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ARTICLE INFO ABSTRACT
Atticle history: Background: Visual hallucinations (VH) are a common, but understudied symptom of psychosis, experienced by
Received 20 July 2018 individuals across diagnostic categories of psychotic and neuropsychiatric conditions. There are limited data on
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VH and associated clinical phenotypes in adult idiopathic psychotic disorders, which are needed to elucidate
their relevance to psychotic illness paradigms.

Method: In this cross-sectional study, we examined clinical risk factors for VH in a well-characterized sample of
Keywords: 766 patients with adult psychotic disorders across diagnostic categories of schizophrenia (n = 227),
Hallucinations schizoaffective disorder (n = 210), and bipolar I disorder (n = 329). The Structured Clinical Interview for
Visual DSM-IV-TR was used for diagnosis and symptom measurements.

Results: The prevalence of VH was 26.1% (200/766). Multivariate logistic regression showed that VH were inde-
pendently associated with the presence of hallucinations in other modalities, including auditory, tactile, olfactory,
and gustatory hallucinations. History of a suicide attempt and catatonic behavior were also associated with VH. In
addition, specific delusions were associated with VH, in particular, delusions of control, and religious, erotomanic
and jealousy delusions. Diagnosis, negative symptoms, and family history of psychosis were not independent
predictors of VH.

Conclusions: Results showed the clinical and disease relevance of VH as they were associated with severe morbid-
ity of illness, including suicide attempts and catatonic behavior. Findings also suggest a phenotype associated
with hallucinations in other modalities and specific types of delusions. Based on our findings, VH may be a signif-
icant factor in assessing for suicidality and illness severity, warranting clinical attention and further study of un-
derlying mechanisms.
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1. Introduction correlates. In working towards models of hallucinations, identifying
symptomatology specifically related to VH could provide phenotypes

Hallucinations are a core diagnostic feature of psychotic disorders. to better understand concomitants of hallucinations across different

They involve different sensory modalities, including auditory, visual, ol-
factory, tactile and gustatory hallucinations, among others (Lim et al.,
2016). Visual hallucinations (VH) are commonly found across diagnos-
tic categories of psychotic disorders (Baethge et al., 2005; Lewandowski
et al,, 2009; Shinn et al., 2012). Recent studies have found rates of VH in
schizophrenia spectrum disorders to be between 23 and 38.5%, with the
presence of VH early in psychotic illness (Clark et al., 2017; McCarthy-
Jones et al,, 2017; Waters et al., 2014). Despite their prevalence in psy-
chotic disorders, there are limited data on this psychotic symptom, in-
cluding its associated clinical phenotypes and neurobiological
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sensory modalities. Such an approach in psychotic disorders may
allow us to disentangle heterogeneity and the significance of specific
hallucinatory and psychotic experiences, informing the study of under-
lying mechanisms. Importantly, as VH are common, a better under-
standing of the clinical relevance of VH may also guide clinical practice.

A distinguishing feature of VH is that they are commonly observed in
both psychiatric and neurological conditions, including neurodegenera-
tive disorders, such as Parkinson's disease (Fenelon and Alves, 2010)
and dementia with Lewy bodies (McKeith et al., 2005). Historically,
VH were once considered to be related mainly to neurological condi-
tions. Perhaps as a result, VH have been well-characterized in
Parkinson's disease and other neurodegenerative disorders (Fenelon
et al., 2000; Gallagher et al., 2011), even spurring the development of
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new treatments (Sahli and Tarazi, 2018). In contrast, VH remain an
understudied symptom of psychosis in psychiatric conditions. The
cross-over of VH in several neuropsychiatric conditions is a compelling
feature of this psychotic symptom. In Parkinson's disease, VH are com-
mon and associated with greater severity of disease. There is also
some evidence to suggest that VH are associated with more severe ill-
ness in psychotic disorders (Clark et al., 2017; Mueser et al., 1990). In
childhood onset schizophrenia, a form of schizophrenia with greater ge-
netic loading, VH are more common with a high prevalence of up to 80%
(David et al.,, 2011). VH in childhood onset schizophrenia have been as-
sociated with markers of greater illness severity, including earlier age of
onset of psychosis, lower IQ scores, and lower functional status (David
etal, 2011). Although there are limited data in adult psychotic disor-
ders, from studies with mostly small samples sizes in non-affective psy-
chotic disorders, these findings suggest that there may be underlying
mechanisms of VH, which result in a more severe clinical phenotype,
in parallel with neurodegenerative disorders. In addition, to date, in
psychotic disorders, VH have been found to occur most frequently in as-
sociation with other hallucinations, in particular auditory hallucinations
(AH) (Bracha et al., 1989; Goodwin et al., 1971; Shinn et al., 2012). A re-
cent study in schizophrenia spectrum disorders concluded that halluci-
nations in one modality, particularly AH, increased the risk of having
multimodal hallucinations (Lim et al., 2016). It is possible that as multi-
ple sensory modalities are affected, there is greater severity of psychotic
illness, overall.

Given the paucity of data on VH across psychotic disorders, we stud-
ied the association of VH with other clinical features in a large, well-
characterized, cross diagnostic sample of psychotic disorders. We ex-
pected that the presence of VH would be associated with hallucinations
in other sensory modalities and hypothesized that VH, in this multi-
modal hallucinatory context, would be associated with factors of greater
illness morbidity, including negative symptoms, catatonic behavior and
family history of psychotic disorders. We specifically used a dimensional
approach to study the significance of VH in psychosis and included pa-
tients with schizophrenia, schizoaffective and bipolar disorders. In-
creasing evidence from genetic, as well as physiologic studies, suggest
that there are shared risk determinants across non-affective and affec-
tive psychotic disorders (Erlenmeyer-Kimling et al, 1995;
International Schizophrenia Consortium et al., 2009), and that these dis-
orders are syndromes on a continuum, rather than separate neurobio-
logical disease processes. In support of a cross-diagnostic approach,
VH are found in patients across diagnostic categories of psychotic disor-
ders (Shinn et al.,, 2012). Moving beyond diagnostic classifications in
psychotic disorders, and even neuropsychiatric diseases, to study VH
may provide valuable clinical and psychopathological insights (Insel
et al., 2010).

2. Materials and methods
2.1. Participants

We assessed 766 patients with schizophrenia (n = 227),
schizoaffective disorder (n = 210) and bipolar I disorder with psychotic
features (n = 329). Participants were recruited for an ongoing genetic
association study of psychotic and mood disorders at McLean Hospital.
At the time of this study, patients were included if they were 18 to
89 years old and had a diagnosis of schizophrenia, schizoaffective disor-
der or bipolar disorder with psychotic features. There were 589 inpa-
tients recruited from inpatient units at McLean Hospital and 177
outpatients recruited through flyers posted at McLean Hospital. Partici-
pants were excluded if their diagnosis was attributable to a general
medical condition or substance use, or if they had a history of significant
head trauma or developmental disorder. The study was approved by the
McLean Hospital Institutional Review Board and participants provided
written informed consent.

2.2. Clinical assessments

The Structured Clinical Interview for DSM-IV-TR (SCID) (First et al.,
1995) was administered with participants for diagnosis and symptom
identification, including VH. This assessment was also informed by
reviewing hospital records and obtaining information from family and
outpatient providers. The VH group included patients with a lifetime
history of VH and the non-VH group included patients without a history
of VH. In both groups, patients may have additionally reported AH or
other types hallucinations. Tactile, olfactory and gustatory hallucina-
tions (TOGH) were combined into one category because of their rela-
tively low frequency (Lewandowski et al., 2009). Psychotic symptom
measures from the SCID were all based on lifetime occurrence as the
SCID does not distinguish lifetime and current presence for individual
psychotic symptoms. We also quantified the total number of DSM Axis
[ disorders diagnosed on the SCID, which has been considered a mea-
sure of global psychopathology, previously found to be associated
with psychotic symptoms (Kelleher et al., 2012). SCID modules admin-
istered included mood, psychotic, anxiety and substance use disorders.
Age of onset of psychotic symptoms was available for a subset of 625 pa-
tients. Psychotropic medication information was obtained from hospital
records for inpatients and self-reported for outpatients. Handedness
was assessed using the Edinburgh Handedness Inventory (Oldfield,
1971).

Trained research staff conducted the assessments, including re-
search assistants, a clinical psychologist and psychiatrists. Research
staff underwent monthly diagnostic reliability exercises. Perfect
interrater reliability was achieved for SCID diagnoses, near-perfect
agreement was observed for current (major depression, 1.0; mania,
0.93) and past mood episodes (major depression, 0.90; mania, 1.0),
and excellent agreement was observed for psychotic symptoms (perse-
cutory delusion, 0.80: auditory hallucination, 0.85).

2.3. Statistical analyses

We performed statistical analyses using SPSS (PASW) version 22
(SPSS, Chicago, IL). We used univariate logistic regression analyses to
compare demographic and clinical characteristics between VH and
non-VH groups. We did not correct for multiple comparisons because
of the exploratory nature of these univariate analyses. Multivariate lo-
gistic regression analysis was used as the main analysis to identify inde-
pendent predictors of VH. Demographic and clinical variables that were
statistically significant in univariate comparisons with a P < 0.05 were
included in the regression model. As our sample was comprised of
both inpatients and outpatients, we also carried out a multivariate re-
gression model including inpatient status. For all analyses, we checked
modeling assumptions, including normality of measures, non-constant
variance, and influential points. We assessed for multicollinearity to
avoid redundancy in variables, including using variance inflation factors
(VIF).

3. Results

The mean age was 36.5 years (SD = 12.7), 56.1% were men, and
64.8% were Caucasian. The prevalence of VH was 26.1% (n = 200/766)
across diagnostic categories. VH were present in 36.2% (76/210) of pa-
tients with schizoaffective disorder, 25.6% (58/227) with schizophrenia
and 20.1% (66/329) with bipolar disorder. Of the 200 patients with VH,
79.5% (159/200) had AH, 53.5% (107/200) had TOGH and 12.5% (25/
200) had no other types of hallucinations.

Characteristics of patients with schizophrenia, schizoaffective disor-
der and bipolar disorder according to visual hallucinations are pre-
sented in Table 1. In univariate logistic regression analyses, patients
with VH were similar to patients without VH for most
sociodemographic characteristics, including age, sex, dependency of liv-
ing situation, children, employment and handedness. However, patients
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Table 1
Characteristics of patients with schizophrenia, schizoaffective disorder and bipolar disorder according to visual hallucinations (VH).
VH Non-VH OR (95%CI) Pvalue
(N = 200) (N =566)
Sociodemographic characteristics
Age, mean (SD), y 36.4 (12.5) 36.5(12.8) 0.99 (0.98-1.01) 0.88
Male sex, no. (%) 104 (52.0) 326 (57.6) 0.79 (0.57-1.10) 0.17
Left-handed, no. (%) 30 (15.5) 87 (15.8) 0.97 (0.62-1.53) 0.92
Never married, no. (%) 140 (70.7) 402 (71.4) 0.96 (0.67-1.38) 0.85
No children, no. (%) 152 (76.4) 432 (76.7) 0.98 (0.67-1.43) 0.92
Not living independently, no. (%) 92 (46.5) 275 (49.6) 0.88 (0.63-1.21) 0.44
Did not graduate college, no. (%) 142 (71.7) 346 (61.5) 1.59 (1.11-2.26) 0.01
Unemployed, no. (%) 125 (62.8) 330 (58.7) 1.18 (0.85-1.65) 0.31
Clinical characteristics
Diagnosis- no. (%)
Schizophrenia 58 (29.0) 169 (29.9) 1.36 (0.91-2.04) 0.12
Schizoaffective disorder 76 (38.0) 134 (23.7) 2.26 (1.53-3.33) <0.0001
Bipolar I disorder 66 (33.0) 263 (46.5) <0.0001
Age of onset, mean (SD), y 20.5(7.1) 21.7 (7.5) 0.98 (0.95-1.00) 0.07
Prior suicide attempt, no. (%) 92 (49.7) 187 (34.8) 1.85 (1.32-2.60) <0.0001
Family history of psychosis no. (%) 48 (24.6) 144 (25.9) 0.93 (0.64-1.36) 0.72
Anxiety disorder, no. (%) 79 (39.5) 141 (24.9) 1.96 (1.39-2.76) <0.0001
Alcohol use disorder, no. (%) 73 (36.5) 236 (41.7) 0.80 (0.57-1.12) 0.19
Cannabis use disorder, no. (%) 79 (39.5) 189 (334) 1.30(0.93-1.81) 0.12
Any substance use disorder, no. (%) 114 (57.0) 327 (57.8) 0.96 (0.69-1.34) 0.84
Total SCID diagnoses, mean (SD) 1.88 (1.27) 1.65 (1.05) 1.18 (1.03-1.36) 0.02
Inpatient status, no. (%) 141 (70.5) 448 (79.2) 0.63 (0.44-0.91) 0.01
Psychotic symptoms
Auditory hallucinations, no. (%) 159 (79.5) 287 (50.7) 3.77 (2.57-5.51) <0.0001
Tactile, olfactory and gustatory hallucinations, no. (%) 107 (53.5) 100 (17.7) 536 (3.77-7.62) <0.0001
Delusions, no. (%)
Persecution 132 (66.0) 340 (60.1) 1.30 (0.93-1.83) 0.12
Reference 158 (79.0) 389 (68.7) 1.80 (1.22-2.65) 0.003
Control 86 (43.0) 113 (20.0) 3.02 (2.13-4.27) <0.0001
Religious, erotomanic, jealousy 109 (54.5) 206 (36.5) 2.08 (1.50-2.88) <0.0001
Bizarre 46 (23.0) 66 (11.7) 2.38 (1.56-3.64) <0.0001
Catatonic behavior, no. (%) 21(10.9) 27 (4.9) 2.36 (1.30-4.28) 0.005
Negative symptoms, no. (%) 62 (32.8) 162 (29.8) 1.14 (0.80-1.63) 0.44

Abbreviations: SCID, Structured Clinical Interview for DSM-IV-TR.

with VH were less likely to have graduated from college compared to
patients without VH. Diagnostically, patients with VH were more likely
to have schizoaffective disorder, less likely to have bipolar disorder and
more likely to have an anxiety disorder. Patients with VH also had a
greater total number of SCID diagnoses. There were no significant differ-
ences in substance use disorders between the two groups. We also
found that patients who reported VH were less likely to be psychiatri-
cally hospitalized at the time of the study.

From a psychopathology standpoint, patients with VH had higher
rates of prior suicide attempt. Patients with VH were more likely to
have other types of hallucinations, including AH and TOGH. There
were significantly more delusions of reference and control, religious,
erotomanic and jealousy delusions and bizarre delusions in patients
with VH, compared to those without VH. Furthermore, patients with
VH were more likely to have catatonic behavior. There were no signifi-
cant differences between VH and non-VH groups for negative symp-
toms and family history of psychotic disorders. There was a trend for
age of onset to be associated with VH (p = 0.07). As age of onset has

been considered an indicator of prognosis (Juola et al, 2013;
Immonen et al., 2017), we performed a posteriori logistic regression
analyses to assess the effect of diagnosis on the relationship between
age of onset and VH, however, diagnosis did not change these results,
with age of onset remaining with a trend towards being associated
with VH (p = 0.07). In addition, there were no significant differences
between groups for use of psychiatric medications at the time of the
study (Table 2).

In multivariate logistic regression analysis used to identify indepen-
dent predictors of VH, AH (p < 0.0001), TOGH (p < 0.0001), delusions of
control (p = 0.006) and religious, erotomanic and jealousy delusions
(p = 0.006) were significantly associated with VH (Table 3). In addition,
history of a suicide attempt (p = 0.01) and catatonic behavior (p =
0.04) remained predictors of VH. Other factors, including diagnosis,
total number of SCID diagnoses, anxiety and other delusions, were not
found to be independently associated with VH. Inpatient status, when
included in the multivariate regression model, was not associated
with VH.

Table 2

Psychiatric medication use according to visual hallucinations (VH).
Medications, no. (%) VH Non-VH OR (95%CI) P value

(N = 200) (N = 566)

Atypical antipsychotic 160 (80.0) 457 (80.7) 0.82 (0.54-1.26) 0.38
Typical antipsychotic 34 (17.0) 81 (14.3) 1.19 (0.76-1.84) 0.43
Clozapine 25 (12.5) 77 (13.6) 0.88 (0.54-1.43) 0.66
Two or more atypical antipsychotics 29 (14.5) 87 (15.4) 0.91 (0.57-1.43) 0.68
Mood stabilizer 105 (52.5) 321 (56.7) 0.80 (0.57-1.10) 0.43
CcpPz 436.97 (339.39) 436.42 (287.51) 1.00 (1.00-1.00) 0.38

Abbreviations: CPZ, chlorpromazine equivalents.
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Table 3
Logistic regression predicting visual hallucinations in patients with schizophrenia,
schizoaffective and bipolar disorders.

Characteristic? OR (95% CI) P value

Diagnosis
Schizophrenia 1.35(0.78-2.33) 0.15
Schizoaffective disorder 1.52 (0.87-2.66) 0.27
Bipolar disorder 0.32

Did not graduate college 1.48 (0.94-2.34) 0.09

Auditory hallucinations 2.95 (1.79-4.87) <0.0001

Tactile, olfactory and gustatory hallucinations 2.99 (1.94-4.63) <0.0001

Delusions of reference 1.09 (0.68-1.76) 0.72

Delusions of control 1.93 (1.21-3.08) 0.006

Religious, erotomanic, and jealousy delusions 1.80 (1.18-2.73) 0.006

Bizarre delusions 1.57 (0.90-2.75) 0.11

Catatonic behavior 2.26 (1.01-5.09) 0.04

Prior suicide attempt 1.68 (1.10-2.56) 0.01

Anxiety disorder 1.61 (0.92-2.83) 0.09

Total SCID diagnoses 0.90 (0.72-1.15) 0.42

Abbreviations: SCID, Structured Clinical Interview for DSM-IV-TR.
2 Variables different (P < 0.05) in univariate comparisons.

4. Discussion

We found that VH were common and present in 26.1% of patients
across diagnostic groups of schizophrenia, schizoaffective disorder and
bipolar disorder, a prevalence rate consistent with recent studies of
VH in schizophrenia spectrum disorders (Clark et al., 2017; Galletti
et al., 2017; McCarthy-Jones et al., 2017). Our results showed that VH
were associated with multimodal hallucinations, core psychotic delu-
sions and severe morbidity of illness, including suicide attempts and
catatonic behavior. Based on our findings, where visual and
multimodalities of hallucinations are present, there is greater morbidity
of illness, with increased risk for mortality, in psychotic disorders. Our
finding that suicide attempts were associated with VH is highly clini-
cally relevant and may indicate greater psychological distress associated
with the illness in patients with VH. A recent study by Clark et al. in pa-
tients with first episode psychosis also found higher levels of suicidal
ideation in patients with VH compared to patients with AH or no hallu-
cinations (Clark et al,, 2017). This same study found that VH were asso-
ciated with greater impairment in functioning and increase in risk for
relapse (Clark et al., 2017). Mueser et al. showed that global severity
of illness in schizophrenia was worse in patients with VH and not
with other types of hallucinations (Mueser et al., 1990), although this
study sample was small. Taken together with these findings, our results
indicate that clinicians should be regularly inquiring about VH in early
and later stages of psychotic disorders and that VH may be a significant
factor in assessing for suicidality and illness severity. Relevant to this
point, in a study of hospitalized patients with chronic schizophrenia
(Brachaet al., 1989), VH were found in 32% of patients in a retrospective
review of hospital charts, while there was a 56% prevalence found in pa-
tients studied prospectively, suggesting that psychiatrists may not al-
ways inquire about VH. As suicidal ideation and attempts are
prevalent in psychotic disorders (Hor and Taylor, 2010), VH and its as-
sociated phenotypes should be specifically considered in studies identi-
fying risk factors for suicide.

We also found that catatonic behavior was associated with VH across
psychotic disorders, despite the overall low prevalence of catatonic be-
havior in the sample. This finding in patients with VH is another indica-
tor of severe morbidity, which increases the risk of mortality in
psychotic disorders (Gross et al., 2008). To our knowledge, catatonic be-
havior has not previously been associated with VH in psychosis. The as-
sociation of VH with these motor disturbances is intriguing given the
high rates of VH present in primary movement disorders, such as
Parkinson's Disease (Fenelon and Alves, 2010), suggesting that there
may be an association between motor disturbances and VH more gener-
ally. Our findings of greater illness morbidity associated with VH are
similar to findings in Parkinson's disease, where VH are associated

with greater severity of disease, predict progression towards dementia
and are associated with cognitive impairment in patients without de-
mentia (Gallagher et al., 2011; Galvin et al., 2006; Hobson and Meara,
2004). On the other hand, VH in neurological disorders have several
clinical features that appear to be different compared to VH in idiopathic
psychotic disorders. VH in neurological disorders, such as Parkinson's
Disease and Lewy body dementia, most frequently occur without hallu-
cinations in other modalities (Fenelon and Alves, 2010; Fenelon et al.,
2000; Manford and Andermann, 1998). In addition, VH in neurodegen-
erative disorders are usually not associated with delusions, as we found
in our study, and impaired insight (Fenelon et al., 2000). Investigating
markers of VH across psychotic and neurodegenerative disorders may
provide insights into differing or similar pathophysiology underlying
VH. Along the same lines, it may be informative to define clinical differ-
ences between patients with VH and multimodal hallucinations and the
relatively few patients with VH without any other hallucinations (12.5%
of patients with VH in this study).

As expected, our results showed that hallucinations across different
sensory modalities were strongly associated with VH, including both AH
and TOGH. We found that around 80% of patients who experienced VH,
had also experienced AH. In contrast, some studies suggest that patients
with AH are less likely to experience hallucinations in other modalities
(McCarthy-Jones et al., 2017; Oorschot et al., 2012). Given the high
prevalence of AH in psychotic disorders, there may be a hierarchy in
which sensory modalities are affected, potentially distinguishing clinical
phenotypes, which may be predictive of severity of illness. VH were not
only associated with multimodal hallucinations as our results showed
that VH were integrated with other specific psychotic symptoms. VH
were associated with delusions of control and religious, erotomanic
and jealousy delusions. The strong association of VH with these delu-
sions suggests that VH may have a specific psychotic phenomenology
that has personal relevance and leads to greater distress. While studies
investigating the phenomenology of VH are limited in psychotic disor-
ders, VH often appear to be complex and have religious themes, such
as images of Christ or the Virgin Mary (Chouinard and Miller, 1999;
McCarthy-Jones et al., 2017). It could be that religious delusions were
driving the association with this group of delusions, however, we
could not separate religious, erotomanic and jealousy delusions, nor re-
port the nature of VH images, as these are not differentiated using the
SCID. A recent study in first episode psychosis found that AH and non-
AH differed in their association with different types of delusions
(Galletti etal., 2017), namely that AH were associated with paranoid de-
lusions, while non-AH were associated with grandiose/religious delu-
sions. In another study including first episode psychosis (Clark et al.,
2017), patients with VH had higher scores for delusion ratings, includ-
ing “outside control” domain ratings. Future research could provide
more qualitative examination of convergence versus divergence in de-
lusions and hallucinations across different sensory modalities within
the same individuals. Of note, we did not find that negative symptoms
were predictive of VH, thus suggesting a different pathogenesis for pos-
itive and negative symptoms.

Findings of multimodal hallucinations have implications warranting
further investigation. These could indicate that hallucinations, regard-
less of type, may share a centralized high-level psychopathologic mech-
anism in psychotic disorders. This possibility is intriguing as the
integration of multisensory processing is important for providing one's
sense of self (Chouinard et al.,, 2017). This is evident in body transfer il-
lusions, such as the rubber hand illusion (Botvinick and Cohen, 1998), in
which a person's awareness of self is altered by providing false informa-
tion from one sense while maintaining accurate information from a dif-
ferent sense, altering one's perceived reality of where their body or
parts of their body are located (Chouinard et al., 2017). It then follows
that the integration of information from multiple sensory modalities is
important in shaping a person's self. Notably, multisensory integration
is known to be important for contributing to the perceptual experience
of our surroundings (Alais et al., 2010). Recently, functional
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neuroimaging studies in psychotic disorders have examined patients
with VH and AH compared to patients with only AH (Amad et al.,
2014; Jardri et al., 2013; Rolland et al., 2015). These studies have
found differing patterns of functional connectivity between these two
groups. It is possible that these findings, based on which sensory modal-
ities are affected, may explain the greater morbidity associated with VH
in psychotic disorders. A better understanding of the clinical pheno-
types associated with VH and multimodal hallucinations may contrib-
ute to integrating and interpreting future neuroimaging studies.

There are additional topics and limitations of the study to consider.
First, our data on VH and clinical characteristics are cross-sectional and
do not allow us to make inferences about temporal order of symptoms
or causality. Second, it is important to note that the majority of patients
in our study were acutely symptomatic and hospitalized at the time of
the study. We observed that VH were reported less often in patients
who were hospitalized at the time of the study. However, inpatient status
was not independently associated with VH in the main multivariate re-
gression analyses and including inpatient status in these analyses did
not change our results. Third, as we used the SCID for measurement of
VH and psychotic symptoms, we did not have phenomenological data
on the quality and content of VH, for example, simple and complex VH,
frequency, severity, associated distress, among other characteristics. To
inform the characterization of VH across psychotic disorders, future stud-
ies should use rating scales that have been specifically developed for the
assessment of hallucinatory experiences in different modalities and
even transnosographically (de Chazeron et al., 2015; Chouinard and
Miller, 1999; Mitchell et al., 2017). Fourth, we did not have a complete
dataset for age of onset of psychotic illness (625/766). Perhaps as a result,
we found that there was only a trend for the relationship between age of
onset and VH in our study. Age of onset is of particular interest in psy-
chotic disorders as earlier age of onset has been associated with greater
severity of illness and increased likelihood for neurobiological abnormal-
ities. There are data to suggest neurodevelopmental factors may play a
role in underlying mechanisms of VH. This evidence includes a high prev-
alence of VH in childhood onset schizophrenia, associated with earlier age
of onset (David et al.,, 2011), as well as neuroimaging evidence for differ-
ing cortical sulcation, a brain development marker, in patients with VH
compared to those with only AH (Cachia et al., 2015). Finally, we did
not have assessments related to trauma, adverse childhood experiences,
borderline personality disorder or other conditions that have been associ-
ated with hallucinations (Bailey et al., 2018; Niemantsverdriet et al.,
2017). Childhood trauma has been associated with VH in a recent study
of first episode psychosis (Solesvik et al., 2016). Notably, auditory halluci-
nations have been associated with suicidal behavior in boderline person-
ality disorder (Slotema et al., 2017). A concomitant history of trauma or
borderline personality disorder would be important to examine in future
studies, particularly with regards to clarifying the relationship between
VH and suicide attempts.

Overall, our results show the specific clinical and disease relevance
of VH across psychotic disorders, as these were associated with severe
morbidity of illness, including suicide attempts and catatonic behavior.
Suicide attempts and catatonic behavior both increase the risk for mor-
tality in psychotic disorders. Based on our findings, VH may be a signif-
icant factor in assessing for suicidality and illness severity, warranting
clinical attention and highlighting the importance of inquiring routinely
about VH in clinical practice. Findings also suggest a clinical phenotype
of VH associated with hallucinations in other modalities and specific
types of delusions. Informed by these symptomatology correlates, fu-
ture studies should further investigate the underlying neurobiology
and cognitive mechanisms of VH across psychotic disorders and other
neuropsychiatric conditions, including movement disorders.
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