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Abstract

Involvement of the insular cortex is a common finding in neuroanatomical studies of schizophrenia,
yet its contribution to disease pathology remains unknown. This review describes the normal function
of the insula and examines pathology of this region in schizophrenia. The insula is a cortical structure
with extensive connections to many areas of the cortex and limbic system. It integrates external
sensory input with the limbic system and is integral to the awareness of the body’s state
(interoception). Many deficits observed in schizophrenia involve these functions and may relate to
insula pathology. Furthermore, reports describing deficits caused by lesions of the insula parallel
deficits observed in schizophrenia. Examples of insula-related functions that are altered in
schizophrenia include the processing of both visual and auditory emotional information, pain, and
neuronal representations of the self. The last of these functions, processing representations of the
self, plays a key role in discriminating between self-generated and external information, suggesting
that insula dysfunction may contribute to hallucinations, a cardinal feature of schizophrenia.
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1. Introduction

The varied nature of schizophrenia complicates efforts to determine its etiology. The functional
and structural neuroanatomical deficits found in the disease have offered clues to the pathology
underlying symptoms and have highlighted the potential role of several brain areas and
functional networks. Since no single area has been found to be paramount in schizophrenia,
expanded knowledge of the role of each area, how they interrelate, and the pathology found
within furthers understanding of this complex disorder. The pathology and deficits observed
in some areas, such as the dorsolateral prefrontal cortex and the hippocampus, are the subject
of extensive and ongoing research. The pathology and deficits in another area, the insula, have
only recently come to attention yet may be highly relevant to the symptoms and biology of
schizophrenia.
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The purpose of this review is to summarize and highlight recent research into the insula’s
contribution to the psychopathology of schizophrenia. The review details the function of the
insula, describes structural and functional abnormalities observed in the region in
schizophrenia, notes similarities between symptoms of the disease and syndromes resulting
from lesions to the insula, and hypothesizes how these deficits may together contribute to
hallucinations in the disease. A review of the literature was conducted using the search terms
“insula” and “schizophrenia” in Pubmed. Results were narrowed to studies on human subjects
within the last 15 years. Articles were categorized according to topic, resulting in the
subdivisions below. The role of the insula in other psychiatric diseases, including anxiety
disorders, has been reviewed elsewhere (Paulus and Stein, 2006; Nagai et al. 2007) and is not
included here.

2. The Functional Role of the Insula

The insula plays a major role in processing emotional and sensory stimuli. It is uniquely
involved in interoception, the awareness of the body’s internal state. This awareness underlies
both the body’s emational response and complex cognitive states, such the sense of self (James
1890, Craig 2002, Damasio 2003, Critchley et al. 2004). Interoception in the insula is
demonstrated by its response during perception of changes in the body’s physiological state,
such as heartbeat monitoring (Critchley et al. 2004), biofeedback using changes in skin
conductance (Critchley et al. 2002), thermal pain (Kong et al. 2006, Oschner et al. 2008),
electrically-induced pain (Singer etal. 2004), and light touch (Lovero et al. 2009). Interoception
can be viewed as a mechanism for the James-Lange theory of emotion, which predicts that the
body’s physiological response is the basis for emotional experience. Insula involvement in this
process is supported by the additive effects of visceral and emotional visual stimuli on the
insula (Phillips et al. 2003) and by the association of epileptic foci within the insula with either
visceral or emotional symptoms (Dupont et al. 2003). Interoceptive awareness of the body as
whole and distinct from the external environment is a key component of the ability to perceive
an image of the “self,” and make judgements of ‘self’ versus ‘non-self’ (Damasio 2003, Devue
et al. 2007, Kircher et al. 2001).

The insula can be subdivided into anterior and posterior sections based on observed
connectivity, function and cytoarchitechture (Lovero et al. 2009, Flynn et al. 1996, Craig
2009). Reciprocal connections link the two areas and the transition them between is a gradual
change. Cytoarchitecturally, the anterior insula encompasses the agranular region along with
part of the adjacent dysgranular region. Its extensive and reciprocal connections to limbic areas,
higher-order visual areas, olfactory areas and to the posterior insula are shown in Figure 1
(Mesulam and Mufson 1982a, Augustine 1996, Flynn et al. 1999). Functionally, the anterior
region is specialized for processing the emotional component of interoceptive awareness (Craig
2003, Critchley et al. 2002), the anticipation and evaluation of emotional stimuli (Lovero et
al. 2009, Kong et al. 2006), and self-awareness (Craig 2009, Devue et al. 2007). The anterior
insula is involved in extending self-awareness to other ‘selves’ through action similar to that
of mirror neurons (lacoboni and Dapretto 2006). This process likely is involved in the
generation of empathy (Ochsner et al. 2008, Carr et al. 2003) and in the identification of
boundaries between the self and other (Oschner et al. 2008, Devue et al. 2007). The posterior
insula encompasses the granular and the adjacent part of the dysgranular region. Its reciprocal
connections are from higher-order visual areas, auditory processing areas, somatosensory areas
and to the anterior insula (Figure 1) (Mesulam and Mufson 1982a, Augustine 1996, Flynn et
al. 1999). Functionally, the posterior insula is specialized for directly experienced, multimodal
sensory processing; particularly somatosensory processing (Singer et al. 2004, Lovero et al.
2009, Olausson et al. 2002).
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Based on the anatomical connections and function of the insula, disrupted interoception
processing within this region would be expected to disrupt the evaluation of emotional stimuli
and boundaries of the self. As described below, these deficits have been widely reported in
schizophrenia. Correspondingly, grey matter, cytoarchitectural, functional and protein
expression abnormalities are observed in the insula in schizophrenia. It is reasonable to
hypothesize, therefore, that many of the functional and behavioral deficits observed in
schizophrenia may involve pathology of the insula.

3. Pathological Anatomy of the Insula in Schizophrenia

Abnormalities in grey matter volume, cortical thickness, cellular structure, and the expression
of proteins within the insula are observed in schizophrenia. Structural imaging techniques using
magnetic resonance imaging (MRI) consistently find decreased grey matter in the insula
(Honea et al. 2005, Ellison-Wright et al. 2008, Glahn et al. 2008, Fornito et al. 2009, Chan et
al. 2009, Kasai et al. 2003, Kim et al. 2003, Takahashi et al. 2004, 2005; Saze et al. 2007,
Makris et al. 2006). These deficits are usually bilateral, are present in first-episode
schizophrenia, and are progressive in chronic schizophrenia (Ellison-Wright et al. 2008, Chan
etal. 2009). It is unclear whether grey matter deficits are localized to a particular subregion of
the insula as they have been observed in anterior (Makris et al. 2006), posterior (Saze et al.
2007), or across both areas (Takahashi et al. 2005, Kasai et al. 2003). In monozygotic twins
discordant for schizophrenia, the affected twin has decreased grey matter volume in the insula
bilaterally (Borgwardt et al. 2009). The bilateral decrease in insular grey matter is present in
populations at high risk for developing schizophrenia and progresses further with the transition
the psychatic state (Takahashi et al. 2009, Chan et al. 2009). Among the same high-risk
population, subjects who go on to develop psychosis have decreased insular grey matter
initially compared to those who do not become psychotic (Borgwardt et al. 2007, Takahashi
et al. 2009).

Some studies have reported negative correlations between positive symptoms and grey matter
volume (Crespo-Facorro et al. 2000, Duggal et al. 2005, Pressler et al. 2005) but other studies
have not found these effects (Crespo-Facorro et al. 2010, Takahashi et al. 2005, Kasai et al.
2003). Bilateral decreases in grey matter volumes are associated with schizophrenia with
hallucinations (Shapleske et al. 2002). Studies of other forms of psychosis are inconclusive.
Grey matter deficits in affective psychosis have been observed in one study (Morgan et al.
2007) but not in another (Kasai et al. 2003). Another study of insula grey matter volume in
schizophrenia-spectrum disorders did not find any deficit (Crespo-Facorro et al. 2010).

Not all studies have found insula grey matter deficits in schizophrenia and not all deficits found
have been bilateral (Crespo-Facorro et al. 2010, Honea et al. 2005). In one meta-analysis, of
the thirteen studies that examined the insula, seven found grey matter decreases in the region.
Of the seven, two studies found a deficit localized to the right side, one found left-sided
localization, and four found a bilateral deficit (Honea et al. 2005). Other meta-analyses,
however, have more consistently found bilateral grey matter deficits in the insula in
schizophrenia (Ellison-Wright et al. 2008, Glahn et al. 2008, Fornito et al. 2009, Chan et al.
2009). It should be noted that grey matter deficits in other regions, such as the superior temporal
gyrus, medial frontal, anterior cingulate, and parahippocampal areas are as consistently or more
frequently found in schizophrenia in these same studies (Honea et al. 2005, Ellison-Wright et
al. 2008, Glahn et al. 2008, Fornito et al. 2009, Chan et al. 2009).

Related to grey matter volume deficits, cortical thickness in the insula also is reduced in
schizophrenia. Decreases in the left (Kuperberg et al. 2003), right (Nesvag et al. 2008) or
bilateral insula (Roiz-Santianez et al. 2010) are reported. These decreases do not correlate with
antipsychotic medication use or clinical measures (Nesvag et al. 2008, Roiz-Santianez 2010).

Schizophr Res. Author manuscript; available in PMC 2011 November 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wylie and Tregellas

Page 4

Cellular and molecular abnormalities within the insula also are observed in schizophrenia. Post-
mortem studies show poor development and heterogeneity in the upper layers of the insular
cortex, decreases in the number of neurons in layers Il & 111 by 20-30%, and reductions in
neuronal and glial somal sizes in layer Il (Pennington et al. 2008a, Jakob and Beckmann
1986). Proteomic analysis shows differential expression of 57 proteins in layer 11 of the insular
cortex of schizophrenic patients. These abnormally expressed proteins broadly relate to
neuronal plasticity through their involvement in neuronal outgrowth, cellular morphogenesis
and synaptic function (Pennington et al. 2008b).

4. Pathological Function of the Insula in Schizophrenia

4.1 Facial Affect Processing

The pathology of the insula in schizophrenia may contribute to the difficulty in recognizing
emotional facial expressions found in the disease. Higher-order visual information needed to
process faces is relayed to the insula through the inferior temporal gyrus (Mesulam and Mufson
1982a). Functional imaging studies, both functional magnetic resonance imaging (fMRI) and
positron emission topography (PET), show involvement of the insula in healthy subjects when
evaluating facial expressions (summarized in table 1). The exact type of stimuli that engage
the insula is not well established but seems to relate more to negative emotions such as disgust.
Lesion studies also support the involvement of the insula in facial affect processing. Patients
with insula lesions experience difficulty in recognizing facial expressions, particularly
expressions of disgust (table 1).

Paralleling the symptoms of neurological damage to the insula, subjects with schizophrenia
have difficulty recognizing facial emotions. Responses to specific facial expressions vary, but
difficulties in recognizing negative emotions like sadness, anger, fear or disgust are most
common (Bediou et al. 2005a, Bediou et al. 2005b, Leppanen et al. 2008, van’t Wout et al.
2007, Schneider et al. 2006). Scores on facial recognition tests averaging across all emotions
correlate with negative symptom severity (Martin et al. 2005, Turetsky et al. 2007, Sachs et
al. 2004, Gur et al. 2006). Patients with paranoid schizophrenia may perform better in some
cases (van’t Wout et al. 2007, Phillips et al. 1999). The difficulty in recognizing angry faces
extends to the unaffected siblings of schizophrenic patients, suggesting a genetic contribution
to the deficit (Leppanen et al. 2008).

Functional imaging has shown that the insula responds abnormally to emotional faces in
schizophrenia. Patients with schizophrenia have a decreased hemodynamic response in the left
anterior insula when viewing facial expressions of disgust (Phillips et al. 1999). This deficit is
limited to non-paranoid patients, with paranoid patients showing a smaller decrease compared
to non-paranoid patients (Phillips et al. 1999, Williams et al. 2007). Early-onset schizophrenia
is associated with hypoactivation in the left insula to sad facial expressions (Seiferth et al.
2009). Response in the right insula to fearful faces is observed in a healthy control group but
not in schizophrenia, but this decrease does not reach significance when compared directly
(Michalopoulou et al. 2008).

In healthy subjects, the processing of facial affect involves a network of regions that includes
the insula as well as the amygdala, medial prefrontal cortex, and anterior cingulate gyrus (Arce
et al. 2008, Morris et al. 1998, Sprengelmeyer et al. 1998, Phillips et al. 1997). These areas
also show decreased responses in schizophrenia (Baas et al. 2008, Phillips et al. 1999, Williams
et al. 2007) and have dense reciprocal connections with the insula (Mesulam and Mufson
1982a).

In summary, the insula response observed during the processing of emotional facial expressions
is abnormal in schizophrenia. This response deficit may contribute to the difficulty in
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recognizing emotional expressions found in the disease. This process involves evaluating
emotions, empathy and theory of mind, all functions subserved by the anterior insula
(Schneider et al. 2006, Carr et al. 2003). Anger, fear and especially disgust are the emotions
which most strongly engage the anterior insula. These same emotions are the expressions
subjects with schizophrenia have the most difficulty recognizing. Lesions to the insula result
in difficulties evaluating emotional expressions similar to those experienced by patients with
schizophrenia. All of this evidence suggests that these symptoms of schizophrenia may be
associated with disruptions in normal insula function.

4.2 Auditory Affect Processing

Similar to emotional facial expressions, the pathology in the insula in schizophrenia may
contribute to the difficulties in evaluating and creating emotional vocal expressions observed
in the disease. The emotional aspects of speech are expressed as variations in rhythm, stress
and intonation, collectively referred to as the prosody of speech. Although typically strongly
tied to words, prosody itself is non-verbal. For example, the emotional content of a heated
argument behind a closed door is obvious without the need to discern words. The auditory
information necessary to processes prosody arrives at the posterior insula directly through
connections with the primary auditory and association cortices. From there it is passed to the
anterior insula for more abstract and higher-order processing involving the subregion’s dense
reciprocal connections to the amygdala, hippocampal and prefrontal areas of the limbic system
(Mesulam and Mufson 1982a, Flynn et al. 1999).

A summary of the studies demonstrating the insula’s involvement in evaluating prosody in
healthy subjects is shown in table 2. Negative emotions in particular engage the insula, but
responses to positive emotions or a global response across all emotions have been observed.
Lesions of the insula disrupt both the comprehension and the production of prosody, leading
to either hypoprosody or aprosody syndromes (table 2).

Deficits in prosody perception and expression are observed in schizophrenia (Edwards et al.
2002, Hoekert et al. 2007, Ross et al. 2001, Leitman et al. 2005). Prosody deficits affect 84%
of patients and are comparable to prosodic deficits from ischemic stroke (Ross et al. 2001).
This finding applies to perceiving the prosody of sentences, words, syllables and non-syllable
sounds (Leitman et al. 2005, Ross et al. 2001). It is present in first-episode schizophrenia
(Edwards et al. 2001) and worsens with chronic schizophrenia (Kucharska-Pietura et al.
2005). It extends to fundamental components of prosody comprehension such as the patterns
of internal pitch within sentences, but excludes terminal pitch changes such as used for
questions (Matsumoto et al. 2006). It is most pronounced for the discrimination of negative
emotions such as anger, fear and sadness (Bozikas et al. 2006, Pijnenborg et al. 2007, Edwards
et al. 2001).

Emotional blunting, the decreased spontaneous generation of vocal prosody, is the most notable
prosodic symptom in schizophrenia (Leentjens et al. 1998, Murphy and Cutting 1990). Deficits
in prosody discrimination correlate with severity of negative symptoms (Leitman et al. 2005),
while the deficit in discriminating the internal pitch component of prosody correlates with
positive symptoms (Matsumoto et al. 2006). Deficits in facial affect recognition and vocal
prosody in schizophrenia correlate with each other and with poor social functioning
(Kucharska-Pietura et al. 2005, Hooker and Park 2002). In stable patients, the deficit is less
severe in paranoid compared to non-paranoid subtypes of schizophrenia (Chan et al. 2008). In
acute inpatients, the deficit in prosody recognition is greater in patients with auditory
hallucinations compared to those without auditory hallucinations (Rossell and Boundy 2005).

One functional imaging study has connected the prosody deficits in schizophrenia to the insula.
Compared to healthy controls, patients with schizophrenia have an increased response in the
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left insula when attending to prosody (Mitchell et al. 2004). This finding may reflect insula
disinhibition or a hypersensitivity of the region to attentional modulation (Mitchell et al.
2004).

In summary, the production and comprehension of prosody is abnormal in schizophrenia.
Functional and lesion studies show that the processing of prosody involves the anterior insula.
The prosodic deficits associated with schizophrenia are most pronounced for negative
emotions, the valence that most engages in the anterior insula. The aprosody and hypoprosody
resulting from anterior insula lesions resemble the aprosodic deficits found in schizophrenia.
The insula in schizophrenia responds abnormally when patients evaluate prosody. All of this
evidence suggests that these symptoms of schizophrenia may be associated with disruptions
in the normal function of the insula.

4.3 Pain Processing

Insula pathology in schizophrenia may contribute to the pain insensitivity observed in the
disease. The perception of pain is strongly associated with the insula (table 3). The posterior
insula receives sensory input from the somatosensory cortices and ventroposteriolateral
thalamic nuclei. The anterior insula, with its connections to the limbic system and prefrontal
cortex, is involved in evaluating the emotional elements of pain (Mesulam and Mufson
1982a). The functions of the two subregions are complementary: the posterior insula bilaterally
encodes the experience of thermal pain while the bilateral anterior insula in involved in
evaluating the intensity of the pain (Kong et al. 2006). Directly experienced pain elicits
response in the contralateral posterior insula along with bilateral anterior insula. Pain that is
witnessed, empathic pain, engages the anterior insula bilaterally (Singer et al. 2004, Ochsner
et al. 2008). Distracting the subject from the pain decreases the response in the anterior insula
(Brooks et al. 2002). Asymbolia for pain is a neurologic condition with normal recognition of
pain but decreased emotional response to and decreased withdrawal from painful stimuli.
Lesions to the insula may lead to this condition (Berthier 1988).

Pain insensitivity is observed in schizophrenia, dating back to the writings of Kraeplin and
Blueler (Potvin and Marchand 2008, Singh et al. 2006). Schizophrenic patients with very
painful surgical conditions may present with minimal or absent pain. Additionally, there is a
reduced prevalence of schizophrenia in patient populations with pain syndromes (Singh et al.
2006). Neuroleptic-free patients show reduced responses to pain, suggesting the effect is not
related to medication effects. (Potvin and Marchand 2008). The deficit is described as a loss
of the “meaning of pain” (Marchand et al. 1959, Geschwind 1977), and has been described as
asymbolia for pain (Singh et al. 2006). Pain insensitivity also is found in the healthy relatives
of patients with schizophrenia, suggesting a genetic contribution to the trait (Hooley and
Delgado 2001).

Despite the above provocative findings, no imaging studies have yet evaluated the possible
role of the insula in pain processing in schizophrenia. With the strong association between the
insula and pain, and the condition of asymbolia associated with both insula lesions and as a
symptom of schizophrenia, abnormality in the insula response to either direct or empathic pain
is predicted.

4.4 Self versus Non-self

Insula pathology in schizophrenia may contribute to the poor perception of the self found in
the disease. Patients with schizophrenia often describe their reflections as being independently
alive, sinister, physically in flux and belonging to another person (Harrington et al. 1989). They
show decreased accuracy in recognizing pictures of their own face from that of strangers
(Kircher et al. 2007, Irani et al. 2006). When tasked with correcting their body image in an
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adjustable distorted mirror, they show a substantial deficit in the perception of their bodies.
Yet when asked to correct the image of an inanimate object in the same mirror, their
performance is substantially closer to that of controls (Orbach et al. 1966, Traub et al. 1967).
These studies point to a deficit in the perception of the self in schizophrenia.

Schizophrenia is associated with difficulties in discriminating between self-generated and
externally-generated sources of sensory stimuli. When listening to distorted speech, patients
with schizophrenia make more errors in attributing their own speech to that of others (Cahill
et al. 1996, Allen et al. 2004, Stephane et al. 2009). Patients actively experiencing
hallucinations make more external attribution errors than patients without hallucinations (Johns
et al. 2001, Costafreda et al. 2008).

The insula is involved in self-recognition and discriminating self from non-self sources of
sensory input. The anterior insula responds to viewing self-portrait pictures, compared to both
viewing pictures of unknown faces or of the subject’s partner (Sugiura et al. 2000, Kircher et
al. 2000). Partners’ faces are almost as well-known to the subject as their own, suggesting this
effect is from more than familiarity. Reading aloud with distorted feedback of the subject’s
voice increases the response in the left insula, compared to reading aloud with feedback of a
different person’s voice (McGuire et al. 1996). Misattribution of speech to a non-self source
involves processing in the insula. While listening to speech and judging whether the stimuli
was the subject’s own pre-recorded, distorted voice or the distorted voice of another person,
activation of the left insula is associated with correct attributions (Allen et al. 2005).

The insula is involved in the self-attribution of actions. The left insula responds to auditory
feedback directly resulting from the subject’s actions, compared to randomly timed feedback,
during a motor task (Blakemore et al. 1998). The bilateral anterior insula responds to visual
feedback resulting directly from the subject’s actions while driving a virtual race car around a
track, compared to unrelated, random feedback (Farrer and Frith 2002). More abstractly, the
left posterior insula responds to imagining carrying out an action in the first person compared
to imagining the same action in the third (Ruby and Decety 2001). The left insula responds to
imagined speech in the first versus third person (Shergill et al. 2001). These results suggest the
insula plays a role in discerning self-associated and self-attributed sensory stimuli.

Known syndromes resulting from lesions of the insula include distortions of the boundaries of
the self and self-awareness of actions. Somatoparaphrenia is a neurologic condition where
patients attribute the ownership of their limb and it’s actions to another person. It is a very
common complication of anosognosia for hemiparesis/hemiplegia, where a patient denies that
there is anything wrong with a limb paralyzed by stroke (Baier and Karnath 2008). Both
anosognosia for hemiparesis/hemiplagia generally and somatoparaphrenia in particular are
associated with lesions to the right posterior insula (Karnath et al. 2005, Baier and Karnath
2008, Cereda et al. 2002). This suggests that damage to the insula disrupts conceptions of the
self and the self-awareness of actions.

In summary, patients with schizophrenia have a distorted perception of self and difficulties
properly attributing self-generated sensory stimuli. The insula, especially the anterior part,
plays a role in processing representations of self-generated sensory stimuli. Abnormalities in
this region may contribute to these difficulties. Misperception of the self as a distinct entity
from the external world has been suggested as a possible mechanism of hallucinations and is
discussed below.

4.5 Neurotransmitter Action within the Insula in Schizophrenia

To date, few studies have examined the involvement of specific neurotransmitter systems in
the insula. Some evidence points to the involvement of cholinergic neurotransmission in the

Schizophr Res. Author manuscript; available in PMC 2011 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wylie and Tregellas

Page 8

insula, and possible disruption of this system in schizophrenia. Involvement of the insula in
cigarette addiction is suggested by that fact that damage to the region leads to immediate, easy,
and relapse-free tobacco cessation (Naqvi et al. 2007). Anatomically, the insula receives
cholinergic projections from the nucleus basalis of Meynert (Selden et al. 1998). It contains a
high concentration of acetylcholinesterase, an indicator of cholinergic neurons, especially in
the ventrorostral agranular region (Mesulam and Mufson 1982b, Sutoo et al. 1994). Alpha-4
and beta-2 nictonic acetylcholine receptor subunits are enriched in the insula. These two
subunits combine to form the major high affinity nicotinic receptor in the human brain
(Agulhon et al. 1998, Rubboli et al. 1994). In a healthy smoker, radiolabeled [11C]nicotine
injections show the highest concentration in the bilateral insula (Nyback et al. 1989). Nicotine
injection increases baseline hemodynamic response in the bilateral anterior and left posterior
insula (Stein et al. 1998). Cholinergic systems in the insula modulate affect processing, as
evidenced by the ability of physostigmine, a reversible acetylcholinesterase inhibitor, to alter
bilateral insula hemodynamic activity in response to viewing fearful or neutral affect faces in
healthy subjects (Bentley et al. 2003).

Disruption of cholinergic neurotransmission previously has been hypothesized in
schizophrenia. This theory is supported by observations of exceedingly high rate of smoking
in patients, information processing deficits in the disease that are corrected with nicotine, and
the genetic linkage of polymorphisms in the promoter of the alpha-7 nicotinic receptor to the
disease (Hughes et al. 1986, Adler et al. 1993, Freedman et al. 2001). Considering the
established role of acetylcholine in modulating sensory information deficits in schizophrenia
and connection between sensory and emotional information processing (Yamashita et al.
2005), it is possible that abnormalities in cholinergic neurotransmission could contribute to
insula-related emotional processing deficits in schizophrenia. Additionally, the relation
between cholinergic agonists and pharmacologically-induced hallucinations suggests a
possible role of the neurotransmitter in the etiology of hallucinations (Perry and Perry 1995).
Given the role of the insula in hallucinations (discussed below), it is possible that dysfunction
of cholinergic systems in this region contributes to this symptom in the disease.

Experimental tasks that are modulated by acetylcholine and are abnormal in schizophrenia
involve the insula. Oddball tasks, in which infrequent deviant stimuli are intermixed within
regularly presented stimuli, are dependent on cholinergic modulation and are disrupted in
schizophrenia (Javitt et al. 2008). Auditory oddball tasks elicit bilateral insula response in
healthy subjects. In schizophrenia, this response is present but reduced (Kiehl et al. 2005).
Compared to controls, patients with schizophrenia performing the oddball task also exhibit
decreased neuronal synchrony between the bilateral insula and the medial frontal, superior
temporal, thalamic, parahippocampal, and anterior cingulate regions (Kim et al. 2008).
Prepulse inhibition of the startle response (PPI) is another abnormal physiological response in
schizophrenia that improves with nicotine treatment. Direct subcutaneous nicotine improves
PPI and increases the response of the right insula of patients with schizophrenia (Postma et al.
2006). A similar effect is seen with olfactory identification, which also is impaired in
schizophrenia (Crespo-Facorro et al. 2008) and involves the insula (Royet et al. 2003). Smoking
normalizes olfactory function in patients with schizophrenia while worsening it in healthy
controls (McLean et al. 2004). These studies suggest that the abnormal cholinergic system in
schizophrenia extends to the insula, disrupting processing of emotional stimuli and contributing
to the affect-related deficits associated with the disease.

Other neurotransmitter systems relevant to schizophrenia also may be disrupted in the insula.
The bilateral agranular anterior insula in the rat has an unusually high utilization of dopamine,
significantly greater than the next highest area in the cortex, the medial prefrontal cortex (Jones
et al. 1986). In humans, D1 receptors are rich in the insula and the grey matter volume of the
insula bilaterally correlates with D2 receptor density (Hurd et al. 2001, Woodward et al.
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2009). Both of these receptors are targets of neuroleptics and exposure to these drugs correlates
with insula volume (Pressler et al. 2005). D4 receptors and 5HT1a receptors, both targets of
the atypical antipsychotic clozapine, are enriched in the insula compared to the other regions
of the cortex (Lahti et al. 1998, Rabiner et al. 2002). Disruption of these neurotransmitter
systems in the insula could contribute to the symptoms of schizophrenia directly, or indirectly
by interacting with cholinergic neurotransmission (Sato et al. 2007, Mameli-Engvall et al.
2006).

t all together: The Insula and the Etiology of Hallucinations

Given the insula’s role in processing external and internal sensory information, and the related
cognitive constructs of ‘self’ versus ‘non-self,” it is possible to hypothesize that hallucinations,
which likely relate to dysfunction of these processes, involve the insula. The sections below
describe evidence for the involvement of the insula in hallucinations, and propose a mechanism
for how insula dysfunction may lead to this cardinal feature of schizophrenia.

5.1 Evidence for Involvement in Hallucinations

Insula grey matter volume abnormalities are associated with both hallucinations and positive
symptoms. Compared to non-hallucinating patients with schizophrenia, hallucinating patients
have decreases in gray matter volume in the left insula. This decrease is above and beyond the
bilateral grey-matter decrease in the insula found in all patients with schizophrenia in the same
population of subjects (Shapleske et al. 2002). Bilateral insula gray matter volume negatively
correlates with positive symptoms using the Scale for the Assessment of Positive Symptoms
(SAPS) (Crespo-Facorro et al. 2000, Duggal et al. 2005). Hallucination and delusion scores
for the same scale negatively correlate with right insula grey matter volume (Pressler et al.
2005). Hallucination severity correlates with bilateral insula grey matter volume (Modinos et
al. 2009). These clinical measures suggest a relationship between decreasing grey matter
volumes in the insula and an increased hallucinations and delusions.

Abnormal insula response is associated directly with hallucinations. Auditory hallucinations
in schizophrenia increase the hemodynamic response in the bilateral insula (Shergill et al.
2000, Sommer et al. 2008, Jardri et al. 2009). Response of the left insula has been reported to
occur shortly before a hallucination or as the subject becomes aware of it (Hoffman et al.
2008, Shergill et al. 2004). Somatic hallucinations in schizophrenia also are associated with
bilateral insula response in one case-study (Shergill 2001). There is an overlap in activity
encompassing the left and right anterior insula between auditory hallucinations in
schizophrenia and silent word generation in the same subjects (Sommer et al. 2008).

5.2 Hallucinations and Internal (self) versus External (non-self)

Hallucinations have been conceptualized as a failure to differentiate an internally generated
from an external sensory experience (Frith and Done 1988, Ford and Mathalon 2004). The
insula, with its extensive connections to areas that process external sensory information and
its role processing visceral sensation, is ideally connected to accomplish this function
(Mesulam and Mufson 1982a, Damasio et al. 2000). A dysfunction in the insula could lead to
confusion of the two sources, allowing internal sensory information to be attributed to an
external source. A similar idea is that hallucinations are the result of a breakdown in the
boundaries of the self, with self-generated sensory experience attributed to an alien, non-self
source (Churchland 2002). With the role of the anterior insula in self-representation (Kircher
et al. 2001, McGuire et al. 1996) and perception of other ‘selves’ (Oschner et al. 2008, Devue
etal. 2007), abreakdown or blurring of these functions of the insula could lead to the perception
of an alien non-self attached to the internally-created sensory experience.
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A similar syndrome results from lesions to the posterior insula. As discussed above (in section
4.4), somatoparaphrenia involves a disruption in the sense of self as it relates to the body, where
ownership of the affected limb is attributed to another person. Even more relevant,
somatoparaphrenia involves a disruption in the self-awareness, where actions taken by the
affected limb are attributed to an external force (kinaesthetic hallucinations). This syndrome
results from lesions to the posterior insula and is likely related to the area’s association with
somatosensory processing (Baier and Karnath 2008). Disruptions in the anterior insula may
resultin asimilar phenomenon. However, with this subregion’s association with self-awareness
(Craig 2009, Devue et al. 2007), a more abstract disruption in the concept of self would be
expected.

A possible mechanism for these related theories is found in the differential response of the
anterior insula to empathic (or non-self) sensory experience and direct (or self) sensory
experience: both conditions engage the anterior insula but the degree of response differs.
Empathic pain, witnessed but not experienced, elicits a hemodynamic response in the anterior
insula bilaterally. The same areas respond similarly to pain directly experienced, but to a greater
degree (Singer et al. 2004, Oschner et al. 2008). Right anterior insula response is observed
when viewing both a partner’s face and one’s own face, but is greater in the self condition
(Kircher et al. 2001). The same observation applies to images of one’s own face and body
compared to a colleague’s face and body. Both show activity in the right anterior insula, but
the degree of activity in the self condition is greater (Devue et al. 2007). Imitation of facial
expressions compared to observation of the same facial expressions show the same result:
anterior insula activation in both conditions but greater activation in the imitation condition,
where the emation is directly experienced (Carr et al. 2003, Hennenlotter et al. 2005). Given
these findings, it is possible to hypothesize that self/non-self attribution is related to a threshold
phenomenon: the anterior insula response observed in hallucinations (Shergill et al. 2000,
Sommer et al. 2008) is too weak to identify the sensory information as having an internal source
and results in it being attributed to an external, alien source.

6. Conclusion

Disruption of processing in the insula or a network involving the region could explain or
contribute to many of the sensory deficits found in schizophrenia. The identification of
emotional expressions on faces, the emotional content of speech, the emotional content of pain,
and the neuronal representation of the self are impaired in the disease. People with
schizophrenia have deficits comparable to subjects with lesions in the insula and show
abnormal insula response in tasks that assess these functions. These deficits suggest a
polymodal disruption in sensory-affect processing in schizophrenia, consistent with impaired
insula function. With the overlap between sensory processing and sensory-affect processing,
disruptions in cholinergic modulation could contribute to the observed deficits. As part of its
role in sensory-affect processing, the anterior insula is involved in identifying self-generated
from externally-generated sensory information. Failure of this process may lead to internally
generated sensory information being attributed to an external source, contributing to
hallucinations in schizophrenia. Future research focusing on insula function may further our
understanding of disease pathology and improve therapeutic development.
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Figure 1.

Subdivisions of the insula and their connections to other regions. Cytoarchitechturally, a
continuous transition between agranular and granular patterns is observed. The anterior insula,
in blue, comprises the agranular and anterioventral dysgranular cytoarchitechture, with
connections to limbic and sensory regions of the brain. The posterior insula, in red, comprises
the granular and dorsoposterior dysgranular cytoarchitechture, with connections to visual,
auditory and somatosensory areas. Both areas have connections to the thalamus and within the
insula.
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Design:

Insula Involvement:

Study: Method

Arce et al. (2008) Imaging, PET
Morris et al. (1998) Imaging, PET
Wicker et al. (2003) Imaging, fMRI

Sprengelmeyer (1998)  Imaging, fMRI

Phillips et al. (1997) Imaging, fMRI

Carr et al. (2003) Imaging, fMRI

Adolphs et al. (2000) Lesion study,

quantitative

Calder et al. (2000)

Adolphs et al. (2003)

Lesion case-study

Lesion case-study

Angry, fearful and happy faces vs. non-face
shapes

Parametric analysis of the response to
fearful
faces

Disgusted faces vs. rest
Disgusted faces vs. neutral faces

Disgusted faces vs. neutral faces

Viewing and imitating emotional
expressions vs.
rest

Recognition of facial affect

Recognition of facial and auditory
expressions
of disgust

Recognition of static facial expressions of
surprise, fear, anger, sadness and disgust

Recognition of videos of disgust reactions

Increases in bilateral anterior and posterior insula
responses

L anterior Insula response correlates with Intensity
of
emotion

Increase in L anterior insula response
Increase in L anterior insula response

R anterior insula response correlates with intensity
of

emotion, Increase in L anterior insula response at
higher emotional intensity

Increase in R anterior insula response in both
conditions

Insula lesions associated with a deficit in recognition
of

happy, surprised, afraid, angry, sad, or disgusted
faces

Infarct in L insula and putamen

Extensive lesions including insula bilaterally

Extensive lesions including insula bilaterally
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Table 2
Prosody Studies
Study: Method: Design: Insula Involvement:
Beaucousin et al. Imaging, fMRI Sentences spoken with emotional inflection vs.  Increase in bilateral anterior insula response
(2007) sentences lacking inflection
Bach et al. (2008) Imaging, fMRI Sentences of pseudo-words spoken with Increase in L insula response
emotional inflection vs. pseudo-words with
neutral inflection
Meyer et al. (2002) Imaging, fMRI Grammatically uninterpretable sentences Increase in bilateral insula response
without lexical information vs. meaningless but
syntactically correct sentences of pseudo-words
Morris et al. (1999) Imaging, PET Non-verbal emotional vocalizations (fearful, Increase in bilateral anterior insula response
sad, happy) vs. emotionally neutral
vocalizations
Imaging, PET Non-verbal vocalizations of fear vs. neutral Increase in L anterior insula and decrease in R
vocalizations anterior
insula responses
Kotz et al. (2003) Negative intonations vs. neutral prosody Increase in bilateral insula response
Johnstone et al. (2006)  Imaging, fMRI Happy vs. angry short phrases Increase in L insula response
Quadflieg et al. (2008)  Imaging, fMRI Anger prosody vs. neutral prosody Increase in bilateral anterior insula

Shuren et al. (1993)
Calder et al. (2000)

Cancelliere and Kertesz
(1990)

Lesion case-study
Lesion case-study

Lesion study,
quantitative

Production of speech prosody
Recognition of disgust prosody

Hypoprosody symptoms

Lesin in L anterior insula
Lesin in L anterior insula

Associated with lesions to either left or right
insula
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Table 3
Somatosensory Studies
Study: Method: Design: Insula Involvement:
Peyron et al. (2000) Meta-analysis of Articles about pain processing published on or Involvement of insula in 90% of studies
imaging studies before 1999
Apkarianetal. (2005) Meta-analysis of Articales about pain processing published on or  Involvement of insula in 94% of studies
imaging studies before 2004

Farrell et al. (2005)

Berthier (1988)

Meta-analysis using ~ Noxious heat applied to either upper limb
activation likelihood
estimations (ALE)

Lesion study, Asymbolia for pain
qualitative

Increses in posterior insula contralateral to
site of

stimulation along with anterior insula
response bilaterally

Associated with Involvement of insula,
particular posterior
subdivision
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