion, our results support the validity of mood-
incongruent psychosis as a subset of bipolar disorder with
increased clinical severity and closer ties to putative psy-
chosis vulnerability genes shared with schizophrenia. The
chromosome 13q21-33 finding supports prior evidence of
bipolar disorder/schizophrenia overlap in this region,
while the 2p11-q14 finding is the first to suggest that this
schizophrenia linkage region may also harbor a bipolar
disorder susceptibility gene. Use of mood-incongruent
psychotic features should inform future linkage and asso-
ciation studies aimed at uncovering genes that confer
common susceptibility to these disorders.
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