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Abstract

Background. In a large and comprehensively assessed sample of patients with bipolar dis-
order type I (BDI), we investigated the prevalence of psychotic features and their relationship
with life course, demographic, clinical, and cognitive characteristics. We hypothesized that
groups of psychotic symptoms (Schneiderian, mood incongruent, thought disorder, delusions,
and hallucinations) have distinct relations to risk factors.
Methods. In a cross-sectional study of 1342 BDI patients, comprehensive demographical and
clinical characteristics were assessed using the Structured Clinical Interview for DSM-IV
(SCID-I) interview. In addition, levels of childhood maltreatment and intelligence quotient
(IQ) were assessed. The relationships between these characteristics and psychotic symptoms
were analyzed using multiple general linear models.
Results. A lifetime history of psychotic symptoms was present in 73.8% of BDI patients and
included delusions in 68.9% of patients and hallucinations in 42.6%. Patients with psychotic
symptoms showed a significant younger age of disease onset (β =−0.09, t =−3.38, p = 0.001)
and a higher number of hospitalizations for manic episodes (F11 338 = 56.53, p < 0.001). Total
IQ was comparable between groups. Patients with hallucinations had significant higher levels
of childhood maltreatment (β = 0.09, t = 3.04, p = 0.002).
Conclusions. In this large cohort of BDI patients, the vast majority of patients had experi-
enced psychotic symptoms. Psychotic symptoms in BDI were associated with an earlier dis-
ease onset and more frequent hospitalizations particularly for manic episodes. The study
emphasizes the strength of the relation between childhood maltreatment and hallucinations
but did not identify distinct subgroups based on psychotic features and instead reported of
a large heterogeneity of psychotic symptoms in BD.

Introduction

The debate on overlap of psychotic symptomatology in schizophrenia and bipolar disorder
(BD) from the perspective that these disorders may pose a diagnostic continuum with shared
etiology (van Os and Reininghaus, 2016) is ongoing. Some argue that the psychosis continuum
extends from BD, to schizoaffective disorder and at the other end typical schizophrenia, and
reflect increasing level of severity (van Os et al., 2000; Craddock et al., 2005; The International
Schizophrenia Consortium et al., 2009). Overlapping illness characteristics between these dis-
orders are the presence of childhood trauma, high level of distress and cognitive impairment
(Read et al., 2005; Green, 2006; Bora et al., 2010). Cognitive impairment in BD is reported
during mania and depression and persists during the euthymic phase of the disorder
(Martínez-Arán et al., 2004), however less severe than in schizophrenia (Krabbendam et al.,
2005). The factors that are of influence on cognitive function in BD are still unclear but
may inform of the relevance of intelligence quotient (IQ) in a psychosis continuum
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(Zammit et al., 2004; Robinson et al., 2006; Jabben et al., 2010).
Particularly since cognitive impairment in schizophrenia is
often considered a core feature of the illness that remains present
in the absence of psychotic symptoms (Kahn and Keefe, 2013).
Therefore, the question is whether BD patients with psychotic
symptoms display similar cognitive deficits. Within the bipolar
spectrum, a history of psychotic symptoms has been associated
with several demographical and clinical characteristics including
symptom severity, worse psychosocial outcome, lower response
to lithium (Maj et al., 2002; Maj, 2003), more comorbidity
(Coryell et al., 2001), earlier age of disease onset (Upthegrove
et al., 2015), higher frequency of mood episodes, hospitalizations,
and more severe cognitive impairment (Glahn et al., 2007;
Özyildirim et al., 2010; Simonsen et al., 2011; Levy et al., 2013).
Some of these characteristics resemble characteristics of schizo-
phrenia and therefore feed the debate whether BD is part of a
psychosis continuum and whether BD with psychotic symptoms
may represent a distinct subtype of BD in level of severity
(Potash et al., 2003). To answer this question, it is relevant to
investigate how BD patients with psychosis differ from those
without psychotic symptoms in cognitive and global functioning,
disease course, and etiological factors such as history of childhood
maltreatment. However, as the distinction psychosis v. non-
psychosis is broad, further investigation of types of psychotic
symptoms (hallucinations, delusions, mood incongruent symp-
toms, Schneiderian symptoms, and formal thought disorder)
could inform this debate from the perspective that these sub-
groups of psychotic symptoms may have distinct etiology
(Upthegrove et al., 2015; Allardyce et al., 2018).

Previous studies already showed the relevance of psychosis in
BD type I (BDI). High frequencies of a lifetime history of psychotic
symptoms were reported in BDI patients, ranging between 56%
and 70% (Goodwin and Jamison, 1990; Keck et al., 2003; Bora
et al., 2010; Upthegrove et al., 2015). Schneiderian symptoms
(which include hallucinations of one’s thoughts being spoken
aloud, arguing or running commentary, and delusions of thought
withdrawal, insertion, or broadcasting) may have some specificity
for schizophrenia according to some studies (Tandon and Greden,
1987; O’Grady, 1990). Schneiderian symptoms have been reported
in BD up to 20% and are associated with worse outcomes (Tohen
et al., 1992; Carlson et al., 2012). In addition, mood incongruent
symptoms in BD occur in the same frequency range of 20%
(Fennig et al., 1996; Keck et al., 2003) and were associated with
higher relapse risk, worse outcome (Tohen et al., 1992) and
more frequent comorbid anxiety disorders (Keck et al., 2003).
Formal thought disorder is not specific to schizophrenia either;
thought disorder is common in mania with an average prevalence
of 19% (Goodwin and Jamison, 1990) and rates are comparable to
the rate in schizophrenia (McElroy et al., 1996; Dunayevich and
Keck, 2000). Another point of interest are the determinants of
these psychotic features in BD. Childhood trauma, regardless of
its type, is known to increase the risk of schizophrenia and psych-
osis in general (Varese et al., 2012). One study suggests that child-
hood abuse is associated specifically with auditory hallucinations,
but not with delusions, in BD (Upthegrove et al., 2015). But the
relationship between childhood adversity and psychosis in BD is
as yet inconclusive (Upthegrove et al., 2015).

The current study is the most comprehensively characterized
large sample of BDI patients (N = 1342) to date and provides a
detailed description of psychotic symptoms subdivided into delu-
sions, hallucinations, mood incongruent symptoms, Schneiderian
symptoms, and formal thought disorder. The relationship of

psychotic features with measures of disease course, neurocognitive
functioning, and childhood maltreatment was analyzed. We
hypothesize that patients with a history of psychotic symptoms
have a more severe illness course (reflected by more comorbid
psychiatric disorders, a higher number of episodes and hospitali-
zations, and younger age at disease onset), lower level of global
functioning (reflected by marital and employment status, socio-
economic status, and general scale of global functioning), lower
level of cognitive functioning (reflected by measures of IQ, pre-
morbid IQ, and educational level), and higher levels of childhood
maltreatment. In addition, we hypothesize that patients with
Schneiderian and mood incongruent psychotic symptoms would
have the most severe illness course if the hypothesis that BD
with (specific) psychotic symptoms is part of a psychosis con-
tinuum with schizophrenia were to be true.

Methods

Study design and participants

Data were collected by the Dutch Bipolar Cohort (DBC) Study
from June 2011 until April 2015. DBC is a National Institute of
Mental Health funded collaborative study of the University of
California Los Angeles (UCLA) and University Medical Center
Utrecht (UMCU). The DBC investigated genetic and phenotypic
information of patients with BDI, first-degree relatives, and
controls. Patients were recruited in collaboration with several
Dutch health care institutes: Altrecht Institute for Mental Health
Care, GGZ InGeest, University Medical Center Groningen, Delta
Center for Mental Health Care, Dimence, Parnassia Group
(PsyQ), and Reinier van Arkel. Inclusion criteria for all participants
were: (1) age 18 years or older; (2) at least three Dutch-born grand-
parents; (3) a good understanding of Dutch language. Patients with
a somatic illness that could have influenced the diagnosis of BD
were excluded. The study was approved by the medical ethical
committee of the UMCU and all participants gave written
informed consent. Patients were recruited via clinicians (19.2%),
the Dutch BD patient association (15.8%), pharmacies (33.6%),
advertisements (6.9%), self-referral (5%), participated in previous
studies of the UMCU (4.5%), or from miscellaneous undocu-
mented resources (15.0%). More information on this cohort is pro-
vided in the study of Vreeker et al., (2016). For this study, a total of
3364 potential BDI patients were contacted and screened via a
short interview by telephone. Clinical assessments were completed
in 1575 patients. After exclusion of 23 patients with schizoaffective
disorder, 86 patients with BD type II, 25 patients with recurrent
depression, 11 patients with BD not otherwise specified, and 59
bipolar type I patients with incomplete data on lifetime psychotic
symptoms, the total sample for analysis consisted of 1342 BDI
patients. Sample characteristics are presented in Table 1.

Clinical assessments

The complete assessment consisted of a standardized clinical inter-
view, neurocognitive tasks, and an Internet questionnaire. BDI
diagnosis was assessed using the Structured Clinical Interview for
DSM-IV (SCID-I) (First et al., 1997). The assessments were admi-
nistered by one group of researchers of the UMCU. The team was
supervised by two clinical psychiatrists (MB and AvB). All mem-
bers were at least bachelor-level psychology or medical students.
Training of the team consisted of a SCID-I and Wechsler Adult
Intelligence Scale-III (WAIS-III) (Wechsler, 1997) training.
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Consensus on the ratings was obtained by two raters after every
assessment. New team members were supervised for the entire
assessment at least the first three inclusions.

Psychosis in BD
Psychosis was defined as the presence of lifetime psychotic
symptoms using the SCID-I. The nature of psychotic symptoms
(hallucinations, delusions, and Schneiderian) in BD was investi-
gated using the SCID-I. Schneiderian symptoms are defined
by the presence of auditory hallucinations and the presence of
delusions of thought withdrawal, insertion, or broadcasting.

The Comprehensive Assessment of Symptom History (CASH)
(psychosis section) provided information on the presence of
lifetime mood (in)congruent psychotic symptoms and lifetime
disorganized speech as a measure of formal thought disorder.
All variables are dichotomous.

Psychometric tests
IQ was estimated based on four subtasks of the Dutch version of the
WAIS-III consisting of the subtests ‘Information’, ‘Block design’,
‘Digit Symbol Coding’, and ‘Arithmetic’ (Wechsler, 1997). The cor-
relation of this combination of subtests with full-scale IQ has been

Table 1. Demographical and clinical characteristics of BD with (BD P+) and without psychotic symptoms (BD P−)

BD total
sample

(N = 1342)
BD P+ (N = 990)

73.8%
BD P− (N = 352)

26.2% Statistics

Age, mean (S.D.) 49.5 (12.3) 48.2 (11.9) 53.1 (12.4) β = 0.17, t =−6.22, p < 0.001*

Gender male, n (%) 580 (43.2%) 404 (40.8%) 176 (50.0%) B = 0.31, p = 0.015, OR 1.36 (1.06–1.75)

Marital status, n (%) 734.2 (54.7%) 528.2 (53.4%) 206 (58.5%) B =−0.10, p = 0.426, OR 0.90 (0.70–1.16)

Employment status, n (%) 622.6 (46.4%) 466.2 (47.1%) 156.4 (44.4%) χ2(1) = 0.68, p = 0.391

Global functioning, mean (S.D.) 65.3 (12.3) 65.1 (12.4) 65.9 (12.0) β =−0.03, t =−1.08, p = 0.282

Socio economic status, mean (S.D.) 1.8 (1.5) 1.8 (1.5) 1.5 (1.5) β = 0.01, t = 0.20, p = 0.845

Mean level of education (S.D.) 5.0 (1.6) 5.0 (1.6) 4.7 (1.6) Wχ2(1) = 12.28, p < 0.001, OR 0.67 (0.54–0.84)*

Premorbid IQ, mean (S.D.) 106.1 (9.8) 106.4 (10.0) 105.1 (9.7) β = 0.08, t = 2.71, p = 0.007

Anxiety disorder (%) 345 (25.7%) 253 (25.6%) 92 (26.1%) B =−0.13, p = 0.380, OR 0.88 (0.66–1.17)

Age at onset, mean (S.D.) 31.0 (10.6) 29.8 (10.0) 34.2 (11.5) β =−0.09, t =−3.38, p = 0.001*

Nr. of episodes MANCOVA F21 336 = 5.64, p = 0.005, partial η
2 = 0.01

Nr. of depressive episodes, mean (S.D.) 3.8 (2.3) 3.7 (2.3) 4.1 (2.3) F11 337 = 5.15, p = 0.026, partial η
2 < 0.01

Nr. of manic episodes, mean (S.D.) 3.8 (1.9) 3.8 (1.9) 3.8 (2.1) F11 337 = 1.35, p = 0.221, partial η
2 < 0.01

Nr. of hospitalizations MANCOVA F21 337 = 28.94, p < 0.001, partial η
2 = 0.04*

Nr. of hospitalizations for depressive
episodes, mean (S.D.)

1.1 (1.5) 1.1 (1.6) 1.1 (1.5) F11 338 = 0.49, p = 0.322, partial η
2 < 0.01

Nr. of hospitalizations for manic episodes,
mean (S.D.)

1.7 (1.9) 1.8 (1.7) 1.2 (1.6) F11 338 = 56.53, p < 0.001, partial η
2 = 0.04*

Suicide attempts (n = 991) (%) 287 (29.0%) 219 (30.5%) 68 (24.9%) B = 0.25, p = 0.133, OR 1.28 (0.93–1.77)

Total IQ, mean (S.D.) (n = 1060) 97.5 (14.0) 97.9 (14.3) 96.4 (13.3) β = 0.03, t = 1.05, p = 0.296

WAIS MANCOVA (n = 1060) F41 045 = 4.00, p = 0.003, partial η
2 < 0.01

WAIS – Information, mean (S.D.) 10.6 (2.9) 10.7 (2.9) 10.3 (2.8) F11 048 = 7.20, p = 0.007, partial η
2 < 0.01

WAIS – Block Design, mean (S.D.) 9.8 (3.3) 9.9 (3.4) 9.6 (3.2) F11 048 = 0.18, p = 0.673, partial η
2 < 0.01

WAIS – Arithmetic, mean (S.D.) 9.4 (2.6) 9.3 (2.6) 9.5 (2.6) F11 048 = 2.63, p = 0.105, partial η
2 < 0.01

WAIS – Digit Symbol, mean (S.D.) 9.0 (2.7) 9.1 (2.7) 8.8 (2.8) F11 048 = 1.99, p = 0.159, partial η
2<0.01

Childhood trauma total score, mean (S.D.) 42.2 (11.1) 42.5 (11.1) 41.8 (11.3) β = 0.05, t = 2.07, p = 0.039

Trauma subtypes MANCOVA F51 333 = 1.02, p
a = 0.412, partial η2 < 0.01

Sexual abuse, mean (S.D.) 6.3 (3.0) 6.4 (3.2) 6.0 (2.7) F11 337 = 4.21, p = 0.045, partial η
2 < 0.01

Physical abuse, mean (S.D.) 5.8 (2.1) 5.8 (2.2) 5.9 (2.0) F11 337 = 0.44, p = 0.451, partial η
2 < 0.01

Emotional abuse, mean (S.D.) 8.6 (4.1) 8.7 (4.1) 8.3 (4.1) F11 337 = 2.25, p = 0.146, partial η
2 < 0.01

Physical neglect, mean (S.D.) 9.7 (2.2) 9.7 (2.1) 9.7 (2.4) F11 337 = 0.23, p = 0.653, partial η
2 < 0.01

Emotional neglect, mean (S.D.) 11.9 (4.8) 11.9 (4.8) 11.9 (4.8) F11 337 = 1.23, p = 0.316, partial η
2 < 0.01

*Significant between-group difference ( p < 0.0029). Bold fonts are used to highlight significance.
aHotelling’s Trace.
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shown to be high for both schizophrenia patients (R2 = 0.90) and
controls (R2 = 0.86) (Blyler et al., 2000). The average test–retest reli-
ability is 0.95–0.97 (Spreen et al., 1998). The National Adult Reading
Test (NART Dutch version) was used to estimate the premorbid IQ
level (Schmand et al., 1991; Bright et al., 2002). The NART is a single
word, oral reading test consisting of 50 words testing previously
obtained word knowledge. Reliability, test–retest reliability, and
inter-rater reliability estimates of the NART are respectively 0.90,
0.92, and 0.88 (Spreen et al., 1998). The presence of traumatic experi-
ences andmaltreatment in childhood was assessed by the Childhood
Trauma Questionnaire (CTQ) measuring emotional, physical and
sexual abuse, and emotional and physical neglect (Bernstein et al.,
1997). CTQ is a validated and widely used self-report instrument
for both clinical and non-clinical populations. Correlations with
therapists ratings of abuse were reported to be statistically significant
ranging from 0.36 to 0.75 (Spreen et al.,1998). Although the CTQ is
prone to recall bias (Lewinsohn and Rosenbaum, 1987), the validity
of the 25 clinical CTQ items, including a Dutch translation, has been
demonstrated in clinical and population samples (Bernstein et al.,
2003; Thombs et al., 2009; Fergusson et al., 2011). In fact, there is
also evidence that the retrospective assessment of childhood mal-
treatment tends to underestimate rather than over-report real inci-
dence rates (Schreier et al., 2009). Childhood maltreatment was
also investigated in relation to gender differences and the risk for
psychotic symptoms. The inter-rater reliability of the global assess-
ment of functioning ranges from 0.53 to 0.95 (Rey et al., 1995;
Startup et al., 2002).

Demographic characteristics
Marital and employment status was provided by the SCID-I.
Socio-economical status was assessed by an Internet questionnaire
based on the Family Affluence Scale (Currie et al., 2008).
Information on educational performance was gathered by asking
the participants their highest completed level of education based
on the Dutch education system which consists of primary (4–12
years of age), secondary (low, intermediate, high preparatory
vocational, and pre-university), and tertiary education (intermedi-
ate professional education, higher professional education, and
university). Educational level was categorized in seven levels
with university as highest level as previously reported (Vreeker
et al., 2016). In addition, Global Assessment of Functioning was
assessed using the SCID-I.

Clinical course
Information on clinical course was obtained by the self-report
section B of the Questionnaire of Bipolar Disorders providing
information on the number of manic and depressive episodes,
number of hospitalizations for manic and depressive episodes
and age at disease onset (Leverich et al., 2001). The number of
hospitalizations for hypomanic and manic episodes or manic or
hypomanic episodes were considered together, because the dis-
tinction is difficult to make in a retrospective assessment. Age
of disease onset was defined as the age of first pharmacological
treatment. This definition was chosen given the insidious onset
of BDI and the high probability of recall bias in the retrospective
assessment of first reported symptoms (Leverich et al., 2001;
Suppes et al., 2001). Suicidal behavior, categorized if a person
attempted to commit suicide ever (once or more) or never, was
assessed using the suicide questions of the CASH (Andreasen
et al., 1992).

Substance and medication use
Information on current cannabis use was derived from an online
Cannabis Use Inventory questionnaire to asses current and last 2
years cannabis use (Schubart et al., 2011). Alcohol use was defined
by the maximum total amount of glasses of alcohol per week in the
past 12 months provided by the Composite International
Diagnostic Interview (CIDI) (Robins et al., 1988), section B. Data
on lifetime substance abuse and dependence were provided by sec-
tions J and L of the CIDI. The presence of a lifetime comorbid anx-
iety disorders was assessed by the SCID-I, section F. Information
on current and lifetime use of mood stabilizers, antipsychotics,
and antidepressants was assessed using a questionnaire on the
use of psychotropic medication. Data on current and lifetime psy-
chotropic medication use were available in, respectively, 1240 and
922 BDI patients. In addition, current lithium use (n = 1342) was
assessed using a lithium satisfactory questionnaire.

Statistical analyses

Differences between patients with and without lifetime psychotic
symptoms were investigated for all selected demographical and
clinical variables using logistic or linear regression with the pres-
ence of psychosis as a main indicator. In case of categorical mea-
sures, χ2 tests were performed. Correlated outcome measures,
including WAIS subtasks and number of episodes and hospitali-
zations, were analyzed with a multivariate analysis of co-variance
(MANCOVA) including post hoc analysis of co-variance. Analyses
of all variables were adjusted for age and gender. Confounding
analyses were conducted for comorbid anxiety disorder and socio-
economic status in the total set, and alcohol use, cannabis use and
drug abuse and dependence in the available subset. Confounding
was operationalized as those measures that have a significant asso-
ciation (all correlations above 0.7) with the main indicator and the
outcome (psychotic symptoms) and that lead to a larger than 10%
change in the β of the main indicator (Lee, 2014). All variables
that matched this criterion were included as covariate.
Unadjusted results are reported in online Supplementary Tables
S1, S2A and B. Analyses of IQ measures were adjusted for pre-
morbid IQ and a sensitivity analysis was conducted to investigate
the role of missing values. To explore the nature of the psychotic
symptoms, groups of symptoms (the presence of delusions, hallu-
cinations, disorganized speech, Schneiderian, and mood incon-
gruent symptoms) were used as indicators in one single model
simultaneously in order to adjust for their dependencies.

Assumptions were tested for all statistical analyses. In case of
logistic regression, assumptions of multicollinearity were not vio-
lated in any of the analysis [all correlations <0.43 and variance
inflation factor (VIF) <1.3]. In addition, the Hosmer–Lemeshow
test for goodness of fit was violated not at the p < 0.001 level
except in the case of employment status for which we performed
a χ2 test. For linear regression analysis, no multicollinearity was
present as determined by VIF and normality of residuals was
established by the Shapiro–Wilk test. Socio-economic status was
transformed in Z score and CTQ total score was log transformed
to reach approximately normal distributions of all dependent
variables. An ordinal regression was performed in case of educa-
tional level. The assumption of proportional odds was violated but
outcomes were confirmed by six additional logistic regression
analyses, with increasing level of education as split.

For MANCOVA analysis homogeneity of covariance matrices
was analyzed by the Box’s M test with the threshold set at p <
0.01 and was violated for the childhood adversity scales and
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therefore the Hotelling’s Trace is reported to provide a more
robust type I error estimate. Standardized βs were obtained of
six most relevant risk factors to allow comparisons of the effect
size per psychotic symptom group as presented in Fig. 2. In an
additional analysis to investigate which combination of risk fac-
tors provides the best classification of the psychosis v. non-
psychosis distinction, a forward stepwise logistic regression as
implemented in SPSS was conducted with psychosis as outcome
and all demographical characteristics, number of episodes, age
of disease onset, presence of comorbid anxiety disorder, level of
premorbid IQ, total IQ, and childhood maltreatment as potential
indicators. SPSS implements an algorithm whereby addition of
each variable to the model is based on the likelihood ratio statistic,
prioritizing the most statistically significant improvement of the
fit (the cut-off point being 0.05). Subsequently, a logistic regres-
sion was performed to investigate the interaction with gender
with childhood maltreatment on the outcome of psychotic symp-
toms (hallucinations). The differences in psychotropic medication
use between BDI patients with and without psychotic symptoms
were analyzed by a χ2 test. Bonferroni correction for the 17 stat-
istical tests was applied, setting the threshold for statistical signifi-
cance at p < 0.0029.

Missing values were handled using multiple imputation (He,
2010) except for variables with over 15% missing such as in
case of: alcohol use (n = 807), substance abuse (n = 976) and
dependence (n = 1029), suicide attempt (n = 991), and IQ (n =
1066). These data were analyzed in the subset of complete data
after establishing representativeness for the entire cohort.
Finally, the results for IQ (WAIS) were checked for possible con-
founding of a current mood episode. Data analysis was performed
in SPSS, version 22.

Results

Psychotic symptoms in BD

A total of 990 (73.8%) of the 1342 BDI patients had experienced
psychotic symptoms at least once during their lifespan. All demo-
graphic and clinical variables and test statistics are listed in
Table 1. The group of patients with a history of psychotic symp-
toms (BD P+) was significantly different to the group without a
history of psychosis with respect to: a younger age, an earlier
age of onset, more frequent hospitalizations for a manic episode,

and a higher mean level of education. Additional analysis using
six logistic regressions with increasing levels of educations as
split yielded very similar results (data not shown).

Total IQ did not differ significantly between the groups. The
sensitivity analysis showed that participants with incomplete
WAIS data had significantly lower educational level [t(402) =
−3.30, p = 0.001], global functioning [t(490) =−10.9, p < 0.001],
and premorbid IQ [t(399) = −3.10, p = 0.003] as compared with
participants with complete data. In addition, participants with
incomplete data were less frequently employed [χ2(1) = 35.71,
p < 0.001] and married [χ2(1) = 16.52, p < 0.001] but did not differ
in the prevalence of psychotic symptoms [χ2(1) = 0.14, p = 0.713].
A current mood episode was not related to the WAIS results.
Total childhood maltreatment level was not significantly different
between the two groups, nor were the levels of the five maltreat-
ment subtypes. The optimal logistic regression to classify lifetime
psychotic symptoms as outcome showed that a higher level of
educational performance [B = 0.14, p = 0.002, OR 1.15 (1.05–
1.26)], less frequent depressive episodes [B =−0.12, p < 0.001,
OR 0.89 (0.83–0.95)], being female [B =−0.32, p = 0.025, OR
0.72 (0.54–0.96)], and a lower age of disease onset [B = −0.04,
p < 0.001, OR = 0.96 (0.95–0.97)] significantly contributed to the
classification. The Nagelkerke R2 of the optimal model was 0.09.

Prevalence of delusions and hallucinations

In the BD P+ group, 916 patients (92.5%) had experienced delu-
sions. Within this group, 61.7% had a history of delusions of gran-
diosity, 61.5% delusions of reference, and 38.5% persecutory
delusions. Other delusions, including somatic, erotomanic delu-
sions, and delusions of jealousy and guilt, occurred in 39.9% of
the psychotic patients. A history of hallucinations occurred in
58.0% of the BD P+ patients, of which 33.4% had a history of
auditory hallucinations and 39.0% visual hallucinations, 20.9%
of the BD P+ had both. Table 2 provides the rates of all reported
psychotic symptoms and a comparison to other studies.

A history of delusions and hallucinations occurred isolated in,
respectively, 411 (42.0%) and 62 (6.3%) of the BD P+ group. The
combination of a history of hallucinations and delusions was pre-
sent in 505 (51.6%) of the BD P+ group. The bipolar patients with
a history of delusions only (n = 411) reported delusions of grandi-
osity in 60.6% of the cases, delusions of reference also in 60.6%,
and persecutory delusions in 35.0% of the patients compared

Table 2. Comparison of rates of psychotic symptoms between this study and others

BD sample (N = 1342) (%) Literature

Psychotic symptoms 73.8 58–70% (Goodwin and Jamison, 1990; Upthegrove et al., 2015)

Delusions 68.9 65% (Upthegrove et al., 2015)

Delusions of grandiosity 61.7 35–60% (Dunayevic and Keck, 2000)

Delusions of persecutory 38.5 18–65% (Dunayevic and Keck, 2000)

Hallucinations 42.7

Auditory hallucinations 24.6 23% (Upthegrove et al., 2015)

Visual hallucinations 28.6 14% (Upthegrove et al., 2015)

Mood incongruent symptoms 30.1 20% (Fennig et al., 1996; Keck et al., 2003)

Schneiderian symptoms 21.2 9–34% (Tohen et al., 1992; Carlson et al., 2012; Goodwin and Jamison, 1990; Keck et al., 2003)

Formal thought disorder 59.7 9–84% (Goodwin and Jamison, 1990; Keck et al., 2003)
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with: delusions of grandiosity in 70.1%, delusions of reference in
69.5%, persecutory delusions in 46.1% in patients with both hal-
lucinations and delusions [delusions of grandiosity: χ2(1) = 8.37,
p = 0.004, delusions of reference: χ2(1) = 8.02, p = 0.005, persecu-
tory delusions: χ2(1) = 11.64, p = 0.001]. The overlap of all five
psychotic symptom groups is displayed in Fig. 1.

Determinants of delusions and hallucinations

Delusions
Patients with a history of delusions (n = 916, 68.9%) were signifi-
cantly younger and had a significantly higher mean level of edu-
cation and premorbid IQ compared with the overall BDI group.

In addition, the presence of a history of delusions was signifi-
cantly associated with more frequent hospitalizations for a (hypo)
manic episode. Table 3 provides a complete overview of the clin-
ical and demographic and neurocognitive features of delusions in
BDI.

Hallucinations
A history of hallucinations was present in 567 (42.7%) patients.
Patients with a history of hallucinations were more often female,
suffered significantly more manic episodes, and childhood mal-
treatment. Particularly, auditory hallucinations were significantly
associated with higher levels of childhood maltreatment (β =
0.08, t = 2.66, p = 0.008), in contrast to visual hallucinations
(β = 0.04, t = 0.02, p = 0.255). Women reported significantly
higher levels of childhood maltreatment (t = 2.46, p = 0.014) but
no interaction between gender and childhood maltreatment on

the risk for hallucinations was present (gender × childhood mal-
treatment W = 0.08, B = 0.00, p = 0.782). See Table 3 for a com-
plete overview of the clinical, demographic, and neurocognitive
features of BDI patients with lifetime hallucinations.

Determinants of mood incongruent symptoms, Schneiderian
symptoms, and disorganized speech

The prevalence of a history of mood incongruent symptoms,
Schneiderian symptoms, and disorganized speech in this BDI
cohort was respectively 404 (30.1%), 284 (21.2%), and 801
(59.7%). Patients with a history of mood incongruent symptoms
scored significantly higher on total IQ and patients with a history
of disorganized speech had more frequent manic episodes. The
presence of a history of Schneiderian symptoms showed no sig-
nificant associations with any of the investigated variables.

See Table 4 for a complete overview of the clinical, demo-
graphic, and neurocognitive features of BDI patients with a his-
tory of mood incongruent symptoms, Schneiderian symptoms,
and disorganized speech.

To provide an overview of the relationship between psychotic
symptoms and the selected risk factors, we presented the standar-
dized effect size (β) of the six most important risk factors for
psychotic symptoms in Fig. 2.

Medication use

No significant differences between patients with or without
psychosis was found for current use of antidepressants [χ2(1) = 2.2,

Fig. 1. Venn diagram of overlap of patients with delusions/hallucinations/mood incongruent symptoms/Schneiderian symptoms/disorganized speech, N = 1155.
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p = 0.138], mood stabilizers [χ2(1) = 1.9, p = 0.166], antipsychotics
[χ2(1) = 4.6, p = 0.060] nor for a history of antidepressant [χ2(1) =
2.2, p = 0.073] and mood stabilizers [χ2(1) = 1.5, p = 0.221]. Also,
current lithium use was not significantly different either between
the groups [χ2(2) = 0.59, p = 0.751]. As to be expected, lifetime use
of antipsychotics in BDI patients with a history of psychotic
symptoms was significantly more frequent [χ2(1) = 45.8, p <
0.001].

Comorbid anxiety disorders and socio-economic status:

All analyses of psychotic symptoms were adjusted for comorbid
anxiety disorders and/or socio-economic status, based on our def-
inition of potential confounding.

Substance use

In the subset (N = 922) with data on substance use, alcohol use,
lifetime substance abuse, or dependence were not confounding
the reported relations with lifetime psychotic symptoms.
Similarly, alcohol and substance use did not confound the rela-
tions with delusions, hallucinations, mood incongruent symp-
toms, Schneiderian symptoms, and disorganized speech (all
correlations below 0.7 and changes in β after inclusion as covari-
ate <10%).

Discussion

In a large comprehensively characterized sample of 1342 BDI
patients, we observed a high frequency of lifetime psychotic

Table 3. Association of hallucinations and delusions with demographical and clinical characteristics in BD type I patients

Test statistics delusions N = 925 (68.9%) Test statistics hallucinations N = 572.6 (42.7%)

Age β = 0.08, t =−5.35, p < 0.001* β = 0.04, t = 0.80, p = 0.423

Gender B =−0.06, p = 0.651, OR 0.93 (0.72–1.32) B = 0.43, p = 0.001, OR 1.54 (1.18–1.99)*

Marital status B =−0.23, p = 0.101, OR 0.80 (0.53–1.03) B = 0.04, p = 0.792, OR 1.04 (0.79–1.47)

Employment status B = 0.13, p = 0.367, OR 1.04 (0.86–1.51) B =−0.12, p = 0.337, OR 0.87 (0.68–1.16)

Global functioning β = 0.05, t = 1.61, p = 0.109, β =−0.07, t =−2.219, p = 0.029

Socio economic status β =−0.01, t =−0.28, p = 0.783 β =−0.03, t =−1.16, p = 0.248

Mean level of education Wχ2(1) = 14.77, p < 0.001, OR 0.59 (0.47–0.75)* Wχ2(1) = 1.91, p = 0.184, OR 0.59 (0.93–1.47)

Premorbid IQ β = 0.12, t = 3.66, p < 0.001* β =−0.03, t =−1.04, p = 0.148

Anxiety disorder B =−0.37, p = 0.022, OR 0.69 (0.51–0.95) B = 0.15, p = 0.321, OR 1.16 (0.87–1.56)

Age at onset β =−0.07, t =−2.63, p = 0.009 β =−0.04, t =−1.61, p = 0.109

Nr. of episodes MANCOVA F21 339 = 5.72, p = 0.005, partial η
2 = 0.01 F21 339 = 6.30, p = 0.002, partial η

2 = 0.01*

Nr. of depressive episodes F11 333 = 11.15, p = 0.001, partial η
2 < 0.01 F11 333 = 2.25, p = 0.125, partial η

2 < 0.01

Nr. of manic episodes F11 333 = 3.15, p = 0.077, partial η
2 < 0.01 F11 333 = 12.59, p < 0.001, partial η

2 = 0.01*

Nr. of hospitalizations MANCOVA F21 339 = 20.86, p
a<0.001, partial η2 = 0.03* F21 339 = 2.33, p

a = 0.115, partial η2 < 0.01

Nr. of hospitalizations for depressive episodes F11 333 = 1.95, p = 0.179, partial η
2 < 0.01 F11 333 = 4.55, p = 0.083, partial η

2 < 0.01

Nr. of hospitalizations for manic episodes F11 333 = 33.23, p < 0.001, partial η
2 = 0.02* F11 333 = 0.68, p = 0.333, partial η

2 < 0.01

Nr. of suicide attempts (n = 991) B = 0.12, p = 0.494, OR 1.13 (0.80–1.60) B = 0.20, p = 0.235, OR 1.22 (0.88–1.70)

Total IQ β =−0.012, t =−0.62, p = 0.534 β =−0.01, t =−0.47, p = 0.639

WAIS MANCOVA F4974 = 2.51, p = 0.040, partial η
2 = 0.01 F4974 = 1.01, p = 0.399, partial η

2 < 0.01

WAIS – Information F1981 = 1.07, p = 0.301, partial η
2 < 0.01 F1981 = 1.07, p = 0.302, partial η

2 < 0.01

WAIS – Block Design F1981 = 0.54, p = 0.461, partial η
2 < 0.01 F1981 = 0.35, p = 0.557, partial η

2 < 0.01

WAIS – Arithmetic F1981 = 4.46, p = 0.615, partial η
2 < 0.01 F1981 = 0.11, p = 0.744, partial η

2 < 0.01

WAIS – Digit Symbol F1981 = 0.94, p = 0.332, partial η
2 < 0.01 F1981 = 2.27, p = 0.132, partial η

2 < 0.01

Childhood trauma total score β =−0.01, t =−0.25, p = 0.803 β = 0.09, t = 3.04, p = 0.002*

Trauma subtypes MANCOVA F51 328 = 0.61, p
a = 0.691, partial η2 < 0.01 F51 328 = 2.32, p

a = 0.045, partial η2 < 0.01

Sexual abuse F11 332 = 0.10, p = 0.474, partial η
2 < 0.01 F11 332 = 1.06, p = 0.321, partial η

2 < 0.01

Physical abuse F11 332 = 2.01, p = 0.171, partial η
2 < 0.01 F11 332 = 5.99, p = 0.015, partial η

2 < 0.01

Emotional abuse F11 332 = 0.09, p = 0.822, partial η
2 < 0.01 F11 332 = 5.53, p = 0.021, partial η

2 < 0.01

Physical neglect F11 332 = 0.12, p = 0.828, partial η
2 < 0.01 F11 332 = 1.24, p = 0.283, partial η

2 < 0.01

Emotional neglect F11 332 = 0.39, p = 0.560, partial η
2 < 0.01 F11 332 = 8.41, p = 0.004, partial η

2 < 0.01

*Significant between-group difference ( p < 0.0029). Bold fonts are used to highlight significance.
aLawley’s Hotelling’s Trace.
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Table 4. Association of mood incongruent symptoms, Schneiderian symptoms, and disorganized speech with demographical and clinical characteristics in BD type I patients

Test statistics mood incongruent symptoms
N = 404 (30.1%)

Test statistics Schneiderian symptoms
N = 284 (21.2%)

Test statistics disorganized speech
N = 801 (59.7%)

Age β =−0.01, t =−0.01, p = 0.994 β =−0.01, t =−0.56, p = 0.579 β = 0.02, t =−2.58, p = 0.012

Gender B = 0.21, p = 0.124, OR 0.12 (0.94–1.61) B = 0.24, p = 0.132, OR 1.27 (0.93–1.73) B =−0.08, p = 0.504, OR 0.92 (0.73–1.17)

Marital status B = 0.30, p = 0.024, OR 0.14 (0.98–1.83) B =−0.16, p = 0.309, OR 0.86 (0.59–1.19) B = 0.01, p = 0.958, OR 1.01 (0.79–1.41)

Employment status B =−0.18, p = 0.203, OR 0.84 (0.64–1.10) B =−0.27, p = 0.092, OR 0.76 (0.56–1.05) B = 0.00, p = 0.989, OR 1.00 (0.79–1.27)

Global functioning β =−0.01, t =−0.15, p = 0.890 β =−0.09, t =−2.71, p = 0.007 β =−0.06, t =−2.32, p = 0.021

Socio economic status β = 0.02, t = 0.68, p = 0.498 β = 0.04, t = 0.1.40, p = 0.161 β = 0.03, t = 1.26, p = 0.211

Mean level of education Wχ2(1) = 0.63, p = 0.383, OR 0.90 (0.72–1.14) Wχ2(1) = 0.19, p = 0.696, OR 1.05 (0.81–1.37) Wχ2(1) = 2.05, p = 0.165, OR 1.15 (0.94–1.41)

Premorbid IQ β = 0.02, t = 0.50, p = 0.618 β =−0.05, t =−1.73, p = 0.085 β =−0.04, t =−1.23, p = 0.212

Anxiety disorder B = 0.10, p = 0.499, OR 1.11 (0.83–1.49) B = 0.39, p = 0.018, OR 1.48 (1.07–2.05) B = 0.22, p = 0.094, OR 1.26 (0.96–1.64)

Age at onset β = 0.01, t = 0.19, p = 0.852 β =−0.01, t =−0.27, p = 0.791 β = 0.00, t =−0.02, p = 0.987

Nr. of episodes MANCOVA F21 339 = 0.05, p = 0.951, partial η
2 < 0.01 F21 339 = 0.49, p = 0.472, partial η

2 < 0.01 F21 339 = 8.29, p < 0.001, partial η
2 = 0.01*

Nr. of depressive episodes F11 333 = 0.09, p = 0.850, partial η
2 < 0.01 F11 333 = 0.03, p = 0.859, partial η

2 < 0.01 F11 333 = 1.54, p = 0.258, partial η
2 < 0.01

Nr. of manic episodes F11 333 = 0.45, p = 0.863, partial η
2 < 0.01 F11 333 = 0.75, p = 0.384, partial η

2 < 0.01 F11 333 = 16.14, p < 0.001, partial η
2 = 0.01*

Nr. of hospitalizations MANCOVA F21 339 = 1.27, p
a = 0.285, partial η2 < 0.01 F21 339 = 2.71, p

a = 0.073, partial η2 < 0.01 F21 339 = 0.80, p
a = 0.285, partial η2 < 0.01

Nr. of hospitalizations for depressive episodes F11 333 = 2.02, p = 0.159, partial η
2 < 0.01 F11 333 = 0.64, p = 0.432, partial η

2 < 0.01 F11 333 = 0.20, p = 0.715, partial η
2 < 0.01

Nr. of hospitalizations for manic episodes F11 333 = 0.13, p = 0.570, partial η
2 < 0.01 F11 333 = 5.37, p = 0.100, partial η

2 < 0.01 F11 333 = 1.09, p = 0.348, partial η
2 < 0.01

Nr. of suicide attempts B =−0.10, p = 0.571, OR 0.91 (0.65–1.27) B = 0.09, p = 0.644, OR 1.09 (0.75–1.58) B = 0.12, p = 0.430, OR 1.13 (0.83–1.54)

Total IQ (n = 1060) β = 0.09, t = 3.30, p = 0.001* β = 0.012, t = 0.51, p = 0.614 β = 0.08, t = 3.01, p = 0.003

WAIS MANCOVA (n = 1060) F4974 = 2.76, p = 0.039, partial η
2 = 0.01 F4974 = 0.378, p = 0.378, partial η

2 < 0.01 F4974 = 3.55, p = 0.007, partial η
2 = 0.01

WAIS – Information F1981 = 7.18, p = 0.008, partial η
2 = 0.01 F1981 = 0.22, p = 0.638, partial η

2 < 0.01 F1981 = 7.18, p = 0.008, partial η
2 = 0.01

WAIS – Block Design F1981 = 5.33, p = 0.021, partial η
2 = 0.01 F1981 = 1.76, p = 0.186, partial η

2 < 0.01 F1981 = 0.53, p = 0.021, partial η
2 = 0.01

WAIS – Arithmetic F1981 = 2.04, p = 0.154, partial η
2 < 0.01 F1981 = 0.03, p = 0.871, partial η

2 < 0.01 F1981 = 2.04, p = 0.154, partial η
2 < 0.01

WAIS – Digit Symbol F1981 = 3.27, p = 0.071, partial η
2 < 0.01 F1981 = 0.87, p = 0.352, partial η

2 < 0.01 F1981 = 3.27, p = 0.071, partial η
2 < 0.01

Childhood trauma total score β =−0.02, t =−0.80, p = 0.426 β = 0.04, t = 1.40, p = 0.162 β = 0.08, t = 2.40, p = 0.019

Trauma subtypes MANCOVA F51 328 = 2.87, p
a = 0.023, partial η2 = 0.01 F51 328 = 1.02, p

a = 0.409, partial η2 < 0.01 F51 328 = 4.86, p
a = 0.007, partial η2 = 0.02

Sexual abuse F11 332 = 1.95, p = 0.177, partial η
2 < 0.01 F11 332 = 1.69, p = 0.207, partial η

2 < 0.01 F11 332 = 7.51, p = 0.010, partial η
2 = 0.01

Physical abuse F11 332 = 0.07, p = 0.814, partial η
2 < 0.01 F11 332 = 0.48, p = 0.492, partial η

2 < 0.01 F11 332 = 11.22, p = 0.002, partial η
2 = 0.01

Emotional abuse F11 332 = 0.58, p = 0.883, partial η
2<0.01 F11 332 = 0.58, p = 0.469, partial η

2 < 0.01 F11 332 = 5.69, p = 0.025, partial η
2 = 0.01

Physical neglect F11 332 = 10.03, p = 0.002, partial η
2 = 0.01 F11 332 = 3.48, p = 0.066, partial η

2 < 0.01 F11 332 = 5.32, p = 0.097, partial η
2 < 0.01

Emotional neglect F11 332 = 1.04, p = 0.323, partial η
2 < 0.01 F11 332 = 0.62, p = 0.437, partial η

2 < 0.01 F11 332 = 0.48, p = 0.526, partial η
2 < 0.01

*Significant between-group difference ( p < 0.0029). Bold fonts are used to highlight significance.
aLawley’s Hotelling’s Trace.
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(a)

(b)

Fig. 2. (a) Relationship between psychotic symptoms and age at onset, number of episodes, global functioning, IQ, and childhood maltreatment (*significantly
associated with psychotic symptoms, p < 0.0029, for graphical purposes standardized βs were obtained from separate binary logistic regressions). (b)
Relationship between delusions/hallucinations/mood incongruent symptoms/Schneiderian symptoms/disorganized speech and age at onset, number of episodes,
global functioning, IQ, and childhood maltreatment (*significantly associated with psychotic symptoms, p < 0.0029, for graphical purposes standardized βs were
obtained from separate binary logistic regressions).
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symptoms (73.8%) including delusions (68.9%), hallucinations
(42.7%), mood incongruent symptoms (30.1%), Schneiderian symp-
toms (21.2%), and formal thought disorder (59.7%). Psychotic
symptoms were associated with a more severe illness course, an
earlier onset of disease, and more frequent hospitalizations.

The characteristics of patients with different types of psychotic
symptoms were considerably overlapping but were significantly
different with respect to the level of childhood maltreatment.
Auditory hallucinations stood out as the psychotic feature that
was associated with higher levels of childhood maltreatment.
Women were significantly more likely to have a history of
hallucinations as compared with men.

Prevalences of (specific) psychotic symptoms

The reported prevalences in this study are in line with previous
studies reporting on a history of psychotic symptoms (Goodwin
and Jamison, 1990; Keck et al., 2003; Bora et al., 2010;
Upthegrove et al., 2015) and the frequency of specific psychotic
symptoms, including delusions (Dunayevich and Keck, 2000;
Upthegrove et al., 2015), mood incongruent symptoms (Fennig
et al., 1996; Keck et al., 2003), Schneiderian symptoms
(Goodwin and Jamison, 1990; Keck et al., 2003; Carlson et al.,
2012), and formal thought disorder (Goodwin and Jamison,
1990; Keck et al., 2003) (see Table 2). However, the observed fre-
quency of visual hallucinations (28.6%) is much higher than the
14% for visual hallucinations reported by Upthegrove et al.
(2015). This difference in frequency may reflect differences
between the study populations or differences in the assessment
of the hallucinations between studies. The reported rate of visual
hallucinations in this BDI sample are comparable to those in
schizophrenia (Bauer et al., 2011). In contrast to the prevalences
of auditory hallucinations, Schneiderian symptoms and mood
incongruent symptoms in our study are low compared with the
rates reported in schizophrenia (Mueser et al., 1990; Baethge
et al., 2005).

Demographic characteristics and life course

We found that woman were more likely to suffer from hallucina-
tions compared with men [OR 1.54 (1.18–1.99)] in contrast to
equivalent gender rates reported in several smaller studies (Keck
et al., 2003; Bora et al., 2010; Özyildirim et al., 2010). However,
the largest study by Upthegrove et al. (n = 2019) also reported
more woman in the psychosis group (Upthegrove et al., 2015).
Of note is that sex ratios in BD are nearly equal (Weissman
et al., 1996; Hendrick et al., 2000) but for schizophrenia an excess
of males that have a more severe disease course is reported
(Aleman et al., 2003). In our study, the patients with a history
of hallucinations (being more frequently female) suffer a more
severe disease course, reflected by a more (hypo) manic episodes.
This raises the question whether a misclassification has occurred
whereby women with psychotic symptoms are diagnosed with BD
rather than with schizophrenia. Another potential explanation for
the gender differences may be found in the association with child-
hood maltreatment. In general and also in this study, women
report higher level of childhood maltreatment. The relation of
childhood trauma with the risk for psychosis in affective disorders
may be specific for women (Fisher et al., 2009). Our data did not
support this explanation as no significant interaction between
gender and childhood maltreatment on risk to develop psychotic
symptoms was found.

The association of childhood maltreatment with a history of
auditory hallucinations in BDI is in agreement with previous
studies that reported an association of hallucinations with early
life events in BD (Hammersley et al., 2003; Upthegrove et al.,
2015). This study replicates these reports and further provides evi-
dence that the relationship between childhood adversity and
psychosis in BD is particularly strong for auditory hallucinations.
Such a relationship is reported in schizophrenia as well, unrelated
to specific type of childhood adversity (Read et al., 2005; Varese
et al., 2012), suggesting the relation is present across diagnostic
boundaries of psychiatric disorders.

Clinical characteristics

Our study adds support for a more manic disease profile (as
defined by more frequent hospitalizations for manic episodes)
(Özyildirim et al., 2010) as characteristic of BDI patients with
psychosis. The presence of psychosis is also accompanied by an
earlier disease onset (Bora et al., 2010; Upthegrove et al., 2015),
more frequent hospital admissions, mood episodes (Bora et al.,
2010; Özyildirim et al., 2010; Upthegrove et al., 2015), and higher
symptom severity (Coryell et al., 2001; Özyildirim et al., 2010). Of
note is that the most recent genome wide association study
(GWAS) of over 100 000 bipolar and schizophrenia patients con-
ducted by the Bipolar Disorder and Schizophrenia Working
Group of the Psychiatric Genomics Consortium (PGC) (Bipolar
Disorder and schizophrenia Working Group of the Psychiatric
Genomics Consortium, 2018) demonstrated that bipolar patients
with psychotic features have significantly higher schizophrenia
polygenic risk scores than bipolar patients without psychotic fea-
tures. Moreover, they showed that higher polygenic risk scores for
schizophrenia in bipolar patients are associated with a more
severe illness course reflected by more frequent hospitalizations
and an earlier onset of the disease (Bipolar Disorder and schizo-
phrenia Working Group of the Psychiatric Genomics
Consortium, 2018). This is consistent with our finding that BD
patients with a history of psychotic symptoms have an earlier dis-
ease onset and more hospitalizations for a manic episode v.
patients without psychotic symptoms. Together, this suggests
that within the bipolar spectrum, a (genetic) differentiation may
be present that clinically presents with psychotic features and a
more severe disease course.

In contrast to the association of psychosis to a manic and more
severe disease profile, patients with mood incongruent and
Schneiderian symptoms did not show differences in disease pro-
file. Particularly, previous reports of more depressive episodes in
BDI patients with mood incongruent symptoms (Tohen et al.,
1992; Toni et al., 2001) could not be replicated. However, these
were relatively small studies (n⩽ 155) and the other large study
(Upthegrove et al., 2015) did not report on clinical characteristics
in relation to a history of mood incongruent symptoms.

Neurocognitive characteristics

The relationship between cognitive function and psychotic symp-
toms was ambiguous. A higher educational performance in the
psychosis group but the absence of significant differences in IQ
are in contrast to most studies that reported no differences
between BD with or without psychotic symptoms for these mea-
sures (Glahn et al., 2006, 2007; Savitz et al., 2009; Simonsen et al.,
2011; Aminoff et al., 2013). However, one previous study also
showed a higher level of premorbid functioning BDI patients
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with a history of psychotic symptoms (Selva et al., 2007). The lar-
gest study to date on cognitive function in 774 bipolar patients
showed greater severity of cognitive deficits in those with psych-
otic symptoms (Bora et al., 2010) in accordance with similar find-
ings in schizophrenia (MacCabe, 2008; Kahn and Keefe, 2013).
An explanation of these discrepancies may be found in previous
reports of increased educational performance in BD patients par-
ticularly in those with a tendency toward manic episodes
(MacCabe et al., 2010; Vreeker et al., 2016). There also may be
influence of the presence of an academic environment or pressure
for academic achievement, which the current study did not take
into account. Sampling bias provides a likely explanation, particu-
larly considering the bias in this study for drop out in participat-
ing in the IQ measurements for those with low educational level.

Limitations

Strength of our study lies in the very comprehensive assessment in
a large sample of BDI patients although the retrospective and the
cross-sectional data collection poses an inherent limitation. A fur-
ther limitation is that the measures of reliability of all used psy-
chometric tests were limited to reporting general reliability
statistics. However, all instruments are widely used, have a long-
standing record of validity, and were used by one team of well-
trained collaborators in one single university hospital. Despite
the fact that we cannot rule out rater variability, there is also no
reason to assume this variation is systematic and has led to
bias. The self-report online assessment in our study, consisting
of the CTQ and medical questionnaire, is reported to be fairly
equivalent to paper–pencil versions (Prescott et al., 2000;
Vallejo et al., 2007; Vleeschouwer et al., 2014). Despite multivari-
ate analysis, residual confounding may remain as we did not
adjust for several unmeasured potentially confounding factors,
such as the number of psychotic episodes, the age of onset of
psychosis, and comorbid disorders other than anxiety disorders.
Also, whereas the current selection of clinical characteristics is
comprehensive and constitutes the most relevant items, it is by
no means exhaustive and other measures may have additional
value for identifying distinct subgroups of patients. Multiple test-
ing was handled by using a Bonferroni correction avoiding type I
error inflation and report more reliable findings albeit at the
expense of power. Finally, despite our large sample, we cannot
be sure that our population is representative although there also
is no reason to assume bias, particularly considering the predom-
inantly non-clinical recruitment.

Summary

Overall, we showed in a large well-characterized sample of 1342
bipolar type I patients that 73.8% of the patients presented a his-
tory of psychotic symptoms including delusions, hallucinations,
formal thought disorder, mood incongruent, and Schneiderian
symptoms. The uniqueness of this study is the comprehensive
data collection, including demographic, clinical, and neurocogni-
tive characteristics in a large cohort of bipolar type I patients. This
study is the most comprehensive analysis of determinants and
characteristics of psychotic symptoms in BD to date.

Overall, our findings suggest that psychotic symptoms in BD
are associated with a more severe, predominantly manic illness
course. BDI patients suffering from distinct psychotic symptoms
(including hallucinations, delusions, formal thought disorder,
mood incongruent and Schneiderian symptoms) showed

interesting difference in disease course and history of childhood
maltreatment. Hallucinations stood out by its association with a
history of childhood maltreatment. Nevertheless, the overlap
between patients with a particular symptom type was large as
can also be seen in the Venn diagram (Fig. 1). Moreover, a clas-
sifier built from all characteristics could accurately predict just
about 8% of the cases showing that the current set of risk factors
does not provide a good distinction between the psychosis and
non-psychosis group. In summary, our results do not point to a
clear categorical distinct psychotic subtype but do support a dif-
ferentiation in severity within BDI based on psychosis vulnerabil-
ity (Bipolar Disorder and schizophrenia Working Group of the
Psychiatric Genomics Consortium, 2018). In future research, the
role of distinct risk factors such as trauma in relation to specific
psychotic symptoms could be better investigated by prospective
studies across psychiatric diagnostic boundaries. This combined
with recent genetic insight may provide a lead in further unravel-
ling the etiology of psychosis across psychiatric disorders.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291718002854.
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