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Abstract

The ability to maintain information over short periods of time (i.e., working memory) is critically
important in a variety of cognitive functions including language, planning, and decision-making.
Recent functional Magnetic Resonance Imaging (fMRI) research with healthy adults has shown
that brain activations evoked during the delay interval of working memory tasks can be reduced by
the presentation of distracting emotional events, suggesting that emotional events may take
working-memory processes momentarily offline. Both executive function and emotional
processing are disrupted in schizophrenia, and here we sought to elucidate the effect of emotional
distraction upon brain activity in schizophrenic and healthy adults performing a verbal working
memory task. During the delay period between the memoranda and memory probe items,
emotional and neutral distractors differentially influenced brain activity in these groups. In healthy
adults, the hemodynamic response from posterior cingulate, orbital frontal cortex, and the parietal
lobe strongly differentiated emotional from neutral distractors. In striking contrast, schizophrenic
adults showed no significant differences in brain activation when processing emotional and neutral
distractors. Moreover, the influence of emotional distractors extended into the memory probe
period in healthy, but not schizophrenic, adults. The results suggest that although emotional items
are highly salient for healthy adults, emotional items are no more distracting than neutral ones to
individuals with schizophrenia.
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INTRODUCTION

Schizophrenia is a disorder characterized by disruptions in perception. Individuals with
schizophrenia may perceive stimuli that are not present (e.g., auditory or visual
hallucinations) or may respond to stimuli in an uncharacteristic manner (e.g., lack of
affective response to emotional stimuli). In addition, schizophrenia can profoundly impair
cognitive functioning. Some have suggested that a primary deficit in working memory may
underlie many of the cognitive deficits seen in schizophrenia (Goldman-Rakic, 1994). For
example, verbal dysfluencies (Conklin, Curtis, Katsanis, & lacono, 2000; Heinrichs &
Zakzanis, 1998) may persist due to an inability to maintain an ordered progression of
thoughts or words. A focus on external stimuli may indicate a lack of ability to maintain an
internal list of thoughts or goals (Goldman-Rakic, 1994).

Working memory, the ability to maintain and manipulate information over brief periods of
time, is vital to many cognitive processes including language, planning, and decision
making. Verbal working memory, working memory in sentences, words, and letters, relies
heavily on prefrontal cortices (Cohen et al., 1994; Cohen et al., 1997; McCarthy et al., 1994;
Petrides, Alivisatos, Meyer, & Evans, 1993). Middle frontal gyrus has been shown to be
engaged by several working memory tasks including spatial working memory (McCarthy et
al., 1994), number generation and number memory (Petrides et al., 1993), and letter memory
(Sweet et al., 2008). Activation in inferior frontal gyrus (IFG) has been observed during a
variety of linguistic tasks such as memory for letters (Cohen et al., 1997), semantic
categorization (Kapur et al., 1994; Roskies, Fiez, Balota, Raichle, & Petersen, 2001),
semantic association (Noppenney, Phillips, & Price, 2004), semantic priming (Copland, De
Zubicaray, McMahon, & Eastburn, 2007; Demb et al., 1995; Gold et al., 2006), rhyme
judgments (Paulesu, Frith, & Frackowiak, 1993; Roskies et al., 2001), pseudo-homophone
naming (Owen, Borowsky, & Sarty, 2004), and phoneme monitoring (Demonet et al., 1992;
Zatorre, Evans, Meyer, & Gjedde, 1996).

The neural infrastructure of working memory is of considerable relevance to clinical
disorders in which executive function is impaired, such as schizophrenia. Several studies
suggest that individuals with schizophrenia elicit less brain activation compared to healthy
adults during working memory tasks. Using a two-back task with Korean alphabetical
letters, individuals with schizophrenia elicited decreased activation in inferior frontal,
middle frontal, and superior temporal gyri compared to healthy controls (Pae et al., 2008).
Similarly, during an N-back task using English letters patients elicited less activation in right
dorsolateral prefrontal cortex (DLPFC) than healthy adults (Perlstein, Dixit, Carter, Noll, &
Cohen, 2003). Decreased activation in DLPFC for patients compared to healthy controls has
also been observed during continuous performance tasks (Barch et al., 2001; Perlstein et al.,
2003). Children of schizophrenic individuals (high risk offspring) have also been found to
elicit less activation in DLPFC and inferior parietal cortex compared to healthy controls
during a spatial working memory task (Keshavan et al., 2002).

In addition to differences in levels of activation, the extent of activation may be influenced
by task difficulty. At lower difficulty levels (e.g., 0-back, 1-back) activation was similar
among patients and controls, but at more difficult loads, activation continued to increase
linearly for healthy adults, but declined in patients (Perlstein, Carter, Noll, & Cohen, 2001).
Moreover, they found that load-dependent increases in prefrontal activation were negatively
correlated with the severity of disorganized symptoms in the patients. In a separate study,
although load-dependent increases in activation were found for all participants, the
magnitude of the increases were significantly smaller in patients compared with healthy
controls (Perlstein et al., 2003).
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Beyond DLPFC, others have reported reduced activation for adults with schizophrenia.
During a spatial working memory task, although there were no differences in fMRI
activation in DLPFC, patients elicited less activation in left anterior cingulate and bilateral
parietal cortex compared to healthy controls (Kindermann, Brown, Zorrilla, Olsen, & Jeste,
2004). Similarly, Schneider and colleagues found that patients elicited decreased activation
in the precuneus during an N-back task compared to healthy controls, although they also
reported increased activation in ventrolateral prefrontal cortex (Schneider et al., 2007).

However, others have reported no significant differences in brain activation comparing
individuals with schizophrenia and control participants. Honey and colleagues (Honey,
Bullmore, & Sharma, 2002) found that both patients and healthy controls strongly activated
the frontal-parietal network during a verbal N-back task, with no significant differences
between groups. Interestingly, activation in posterior parietal cortex was positively
correlated with reaction time in healthy adults, but not in patients.

There have been several reports of differences in brain activation between patients and
controls that indicate increases in activation in dorsolateral prefrontal cortex (DLPFC) for
patients (Manoach et al., 2000; Manoach et al., 1999; Potkin et al., 2009). In a recent study,
both groups showed significant activation in DLPFC during a Sternberg Item Recognition
Paradigm (SIRP), however, patients elicited significantly greater activation than healthy
controls (Potkin et al., 2009). Moreover, the pattern of increased activation remained when
performance was matched across a subset of participants from the two groups. The authors
characterized these changes as inefficiencies in processing because the increased activation
did not correspond to performance improvements. Van Raalten and colleagues examined the
role of familiarity in working memory processes by comparing activation during the SIRP
with practiced and novel stimuli. With novel stimuli, patients elicited larger patterns of
activation in left prefrontal regions than healthy controls. Although both groups showed
decreases in activation with practiced stimuli, only in healthy controls did the magnitude of
this decrease correspond to improvements in performance (van Raalten, Ramsey, Jansma,
Jager, & Kahn, 2008). Increased brain activation was also found among first-degree relatives
of individuals with schizophrenia during a verbal auditory continuous performance task
(Thermenos et al., 2004). Relatives elicited greater task-related activation in prefrontal
regions, as well as in thalamus and anterior cingulate compared to healthy adults. These
findings suggest that neurocognitive dysfunction associated with schizophrenia extends
across a variety of cognitive tasks and may extend to close relatives. Additionally, the
behavioral (Honey et al., 2002) and functional differences in individuals with first-episode
schizophrenia (Barch et al., 2001; Perlstein et al., 2001; Schneider et al., 2007), and in
relatives (Keshavan et al., 2002; Thermenos et al., 2004) suggest that neurocognitive
changes may be at least partially independent of symptom duration. While these studies
have examined executive function in patient and control participants, they have not
examined the interaction of emotional processing and executive function in individuals with
schizophrenia.

Previous research has suggested that different networks are involved in executive function
and emotional processing. Several lines of research have proposed a dorsal-ventral
distinction such that a dorsal network including middle frontal gyrus, parietal cortex, and
posterior cingulate is involved in executive tasks, while ventral brain regions such as inferior
frontal gyrus, orbital frontal cortex, and the amygdala are involved in emotional processing
(Anticevic et al., 2010; Fichtenholtz et al., 2004; Phan, Wager, Taylor, & Liberzon, 2002;
Phan, Wager, Taylor, & Liberzon, 2004; Phelps & Ledoux, 2005; Wang, Labar, &
McCarthy, 2006; Wang, McCarthy, Song, & Labar, 2005; Yamaskai, Labar, & McCarthy,
2002). Others have suggested that the insula, in particular anterior insular cortex, is involved
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in interoceptive and emotional sensation, and that the insula along with anterior cingulate
cortex may underlie consciousness (Craig, 2002; 2009).

More recently, research has probed how emotion and distraction interact in working memory
among individuals with schizophrenia. Dichter and colleagues investigated the role of
emotional and neutral distractors during a visual oddball task in individuals with
schizophrenia and healthy control participants (Dichter, Bellion, Casp, & Belger, 2009).
Consistent with previous results, healthy control participants elicited activation in
dorsolateral prefrontal regions to target stimuli, while emotional stimuli elicited activation in
ventral frontal brain regions. However, individuals with schizophrenia elicited less
activation to target stimuli in dorsolateral prefrontal regions and less activation to emotional
distractors in ventral-frontal brain regions. In addition, the schizophrenic patients also
showed less deactivation within these brain regions when compared to healthy adults. These
results suggest that brain regions involved in both emotional processing and executive
function may be dysfunctional in schizophrenia.

In the present study, we utilized a verbal working memory task that incorporated emotional
and neutral distractors. Participants were instructed to remember a series of eight words that
were followed by a delay period that contained either emotional or neutral distracting
photographs (International Affective Picture System: IAPS). Following the delay period,
participants were shown eight pairs of words and asked to decide which word in each pair
was presented in the initial memoranda. Of greatest interest is the comparison between
emotional and neutral trials in patients and controls. We hypothesized that healthy adults,
would show greater activation to emotional distractors compared to neutral distractors in
ventral brain regions, such as amygdala, and orbital frontal cortex. Moreover, we predicted
that patients would not differentiate emotional and neutral distractors as strongly as healthy
adults. With respect to the executive network, previous research suggests that patients
inefficiently activate the frontal-parietal network, as evidenced by reduced activations
(Barch et al., 2001; Dichter et al., 2009; Pae et al., 2008; Perlstein et al., 2001; Perlstein et
al., 2003), and activations that are unrelated to performance measures (Honey et al., 2002;
van Raalten et al., 2008). Based on those results we expected that patients would show
reduced patterns of activation in the executive frontal-parietal network compared to healthy
adults, and that these patterns of activation would not be strongly related to behavioral
performance.

Seventeen healthy young adults (Healthy Controls) and eleven adult patients with
schizophrenia participated in this study. Healthy controls had no history of neurological or
psychological disorders and had an average age of 24.01 (age range 19-30; 7 male; all right
handed). Schizophrenic patients had an average age of 32.57 (age range 20 — 59; 10 male; 8
right handed). The patient group had an average illness duration of 13.7 years (illness
duration range 4 — 50 years, SD=14.52). All patients were being treated with antipsychotic
medication at the time of study. In addition to antipsychotic medication, 6 patients were also
being treated with anti-depressants, and two others were being treated with an antipsychotic
and lithium. None of the patients were being treated with anticholinergics at the time of
study. There was a significant difference in age between groups (t=—2.24, corrected
df=11.18, p<.05), and in the number of males and females between the two groups
(x2=6.925, df=1, p,.01). There were no significant differences between groups in handedness
(x?=2.32, df=3, p=.509) or race (y?=1.258, df=2, p=.533). Additional demographic
information on the patients is provided in Table 1. All participants were native English
speakers and had normal or corrected to normal vision. Each participant provided informed
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consent and was paid for his or her participation. All experimental procedures were
approved by the Duke University Medical Center Institutional Review Board.

Stimuli consisted of words, |APS photographs (Lang, Bradley, & Cuthbert, 2008), and
scrambled images. Verbal stimuli were content words and were presented centrally. Across
conditions words were equated for length (range: 3 — 12 letters, mean length of words in
trials with emotional distractors = 5.3 letters; mean length of words in trials with neutral
distractors = 5.4 letters) and frequency (range: 1 — 472, mean frequency of words in trials
with emotional distractors: 47.9; mean frequency of words in trials with neutral distractors:
41.1)(Coltheart, 1981; Kucera & Francis, 1967; Wilson, 1988). IAPS photographs were
either neutral or negative. Negative IAPS photographs had a mean arousal rating of 5.44
(range 3.85 — 7.35) and a mean pleasantness rating of 2.9 (range 1.78 — 4.50). Neutral IAPS
photographs had a mean arousal rating of 3.40 (range 1.76 — 4.23) and a mean pleasantness
rating of 5.48 (range 4.03 — 6.91) (Lang et al., 2008). Scrambled images were created by
performing a Fourier transform on each IAPS photograph, permuting the phase spectrum,
and then computing an inverse transform. The overall luminance of the resulting images was
then adjusted to match the original photograph. This procedure ensured that the scrambled
images retained the frequency spectrum of the original photographs, but were
unrecognizable as scenes.

Ten healthy adult volunteers completed 8 task runs, and seven completed four runs (avg =
6.35). Eight patients with schizophrenia completed 8 runs, and 3 completed 4 runs (avg =
6.91). All stimuli were presented via Liquid Crystal Display (LCD) goggles (MRI
Resonance Technologies, Los Angeles, CA, USA) using the CIGAL experimental control
program (Voyvodic, 1999). Responses were made via a fiber optic button box (Current
Designs, Philadelphia, PA, USA).

Experimental Task

Each trial of the blocked working memory task consisted of 3 segments (segment
duration=16 s, trial duration=48 s): encoding word memoranda, maintaining the memoranda
while viewing distractor photographs, and a forced-choice probe period. A depiction of the
task is provided in Figure 1. Each segment consisted of 8 items, presented sequentially (item
duration=2s; segment duration = 16s). During the memoranda segment, words were
presented in upper case and participants were instructed to remember these words. During
the maintenance period distractors were either emotional or neutral IAPS photographs. The
forced-choice probe period consisted of word pairs presented side by side and in lower case.
For each word pair participants were asked to decide which of the two words was presented
during the memoranda segment. The ordering of the items during the forced choice segment
was randomized, and within a session foils and memoranda were not repeated. Trials were
separated by a baseline period of unidentifiable, phase-scrambled images (item duration =
2s; segment duration=16s). The two trial types (emotional and neutral) were identical in
format except for the valence of the distractor photographs. Each run began and ended with
the presentation of a fixation cross to allow for acquisition of a hemodynamic response
baseline and offset (duration = 6 s). Each run consisted of 4 trials, and the ordering of trials
was randomized to minimize the participant’s anticipation of the trial type. Participants
received a practice session to ensure they could competently perform this task.

In order to ensure participants viewed the distractor photographs, and to assess the influence
of an additional task, half of the participants were asked to complete a secondary face
detection task during the distractor segment. During this segment, participants were
instructed to press one button if they could see a human face and another button if they
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could not see a human face. The primary working memory task was identical for all
participants.

Acquisition of MRI Data

MRI scanning was completed on a 3.0 Tesla GE EXCITE HD whole-body 60 cm bore
human scanner equipped with 40 mT/m gradients and a 150 T/m/s slew rate. An eight-
channel head coil was used for Radio Frequency reception (General Electric, Milwaukee
Wisconsin, USA). Sagittal T-1 weighted localizer images were acquired and used to define a
volume for high order shimming. The anterior and posterior commisures were identified for
slice selection and shimming. A semi-automated high-order shimming program was used to
ensure global field homogeneity. High-resolution structural images were acquired using a
3D fast Spoiled Gradient Recalled (fSPGR) pulse sequence (TR=7.356ms; TE=2.988 ms;
FOV=24 cm?; flip angle=12°; voxel size= .9375 x .9375 x 1.9mm; 68 contiguous slices).
Functional images sensitive to blood oxygen level-dependent (BOLD) contrast were
acquired using an inverse spiral pulse sequence (TR=2.0s; TE=27ms; FOV=24cm?; flip
angle=60°; voxel size=3.75 x 3.75 x 3.8mm; 34 contiguous axial slices). Each of 8 runs
consisted of the acquisition of a time series of 142 brain volumes. Three initial radio
frequency (RF) excitations were performed to achieve steady state equilibrium, and were
subsequently discarded. The total length of each run was 4 minutes, 50 seconds.

Data Analysis

FSL was used to assess functional activations to each segment of the trial: scrambled
baseline, memoranda, distractor, and forced-choice probe. Preprocessing and first level
analyses of each individual run for each participant were performed using FSL version 4.1.0
[Oxford Centre for Functional Magnetic Resonance Imaging of the Brain (FMRIB), Oxford
University, U.K.] (Smith et al., 2004; Woolrich et al., 2009). Functional image data were
motion-corrected, high-pass filtered, and spatially smoothed using a Gaussian kernel (Full
Width Half Maximum=5mm). No participant had greater than 3mm movement in the X, Y,
or Z dimension. Pre-whitening or voxel-wise temporal autocorrelation was estimated and
corrected using FMRIB’s Improved Linear Model (FILM) (Woolrich, Ripley, Brady, &
Smith, 2001). The skull and other coverings were stripped from the structural brain images
using the FSL brain extraction tool (Smith, 2002). Functional images of each participant
were co-registered to structural images in native space, and structural images were
normalized to the MNI standard brain supplied with FSL. The same transformation matrices
used for structural-to-standard transformations were then used for functional-to-standard
space transformations of co-registered functional images. A y function was used to model
the hemodynamic response for each segment in each run. The FSL FIRST component was
used for an individualized segmentation and labeling of subcortical anatomical regions. The
Wake Forest University (WFU) Pick Atlas was used to segment cortical regions.

The first level analyses from the experimental runs of each participant were combined and a
second level analysis was performed for each participant. These second level analyses were
then combined according to group, into a group level analysis using the FMRIB Local
Analysis of Mixed Effects (FLAME) (Beckman, Jenkinson, & Smith, 2003; Woolrich,
Behrens, Beckman, Jenkinson, & Smith, 2004) to identify voxels that were activated by each
trial type and segment. A fourth-level analysis was also completed to examine the data for
interactions between participant group and trial type. Our main comparison of interest is the
interaction between trial type (emotional and neutral) and participant group (healthy controls
and patients).

In addition to the above, the single trial peri-event averages for each trial and segment were
measured, and a time-point by time-point t statistic was calculated at each voxel (Gadde &
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McCarthy, 2009). These t-statistic peri-event waveforms were combined across participants
using a random effects analysis, and the difference in the mean amplitude of the
hemodynamic response for each voxel was determined. Percent signal change was
determined by averaging the hemodynamic response elicited by each trial type and segment
and calculating the difference between baseline and peak points for each condition.
Significance was thresholded at p<.01 in these subsequent analyses. Coordinates of the
centroids of activation and their corresponding anatomical gyri were determined through the
use of anatomical atlases (Lancaster et al., 2000; Talairach & Tournoux, 1988). All reported
coordinates are in Montreal Neurological Institute (MNI) space. Results are displayed
overlaid on an individual participant’s brain normalized to MNI space.

Behavioral Results

We examined the response times and accuracies using two-way Analyses of Variance
(ANOVAS) with group (healthy controls, patients) and trial type (neutral, emotional) as
factors. For response times during the forced choice task, there was a main effect of group
(F=8.66(1), p<.005; patients= 1130 ms; healthy adults = 1010 ms), but no main effect of
trial type (F=.01 (1), p=.921), nor a group by trial type interaction (F=.001 (1), p=.973). For
accuracies during the forced choice task, there was again a main effect of group (F=12.95
(1), p<.001; patients = 59.3%, healthy controls = 79.5%), but no main effect of trial type
(F=.037 (1), p=.849), nor trial type by group interaction (F=.086(1), p=.771).

We also examined the response times and accuracy information from the secondary face-
detection task that half of the participants performed during the maintenance period to assess
task-compliance. There was a significant main effect of group in the response time data
(F=8.1 (1), p=.013; patients = 956.10 ms, healthy controls = 806.71 ms), but no main effect
of trial type (F=.018 (1), p=.894), nor group by trial type interaction (F=2.5 (1), p=.13).
There were no differences in accuracy for any of the comparisons (F=.009 (3), p=.999).
Behavioral data from 3 patients was lost due to computer error.

fMRI Results

Encode Period—Both groups elicited activation in bilateral inferior frontal gyrus, which
extended through the insula and precentral gyrus. Both groups also elicited activation in
bilateral occipital and fusiform gyri, left parietal cortex, and a midline activation that
extended into right and left medial frontal gyrus. There were no significant differences in
brain activation between trial types or groups during this period, and there were no
significant interactions between group and trial type (see Figure 2). Cluster coordinates from
the overall activation during the Encode period are provided in Table 2. Results from the
two groups during this period were collapsed into one Table because of the lack of
differences between groups and trial types. Insert Figure 2 and Table 2 about here.

Maintenance (Distractor) Period—The primary comparisons examined the difference
between Emotional and Neutral trials for each participant group, and the interaction between
trial type and participant group. During the maintenance period, healthy controls showed
extensive patterns of activation. Significant differences between Emotional and Neutral
trials in healthy adults were found in bilateral occipital and fusiform gyri (Right: 50, —72, 4;
Left: —48, —78, 12), bilateral orbital and medial frontal cortices (Right: 4, 38, —20; Left: —4,
38, —22), bilateral cerebellum (Right: 16, —74, —32; Left: — 14, =72, —32), left middle
temporal gyrus (—48, —16, —16), and bilateral middle frontal and precentral gyri (Right: 40,
8, 26; Left: —42, 12, 20). Schizophrenic patients elicited a larger response to emotional trials
compared with neutral trials in bilateral occipital cortex (Right: 48, — 66, 0; Left: —44, —66,
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2). This cluster of activation extended through posterior temporal gyri. A significant
interaction effect of group and distractor type was found during the maintenance period. In
regions where emotional stimuli elicited greater activation compared to neutral stimuli,
healthy control participants elicited significantly greater differences in activation than adults
with schizophrenia in bilateral posterior cingulate, right parietal cortex, and bilateral orbital
frontal cortex (Figure 3). The MNI coordinates for these activations are provided in Table 3.
In posterior cingulate and orbital frontal cortex healthy adults elicited a larger hemodynamic
response to emotional trials compared to neutral trials, but in patients this region did not
significantly respond to either trial type. In parietal cortex both groups elicited a significant
hemodynamic response to both trial types; however, only in healthy controls was the
magnitude of the response differentiated by trial type. There were no regions in which the
patient group elicited greater activation than healthy controls.

For those regions in which there was a significant interaction of group and trial type, we also
conducted anatomically based region of interest (ROI) analyses. We conducted one
additional anatomical ROI analysis based on an a priori region of interest: the amygdala. For
each region, we conducted an ANOVA with three factors: group (patient, healthy control),
trial type (emotional, neutral), and hemisphere (right, left). In bilateral orbital frontal cortex
(OFC), bilateral posterior cingulate (PC), bilateral amygdala, and right parietal cortex there
were significant main effects of trial type (OFC: F=71.66 (1), p<.001; PC: F=63.3 (1), p<.
001; Amygdala: F=48.8, p<.001; R Parietal: F=19.06 (1), p<.001) and significant
interactions of group and trial type (OFC: F=113.56 (1), p<.001; PC: F=187.13, p<.001;
Amygdala: F=22.65 (1), p<.001; R Parietal: F=71.75 (1), p<.001). Although overall,
emotional trials elicited a larger response than neutral trials, this pattern was seen in healthy
controls but not patients. Thus the differentiation to emotional and neutral trials seen in
healthy controls may be the driving factor behind the main effect of trial type. Additionally,
in bilateral posterior cingulate there was a significant main effect of group (F=9.85, p=.002),
in which healthy controls overall elicited larger hemodynamic responses than patients.

Probe (Retrieval) Period—The primary comparisons examined the difference between
emotional and neutral trials for each participant group, and the interaction of trial type and
participant group. Healthy young adults elicited greater activation to emotional trials
compared to neutral trials in bilateral posterior cingulate and precuneus (Right: 8, =52, 30;
Left: —8, —58, 30), bilateral orbital and medial frontal gyri (Right: 6, 38, —14; Left: —10, 52,
—2) and bilateral middle and superior temporal gyri (Right: 50, —34, 4; Left: =56, —20, —2).
Individuals with schizophrenia did not differentiate emotional and neutral trials during the
probe period. During the probe period there was a significant interaction of group and trial
type in bilateral posterior cingulate (Centroid: 0, —44, 26; Max Z-value: 3.11, 561 Voxels),
see Figure 4. Emotional trials elicited a larger response than neutral trials, but only in the
healthy control group. See Figure 3 for hemodynamic responses during the probe period.

Again, we conducted anatomical ROI analyses for the region in which there was a
significant interaction of group and trial type, posterior cingulate. A 2 x 2 x 2 ANOVA was
conducted with group, trial type, and hemisphere as the factors. There were significant main
effects of group (healthy control > patient; F=10.23 (1), p<.001) and trial type (emotional >
neutral; F=105.91 (1), p<.001). In addition there was a significant interaction of group and
trial type (F=85.77 (1), p<.001), where healthy control participants elicited a greater
response to emotional trials compared with neutral trials, and patients did not differentiate
these trial types. These results may reflect the continued influence of the emotional
distractors on the healthy control group’s pattern of activation. Because there was a
significant effect of age across groups it is possible that the fMRI effects that we observed
during the maintenance and probe periods were due to an effect of age. To assess this
possibility we conducted a separate analysis including age as a covariate. We did not
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observe a significant main effect of age or significant differences in the effect of age
between the two groups.

Secondary Task—There were no significant differences in activation during any of the
task periods when we examined the influence of the secondary task (face detection).

DISCUSSION

In the current study, we used functional Magnetic Resonance Imaging (fMRI) to examine
the influence of emotion on distraction during a verbal working memory task. In each trial,
healthy adults and individuals with schizophrenia were asked to remember eight words. The
memoranda were followed by distractor pictures that were either neutral or negative in
valence. Then each participant viewed pairs of words, and decided which word was part of
the initial memoranda. As anticipated, no significant differences in brain activation were
found between the trial types during the encode period; this was expected as the trial type
was indistinguishable during this phase. There were also no significant differences between
subject groups during the encode period, suggesting that both groups processed the
memoranda similarly. However, during the maintenance and probe periods, the voxel-based
and region of interest fMRI results showed that there was a significant interaction of group
and distractor type. During the maintenance period, healthy adults elicited greater activation
to emotional distractors compared with neutral distractors in bilateral orbital frontal cortex,
bilateral cingulate cortex, and right parietal cortex. This effect persisted in bilateral posterior
cingulate during the probe periods. Differences in activation across trial types were not seen
in the patient group, resulting in a significant difference in how the groups processed
emotional and neutral trials. Additional region of interest analyses revealed a significant
interaction of group and distractor type in bilateral amygdala during the maintenance period,
such that emotional trials elicited greater activation than neutral trials in the healthy controls
but not in the patients.

The regions that differentiated emotional and neutral trials between the groups are consistent
with prior research on emotional processing and memory. Engagement of orbital frontal
cortex and the amygdala during processing of emotional distractors is consistent with
previous fMRI research that supports involvement of ventral frontal brain regions and the
amygdala in response to emotional stimuli (Dolcos et al., 2008; Dolcos, Kragel, Wang, &
McCarthy, 2006a; Dolcos et al., 2006b; Phelps et al., 2005; Wang et al., 2006; Wang et al.,
2005; Yamaskai et al., 2002). Similarly, ventral frontal brain regions have also been found
to be sensitive to anticipation of negative outcomes (Ursu, Clark, Stenger, & Carter, 2008),
and reward outcomes (Knutson, Fong, Adams, Hommer, & Varner, 2001). Additional
research on interoception and emotion has indicated involvement of anterior insular cortex
in these processes (Craig, 2002; 2009), however we did not observe activation in this region
in the present study.

Two other regions that differentiated emotional and neutral trials in healthy controls, but not
patients included posterior cingulate and parietal cortex. Previous fMRI research has
suggested that posterior cingulate cortex has a role in episodic memory (Maddock, Garrett,
& Buonocore, 2001). Moreover, others have suggested that this region may be sensitive to
both emotion and memory. For example, activation within this region was found when
participants evaluated positive and negative words, but not neutral words (Maddock, Garrett,
& Buonocore, 2003). Posterior cingulate and parietal cortex have also been reported as
primary brain regions in the default network (Greicius, Krasnow, Reiss, & Menon, 2003;
Raichle et al., 2001). Several studies have suggested that the functional connectivity found
among default network regions is weaker in adults with schizophrenia (Bluhm et al., 2007;
Calhoun, Maciejewski, Pearlson, & Kiehl, 2008; Garrity et al., 2007; Liang et al., 2006;
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Williamson, 2007). For example, Bluhm and colleagues found that low frequency
oscillations between posterior cingulate and parietal, frontal, and cerebellar regions were
less correlated in patients compared to controls (Bluhm et al., 2007). Others have reported
spatial differences in the default network regions among individuals with schizophrenia
(Garrity et al., 2007). Moreover differences in default network connectivity may be related
to positive and negative symptom severity (Bluhm et al., 2007; Garrity et al., 2007).

More recent research examining functional connectivity has proposed that the brain consists
of cortical hubs (Buckner et al., 2009). These hubs, present largely in association cortices,
act as regions in which information from spatially distant and functionally distinct regions
can be integrated. Of relevance to the present study, two regions that were highly
interconnected included posterior cingulate and parietal cortex. These core hubs are similar
to regions that have been implicated in the default network; however, recent work by
Buckner and colleagues demonstrated that these networks were functionally connected both
during an active task and during rest. This finding is of particular relevance to the present
study, as involvement of parietal cortex and the posterior cingulate occurred during the
maintenance and probe periods of a task.

Our findings also highlight an overall reduced hemodynamic response in patients compared
to healthy controls. As noted before, patients elicited less activation to emotional stimuli
compared to healthy controls. In addition, there were no regions during any phase of the
task, in which patients elicited more activation than healthy controls, and healthy controls
elicited greater activation overall during the probe period. The decreased activation we
observed for patients is consistent with some prior research. For example, several
investigators have reported decreased activation in prefrontal cortex during an N-back task
in individuals with schizophrenia compared to controls (Barch et al., 2001; Pae et al., 2008;
Perlstein et al., 2003). Others have reported similar levels of activation between patients and
healthy adults when task difficulty is low, but less activation in patients as difficulty
increased (Perlstein et al., 2001). However, in contrast to these findings, other studies have
reported increased activation in prefrontal regions during a working memory task for
patients compared to controls, which the authors attributed to cortical inefficiency (Potkin et
al., 2009; Schneider et al., 2007; van Raalten et al., 2008). The conceptualization of cortical
inefficiency in schizophrenia is not inconsistent with the results of the present study,
although clearly the direction of change is different (i.e., less activation vs. more activation).
Furthermore, this characterization of activation as being inefficient is consistent with reports
of dissociations between the magnitude of activation and performance measures among
patients. For example, Honey and colleagues noted that levels of activation in parietal cortex
correlated with behavioral measures in healthy controls, but not in patients (Honey et al.,
2002).

One important caveat to the present results is that the two groups differed in several ways.
First, there were more healthy adults than patients in the present study (17 vs. 11). Although
we observed significant patterns of activation among the patients, having a smaller number
in this group may have resulted in an underestimation in their overall activity. Second, there
were differences in the numbers of completed runs across participants. However, on
average, the groups completed similar numbers of runs (average number of runs for patients
= 6.91 runs, controls = 6.35 runs). Moreover the FSL data analysis package that we used
takes into account run, session, and participant variance in calculating group-level statistics.
Third, patients were significantly older and more variable in age than the healthy controls.
However, we did not observe a significant main effect of age in our fMRI data analyses or a
significant difference in the effect of age on functional activation between the groups. One
final difference between the groups was significant group differences in task response times
and accuracies. However, importantly, there was not a significant interaction between trial
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type and group in either measure. While performance differences may have influenced
overall patterns of brain activation, they should not have differentially influenced functional
activations by trial type, which was our primary comparison of interest. One comparison of
interest that we were unable to examine because of the blocked task design was a
comparison of activation to correct and incorrect trials.

The present study examined the role of emotional distractors in a verbal working memory
task in healthy adults and individuals with schizophrenia. Healthy adults but not patients
differentiated emotional and neutral distractor images during the maintenance period in
bilateral orbital frontal cortex, bilateral posterior cingulate, and right parietal cortex. This
group by trial type interaction persisted during the probe period in posterior cingulate. These
results suggest that individuals with schizophrenia fail to differentiate emotional and neutral
events and that emotional and neutral distracters have a similar effect on executive function
and performance in schizophrenia.
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Figure 1.

Experimental Task.

An example of a neutral trial is shown. Each trial consisted of three phases: encoding word
memoranda, maintaining the memoranda while viewing distractor photographs, and a
forced-choice probe period to assess memory. Emotional and neutral trials were identical in
format except for the valence of the distracter photographs.
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Controls

Patients Z:46

Figure 2.

Activation During the Encode Period.

Overall activation to emotional and neutral trials during the encode period is displayed.
There were no significant differences between groups or between trial types within groups.
Largely overlapping patterns of activation for healthy controls (red) and patients (blue) can
be seen.
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Figure 3.

Activation During the Maintenance Period.

a. Areas in red indicate regions where the difference between emotional and neutral trials
(emotional > neutral) was greater for healthy control participants compared to schizophrenic
patients. These differences can be seen in three regions: bilateral posterior cingulate, right
parietal cortex, and bilateral orbital frontal cortex. b. The corresponding hemodynamic
responses (HDRs) for emotional (red) and neutral (blue) trials for healthy controls and
schizophrenic patients (emotional = orange, neutral = green) are shown. HDRs shown are
for the entire trial. Encode, maintenance, and probe periods are denoted by the gray and
white bars in the background.
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Figure 4.

Activation During the Forced Choice Probe Period.

Areas in red indicate regions where healthy controls elicited a significantly greater
difference between emotional and neutral trials (emotional > neutral) compared to
schizophrenic patients. These differences can be seen in bilateral posterior cingulate.
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Table 1

Demographic and Clinical Characteristics for Patients

Patients Healthy Controls
Age * 32.57 +12.7 (20-59)  24.01 * 3.89 (19-30)
Ethnic Groups e
White/Caucasian (n) 81.82% (9) 64.71% (11)
African American (n) 18.18% (2) 29.41% (5)
Multi-racial (n) 0% (0) 5.88% (1)
Gender ™"
Male (n) 90.91% (10) 41.17% (7)
Female (n) 9.09% (1) 58.83% (10)
PANSS™ Total 66.40 + 15.33 (42-87)
Positive Total 15 + 4.22 (8-20)
Negative Total 18 + 6.15 (9-25)
General Total 33.40 + 6.57 (23-42)
Parental Education”
Mother 12.73 + 3.61 (4-18)
Father 13.40 + 4.33 (4-18)

*
Data are given as mean years + SD (range)

*:

PANSS, Positive and Negative Syndrome Scale

KKk
Data are given as percentage with number of participants in parentheses (Total N=11)
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