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Abstract
Background—Schizophrenia is a heterogeneous disorder that may consist of multiple etiologies
and disease processes. Auditory hallucinations (AH), which are common and often disabling,
represent a narrower and more basic dimension of psychosis than schizophrenia. Previous studies
suggest that abnormal primary auditory cortex activity is associated with AH pathogenesis. We
thus investigated functional connectivity, using a seed in primary auditory cortex, in schizophrenia
patients with and without AH and healthy controls, to examine neural circuit abnormalities
associated more specifically with AH than the myriad other symptoms that comprise
schizophrenia.

Methods—Using resting-state fMRI (rsfMRI), we investigated functional connectivity of the
primary auditory cortex, located on Heschl’s gyrus, in schizophrenia spectrum patients with AH.
Participants were patients with schizophrenia, schizoaffective disorder, or schizophreniform
disorder with lifetime AH (n=27); patients with the same diagnoses but no lifetime AH (n=14);
and healthy controls (n=28).

Results—Patients with AH vulnerability showed increased left Heschl’s gyrus functional
connectivity with left frontoparietal regions and decreased functional connectivity with right
hippocampal formation and mediodorsal thalamus compared to patients without lifetime AH.
Furthermore, among AH patients, left Heschl’s gyrus functional connectivity covaried positively
with AH severity in left inferior frontal gyrus (Broca’s area), left lateral STG, right pre- and
postcentral gyri, cingulate cortex, and orbitofrontal cortex. There were no differences between
patients with and without lifetime AH in right Heschl’s gyrus seeded functional connectivity.
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Conclusions—Abnormal interactions between left Heschl’s gyrus and regions involved in
speech/language, memory, and the monitoring of self-generated events may contribute to AH
vulnerability.
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1.INTRODUCTION
Schizophrenia (SZ) is a heterogeneous disorder, possibly consisting of several distinct
though related disease processes. Here, we focused on the symptom dimension of auditory
hallucinations (AH), a narrower and more basic phenotypic unit of analysis than SZ, with
the goal to identify neural circuit abnormalities that are associated more specifically with
AH than the myriad other symptoms seen in SZ. Though AH can also be
phenomenologically heterogeneous, SZ patients with AH likely represent a more
homogeneous group than all SZ patients. AH are common in SZ, can be disabling, and
increase suicide risk (Falloon and Talbot, 1981). While antipsychotic medications can
reduce their severity, AH often persist despite treatment.

Abnormalities of the primary auditory cortex (PAC), located on the superior temporal gyrus
(STG), have been implicated in AH pathogenesis. SZ patients with AH have STG volume
reductions (Allen et al., 2008; McCarley et al., 1999; Modinos et al., 2012), and the PAC in
SZ contains morphologically abnormal pyramidal cells (Sweet et al., 2004; Sweet et al.,
2009). Several, though not all, groups have reported increased activity in the dominant
hemispheric PAC during AH (Dierks et al., 1999; Lennox et al., 2000; Matsuda et al., 1989;
Suzuki et al., 1993; van de Ven et al., 2005). A perceptual basis for AH is supported by
evidence that AH-related activity in the left STG competes with the processing of external
sound (Ford et al., 2009; Kompus et al., 2011; Woodruff et al., 1997), and is consistent with
patients’ experience of AH as real.

Neuroimaging studies also implicate other brain regions [e.g., medial temporal lobe (Liddle
et al., 1992), anterior cingulate cortex (Lahti et al., 2006), Broca’s area (McGuire et al.,
1993), thalamus, parahippocampal gyrus, ventral striatum, orbitofrontal cortex (Silbersweig
et al., 1995)] during AH, suggesting that AH are associated with abnormal activity in a
distributed network that includes multiple cortical and subcortical brain regions. The study
of distributed brain abnormalities in AH may offer more broadly applicable insights into the
neurobiology of SZ because subtle neurodevelopmental abnormalities (e.g., in neuronal
migration, synaptogenesis, pruning) may lead to abnormal connectivity, and ultimately to
symptom formation.

Low frequency (<0.1 Hz) spontaneous fluctuations in activity occur continually in the
human brain (Fox and Raichle, 2007). These fluctuations have been observed under
anesthesia, suggesting that they reflect intrinsic properties of functional brain organization
(Vincent et al., 2007). Several studies have used resting state fMRI (rsfMRI) to study these
fluctuations in AH. One study suggested abnormal interhemispheric PAC connectivity
(Gavrilescu et al., 2009); three highlighted altered connectivity in speech-related
(Vercammen et al., 2010; Wolf et al., 2011) or default mode (Rotarska-Jagiela et al., 2010)
networks and their association with limbic regions; and a fifth study reported abnormal
connectivity between speech-related areas and the putamen (Hoffman et al., 2011). None
explicitly focused on the PAC’s connectivity with other brain circuits.
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In this study, we investigated the functional connectivity (FC) of Heschl’s gyrus (HG) in SZ
patients with and without vulnerability to AH and healthy controls, using rsfMRI. This is the
first study to examine the PAC’s connectivity with distributed brain regions. We used HG as
an anatomical proxy for PAC, as the PAC is consistently located in HG across the range of
common morphological variants (Da Costa et al., 2011). We hypothesized that patients with
lifetime AH, even if not currently hallucinating, will have abnormal FC in a network of HG
and cortical and subcortical brain regions processing speech, language, affect, and source
attribution.

2.METHODS
2.1.Participants

Following approval by the McLean Hospital IRB, we studied 69 men and women, ages 18–
65 years, in three groups: (i) 27 auditory hallucinators (AH; SZ, schizoaffective, or
schizophreniform disorder patients with lifetime AH); (ii) 14 never-auditory hallucinators
(NAH; patients with the above diagnoses who have never experienced AH); and (iii) 28
healthy controls (HC; individuals with no psychiatric illness). We administered the
Structured Clinical Interview for DSM-IV-TR (SCID) to establish axis I diagnoses, and used
SCID item B16 (“Did you ever hear things that other people couldn’t, such as noises, or the
voices of people whispering or talking?”) to categorize patients. Patients scoring 3
(threshold/true) on B16 were coded AH, and all others NAH.

Patients were recruited from inpatient and outpatient services at McLean Hospital, and HC
through community advertisements. We excluded individuals with substance abuse or
dependence in the previous three months, electroconvulsive treatment in the past year, or
significant medical or neurological illness. We collected medication information, and
calculated chlorpromazine (CPZ) equivalents for antipsychotics (Table 1).

To enhance sample size, we combined two datasets: Dataset1 (n=21) from Feb2006-
Apr2007, previously reported in an unrelated project (Ongur et al., 2010), and Dataset 2
(n=48) from Oct2008–Mar2010 acquired for this study (Table 1).

We used the Psychotic Symptom Rating Scale for AH (PSYRATS-AH) (Haddock et al.,
1999) to measure AH severity. PSYRATS is unavailable for Datset1. See Supplementary
Materials for details about additional clinical assessments that were administered.

2.2.Image Acquisition
Using a Siemens Trio 3-Tesla MRI scanner, we acquired a T1-weighted whole-brain
anatomical image (MPRAGE, 256 × 256 voxels, 1 × 1.3mm2 in-plane resolution, 1.3mm
slice thickness), followed by a T2-weighted functional scan (interleaved EPI sequence, 42
oblique slices, flip angle 82°, TE/TR=24/2500ms, 3.5mm isotropic voxels, matrix 128 ×
128, 224mm2 FOV, 240 volumes over 600s). Participants were scanned at rest, and
instructed to stay awake, keep their eyes open, and think of nothing in particular. The
scanner underwent an upgrade during the study period, but there were no statistically
significant differences in image quality related to the upgrade (Supplementary Materials).
For Dataset2 participants, after scanning, we conducted a debriefing interview
(Supplementary Material) to ascertain the presence of AH and other symptoms during image
acquisition.

2.3.Image Analysis
We used the FMRIB Software Library (FSL v4.1.6) (Smith et al., 2004) for image analyses.
Images were slice-time and motion corrected (Jenkinson et al., 2002), intensity normalized,
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smoothed with a 6mm Gaussian kernel, and affine registered to Montreal Neurological
Institute (MNI) space. Images were low-pass filtered to retain frequencies slower than
0.08Hz and reduce high-frequency nonneuronal noise. We placed a 10mm diameter sphere
on left Heschl’s gyrus (LHG; −42, −26, 10) (Figure 1), the putative location of left PAC in
humans (Da Costa et al., 2011). We selected coordinates with reference to a PAC
probabilistic map (Rademacher et al., 2001) followed by adjustment based on
macroanatomical landmarks on the MNI152 brain. We inspected the LHG sphere overlaid
on each participant’s registered image to ensure appropriate placement on individual brains
(Figure S1). The BOLD time course from LHG was extracted and entered into a general
linear model (GLM) using FEAT (www.fmrib.ox.ac.uk/fsl/feat5), with signal from white
matter, CSF, and motion correction parameters regressed. Data from first-level analyses
were entered into a mixed-effects group analysis using the Bayesian estimation techniques
in FLAME (Woolrich et al., 2004). We included de-meaned CPZ equivalents, handedness,
acquisition period (Dataset1 vs. Dataset2), and scanner upgrade (pre- vs. post-upgrade) as
covariates. We initially used a p<0.01 voxel threshold, whole-brain corrected with a p<0.05
cluster threshold. As no between-group differences could be detected at this level, we used
an uncorrected threshold of p<0.001, and report grey matter clusters ≥20 voxels. SZ NAH
patients are relatively difficult to recruit, and this group was small. We used a relatively
liberal statistical threshold to account for this fact.

In addition to group-wise comparisons, which assume relative homogeneity within each
group, we analyzed the data with AH as a continuous variable. For Dataset2 patients with
current AH (n=16/20), the de-meaned PSYRATS-AH subscale, was entered as a covariate in
the GLM. (Dataset1 AH patients not included because PSYRATS unavailable.) Because of
the small sample size, only one covariate-of-no-interest (CPZ equivalents) was included in
this analysis. For this covariate analysis, we used a p<0.01 voxel threshold, whole-brain
corrected with a p<0.05 cluster threshold.

To assess for partial volume effects, we segmented the T1 image using FAST (Zhang et al.,
2001) in FSL. For quality control, we also assessed between-group differences in head
motion (mean absolute displacement of each brain volume compared to the previous
volume) (Jenkinson et al., 2002; Van Dijk et al., 2012).

To test the specificity of abnormalities in the left HG, we performed connectivity analysis
with a right HG seed (RHG; 46, −20, 8), using the same approach as for LHG (See Figure
S2 for RHG seed on individual brains).

3.RESULTS
3.1.Participant Characteristics

The participant groups were well-matched demographically. AH and NAH patient groups
had comparable clinical characteristics (Table 1).

Nearly all AH patients experienced verbal AH (n=25/27; unable to confirm for two Dataset1
patients). Twelve of the 27 (44.4%) reported running commentary (SCID B17) or voices
conversing (SCID B18). Individual PSYRATS-AH items are presented in Table 2. Of
participants for whom scanner debriefing data were available, six AH patients (31.6%)
reported experiencing AH in the scanner. Group means for all other debriefing items are
presented in Table 3.
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3.2.Resting state fMRI
The three group maps (Figure 2) of LHG FC approximate the resting-state auditory network
published by other groups (Beckmann et al., 2005; Cordes et al., 2001; Damoiseaux et al.,
2006), and suggest that our LHG seed appropriately captured the network of interest.

Relative to NAH, the AH group showed increased LHG FC with left superior parietal lobule
(SPL) and left middle frontal gyrus (MFG), and decreased LHG FC with right hippocampal/
parahippocampal gyrus (HIP/PHG) and mediodorsal (MD) thalamus (Table 4, Figure 3).
Increased LHG-left SPL FC and decreased LHG-MD thalamus FC were also present when
comparing AH and HC. These group-wise findings did not survive whole-brain correction.

Among patients reporting AH on the PSYRATS, LHG FC covaried positively with AH
severity in left inferior frontal gyrus (IFG, i.e., Broca’s area), left lateral STG, right pre- and
postcentral gyri, cingulate cortex [dorsal anterior (dACC) and posterior (PCC)], and right
orbitofrontal cortex (OFC) (Table 5, Figure 4). These results survived whole-brain cluster
correction at p<0.05.

There were no AH vs. NAH differences in RHG FC (Table 6). Post-hoc analysis showed no
LHG FC differences between the 6 patients who had AH during scanning and the 13 patients
who reported no AH in the scanner debriefing interview. Partial volume effects are unlikely,
as there were no betweengroup differences in the percentages of GM, WM, and CSF in the
LHG ROI (Table S3). There were no statistically significant between-group differences in
mean motion (in millimeters: AH 0.116 ± 0.066, NAH 0.138 ± 0.072, HC 0.133 ± 0.159;
F=0.227, p=0.797).

4.DISCUSSION
We investigated the FC of the circuitry underlying AH vulnerability in patients with SZ
spectrum disorders. In contrast to AH activity studies which capture brain activity during
AH (state), we examined abnormalities in connectivity between brain regions in patients
with AH proneness (trait). With rsfMRI using a LHG seed, we found that AH-prone patients
have reduced coupling of LHG with MD thalamus and right HIP/PHG but increased
coupling of LHG with left SPL and left MFG, compared to patients with no lifetime AH.
Additionally, we observed that coupling between LHG and several brain regions—including
left IFG, left lateral STG, right precentral gyrus, dACC and PCC—was associated with
greater AH severity. These findings point to dysfunctional interactions between LHG and
thalamocortical circuits in AH-vulnerable patients, particularly inappropriately elevated
coupling of LHG with a number of cortical regions at the expense of coordination with
thalamic and hippocampal regions.

This is the first study to explicitly examine the PAC’s connectivity with distributed brain
regions. Previous AH rsfMRI studies have used varying methods and asked different
questions about AH-related connectivity.Gavrilescu et al. (2009) found that AH patients had
reduced interhemispheric connectivity in primary and secondary auditory
cortices.Vercammen et al. (2010), using a left temporoparietal seed, found reduced FC with
right Broca’s homologue, and with ACC and amygdala in association with AH severity.
Rotarska-Jagiela et al. (2010) examined five resting-state networks (RSN) using independent
component analysis (ICA) and multiple regression, and found an inverse correlation
between AH and left HIP connectivity in the default mode network (DMN).Wolf et al.
(2011), looking at four RSN’s using ICA, found that within a speech-related network AH
patients had reduced FC of the cingulate cortex and stronger FC of bilateral temporal
regions.Hoffman et al. (2011), using a bilateral Wernicke’s seed, found increased FC along a
corticostriatal loop consisting of Wernicke’s, left IFG, and putamen in AH patients. Notably,
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three of the studies did not include a NAH control group (Rotarska-Jagiela et al., 2010;
Vercammen et al., 2010; Wolf et al., 2011), making it difficult to interpret whether findings
are related to AH or SZ.

In the present study, we found that LHG recruitment of left IFG (Broca’s area) increases
with greater AH severity. We also found abnormal FC between LHG and various task-
positive frontoparietal regions, including left SPL, left MFG (premotor cortex), right
precentral (motor cortex) and right postcentral (somatosensory cortex) gyri. These regions,
with Broca’s area, comprise part of a neural system involved in the motor expression of
language, especially relating to the assembly of phonemes into words and sentences
(Mesulam, 2000) and to auditory monitoring and feedback of speech (Price, 2010). In
healthy individuals, thinking in words involves the generation and silent articulation of inner
speech, and is associated with activity in Broca’s area (McGuire et al., 1996). Broca’s area
has been implicated in AH activity studies (Dierks et al., 1999; McGuire et al., 1993;
Shergill et al., 2000) and survived in a meta-analysis of AH activity (Jardri et al., 2010),
lending support to the idea that AH may be related to inner speech (Frith and Done, 1988;
Jones and Fernyhough, 2007a, b; Seal et al., 2004). While some studies have found more
evidence for the involvement of right Broca’s homologue in AH [e.g., (Sommer et al., 2008;
Vercammen et al., 2010)], we found only left IFG to be abnormally connected with LHG.

The reduced coupling we observed between LHG and HIP/PHG suggests abnormalities in
encoding or retrieval of episodic memories in relation to auditory processing. The HIP and/
or PHG were activated in several AH symptom capture studies (Copolov et al., 2003; Dierks
et al., 1999; Shergill et al., 2000; Silbersweig et al., 1995). Two recent studies showed that
deactivation of the PHG consistently preceded AH (Diederen et al., 2010; Hoffman et al.,
2008). AH may arise from an inability to inhibit auditory mental representations from
intruding into consciousness and an inability to bind contextual cues to form complete
representations of source memory (Waters et al., 2006), consistent with reduced connectivity
between HIP/PHG and LHG.

AH patients showed reduced LHG FC with MD thalamus compared to both NAH and HC.
The MD thalamus is a higher-order thalamic nucleus that is reciprocally connected to the
prefrontal cortex (dorsolateral, OFC, medial frontal/ACC). This region shows a range of
anatomical, chemical, metabolic, and functional abnormalities in SZ (Hazlett et al., 1999;
Hazlett et al., 2004; Jakary et al., 2005; Pakkenberg, 1990), and the MD thalamus may play
a critical role in SZ pathophysiology (Andreasen et al., 1999; Cohen and Yurgelun-Todd,
2001). Previous studies found increased activations in the thalamus during AH (Shergill et
al., 2000; Silbersweig et al., 1995) and correlations between hallucinations and grey matter
reductions in the thalamus (Neckelmann et al., 2006).

Given the reciprocal connections between MD-thalamus and prefrontal cortex, it is
significant that we found AH patients have abnormal connectivity of LHG with OFC and
cingulate cortex in association with greater AH severity. These areas are involved in error
monitoring (Carter et al., 1998; Schoenbaum et al., 2009), and previous AH-related studies
found increased activation in both OFC (Parellada et al., 2008; Silbersweig et al., 1995) and
ACC (Allen et al., 2007; McGuire et al., 1993; Parellada et al., 2008; Shergill et al., 2000;
Silbersweig et al., 1995; Suzuki et al., 1993; Szechtman et al., 1998). The ACC plays an
important role in combined top-down and bottom-up models of AH (Allen et al., 2008). In
the model by Hugdahl (2009), AH are bottom-up phenomena originating in the left temporal
lobe but surfacing to attention because of a failure of top-down inhibition mediated by ACC
and other prefrontal regions. Our findings provide evidence for abnormal interactions
between left temporal lobe and higher-order modulatory centers, but the tighter LHG-
cingulate coupling here contrasts with the concept of attenuated ACC functioning, and may
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be more consistent with the idea that heightened auditory expectancy increases susceptibility
to AH (Hoffman, 2010; Hoffman et al., 2008). Northoff and Qin (Northoff and Qin, 2011)
suggest that elevated resting-state activity in the PAC and abnormal interactions between
PAC and DMN predispose to AH. While we did not specifically examine DMN, our data
suggest that in AH the PAC has abnormal FC with PCC and HIP/PHIP, which are
components of DMN.

Waters et al. (Waters et al., 2012) recently proposed an integrative cognitive model of AH
involving interactions between signals arising from hyperactivation in auditory functional
networks and several top-down mechanisms including (i) increased detection of ambiguous
or salient signals due to deficits in signal detection mechanisms, (ii) faulty intentional
inhibition leading to failure to suppress the acceptance of these signals as real and
meaningful., (iii) the formation over time of hypervigilance, expectations, and bias, causing
AH-prone patients to “tune in” more to aberrant auditory signals, and (iv) state and trait
factors such as emotions, insight, and beliefs about oneself and the world that influence how
these experiences are interpreted. Our study addresses select features of this theoretical
model from a bottom-up perspective, focusing on the functional networks involving PAC.
Our finding of increased connectivity between left PAC and brain areas involved in speech/
language and memory is consistent with possible generation of auditory signals shaped by
inner speech. Increased connectivity between left PAC and brain regions that are involved in
monitoring, like cingulate cortex and OFC, may reflect elevated levels of perceptual
expectation and vigilance, leading to increased biases in auditory perception. Finally,
reduced connectivity between left PAC and right hippocampal formation may be consistent
with a failure to access source memory in relation to auditory processing, which may lead to
confusion about where a voice or phrase was originally heard.

This study has several limitations. First, we examined FC with only LHG and RHG seeds.
However, PAC was not identified in all AH symptom capture studies [e.g.,(Hoffman et al.,
2008; McGuire et al., 1993; Shergill et al., 2000; Silbersweig et al., 1995; Sommer et al.,
2008)] and was not significant in a meta-analysis of cortical activations during AH in SZ
(Jardri et al., 2010). The absence of PAC findings in these symptom capture studies does not
diminish the potential role of PAC in AH pathophysiology, especially given the abundant
evidence for PAC morphological and volumetric abnormalities [e.g., see meta-analysis by
(Modinos et al., 2012)]. Nonetheless, future studies should directly compare FC using seeds
in auditory association and language-related areas in addition to PAC.

Second, the seeds in this study were not functionally determined via AH symptom capture or
an auditory or speech-sensitive task. However, there is a tight anatomical-functional
relationship between PAC and HG (Da Costa et al., 2011), making mismatch between our
anatomically selected HG seed and the PAC unlikely. Moreover, the seeds were
appropriately positioned on individually registered brains, and the group maps resulting
from our LHG seed are consistent with published resting-state auditory networks.

Third, the NAH group, a rarer and thus more challenging population to recruit, was small
and we may be underpowered to detect biological differences. To address Type II error risk,
we present uncorrected findings in the group-wise comparisons, and the findings from this
categorical analysis (vs. the more robust findings from the PSYRATS covariate analysis)
should be cautiously interpreted. The lack of more robust findings in the AH vs. NAH
group-wise comparisons may also reflect the phenomenological heterogeneity of AH even
within SZ (Jones, 2010), and future studies, employing larger sample sizes, should
investigate the link between brain measures like functional connectivity and specific
phenomenological features of AH.
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Fourth, PSYRATS data were unavailable for some patients; this reduced our sample size for
the PSYRATS covariate analysis. Fifth, PSYRATS relies on self-report. The boundary
between hallucinations and delusions is not always clear (Strauss, 1969), and we found that
distinguishing between AH and thought insertion could be particularly challenging in some
patients. Furthermore, in our debriefing interview, we assessed for the presence of
hallucinations, delusions, physical discomfort, racing or slowed thoughts, and depressed or
elated mood in the scanner, but did not ask about certain other aspects of experience like
inner speech, which would be relevant for the interpretation of our speech/language-related
findings.

Lastly, we studied mostly chronic, medicated patients. However, the patient groups were
wellmatched for illness duration, there was no statistically significant difference in CPZ
equivalents between AH and NAH, and the rsfMRI results remained after controlling for
CPZ equivalents.

In conclusion, we found evidence for abnormal FC between LHG and forebrain
thalamocortical regions in AH-prone patients. Our data highlight the importance of
interactions between left PAC and forebrain circuitry involved in speech/language, memory,
and the monitoring of self-generated events.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Left Heschl's gyrus seed, 10 mm in diameter (x=-42, y=-26, z=10).

Shinn et al. Page 13

Schizophr Res. Author manuscript; available in PMC 2014 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Group maps of brain areas that are temporally correlated with the left Heschl's gyrus seed in
(A) patients with lifetime auditory hallucinations (AH, n=27); (B) patients with no lifetime
auditory hallucinations (NAH, n=14); and (C) healthy controls (HC, n=28).
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Figure 3.
Relative to patients with no lifetime auditory hallucinations (NAH, n=14), patients with
lifetime auditory hallucinations (AH, n=27) have increased functional connectivity between
LHG and (A) left superior parietal lobule, and (B) the middle frontal gyrus. Compared to
NAH patients, AH patients have reduced functional connectivity between LHG and (C) right
hippocampus/parahippocampal gyrus and (D) mediodorsal thalamus. Threshold p<0.001,
uncorrected. The images have not been masked.
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Figure 4.
Among Dataset2 patients with lifetime but no current auditory hallucinations (n=16), LHG
functional connectivity co-varies with severity of AH (PSYRATS-AH subscale score) in (A)
left inferior frontal gyrus, i.e., Broca’s area, (B) orbitofrontal cortex, (C) left lateral superior
temporal gyrus, right postcentral gyrus, and cingulate cortex. Both dorsal anterior and
posterior aspects of cingulate cortex are shown in (D). Threshold p<0.01, whole-brain
corrected using a cluster significance threshold of p<0.05. The images have not been
masked.
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Table 2

PSYRATS Auditory Hallucinations Items (*n = 20/27 AH Participants)

PSYRATS-AH
Item

Range Mean ± SD

Frequency 0–4 2.2 ± 1.5

Duration 0–4 2.2 ± 1.6

Location 0–4 1.9 ± 1.4

Loudness 0–4 1.6 ± 1.2

Beliefs regarding origin of voices 0–4 2.2 ± 1.6

Amount of negative content of voicesf 0–4 1.8 ± 1.4

Degree of negative content 0–4 2.2 ± 1.6

Amount of distress 0–4 1.6 ± 1.3

Intensity of distress 0–4 1.8 ± 1.6

Disruption of life caused by voices 0–4 1.5 ± 1.3

Controllability of voices 0–4 1.8 ± 1.6

Total 0–44 20.4 ± 12.8

PSYRATS-AH

score

   Minimum 0

PSYRATS-AH

   Maximum 37

PSYRATS-AH

   Median 25

PSYRATS-AH

*
Mean ± SD ratings are from the 20 AH patients who have PSYRATS data (Dataset2). The group includes 4 patients with lifetime but no current

AH (all PSYRATS-AH items 0). PSYRATS data not available for the 7AH participants from 2006-2007(Dataset1).
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Table 3

Scanner Debriefing Interview (n = 47†)

Item Range Mean ± SD (No. reporting yes)

AH (n = 19†) NAH (n = 10†) HC (n = 18†)

Physical discomfort 0–5 1.6 ± 1.2 (14) 1.5 ± 1.2 (7) 1.2 ± 1.1 (12)

Anxiety 0–5 0.7 ± 1.0 (8) 0.9 ± 1.6 (4) 0.3 ± 0.5 (5)

Delusional thought content 0–5 1.2 ± 1.8 (7) 1.0 ± 1.7 (4) 0.0 ± 0.0 (0)

Auditory hallucinations 0–5 0.8 ± 1.4 (6) 0.0 ± 0.0 (0) 0.0 ± 0.0 (0)

Visual hallucinations 0–5 0.0 ± 0.0 (0) 0.0 ± 0.0 (0) 0.0 ± 0.0 (0)

Somatic hallucinations 0–5 0.3 ± 0.6 (4) 0.5 ± 0.7 (4) 0.1 ± 0.3 (2)

Speed of thoughts

  Slow 0–2 0.5 ± 0.6 (8) 0.2 ± 0.4 (2) 0.2 ± 0.4 (3)

  Fast 0–2 0.6 ± 0.7 (3) 0.2 ± 0.4 (2) 0.1 ± 0.2 (1)

Mood in the previous 2 weeks

  Low 0–2 0.6 ± 0.7 (9) 0.4 ± 0.5 (4) 0.0 ±0.0 (0)

  Elevated 0–2 0.1 ± 0.3 (3) 0.1 ± 0.3 (1) 0.1 ± 0.2 (1)

Mood in the scanner

  Low 0–2 0.1 ± 0.3 (2) 0.0 ± 0.0 (0) 0.0 ± 0.0 (0)

  Elevated 0–2 0.0 ± 0.0 (0) 0.1 ± 0.3 (1) 0.1 ± 0.2 (1)

Total Debriefing Score 0–36 6.1 ± 6.0 4.9 ± 4.0 1.9 ± 1.6

†
Scanner debriefing data not available for participants from 2006–2007 (Dataset1) and also missing for one AH patient from Dataset2.
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