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Auditory verbal hallucinations (AVH) or “voices” are a characteristic symptom of schizo-
phrenia, but can also be observed in healthy individuals in the general population. As these
non-psychotic individuals experience AVH in the absence of other psychiatric symptoms
and medication-use they provide an excellent model to study AVH in isolation. Indeed a
number of studies used this approach and investigated brain structure and function in
non-psychotic individuals with AVH. These studies showed that increased sensitivity of
auditory areas to auditory stimulation and aberrant connectivity of language production
and perception areas is associated with AVH. This is in concordance with investigations
that observed prominent activation of these areas during the state of AVH. Moreover, while
effortful attention appears not to be related to AVH, individuals prone to hallucinate seem
to have an enhanced attention bias to auditory stimuli which may stem from aberrant acti-
vation of the anterior cingulated regions. Furthermore, it was observed that decreased
cerebral dominance for language and dopamine dysfunction, which are consistently found
in schizophrenia, are most likely not specifically related to AVH as these abnormalities were
absent in healthy voice hearers. Finally, specific aspects of AVH such as voluntary control
may be related to the timing of the supplementary motor area and language areas in the
experience of AVH.
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INTRODUCTION

In contemporary Western societies auditory verbal hallucinations
(AVH) or “voices” are generally considered an aspect of disease
(al-Issa, 1995). Indeed, AVH are frequently observed in individu-
als with a neurological, neurodegenerative, or psychiatric disorder
(Aleman and Laroi, 2008). Moreover, these hallucinations are
observed in ~10-15% of healthy, i.e., non-psychotic, individu-
als in the general population (Tien, 1991; Sommer et al., 2008;
Beavan et al., 2011). AVH are even more common during periods
of partial wakefulness, i.e., when falling asleep (hypnagogic hallu-
cinations) or during waking (hypnopompic hallucinations). AVH
are, however, most common in schizophrenia, in which they occur
with an average prevalence of 70% (Sartorius et al., 1986).

While AVH are not associated with distress in non-psychotic
individuals, they can seriously disrupt social functioning in psy-
chotic patients (Nayani and David, 1996; Daalman et al., 2011).
At present, the primary treatment for AVH in psychiatric patients
consists of antipsychotic medication which is frequently combined
with cognitive behavioral therapy. These hallucinations do, how-
ever, not respond to pharmaceutical intervention in 25-30% of
patients, stressing the need for development of new treatment
options (Shergill et al., 1998). This is, at present, hampered by the
fact that the pathophysiology of AVH remains largely unknown.

Over the last decades a considerable number of studies aimed
at elucidating the neurobiological mechanism of AVH in schizo-
phrenia patients. Most of these can be divided into “symptom-
capture” (a.k.a. “state” studies) on the one hand and “trait”

investigations on the other hand (Kiithn and Gallinat, 2010). The
first group of studies investigated the neural signature of AVH
and revealed that AVH-related brain activation can be observed
in frontal and temporoparietal language areas as well as in the
parahippocampal region (Jardri et al., 2010; Kithn and Galli-
nat, 2010). Although these studies provide a helpful start at
understanding what happens in the brain during AVH, they do
not provide information about brain mechanisms predisposing
a person to experience AVH. The latter can be provided by
trait studies that focus on comparing brain activation between
individuals with and without AVH. Previous studies showed
that the propensity to hear voices may be associated with a
number of factors including decreased left cerebral dominance
for language (Levitan et al, 1999; Sommer et al., 2001; Weiss
et al., 2006; Hugdahl et al., 2007), dysfunctional connectivity
of frontal and temporoparietal language regions (Frith et al,
1995; Spence et al., 2000; Ford et al., 2007; Kithn and Galli-
nat, 2010), decreases in psychophysiological measures of effortful
attention (Havermans et al., 1999; Turetsky et al., 2000), and
dopamine dysfunction. It should, however, be noted that results
are inconsistent.

While all of these factors may be involved in the genesis of
AVH, a key limitation is that most of these studies were conducted
in patients with schizophrenia. Schizophrenia is a complex syn-
drome comprising positive, negative, and cognitive symptoms. In
addition, schizophrenia patients typically use antipsychotic med-
ication. As a result, observed deviations may not be specifically
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related to AVH, but rather to another symptom or to general
cognitive dysfunction observed in these patients. To elucidate if
AVH are indeed specifically related to the aforementioned factors,
they could be studied in (relative) isolation. Interestingly, previ-
ous studies have shown that AVH in the non-psychotic population
frequently occur in the absence of other psychiatric symptoms
and medication-use (Tien, 1991; Sommer et al., 2008; Beavan
et al,, 2011). These subjects thus provide an ideal opportunity
to investigate a more isolated form of AVH.

In this review, neuroimaging studies in non-psychotic individ-
uals with AVH will be summarized. While different studies used
different terminology for these individuals including non-clinical
(Linden et al., 2011), non-psychotic (Diederen et al., 2010b, 2011;
van Lutterveld et al., 2010; de Weijer et al., 2011), healthy (Howes
et al., 2012), and hallucination-prone individuals (Lewis-Hanna
et al., 2011), they will be termed non-psychotic individuals with
AVH in this review. In the next section both state and trait stud-
ies will be described in detail. In addition to these studies which
were conducted in individuals who present with non-evoked
AVH, two studies will be discussed in which AVH were evoked
in hallucination-prone individuals using hypnosis or conditions
of degraded stimulus information (Szechtman et al., 1998; Barkus
et al., 2007).

STATE STUDIES 1: NON-EVOKED HALLUCINATIONS
PSYCHOTIC AND NON-PSYCHOTIC INDIVIDUALS

A recent neuroimaging study into the state of AVH in non-
psychotic individuals with AVH compared brain activation dur-
ing AVH between 21 non-psychotic and 21 psychotic subjects
(Diederen et al., 2011). The rationale was that if AVH are caused
by comparable mechanisms in both groups, one should observe a
similar pattern of AVH-related brain activation. Indeed, the two
groups displayed common areas of activation in the absence of any
significant differences. These areas consisted of the bilateral infe-
rior frontal gyri, insula, superior temporal gyri, supramarginal gyri
and postcentral gyri, left precentral gyrus, inferior parietal lobule,
superior temporal pole, and right cerebellum. Activation of these
areas has been interpreted to reflect language and motor processes
(perhaps as a result of balloon-squeezes used to indicate the AVH)
in the experience of AVH.

HALLUCINATIONS VS. IMAGERY

More insight into the role of frontal and temporoparietal regions
in the experience of AVH was provided by a recent study which
compared AVH-related brain activation in seven non-psychotic
individuals with AVH to imagery in 7 healthy subjects who did
not present with AVH (Linden et al., 2011). This study revealed
that both processes activated the supplementary motor area and
bilateral frontotemporal language regions including the human
voice area. This suggests that hallucinations as well as imagery
are associated with an auditory percept. In addition, a difference
in timing of brain regions was found for the two processes. While
activity of the supplementary motor area preceded that of auditory
areas during imagery, activation of these areas occurred instanta-
neously for AVH. The authors concluded that the different timing
of the supplementary motor area is associated with the absence of
control over the AVH in their group of individuals.

STATE STUDIES 2: EVOKED HALLUCINATIONS
HALLUCINATIONS, HEARING, AND IMAGERY DURING HYPNOSIS
Imagery and AVH were also compared in an early study in which
eight subjects hallucinated under hypnosis (Szechtman et al,
1998). In addition to AVH and imagery, brain activation during
actual hearing was investigated in the same individuals as well as
in six highly hypnotizable controls, without the ability to halluci-
nate under hypnosis, using PET. Both hallucinations and auditory
stimulation, but not imagery, activated the right anterior cingulate
area. Moreover, hallucination-related brain activation of this area
correlated strongly with subjects’ ratings of externality and clar-
ity of the heard voice. Interestingly, hearing and imagery did not
correlate with significant anterior cingulated activation in the con-
trol group of non-hallucinators from which the authors concluded
that inappropriate activation of this region may lead self-generated
thoughts to be experienced as external. It is, however, important
to note that these results are not in line with the study by Lin-
den etal. (2011) who found a similar pattern of activation during
imagery and hallucinations. This might be related to the difference
in evoked and non-evoked AVH.

HALLUCINATIONS AND HEARING DURING STIMULUS DEGRADATION
Using a different method to elicit hallucinations in hallucination-
prone individuals Barkus et al. (2007) presented subjects with
episodes of white noise during which a voice was presented part
of the time. Subjects had to indicate if they had heard a voice
during the noise resulting in a number of hits, but also “false
alarms” which were used as a model for hallucinations. Eight
of 68 subjects who reported hearing a voice when none was
present repeated the task during functional imaging. Patterns
of activation during false alarms showed activation in the right
middle temporal gyrus, bilateral fusiform gyrus, and the right
putamen. As this pattern of activation is rather similar to acti-
vation observed during AVH in patients the authors concluded
that AVH in non-clinical samples appear to be mediated by simi-
lar patterns of cerebral activation as found during hallucinations
in schizophrenia. Importantly, this is in line with the study by
Diederen et al. (2011). For an overview of state studies on AVH
see Table 1.

TRAIT STUDIES

PSYCHOPHYSIOLOGICAL PARAMETERS OF ATTENTION

The first trait study in non-psychotic individuals with AVH inves-
tigated if AVH are specifically associated with dysfunction in
psychophysiological parameters of attention (van Lutterveld et al.,
2010). In this EEG study, three event related potentials (ERPs)
were examined with an auditory oddball paradigm in 18 non-
psychotic individuals with AVH and 18 controls. While no signifi-
cant differences were found for mismatch negativity, P300 ampli-
tude was increased in the AVH group as compared to controls,
reflecting superior effortful attention. A trend in the same direc-
tion was found for processing negativity. As the non-psychotic
individuals with AVH showed increased rather than decreased
psychophysiological measures of effortful attention, these results
suggest that the decrease in EEG measures of effortful attention
observed in schizophrenia patients is not related to the tendency
to hallucinate.
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Table 1 | Symptome capture studies on AVH in non-psychotic individuals.

Author Subjects Design Method Key neuroimaging results
NON-EVOKED
Linden et al. 7 Non-psychotic subjects Brain activation during AVH vs.  fMRI Similar act. AVH and imagery: 1 B voice area (STS), IFG,
(2011) w. AVH imagery cerebellum, planum temporale, prefrontal, inferior
7 Non-hallucinator controls parietal lobules, thalami, and L motor cortex
Group diff.: in controls(imagery) 4 SMA preceded 1
auditory areas, in hallucinators activity occurred at same
time
Diederen et al. 21 Non-psychotic subjects  Brain activation during AVH fMRI Similar act.: 1 B IFG, insula, STG, SMG, postcentral gyri,
(2011) w. AVH L precentral gyrus, inferior parietal lobule, superior
21 Psychotic patients with temporal pole, and right cerebellum
AVH No sign. differences between groups
EVOKED
Szechtman et al. 8 Healthy volunteers w. Brain activation during AVH, PET AVH and Hearing (not imagining): 1 R anterior cingulate in
(1998) AVH under hypnosis hearing, and imagining hallucinating subjects
6 Healthy volunteers w.o. In non-hallucinating subject: no sign. activation in anterior
AVH under hypnosis cingulate
Barkus et al. 8 High hallucination-prone AVH elicited using a signal fMRI False alarms — correct rejections: + R MTG, B fusiform
(2007) subjects detection task gyrus, and R putamen

Brain activation during false

alarms (AVH), rejections (voice

present but not detected), and
hits (voice correctly detected)

False alarms-hits: 1+ R SFG, MFG, L cingulate gyrus,
MTG, cerebellum, and B STG

w., with; w.o., without; AVH, auditory verbal hallucinations, fMRI; functional magnetic resonance imaging; PET, positron emission tomography; B, bilateral; L, left; R,

right; STS, superior temporal sulcus; IFG, inferior frontal gyrus; SMA, supplementary motor area; STG, superior temporal gyrus;, SMG, supramarginal gyrus;, MTG,

middle temporal gyrus; SFG, superior frontal gyrus, MFG, middle frontal gyrus.

LANGUAGE LATERALIZATION

An influential theory on AVH poses that AVH result from
decreased left cerebral dominance for language, i.e., language lat-
eralization (Sommer and Diederen, 2009). To test this hypothesis
a second trait study compared language lateralization between 35
non-psychotic individuals with AVH and 35 psychotic patients as
well as 35 healthy control subjects (Diederen et al., 2010b). While
the patients displayed decreased language lateralization, this could
not be observed in the non-psychotic individuals with AVH. It
is therefore not considered likely that these hallucinations result
from decreased cerebral dominance for language.

FRONTOTEMPORAL CONNECTIVITY

The most influential contemporary model poses that AVH occur
due to a failure to recognize self-generated inner speech (Frith
et al., 1995; Spence et al., 2000; Ford et al., 2007). This is hypoth-
esized to result from dysfunctional integration of frontotemporal
language production and perception areas which are connected
via the arcuate fasciculus. To address this hypothesis, a recent
study compared tract integrity of the arcuate fasciculus and
three other white matter tracts between 35 non-psychotic indi-
viduals with AVH, 35 schizophrenia patients with AVH, and 36
controls (de Weijer et al., 2011). While patients showed abnor-
malities in multiple white matter tracts, the healthy individuals
with AVH only showed microstructural aberrations in the arcu-
ate fasciculus, which is in line with the inner speech model of
AVH.

AUDITORY ATTENTION AND STIMULATION

With a primary focus on auditory processes Lewis-Hanna et al.
(2011) investigated 12 individuals who were prone to sleep-related
(i.e., hypnagogic and hypnopompic) hallucinations. The authors
examined speech-evoked brain activation as well as modulation of
brain activation by auditory attention using fMRI. Hallucinating
individuals demonstrated greater speech-evoked activation in the
left supramarginal gyrus compared to a control group of similar
sample size. In addition, directing attention towards the auditory
modality was associated with greater activation of the anterior
cingulate gyrus in the hallucinator group. The authors concluded
that hallucination-proneness is associated with increased sensitiv-
ity of auditory areas to auditory stimulation, which might arise
due to an enhanced attentional bias from the anterior cingulate

gyrus.

DOPAMINE FUNCTION

Another process associated with the origin of AVH is dopaminer-
gic dysfunction which has been frequently observed in psychotic
patients (Laruelle and Abi-Dargham, 1999; Howes et al., 2007).
Thus far, it is not clear if this dysfunction is related to psychosis
in general or to a specific symptom. To elucidate if such a spe-
cific association with AVH exists, Howes et al. (2012) compared
dopamine synthesis capacity in 16 non-psychotic individuals with
AVH to 16 controls and showed that no significant difference could
be observed between the groups (Howes et al., 2012). The authors
concluded from this that altered dopamine synthesis capacity is
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Table 2 | Trait studies on AVH in non-psychotic individuals.

Author Subjects Design Method Key neuroimaging results
van Lutterveld 18 Non-psychotic subjects w. AVH P300 waveforms, PN, and MMN EEG- 4 P300 amplitude in non-psychotic subjects
et al. (2010) 18 Non-hallucinator controls with an auditory oddball paradigm ERP 1 PN amplitude (trend-level) in
non-psychotic subjects
No sign. group difference MMN
Diederen et al. 35 Non-psychotic subjects w. AVH Covert verbal fluency task fMRI J Language lateralization in patients, not
(2010b) 35 Psychotic patients w. AVH non-psychotic subjects w. AVH
35 Non-hallucinator controls
de Weijer et al. 35 Non-psychotic subjects w. AVH Tract integrity of the AF and DTl and 4+ MTR in L AF in non-psychotic individuals
(2011) 35 Schizophrenia patients w. AVH control tracts (CST, CGL, and UF) MTI and patients w. AVH
36 Non-hallucinator controls + MTR R AF in patients
| FA'in L AF, R CST, and B UF in patients
Lewis-Hanna 12 Non-pyschotic subjects w. Speech-evoked brain activation fMRI 4 Speech-evoked act. L SMG in
et al. (2011) auditory HG/HP hallucinations and selective attention paradigm hallucinating group
12 Non-hallucinator controls (auditory/visual) 4 Anterior cingulate activity when directing
attention to auditory (vs. visual) modality in
hallucinating subjects
Howes et al. 16 Non-subjects w. AVH [18F]-DOPA PET PET No significant group difference in striatal
(2012) 16 Non-hallucinator controls dopamine synthesis capacity

w., with; AVH, auditory verbal hallucinations; HG, hypnagogic; HR hynopompic, PN, processing negativity; MMN, mismatch negativity; AF, arcuate fasciculus; CST,

cortico spinal tract; CGL, cingulated; UC, uncinate fasciculus; EEG, electroencephalography, ERF event related potentials; fMRI, functional magnetic resonance

imaging, DTI, diffusion tensor imaging; MTI, magnetic transfer imaging; PET, positron emission tomography; B, bilateral; L, left; R, right; SMG, supramarginal gyrus.

unlikely to underlie (sub-clinical) hallucinations. For an overview
of trait studies on AVH see Table 2.

DISCUSSION

In summary, these studies show that while decreased cerebral dom-
inance for language and dopamine dysfunction are presumably not
specifically related to AVH, increased sensitivity of auditory areas
to auditory stimulation and aberrant connectivity of language pro-
duction and perception areas is particularly associated with these
hallucinations. This is in concordance with state studies which
observed prominent activation of these areas during the state of
AVH (Jardrietal.,2010; Kithn and Gallinat, 2010). Moreover, while
effortful attention appears not to be related to AVH, individuals
prone to hallucinate seem to have an enhanced attentional bias
to auditory stimuli which may stem from aberrant activation of
the anterior cingulated regions. Furthermore, specific aspects of
AVH such as voluntary control may be related to the timing of the
supplementary motor area and language areas in the experience
of AVH.

In addition, these studies imply that investigating non-
psychotic individuals with AVH provides an excellent model to
disentangle which dysfunctions may be specifically related to these
hallucinations. Future studies should therefore focus on inves-
tigating additional processes which have been associated with
AVH, including for instance the role of top-down processes and
anatomical integrity of language regions. A second aim of future
studies should consist of investigating brain activation preced-
ing AVH as such studies in psychotic patients showed that AVH
are most likely instantiated by memory retrieval (Hoffman et al,,

2008, 2011; Diederen et al., 2010a). Finally, future studies could
elucidate how specific AVH-characteristics are associated with
brain activation. As psychotic and non-psychotic individuals dis-
play both differences and similarities with respect to specific AVH-
characteristics it would be ideal to combine these groups in such
a study (Daalman et al., 2011).

METHODOLOGICAL CONSIDERATIONS

These studies should be interpreted with caution as individ-
uals with both evoked and non-evoked AVH participating in
most of these studies were highly selected. Furthermore, a lim-
itation is that most of the state studies included only a small
number of subjects, i.e., typically less than ten per group. In
addition, one may wonder if these individuals should indeed
be considered non-psychotic. If strict Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM) IV criteria for axis I
were applied, all subjects with non-evoked and non-sleep-related
AVH would meet criteria for psychosis not otherwise specified
(NOS) as all participants met the criterion persistent hallucina-
tions, which in itself is sufficient for this classification. However,
the DSM general terms state that a person has to be both-
ered by his symptoms and/or dysfunction on social, psycho-
logical, and professional domains should be present in order
to make a diagnosis. The fact that the hallucinating subjects
participating in the studies described showed no social, affec-
tive, or professional dysfunction, were not bothered by the AVH
and were not in need of treatment, indicates that the diag-
noses psychosis NOS is clinically inappropriate (Sommer et al.,
2008).
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