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Objective: The authors previously re-
ported an association between the D-
amino acid oxidase activator (DAOA)/G30
locus and both schizophrenia and bipolar
affective disorder. Given the presumed
role of DAOA/G30 in the neurochemistry
of psychosis and its localization in a
schizophrenia and bipolar affective disor-
der linkage region (13q34), it was hypoth-
esized that the bipolar affective disorder
finding would be mainly due to an associ-
ation with psychotic features.

Method: The marker/haplotype associa-
tions obtained in a subset of 173 bipolar
affective disorder patients with psychotic
features were similar to those in the over-
all patient group, suggesting that stratifica-

tion on the basis of psychotic features in
general might be too crude a procedure.
The authors therefore tested whether con-
fining caseness to specific psychotic fea-
tures would improve detection of geno-
type-phenotype correlations.

Results: In a logistic regression, “persecu-
tory delusions” were found to be the only
significant explanatory variable for the
DAOA/G30 risk genotype among 21 OPCRIT
symptoms of psychosis. The authors there-
fore tested for association between DAOA/
G30 and bipolar affective disorder in the 90
cases with a history of persecutory delu-
sions. Whereas this subset showed strong
association (odds ratio=1.83 for the best
marker), the remaining larger sample of
165 patients with no such history did not
differ from comparison subjects, suggest-
ing that the association between DAOA/
G30 and bipolar affective disorder is due to
persecutory delusions. This was confirmed
in an independent study of 294 bipolar af-
fective disorder patients and 311 compari-
son subjects from Poland, in which an asso-
ciation between bipolar affective disorder
and DAOA/G30 was only seen when case
definition was restricted to cases with per-
secutory delusions.

Conclusions: These data suggest that bi-
polar affective disorder with persecutory
delusions constitutes a distinct subgroup
of bipolar affective disorder that overlaps
with schizophrenia.

(Am J Psychiatry 2005; 162:2101–2108)

The D-amino acid oxidase activator (DAOA)/G30 locus,
formerly known as the G72/G30 locus, has been found to be
associated with both schizophrenia and bipolar affective
disorder (1, 2). We were able to replicate these findings for
both disorders in a study of 299 patients with schizophre-
nia, 300 individuals with bipolar affective disorder (all bi-
polar type I), and 300 comparison subjects: a four-marker
haplotype comprising markers M12 (rs1341402), M15
(rs2391191), M23 (rs3918342), and M24 (rs1421292)

showed association with schizophrenia and bipolar affec-
tive disorder (3).

DAOA/G30, located on chromosome 13q34, was initially
found through systematic fine-mapping (1) in a schizo-
phrenia linkage region (4). This locus also shows linkage
evidence for bipolar affective disorder (5). It is of interest
that Potash et al. (6) found increased evidence of linkage
with bipolar affective disorder in a neighboring region
(13q31) in a conditional linkage analysis of bipolar affec-
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tive disorder that used a subset of families enriched with
psychotic symptoms. Despite this region being 28 cM cen-
tromeric to the DAOA/G30 locus, this linkage peak may
still represent the effect conferred by DAOA/G30, given the
low resolution of linkage findings (7–9). Furthermore,
proneness to psychotic symptoms appears to be an inher-
ited predisposition common to both schizophrenia and
bipolar affective disorder (10). Finally, previous findings
have suggested an interaction between DAOA/G30 and
the gene D-amino-acid oxidase (DAAO), which is involved
in the glutamatergic signaling pathway (1) and has in turn
been implicated in the etiology of affective disorders and
psychotic symptoms (11).

The separation of psychotic syndromes into etiologi-
cally homogeneous subtypes has been controversial
among psychiatrists since the first attempts to classify
psychiatric disorders (12–19). Although bipolar affective
disorder and schizophrenia are defined as distinct and ex-
clusive diagnostic entities, they show great overlap of
symptoms, particularly psychotic features. The diagnostic
boundaries are justified mainly by clinical convenience;
their biological validity is still limited. The recent de-
tection of disease-associated risk haplotypes in several
susceptibility genes for psychiatric disorders offers the
chance to test whether such an association is stronger be-
tween the haplotype and the diagnostic entity or between
the haplotype and specific symptoms.

On the basis of the clinical, genetic, and neurochemical
findings, we hypothesized that the association between
bipolar affective disorder and the schizophrenia-associ-
ated DAOA/G30 alleles/haplotypes could be explained by
the presence of psychotic symptoms in bipolar affective
disorder rather than with the diagnostic entity “bipolar af-
fective disorder” alone.

We tested this hypothesis in our group of German pa-
tients in which an overall association between DAOA/G30
and bipolar affective disorder had been detected (3). A
replication study was performed in an independent group

of patients from Poland that had been gathered using the
same phenotype characterization procedures.

Method

Subjects 

Exploratory study (German group). This group comprised
300 patients (138 men and 162 women; mean age=42.3 years [SD=
13.2]) with DSM-IV bipolar affective disorder (all bipolar type I)
and 300 comparison subjects (121 men and 179 women; mean
age=47.1 years [SD=15.2]) for whom we had genotype data avail-
able (3) (Table 1). Patients in this study were recruited from the
same geographical area and were all of German descent. Patients
were systematically recruited at the University of Bonn Depart-
ment of Psychiatry. Subjects in the comparison group were anon-
ymous blood donors of German descent recruited from the same
geographical area as the patients. Written informed consent was
obtained from all patients and comparison subjects. Of the 300
patients, 225 had been assessed by experienced psychiatrists with
the Structured Clinical Interview for DSM-IV Disorders (SCID)
(20), and 75 patients had been assessed with the Schedule for Af-
fective Disorders and Schizophrenia—Lifetime Version (21). Life-
time “best estimate” diagnoses according to DSM-IV criteria were
based on multiple sources of information including the struc-
tured interviews, medical records, and family history method.
Consensus diagnoses were performed by two psychiatrists, and
additional psychiatrists were included in the decision process
whenever necessary (22). Furthermore, for the detailed polydiag-
nostic documentation of symptoms, we used the OPCRIT system
(23). OPCRIT allows for the assessment and documentation of
lifetime psychopathology without any preference for a particular

TABLE 1. Subject Groups in the Exploratory and Replication
Studies of Bipolar Affective Disorder Genotype-Phenotype
Associations

Group

Exploratory
Study 

(German 
group)

Replication
Study 
(Polish 
group)

All patients with bipolar affective 
disorder 300 294
Subjects with definite yes/no ratings 

for all 21 OPCRIT symptoms 
of psychosisa 256 284
History of psychotic symptoms 173 121
No history of psychotic symptoms 83 163

Subjects with definite yes/no ratings 
for history of persecutory delusions 255 287
History of persecutory delusions 90 55
No history of persecutory delusions 165 232

Comparison subjects 300 311
a A definite “no” rating is only possible when all 21 OPCRIT symp-

toms of psychosis are rated negative with no missing values.

TABLE 2. Association Between the M23 Marker Genotype
at the DAOA/G30 Locus and Variables Describing Psychosis

Variable

Logistic Regression Analysis

Estimate SE χ2 p
Age –0.01 0.01 0.28 0.60
Gender –0.53 0.28 3.53 0.07
Age at onset 0.02 0.02 1.72 0.19
OPCRIT symptoms of psychosis

Abnormal beliefs and ideas 
(delusions)
Persecutory delusions 1.01 0.36 7.99 0.005
Well organized delusions –0.54 0.68 0.64 0.43
Grandiose delusions 0.13 0.18 0.48 0.49
Delusions of influence 0.41 0.37 1.26 0.27
Bizarre delusions 0.16 0.57 0.08 0.79
Widespread delusions 0.30 0.64 0.23 0.64
Delusions of passivity 0.43 0.51 0.69 0.41
Primary delusional perception –0.17 0.46 0.14 0.72
Other primary delusions –0.41 0.43 0.91 0.34
Thought insertion 0.16 0.76 0.04 0.84
Thought withdrawal –0.47 1.04 0.20 0.66
Thought broadcast –0.37 0.64 0.33 0.57
Delusions of guilt 0.23 0.52 0.20 0.66
Delusions of poverty 0.74 0.66 1.22 0.27
Nihilistic delusions –0.87 0.90 0.93 0.34

Abnormal perceptions 
(hallucinations)
Thought echo 0.35 0.99 0.12 0.73
Third person auditory 

hallucinations 0.45 0.81 0.31 0.58
Running commentary voices 0.37 0.76 0.24 0.63
Abusive/accusatory/

persecutory voices –0.50 1.15 0.19 0.67
Other auditory hallucinations –0.08 0.49 0.03 0.87
Nonaffective hallucination 

in any modality –0.48 0.51 0.89 0.35
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classification system by decomposing diagnostic criteria into
their component items (24).

Replication study (Polish group). This group consisted of 294
bipolar affective disorder patients (type I: N=259, type II: N=35;
128 men and 166 women; mean age=46.9 years [SD=13.7]) and 311
comparison subjects (115 men and 196 women; mean age=43.7
years [SD=9.5]) from the Wielkopolska region (Western Poland)
(Table 1). All individuals were of Polish descent. Patients were sys-
tematically recruited at two psychiatric hospitals, the Department
of Psychiatry of the Poznan University of Medical Sciences and the
psychiatric hospital in Koscian. The same diagnostic procedures
were applied; all patients were interviewed with the SCID (20).
Comparison subjects were drawn from anonymous blood donors,
hospital staff, and medical students. Written informed consent
was obtained from all patients and comparison subjects.

Assessment of Lifetime Psychotic Symptoms

We defined lifetime psychotic symptoms as the occurrence of
delusional or hallucinatory symptoms. Patients with bipolar af-
fective disorder were classified as having a positive history of psy-
chosis if a “yes” rating was given on at least one of the 21 OPCRIT
symptoms of delusions or hallucinations (Table 2). Of the 300 pa-
tients in the exploratory study, we identified 173 individuals with
a definite positive history and 83 with a definite negative history.
The latter assignment was only made when all 21 OPCRIT symp-
toms of psychosis were rated negative with no missing values.
Thus, for 44 patients, no clear assignment could be made. Of the
294 patients in the replication study, 121 patients with a definite
positive history of psychosis and 163 patients with a definite neg-
ative history were identified (10 patients could not be classified).

Genotyping

The DAOA/G30 single nucleotide polymorphisms (SNPs) gen-
otyped in the exploratory study were determined by Masscode
Technology (QIAGEN Genomics). The DAOA/G30 SNPs analyzed
in the replication study were genotyped using the MassARRAY
system (Sequenom, San Diego) according to Ding and Cantor (25)
with minor modifications. The genotyping quality between both
techniques is comparable: two SNPs (rs7320 and rs2185740) were
genotyped using both techniques, the Masscode and the Mass
ARRAY technology, and no discrepancies in genotypes were ob-
served. Genotype frequencies were in Hardy-Weinberg equilib-
rium for cases and comparison subjects in both study groups.

Genetic Analyses

We performed both single-marker and haplotype analyses
with the program COCAPHASE 2.40 (http://www.mrc-bsu.cam.ac.
uk/personal/frank/software/unphased/) (26). Using a standard
unconditional logistic regression, this software package per-
forms likelihood ratio tests under a log-linear model of the prob-
ability that an allele or a haplotype belongs to a case rather than
a noncase; the expectation-maximization algorithm is used to
resolve uncertain haplotypes and provide maximum-likelihood
estimates of frequencies.

For the single-marker analyses, a permutation procedure was
used to estimate the significance of the best results, correcting
for all loci tested. For haplotype analyses, the global null hypoth-
eses that all odds ratios are equal were tested by permutation,
owing to the fact that estimated haplotype frequencies cannot be
treated as observed data. The permutation method implemented
in COCAPHASE randomly reassigns the “patient” and “compari-
son” labels in the actual data. Ten thousand permutations were
performed.

Comparisons were performed across clinical subgroups by
stratifying the patients and comparing allele and haplotype fre-
quencies against the same comparison population.

Phenotype-Genotype Association Analysis

Statistical genotype-phenotype association analysis was per-
formed by using logistic regression analysis as implemented in
the SAS procedure PROC LOGISTIC. For this analysis, we chose
the genotype of the DAOA/G30 marker M23, which had yielded
the most marked result in our previous analysis (3), as the depen-
dent variable with three categories (i.e., the genotypes TT, TC,
CC). The 21 OPCRIT symptoms of psychosis (Table 2) were en-
tered as explanatory variables in the model, as well as the vari-
ables age, gender, and age at onset. The logistic regression analy-
sis was performed on a complete case basis including only those
patients for whom information on all items was available (N=
225). The logistic model was used in its generalized version allow-
ing for dependent variables that take their values in a set of more
than two ordered categories. This approach is based on the pro-
portional odds assumption according to which the odds ratios re-
lated to all possible dichotomized versions of the dependent vari-
able, except for the intercept terms, are the same function of the
covariables for any choice of the cutoff. Generalized logistic re-
gression was carried out for the 21 OPCRIT symptoms of psycho-
sis both as a full set and in a stepwise manner selecting the symp-
toms that showed a significant contribution to the goodness of fit
of the model.

Empirical Significance 
for Clinically Defined Subgroups

It has been suggested that, given a population with significant
association, an improvement in p value may exist in random
subsets of the population (27). Therefore, we established the em-
pirical significance of any asymptomatically significant finding
by simulation. In 10,000 replicates, random subsets of the size of
the actual, clinically defined subset were drawn from the overall
group and analyzed.

Power Calculations (Polish group)

Power calculations were performed using the Genetic Power
Calculator (http://statgen.iop.kcl.ac.uk/gpc/cc2.html) (28) and
were based on the odds ratio of 1.33 for the best associated marker
(M23) in the German sample. We used both a recessive and a dom-
inant model, assuming equal allele frequencies for the disease and
marker alleles, and a D′ of 0.8 between disease and marker locus.

Results

Genetic Analysis of Bipolar Affective Disorder 
Patients With Psychosis 

In the German group of 300 patients and 300 compari-
son subjects, the association between bipolar affective
disorder and markers and haplotypes at the DAOA/G30 lo-
cus yielded odds ratios of around 1.3 (Table 3 and Table 4).
We investigated whether this finding was due to an associ-
ation with the overall group or with the subset of patients
displaying psychotic features.

For the analysis of the subgroup of patients with psy-
chotic bipolar disorder, we chose the four markers that
made up the risk haplotype for both schizophrenia and bi-
polar affective disorder in the entire group of patients with
bipolar affective disorder, i.e., M12, M15, M23, and M24.

In the single marker analysis, only M23 showed a signifi-
cant association (p=0.005) in bipolar disorder patients with
psychotic symptoms, as was the case for the entire group of
patients with bipolar affective disorder (p<0.02). The ro-
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bust permutation procedure in COCAPHASE, which we
applied to correct for the four markers tested, yielded a p
value of 0.012. By simulation analysis, a p value of 0.005 or
smaller was observed 1,162 times out of 10,000 replicates,
suggesting that the observed change in p value obtained
through phenotype refinement bears a 12% probability of
being a chance finding (empirical p value=0.12).

For the haplotype analyses (Table 4), significant associ-
ations were seen for the global four-marker haplotype (p=
0.04) and the individual haplotype G-G-T-A (p<0.03), with
the G-G-C-T haplotype approaching significance (p<0.09),
respectively.

The 83 patients with bipolar affective disorder and no
lifetime history of delusional or hallucinatory symptoms
showed no association, either in the single marker or in
the haplotype analyses (Table 3 and Table 4).

Further Phenotype-Genotype Analyses

Given that the aforementioned stratification on psy-
chotic features might still be too crude a procedure for re-
fining phenotypes, we were interested in whether the asso-
ciation between bipolar affective disorder and DAOA/G30
was explained instead by an even more specific subset, de-
fined by specific psychotic features. We performed a logis-
tic regression in a model that included age, gender, age at
onset, and the 21 OPCRIT symptoms of psychosis (Table 2).
This analysis identified the variable “lifetime history of
persecutory delusions” as the only significant (p<0.005) ex-
planatory variable for the M23 genotype. Individuals with a
history of persecutory delusions were more likely to have
genotypes containing the C allele than those with no such
history. Generalized logistic regression was carried with the

21 OPCRIT symptoms of psychosis both as a full set and in
a stepwise manner. Since both approaches led to the same
qualitative conclusions, only the results of analyzing the
full multivariate model are presented.

We thus divided our group of bipolar affective disorder
patients for whom detailed information regarding the
OPCRIT item “persecutory delusion” was available into
those with (N=90) and those without (N=165) a history of
persecutory delusions in order to perform two separate
comparisons with the comparison group. When compar-
ing the subset of 90 bipolar disorder patients with perse-
cutory delusions versus comparison subjects, markers
M12 and M15 did not yield significant results. As seen in
Table 3, we observed significant association for markers
M23 (p<0.0004) and M24 (p<0.007).

In a simulation analysis, p values <0.0004 and <0.007
were observed for, respectively, 24 and 67 out of 10,000
random subsets of 90 individuals, indicating that the asso-
ciation findings at these significance levels are very un-
likely to occur in equally sized random subsets (p=0.0024
and p=0.0067).

In the haplotype analysis (Table 4), significant associa-
tions were seen for the global four-marker haplotype
(p<0.03) and the individual haplotypes G-G-T-A (odds ra-
tio=0.54, p<0.006) and G-G-C-T (odds ratio=1.54, p<0.04).
We also evaluated the empirical significance of these hap-
lotype-based results: a p value smaller or equal to 0.006
would be seen in 1,360 out of 10,000 random subsets of 90
individuals (p=0.136). Comparing the larger subsample of
patients with bipolar disorder and no history of persecu-
tory delusions (N=165) with the comparison group (N=
300) yielded no association (odds ratios ~1) (Table 3, Table

TABLE 3. Association Between Illness Phenotypes and Markers at the DAOA/G30 Locus in an Exploratory Study of German
Bipolar Affective Disorder Patients

Marker SNP

All Patients With 
Bipolar Affective Disorder (N=300)

Patients With a History 
of Psychotic Symptoms (N=173)

Patients With No History 
of Psychotic Symptoms (N=83)

Rate Odds Ratio 95% CI Rate Odds Ratio 95% CI Rate Odds Ratio 95% CI
M12 G/A 0.61 (G) 0.86 0.91–1.47 0.61 (G) 0.89 0.68–1.19 0.57 (G) 0.75 0.52–1.08
M15 G/A 0.61 (G) 0.86 0.91–1.47 0.61 (G) 0.87 0.66–1.15 0.60 (G) 0.83 0.58–1.19
M23a T/C 0.53 (C) 1.33** 1.06–1.68 0.56 (C) 1.46*** 1.12–1.91 0.47 (C) 1.03 0.73–1.46
M24b A/T 0.55 (T) 1.24* 0.98–1.56 0.56 (T) 1.29* 0.98–1.69 0.49 (T) 0.98 0.69–1.40
aSignificant associations remained after adjustment for multiple testing (i.e., four markers) through permutation in the total group of bipolar

affective disorder patients and the subgroups with psychotic symptoms and persecutory delusions. Significant associations also remained in
the psychotic symptom and persecutory delusion subgroups after Bonferroni adjustment for testing multiple bipolar disorder diagnostic
groups.

TABLE 4. Association Between Illness Phenotypes and Haplotypes in an Exploratory Study of German Bipolar Affective
Disorder Patients

Haplotypea

All Patients With 
Bipolar Affective 

Disorder 
(N=300)

Patients With a 
History of Psychotic 

Symptoms 
(N=173)

Patients With No 
History of Psychotic 

Symptoms 
(N=83)

Patients With a 
History of 

Persecutory Delusions 
(N=90)

Patients With No 
History of 

Persecutory Delusions
(N=165)

Rate 
Among 

Comparison
Subjects 
(N=300)Rate Odds Ratio Rate Odds Ratio Rate Odds Ratio Rate Odds Ratio Rate Odds Ratio

G-G-C-T 0.35 1.29* 0.35 1.33* 0.28 0.96 0.38 1.54** 0.29 0.98 0.29
G-G-T-A 0.24 0.73** 0.24 0.68** 0.27 0.79 0.20 0.54*** 0.28 0.84 0.32
All others 0.41 0.41 0.45 0.42 0.43 0.39

The global four-marker haplotype was significant for those patients with a history of psychotic symptoms (p<0.04) and persecutory delusions
(p<0.03) and approached significance for the entire bipolar affective disorder group (p<0.08).

*p<0.10. **p<0.05. ***p<0.01. †p<0.001.
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4). We also compared the comparison subjects with those
83 patients that had a history of psychotic symptoms but
not of persecutory delusions (i.e., the 173 patients with
psychosis minus the 90 patients with a history of persecu-
tory delusions [see Table 1]). For all four markers, again,
there was no association. Allele and haplotype frequencies
were similar between this particular subset of cases and
comparison subjects (odds ratios ranged from 0.86 to 1.14,
p values ranged from 0.50 to 0.97 [data not shown]).

The subsample of patients with bipolar disorder with
persecutory delusions did not differ from the entire sam-
ple of patients with bipolar disorder regarding gender (χ2=
0.37, p=0.54), age (t=0.26, p=0.79), or age at onset (t=0.62,
p=0.536).

Given that only markers M23 and M24 showed associa-
tion with bipolar affective disorder, we analyzed these in
our replication study with the Polish group. As with the
analysis of the German subjects, we performed single-
marker and haplotype-based analyses, using three case
definitions: all patients with bipolar affective disorder, a
subgroup of those with a history of psychotic symptoms,
and a subgroup of those with a history of persecutory de-
lusions. In the single-marker analysis, neither M23 nor
M24 showed significant association with bipolar affective
disorder in any of the three sets (Table 5). However, for

M23, we observed a nearly significant association (odds
ratio=1.48, p<0.08) in the subset of bipolar disorder pa-
tients with persecutory delusions. Similar to the German
group, the bipolar disorder patients with persecutory de-
lusions were enriched with the C allele relative to the
entire group of bipolar affective disorder patients (57%
versus 49%). With regard to the haplotype analysis, no as-
sociation was observed in the bipolar affective disorder
patients and the bipolar affective disorder subgroup with
a history of psychotic symptoms. When case definition
was confined to those with persecutory delusions, how-
ever, we observed a significant association (Table 6): The
C-T haplotype, which is part of the associated G-G-C-T
haplotype in the German subjects, was similarly more fre-
quent in patients than in comparison subjects (odds ra-
tio=1.61, p<0.04). We also evaluated the empirical sig-
nificance of this haplotype-based result: a p value ≤0.04
would be seen in 220 out of 10,000 random subsets of 55
individuals (p=0.022). Thus, while there was no associa-
tion when using the total group of patients with bipolar
affective disorder or the subgroup with a history of psy-
chotic symptoms, there was a significant one when cases
were restricted to patients with persecutory delusions.
The “protective” haplotype T-A did not show a significant
association. It is interesting to note, however, that it showed

Patients With a History 
of Persecutory Delusions (N=90)

Patients With No History 
of Persecutory Delusions (N=165)

Rate Among 
Comparison Subjects 

(N=300)Rate Odds Ratio 95% CI Rate Odds Ratio 95% CI
0.61 (G) 0.89 0.63–1.26 0.59 (G) 0.81 0.61–1.08 0.64 (G)
0.61 (G) 0.87 0.62–1.23 0.60 (G) 0.84 0.64–1.12 0.64 (G)
0.61 (C) 1.83† 1.31–2.58 0.47 (C) 1.03 0.78–1.35 0.46 (C)
0.61 (T) 1.61*** 1.14–2.27 0.49 (T) 0.96 0.72–1.26 0.50 (T)

b Significant association remained after adjustment for multiple testing (i.e., four markers) through permutation in the subgroup with perse-
cutory delusions. Significant association also remained in the persecutory delusion subgroup after Bonferroni adjustment for testing mul-
tiple bipolar disorder diagnostic groups.

*p<0.10. **p<0.05. ***p<0.01. †p<0.001.

TABLE 5. Association Between Illness Phenotypes and Markers at the DAOA/G30 Locus in a Replication Study of Polish
Bipolar Affective Disorder Patients

Marker SNP

All Patients With 
Bipolar Affective Disorder 

(N=294)

Patients With a History
of Psychotic Symptoms 

(N=121)

Patients With a History 
of Persecutory Delusions 

(N=55)

Rate Among
Comparison

Subjects
(N=311)Rate Odds Ratio 95% CI Rate Odds Ratio 95% CI Rate Odds Ratio 95% CI

M23 T/C 0.49 (C) 1.09 0.86–1.39 0.49 (C) 1.09 0.79–1.49 0.57 (C) 1.48* 0.96–2.28 0.47 (C)
M24 A/T 0.52 (T) 1.00 0.80–1.27 0.51 (T) 0.95 0.70–1.28 0.58 (T) 1.22 0.81–1.86 0.53 (T)

*p<0.10.

TABLE 6. Association Between Illness Phenotypes and Haplotypes in a Replication Study of Polish Bipolar Affective
Disorder Patients

Haplotype

All Patients With 
Bipolar Affective Disorder 

(N=294)

Patients With a History 
of Psychotic Symptoms

(N=121)

Patients With a History 
of Persecutory Delusions 

(N=55)

Rate Among 
Comparison 

Subjects
(N=311)Rate Odds Ratio Rate Odds Ratio Rate Odds Ratio

C-T 0.49 1.16 0.49 1.16 0.57 1.61* 0.45
T-A 0.47 0.99 0.48 1.04 0.42 0.80 0.47

*p<0.05.
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the same frequency in the total group of bipolar affective
disorder patients, the subgroup of bipolar affective disor-
der patients with psychotic symptoms, and comparison
subjects while being less frequent in bipolar disorder pa-
tients with persecutory delusions, as observed in the Ger-
man subjects.

Discussion

We had previously reported an association between bi-
polar affective disorder and DAOA/G30 (3). Given that
DAOA/G30 has also been shown to be associated with
schizophrenia (1, 3), we were interested in whether bipo-
lar affective disorder patients with a history of psychotic
symptoms would differ from those with no such history.
Restricting case definition to the subgroup of patients
with a history of psychotic symptoms yielded no signifi-
cant results. We were therefore interested in whether con-
fining case definition to specific delusional or hallucina-
tory symptoms would be better at revealing a potential
genotype-phenotype correlation between bipolar affec-
tive disorder and DAOA/G30.

Our analysis revealed that the association between bi-
polar affective disorder and the DAOA/G30 locus is an as-
sociation involving those with a history of persecutory de-
lusions rather than bipolar affective disorder in general. In
fact, patients with no history of persecutory delusions did
not differ at all from comparison subjects with regard to
their distribution of DAOA/G30 marker alleles and haplo-
types. These findings are supported by our analysis in an
independent group of bipolar affective disorder patients
and comparison subjects from Poland.

A general limitation of case/control analyses is the sus-
ceptibility to population stratification. The patients and
comparison subjects investigated in the German and Pol-
ish samples were all of German and Polish descent, re-
spectively, and were recruited from the same well circum-
scribed geographical areas (the cities of Bonn and Poznan
and their vicinities). Preliminary results from large-scale
genomic analyses in several population-based samples
from different geographic German regions (National Ge-
nome Research Network [http://www.ngfn.de/]) suggest
that population stratification is negligible in the German
population (personal communication, M. Krawczak, June
2, 2004). Furthermore, an association between bipolar af-
fective disorder and markers on or near to DAOA/G30 has
now been shown in three independent samples from Ger-
many (3) and the United States (2, 29), rendering the pos-
sibility of this being a mere artifact due to population
stratification unlikely.

Our observations in the exploratory and replication
studies suggest that the subgroup of patients with perse-
cutory delusions represents a genetically more homoge-
nous group than patients with bipolar affective disorder as
a whole. The intuitive approach to divide bipolar affective
disorder patients into those with versus those without

psychotic features might not be sufficient for determining
biologically meaningful subtypes for genetic studies. Psy-
chosis is perhaps too broad a concept; well-established
clinical subtypes of psychosis might be more amenable to
genetic study. The gene mapping efforts in inflammatory
bowel disease—a group of genetically heterogeneous,
complex phenotypes (i.e., Crohn’s disease, ulcerative coli-
tis)—may serve as an example. For this condition, detailed
phenotypic characterization and the establishment of
fine-scaled diagnostic categories (according to, for exam-
ple, anatomic location of disease, extent of disease, and
disease behavior) helped to detect the underlying genetic
factors (30).

The importance of such detailed refinement of pheno-
type is illustrated in the Polish study. In the overall group,
no association between DAOA/G30 markers and bipolar
affective disorder could be detected. This could be due to
the limited power (less than 20%) of the Polish study. How-
ever, we were able to detect an association in the Polish
subjects when only patients with persecutory delusions
were considered, despite the even lower a priori power of
this subset of less than 10%. To our knowledge, this is the
first time in psychiatric genetics that an association be-
tween a genotype and a specific clinical feature of a
broader phenotype could be replicated in an independent
sample. Given the inconsistencies of genetic findings in
the field of psychiatric association studies, our approach
may serve as an example of how to identify more homoge-
neous samples, thus enhancing the chances of success in
replication attempts (31).

Formal genetic analyses (10, 32–35) have suggested that
psychotic symptoms are an inherited predisposition com-
mon to both schizophrenia and bipolar affective disorder.
The observation in our study that the risk-conferring
DAOA/G30 haplotype is the same in both bipolar affective
disorder and schizophrenia indicates that not only the
same gene but the same (hitherto undetected) variant
contributes to both disorders. The reported genotype-
phenotype correlation further pinpoints the nature of the
DAOA/G30-mediated genetic overlap between schizo-
phrenia and bipolar affective disorder.

While our findings support the idea of a genetic overlap
between schizophrenia and bipolar affective disorder, the
question remains whether the symptom “persecutory de-
lusion” per se is important or rather some other trait that
correlates with it. What could that be? A patient’s idea of
future harm triggering anxiety-associated processes has
been suggested as a key feature of persecutory delusions
(36). One could speculate that a delusional patient with a
genetic proneness to anxiety may be more likely to have
delusions of a persecutory nature than a patient without
this predisposition. Put another way, delusions of refer-
ence or influence that are accompanied by fear are more
likely to be labeled as persecutory delusions. Clinical ex-
perience has long taught us about a connection between
anxiety and persecutory delusions in the context of toxic
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psychoses such as PCP and amphetamine intoxication,
where extreme anxiety, panic, and persecutory delusions
usually occur together (37–39).

With this in mind, it is intriguing that we recently identi-
fied the same DAOA/G30 markers and haplotypes as po-
tential risk factors for panic disorder (40).

The genetic overlap between schizophrenia and bipolar
affective disorder hints at a weakness of specificity of the
current classification systems, which are based merely on
clinical symptoms. To our knowledge, our study is the first
systematic genotype-phenotype analysis of a well-estab-
lished susceptibility gene for schizophrenia and bipolar af-
fective disorder and may be considered a first step toward a
molecular genetic classification of psychiatric phenotypes.
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