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In the present article, we present a “Levels of Explanation”
(LoE) approach to auditory verbal hallucinations (AVHs)
in schizophrenia. Mental phenomena can be understood
at different levels of explanation, including cultural, clini-
cal, cognitive, brain imaging, cellular, and molecular levels.
Current research on AVHS is characterized by accumula-
tion of data at all levels, but with little or no interaction of
findings between levels. A second advantage with a Levels of
Explanation approach is that it fosters interdisciplinarity and
collaboration across traditional borders, facilitating a real
breakthrough in future research. We exemplify a Levels of
Explanation approach with data from 3 levels where findings
at 1 level provide predictions for another level. More specifi-
cally, we show how functional neuroimaging data at the brain
level correspond with behavioral data at the cognitive level,
and how data at these 2 levels correspond with recent findings
of changes in neurotransmitter function at the cellular level.
We further discuss implications for new therapeutic inter-
ventions, and the article is ended by suggestion how future
research could incorporate genetic influences on AVHs at the
molecular level of explanation by providing examples for ani-
mal work.
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Introduction

One of the most perplexing phenomena of the human
mind is the conviction of hearing and perceiving a “voice”
in the absence of a corresponding auditory stimulus input.
This is collectively called an auditory verbal hallucination
(AVH), and is probably the most characteristic symp-
tom of the most severe mental disorder that we know of,
namely schizophrenia.> AVHs also occur in other psy-
chiatric disorders as well as in nonclinical individuals,*?

which means that such experiences represent a funda-
mental property of the human mind. Understanding the
phenomenology, cognitive, neuropsychological, and neu-
robiological underpinnings of AVHs would therefore not
only provide new insights for explaining schizophrenia,
but would also provide new insights into the complexi-
ties of the mind. Over the last decade, there has been an
ever increasing number of systematic literature reviews
and meta-analyses with a focus on neurobiological mech-
anisms, in particular, in relation to functional neuroim-
aging.®!? As pointed out by Upthegrove et al® there has
been a large increase in publications over the last years,
but integration with phenomenological and cognitive
findings is necessary in order to avoid that models and
theories become isolated from the very phenomenon they
tend to explain. We, here, present a conceptual frame of
reference for integrating data and findings which we have
labeled a “Levels of Explanation” (LoE) approach.

Levels of Explanation

All mental phenomena can be described and studied at
different “levels of explanation,” ranging from a cultural
and social level to a molecular and genetic level."® Figure
1 shows a model with 6 levels: cultural, clinical, cognitive,
brain imaging, cellular, and genetic levels.

Figure 2 illustrates a thought case for auditory hallu-
cinations across the different levels, starting with the fact
that “voices” in the Western world have a more negative
emotional content than “voices” in some African and
Indian societies.!

In this article, we suggest that in order to advance the
understanding of how auditory hallucinations are initiated
and maintained both from a neuronal and phenomenologi-
cal point of view, we need to integrate knowledge vertically
from higher to lower levels, going from descriptions to expla-
nations, and predictions. This may seem as a trivial task, but it
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Fig. 1. Schematic illustration of a Levels of Explanation (LoE)
approach to mental disorders. Adapted from text in Hugdahl.'

is in stark contrast to the more common approach in today’s
research, namely to stay at ones favorite level and expand hor-
izontally with more and more advanced analysis methods. A
recent review article in Schizophrenia Bulletin® convincingly
showed that no single feature of auditory hallucinations is
unique for a diagnosis of schizophrenia. In a similar way, we
would like to suggest that no single level sufficiently explains
auditory hallucinations, whether part of a psychiatric diag-
nosis or occurring in nonclinical individuals. We will exem-
plify a Levels of Explanation approach by providing findings
from 3 of the 6 levels where data from one level lead to new
predictions and experiments at another level, either above or
below the first level. Space does not allow us to elaborate on
all levels, but studies have shown that cultural aspect plays a
role for both the content and acceptance in society of hear-
ing “voices.” For example, “voices” are more emotionally
negative in the United States than in developing countries.'
People from cultures that provide accepted explanations for
the phenomenon (ie, hearing arch angels, or Djinns) consist-
ently more often experience AVH, without necessarily caus-
ing distress.!> At the clinical level, although AVHs are a core
symptom of schizophrenia, they also appear in other psy-
chiatric and neurological disorders, questioning the unique-
ness of AVHs as a markers for psychoses.'*!” A Levels of
Explanation approach shares terminology with the recently
proposed Research Domain Criteria (RDoC),'3" but differs
in that it is not explicitly embedded in in a overarching classi-
fication system for mental disorders.

Brain Level—Neuroimaging Data

The Classic Finding

Functional neuroimaging with PET and fMRI has a long
history in AVH research.”2%2¢ Although findings have impli-
cated several key regions in the brain being activated when
patients are actively experiencing AVHs during scanning, the
most robust and replicated findings are spontaneous activa-
tions in the upper, posterior part of the left temporal lobe,
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covering areas in the peri-Sylvian region. The right-hand
panel of figure 3 shows activation in healthy subjects when
listening to simple speech sounds, while the left-hand panel
shows corresponding activation in hallucinating patients.

A second area prominently activated during AVH is
the right inferior frontal area, covering the homologue of
Broca’s area, frontal operculum and insula.'* At least 3
meta-analyses have confirmed spontaneous, state-driven,
activations in these areas'®'? (see also Curci¢-Blake et
al® for a recent and up-dated literature review). (We have
used the more correct term “area” rather than the today
more common term “network” when describing activa-
tions that are restricted to anatomically discrete regions.)
Activations in the peri-Sylvia area would make sense from
a perceptual view of auditory hallucinations, because this
region of the brain contains the classic speech perception
areas, including Heschl’s gyrus and the planum tempo-
rale; areas in the temporal plane of the superior temporal
gyrus, collectively known as the Wernicke’s area. These
state-effect findings in AVH patients, ie, activations in
the absence of an external source to explain the activa-
tions, are remarkably similar to the activations found in
healthy individuals when exposed to repeated presenta-
tions of simple consonant-vowel sounds, as seen in left-
hand panel of figure 3 (adapted from Van den Noort et
al?”). Thus, the similarity in activations in healthy indi-
viduals when perceiving an external speech sound and in
patients experiencing internal “voices” would support a
perceptual basis for AVHs. The second area, located in
the inferior frontal part, most likely corresponds to lan-
guage production. It is of interest that this activation
also involves the nondominant hemisphere. Right-sided
speech production areas are typically capable of simple
utterances, consisting of short sentences with little gram-
mar and basic vocabulary elements. This type of utter-
ances it often called “automatic speech” and may be the
only source of speech in severely aphasic patients.”® The
predominantly right-sided activation of speech produc-
tion areas during AVH corresponds to the content of hal-
lucinations which typically has few if any grammar and
mainly contains simple words.?

The Paradoxical Finding

The finding of increased activations during AVH in the
absence of a corresponding external stimulus to explain
the activation could be predicted to be even stronger
if these patients were also exposed to external speech
sounds while in the scanner. Thus, one would predict that
activations caused by the “outer voices” would relate to
the activations caused by the “inner voices” in an addi-
tive way. This is, however, not what happens when AVH
patients are compared with healthy individuals dur-
ing presentation of external auditory stimuli (see meta-
analysis by Kompus et al'’, and review by Curci¢-Blake
et al?). Instead the 2 voice sources seem to subtract such
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Fig. 2. A thought case illustration of a Levels of Explanation
approach, fromtheculturaltothemolecularlevel. Thepicturesusedfor
illustrating the different levels are taken from the following websites:
https://www.google.no/search?q=auditory+hallucinations&hl=
no&dcr=0&source=Inms&tbm=isch&sa=X&ved=0ah
UKEwi-00SehlzZWAhWCFZoKHeb5AZAQ_AUICig
B&biw=1138&bih=457#imgrc=1KN643RO1fhOIM: &
spf=1504545362788; https://www.google.no/search?q=munch+sc
ream&hl=no&dcr=0&tbm=isch&imgil=-4]90W6FXR40KM %2
53A%253B1iewBIKjSMIFQM%253;  https://www.google.fi/sear
ch?q=cognitive+control&hl=no&dcr=0&source=Inms&tbm=isc
h&sa=X&ved=0ahUKEwjgwK7dnP_VAhUCJJoKHVacC64Q_
AUICigB&biw=1138&bih=456#imgrc=h-16UKGXwkqfYM:&
spf=1504105261939; https://www.google.fi/search?q=glutamate&h
I=no&dcr=0&source=Inms&tbm=isch&sa=X&ved=0ahUKEwjlv
dWMnv_VAhXia5oKHX70Bc8Q_AUICigB#imgrc=tw3JA7pTB
KPB_M:&spf=1504105628731 = GLUTAMAT.

that AVH patients show significantly reduced activations
compared to healthy controls. Kompus et al'® called this
phenomenon a “paradoxical finding” that the 2 types of
stimulus input seems to compete for processing resources
rather than strengthen processing capacity (see also
refs.?3! who have reported similar results using PET
and EEG, respectively). There could be at least 3 possi-
ble explanations for the paradoxical effect reported by
Kompus et al.’ First of all, the neurons could be set in a
refractory state to external stimuli during AVHs, in which
case it would be the perceptual system which would be
shut down, or could be an attentional-bias effect toward
the “inner voice” which prevents the recognition of an
external stimulus, in which case it would be the cognitive
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system which is shut down. This was the explanation
advanced by Kompus et al,' or it could be a sensory-gat-
ing effect, at the brain-stem level, in which case it would
be an early-stage processing deficit where the external sig-
nal never reaches the cortical processing areas.’> Future
research should sort out these possibilities, which could
have implications for development of new therapeutic
interventions. A caveat that should be mentioned is that
a shift in attention focus could also be induced when sub-
jects are instructed to “press a button whenever you hear
the voice” while in the scanner. As pointed out by van
Lutterveld et al,** this could cause an unwanted atten-
tion bias on when an episode will occur next, which in
turn could confound the activations. Nevertheless, this
paradoxical competition for brain resources encoun-
tered while patients with AVH listen to external speech
provides an important anchor for treatment, as strong
external auditory stimuli can be used to “steal” listening
attention away from the AVH and thus help the patient to
decrease hallucination intensity.**

Behavioral Level—Cognitive Data

The interference caused by the “voices™ at the brain level,
should however have a corresponding effect at the cogni-
tive level of explanation, for the simple reason that AVHs
are about subjective experiences. A straightforward pre-
diction at the behavioral and cognitive level that would
follow from the findings at the brain level is a negative
correlation between frequency and severity of AVHs and
the accuracy of perception of an external speech sound.
Frequency and severity of AVHs are typically quanti-
fied with the use of the Positive and Negative Syndrome
Scale (PANSS),* and particularly the P3-item. To test the
prediction, Hugdahl et al* used a dichotic listening task
(see same reference for a description of the task) which
identifies the hemisphere and temporal lobe, left or right,
in which speech perception occurs, and also allows for
the quantification of the strength of the lateralization to
either hemisphere. The task consists of repeated presen-
tations of simple consonant-vowels, with 2 different syl-
lables presented simultaneously, one in the left and the
other in the right ear on each trial. The task of the subject
is simply to indicate which syllable he/she perceives on
each trial, the one in the right or the one in the left ear.
Healthy individuals with a left hemisphere speech per-
ception dominance show a so called right ear advantage
(REA) which means more correct responses for the right
ear syllable. Hugdahl et al*® predicted that with increasing
frequency and severity of AVHs, the REA will be attenu-
ated, which would be a continuation at the cognitive level
of the interference caused by AVHs at the brain level. The
results are presented in the left-hand panels of figure 4,
and show a significant negative correlation for the right
ear syllables, with a nonsignificant effect for the left ear
syllable, and consequently an attenuation of the REA
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Fig. 3. fMRI activations primarily in the speech perception areas in the upper posterior part of the temporal lobe and the right prefrontal
cortex. Left-hand panel show activation in healthy subjects, and right-hand panel sow activation in hallucinating patients. Adapted from

Kompus et al'® and Van den Noort et al.”

with increasing frequency and severity, which thus sup-
ports the prediction and corresponds with the imaging
data at the brain level of explanation.

Interestingly, when a negative symptom was correlated
with dichotic listening performance (right-hand panels of
figure 3), the correlations were nonsignificant and close to
zero for both ears, and consequently did not cause inter-
ference with regard to perception of an external speech
sound. Taken together, these findings show an important
correspondence with regard to the interference caused by
AVHs at both the cognitive and the brain levels of expla-
nation, and that this interference is unique for a positive
symptom, and illustrate the utility of a LoE approach.
Again, these experimental findings provide anchors for
treatment, as the dichotic listening paradigm can also be
used for focused attention toward correct ear. If a patient
trains to improve his performance on this task, resources
for AVH decrease and severity of hallucinations are
reduced.

Cellular Level —Neurotransmitter Data

Every change in neuronal activation at the brain systems
level, either spontancously or stimulus-induced, must
have a corresponding change at the receptor and neu-
rotransmitter level that causes the neurons to alter their
firing rate and metabolism. However, there is almost
total absence of empirical studies of the underlying
neurochemistry of AVHs (see Sanjuan et al*’ for a dis-
cussion). A widely distributed excitatory transmitter in

the cortex is glutamate which acts on 3 specific receptor
types. Glutamate is a brain metabolite, ie, it plays a role
in brain metabolism, in particular, in the conversion of
glucose and oxygen to ATP. Knowing that the blood-
oxygen-level-dependent (BOLD) response, which is the
signal recorded in fMRI studies, is a measure of the cere-
bral metabolic rate of oxygen, and a marker of metabolic
turnover in the neurons, further speaks to the validity of
a glutamate hypothesis for the initiation of a hallucina-
tory episode, which in turn could explain the spontane-
ous activation increase during AVHs (see meta-analyses
by Kompus et al'® and Jardri et al''). Hugdahl et al*® used
MR spectroscopy to measure glutamate levels (measured
as GIx which is the sum of glutamate and glutamine), and
found increased Glx levels in frontal and temporal lobe
areas (corresponding to the language network observed
with fMRI), in AVH patients as compared to patients
of similar clinical history but without AVH. This find-
ing was recently replicated in a study from the University
of Groningen, Netherlands®* who reported increased
GIx levels in patients with a history of life-time AVHs as
compared to patients without AVH. Hugdahl et al*® also
found a significant positive correlation between frequency
and severity of AVHs, as measured with PANSS, and Glx
levels in the selected voxel in the temporal lobe, which
further points to a role for glutamate in the initiation of
a AVH episode, the correlations are seen in figure 5. The
lower panel in figure 5 shows the corresponding correla-
tion for the negative symptom of emotional withdrawal,
which was nonsignificant.

237



K. Hugdahl & 1. E. Sommer

3» - - v - - 30 . -
_ A= —_
r=-304 r= 061
. -
2% . 25 .
. .
. -
20 . . . 20 . *
- - -
- o - N - o - -
- - - a " - . % . L . ¢
w . - W . . =)
z 15— x 15 o P
i S 2 0 . 9
: . B ; . g . [} :
© ** . S . . ' . .
. -
—~——a .
"0 . @ ’ To—y 0 . . .
k-] . 8 . . . k<) . a . . .
o U . - e
Bl a . ® . . -
N - =
S . . s . -
. . . " .
0 0
0 1 2 3 4 L ! ! 8 0 ' 2 ) ] A [ 14
Halucoasons Emational VWthdrawal
0 v v - - — v 30 - v . - v — .
o r=-135 . r= 026
25 25
o L)
20 20
- . :
- . B - ™ .
c 15 a o . T 15 b . N [} .
% . ) s 5 ©
4 —
© ] B °
. . . Q
o -~ @ 8 N — — . »
10 . . . '. — —y 0 . "
. e ' o . .
v ' -] . o ‘ e .
. L B . e
. .
‘ . 5 . - .
B a .
.
.
-
0 °
0 ! 2 3 ] £ ) ! 0 1 2 3 4 ( ' 8

Haluaratons

Emotonal Wihdrawal

Fig. 4. Upper and lower left-hand panels: correlations between frequency and severity of AVHs, as measured with the PANSS P3 item
(x-axis) and correct verbal responses from the right and left ear in the dichotic listening test (y-axis). Upper and lower right-hand panels:
Correlations between frequency and severity of emotional withdrawal symptom, as measured with the PANSS N2 item (x-axis) and correct
verbal responses from the right and left ear in the dichotic listening test (y-axis). Redrawn from Hugdahl et al.’

This leads to a hypothesis of excess of glutamate levels
and/or of glutamate receptors which causes a neuronal
state characteristic of hyper-excitation in the language
areas in the brain which in turn initiates a hallucinatory
episode. Glutamate excitatory influences are normally
balanced by GABA inhibitory influences in a fine-tuned
interaction.* We suggest that this balance is upset in the
initiation of an AVH episode with glutamate excess, but
that the balance is temporarily restored in the cessation
of an episode, such that the glutamate-GABA excitatory-
inhibitory balance is a key factor in understanding the
oscillatory fluctuations seen in AVHs across time.*!
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Molecular Level—Genetic Data

Despite the fact that genetic studies have shown that her-
itability may be as high as 70% for schizophrenia,** no
studies exist that have implicated a specific link between
heritability and AVHs. Similarly, of the 108 genetic loci
that were identified in the gene-wide association study
(GWAS) as associated with schizophrenia,* none of the
identified genes were specifically associated with AVHs.
This could mean that AVHs are not uniquely linked to
schizophrenia, or any other diagnostic category, which
would be in line with recent suggestions that AVHs



are not necessarily a marker of psychosis disorder, but
could be a category of its own, and that characteristic
features of AVH not necessarily can be used for diagnos-
tic purposes (see overview by Waters and Fernyhough®).
While large collaborate efforts have been made to collect
GWAS data from large samples of patients with schiz-
ophrenia, such collaborative efforts are not yet made
to investigate the genetic association with AVHs. This
is unfortunate, since a diagnostic category carries much
more heterogeneity and unexplained variance than a
single symptom. We therefore encourage future studies
of AVHs to also approach the genetic level of expla-
nation. While GWAS information on association with
AVH is scarce, some interesting work has been done in
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Fig. 5. Upper panel: correlation between frequency and severity of
AVHs as measured with the PANSS P3 item (x-axis) and glutam-
ate concentration in the temporal lobe, measured as Glx (y-axis).
Lower panel: correlation between frequency and severity of emo-
tional withdrawal symptom as measured with the PANSS N2 item
(x-axis) and glutamate concentration in the temporal lobe, meas-
ured as GIx (y-axis). Redrawn from Hugdahl et al.*
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the field of copy number variation (CNVs). The 22q11
deletion syndrome (22q11 DS) provides a much higher
risk for psychosis in general and for AVH specifically.
Approximately one-third of children with 22ql1 DS
have increased plasma levels of the aminoacid proline,
which influences glutamatergic neurotransmission.*
Two studies found evidence linking plasma proline levels
to deviant brain function,** suggesting that strategies
to alter glutamatergic neurotransmission may be of par-
ticular relevance for this population. Another study by
Chun et al*’ identified a specific disruption of thalamo-
cortical glutamatergic projections to the auditory cortex
in a murine model of schizophrenia-associated 22q11
deletion syndrome (22q11DS). This deficiency could be
alleviated by haloperidol, suggesting that the thalamo-
cortical glutamatergic projections could be involved in
humans suffering from AVH just the same.

Summary

We have suggested an LoE approach to the study of AVHs
in schizophrenia that looks at integration of data and
findings across different levels of explanation. With this,
we mean that AVHs are manifest in different domains,
what we call “levels” from a cultural to molecular and
genetic domain, with clinical, cognitive, brain, and cellu-
lar levels in between. We have presented data from func-
tional neuroimaging, using fMRI and behavior using
dichotic listening which shows how findings from one
level of explanation can be used to generate new hypoth-
eses and predictions at another level. We finally show
how these findings are linked to changes in glutamater-
gic neurotransmitter function, using magnetic resonance
spectroscopy, MRS, which could yield new hypotheses
regarding targets for drug developments.
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