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Emotional abnormalities are a critical clinical feature of
schizophrenia (SCZ), but complete understanding of their
underlying neuropathology is lacking. Numerous studies
have examined amygdala activation in response to affective
stimuli in SCZ, but no consensus has emerged. However,
behavioral studies examining ‘‘in-the-moment’’ processing
of affect have suggested intact emotional processing in
SCZ. To examine which aspects of emotional processing
may be impaired in SCZ, we combined behavior and neuro-
imaging to investigate effects of aversive stimuli during
minimal cognitive engagement, at the level of behavior,
amygdala recruitment, and its whole-brain task-based
functional connectivity (tb-fcMRI) because impairments
may manifest when examining across-region functional in-
tegration. Twenty-eight patients and 24 matched controls
underwent rapid event-related fMRI at 3 T while perform-
ing a simple perceptual decision task with negative or neu-
tral distraction. We examined perceptual decision slowing,
amygdala activation, and whole-brain amygdala tb-fcMRI,
while ensuring group signal-to-noise profile matching. Fol-
lowing scanning, subjects rated all images for experienced
arousal and valence. No significant group differences
emerged for negative vs neutral reaction time, emotional
ratings across groups, or amygdala activation. However,
even in the absence of behavioral or activation differences,
SCZ subjects demonstrated significantly weaker amyg-
dala-prefrontal cortical coupling, specifically during nega-
tive distraction. Whereas in-the-moment perception,
behavioral response, and amygdala recruitment to negative
stimuli during minimal cognitive load seem to be intact,
there is evidence of aberrant amygdala-prefrontal integra-
tion in SCZ subjects. Such abnormalities may prove critical
for understanding disturbances in patients’ ability to use
affective cues when guiding higher level cognitive processes
needed in social interactions.
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Introduction

Emotional dysfunction is a critical clinical feature of
schizophrenia (SCZ).1,2 There is substantial evidence
for specific emotional deficits in SCZ; for instance, ab-
normalities in hedonic pursuits,3–5 affective flattening,6–8

and impaired evaluation of emotional facial cues,9,10

which may be critical for determining clinical trajectory
and functional outcome.11–14 However, there is increas-
ing evidence that certain aspects of emotional functioning
in SCZ may be intact—namely ‘‘in-the-moment’’ experi-
ence of affective stimuli.15,16 At the same time, despite in-
creasing efforts to understand the neurobiological
underpinnings of affective disturbances in SCZ,17 the lit-
erature on the neural correlates of in-the-moment emo-
tional responsiveness in SCZ has produced mixed
findings.17

One focus has been on characterizing amygdala activa-
tion in SCZ, given its well-established role in affective
processing in healthy adults, particularly the processing
of aversive content.18–24 Since the seminal study by
Schneider and colleagues25 showing amygdala under-
recruitment following mood induction in SCZ, results
have varied and no consensus has yet ensued.25–59 In
our prior work, a quantitative meta-analysis of amygdala
recruitment in SCZ in response to aversive material60

revealed modest amygdala under-recruitment (�0.2 stan-
dard deviation [SD]); however, the studies included in
this meta-analysis varied in the type of task paradigms
used. The majority of investigations used tasks with con-
siderable cognitive engagement, which was found to sup-
press amygdala responsiveness even in healthy
individuals61 and, given well-established cognitive
impairments in patients with SCZ,62 may exert an even
stronger effect on amygdala activation in this illness.
Whereas prior work has investigated affective dysfunc-
tion during various implicit and explicit emotional pro-
cessing tasks, to date, no studies have concurrently
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investigated effects of aversive affective stimuli on atten-
tion and amygdala recruitment in SCZ during minimal
cognitive engagement. Given behavioral evidence for in-
tact in-the-moment processing of emotional material in
SCZ,16 we predicted that SCZ patients would demon-
strate intact behavioral effects of negative distraction
on attention as well as intact amygdala signals in re-
sponse to negative vs neutral stimuli in a paradigm
that required limited cognitive engagement.

Above we consider specifically amygdala responsive-
ness, but it is critical to note that amygdala is a densely
interconnected structure,63 which functions as part of
a broader circuit involved in processing emotional sa-
lience.18 Thus, to fully characterize amygdala dysfunc-
tion as part of a distributed interacting system, it may
not be sufficient to simply probe amygdala signals in iso-
lation. The first study investigating whole-brain amyg-
dala functional connectivity (fcMRI) in healthy
controls64 demonstrated, during resting state, negative
correlations between bilateral amygdala and major com-
ponents of the fronto-parietal network,65 as well as other
regions previously implicated in emotional regulation.66

Our work with healthy adults replicated this general pat-
tern during resting state and showed notable differences
in amygdala-prefrontal coupling during negative vs neu-
tral distraction and resting state.67

Critically, while amygdala responsiveness to aversive
probes may be intact in SCZ when examined separately,
its integration with other distributed circuitry during
emotional stimulus processing might be disturbed in
this illness. Given well-established prefrontal cortical
(PFC) abnormalities in SCZ62 and the importance of
PFC circuits for affective regulation and reappraisal,68

one possibility is that SCZ patients may show disruptions
in amygdala-PFC coupling during negative affective in-
terference even when no overt behavioral abnormalities
are evident. Thus, while behavioral and amygdala
responses to aversive distraction may be intact in SCZ
during minimal cognitive demands, we predicted that
amygdala-PFC coupling may still be impaired. Such con-
nectivity impairments could underlie disturbances in
higher level emotional appraisal and regulation,66,69

which are compromised in this illness.
There have been several investigations of amygdala

fcMRI in SCZ,28,30,58,70–72 all of which have documented
abnormalities in SCZ patients. However, these studies ei-
ther focused on specific regions of interest (ROIs)70,71,
used only emotional faces as stimuli28,30,58,71 (which
may not evoke reliable emotional self-report in SCZ), ex-
amined resting state fcMRI only70, or investigated
psychosis-prone but nonclinical populations.72 Here,
we probed the dynamics of whole-brain amygdala con-
nectivity in SCZ when processing negative vs neutral
stimuli. Furthermore, we used stimuli which have been
extensively validated73 and were shown to evoke reliable
self-report on emotional experience in SCZ patients.15

Critically, we examined amygdala task-based fcMRI
(tb-fcMRI) in SCZ using a paradigm where both behav-
ioral and amygdala responsiveness are hypothesized to be
‘‘intact’’ (as we predicted in the current study), thus also
ruling out differential task effects on amygdala functional
coupling. Furthermore, to test the clinical relevance of
such amygdala-PFC ‘‘dysconnectivity,’’ we also exam-
ined to what extent it might predict symptom severity.
To summarize: (1) we predicted no group differences in

the effects of negative distraction on behavior during
a simple perceptual task with minimal cognitive demand
and ratings of emotionally aversive stimuli; (2) we pre-
dicted that SCZ patients may exhibit intact amygdala ac-
tivation in response to negative vs neutral distraction;
and (3) we predicted significant group differences in
whole-brain amygdala-PFC tb-fcMRI in response to
negative vs neutral affective stimuli and its correlation
with symptom severity.

Materials and Methods

Subject Recruitment

Twenty-eight subjects meeting Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)
diagnostic criteria for SCZ and 24 demographically
matched healthy control (CON) subjects were recruited
through the Conte Center for Neuroscience of Mental
Disorders (CCNMD) at Washington University in St
Louis. All subjects were interviewed by a Master’s level
clinician and underwent the Structured Clinical Interview
for DSM-IV-TR,74 as well as symptom ratings using the
Scale for Assessment of Positive and Negative Symptoms
(SAPS/SANS).75,76 Controls were recruited using local
advertisements in the same community as patients but
were excluded if they had any lifetime history of Axis I
psychiatric disorder or a first-degree relative with a psy-
chotic disorder. Both CON and SCZ subjects were ex-
cluded if they: (1) met criteria for DSM-IV substance
abuse/dependence within the past 6 months or met crite-
ria for present diagnosis of anxiety or depression; (2) had
any severe medical conditions; (3) suffered head injury
(past or present) with neurological symptoms or loss
of consciousness; or (4) met DSM-IV diagnostic criteria
of mental retardation. All SCZ subjects were medicated
at the time of the scan and had to be receiving a stable
level of medication for a period of at least 2 weeks
(but the majority of subjects were on the same dose of
medication for 6 weeks or more). Subjects provided in-
formed consent approved by Washington University
and were administered theMatrix Reasoning and Vocab-
ulary sections of the Wechsler Adult Intelligence
Scale—Third Edition.77 The groups did not differ in
terms of handedness, gender, age, parental education,
and parental socioeconomic status (table 1). However,
patients were impaired relative to controls on standard
measures of verbal and nonverbal IQ.77
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fMRI Acquisition

All structural and blood oxygenation level–dependent
(BOLD) data were acquired using a 3 T Tim TRIO scan-
ner at the Washington University School of Medicine.
Functional images were acquired using an asymmetric
spin-echo, echo-planar sequence maximally sensitive to
BOLD contrast (T*

2 ) (repetition time [TR] = 2200 ms,
echo time [TE] = 27 ms, field of view = 256 mm, flip =
90�, voxel size = 4 3 4 3 4 mm). Runs lasted 5.68 min
and contained 155 sets of oblique axial images (32 slices
per volume) acquired parallel to the anterior-posterior
commissure. Structural images were acquired using
a sagittal magnetization prepared rapidly acquired gradi-
ent echo (MP-RAGE) 3D T1-weighted sequence (TR =
2400 ms, TE = 3.16 ms, flip = 8�; voxel size = 1 3 1 3

1 mm).

Task Design and Stimuli

During BOLD acquisition subjects completed a simple
perceptual decision task containing: a fixation cross dis-
played for 1.1 s, followed by an emotionally aversive or
neutral image presented centrally on a black screen for
2.2 s that was flanked by 2 isoluminant circles 1.1 s after
the picture appeared on screen (figure 1). Using a button
response, subjects were asked to indicate the location of
the blue circle by pressing their index or middle finger for
right vs left side, respectively, while reaction time (RT)
data were recorded. The logic of the task was that the
negative stimuli should engage attention and slow
responses to subsequent probes when compared with
neutral stimuli. All the stimuli were presented through

an LCD projector to a screen located behind the scanner,
which the subjects were able to see through an angled
mirror located above the eyes. The intertrial interval
was jittered randomly at 1.1, 3.3, and 5.5 s.
Distracters were generated from the International

Affective Picture System (IAPS)73 and were equated on
luminance, contrast, figure-ground relationships, spatial
frequency, and color.78–80 The task consisted of 48 trials
(24 per condition) pseudorandomized with the criterion

Fig. 1. The overall layout of the task is shown along with
different components and their onsets marked along the
timeline. During each trial, subjects were presented with a fixation
cross for 1100 ms, followed by either a negative or neutral picture
presented for a total of 2200 ms. 1100 ms following picture onset, 2
isoluminant circles were presented bilaterally and subjects’
reported, using a button response, on which side they see the blue
circle. Each trial was followed by a randomly jittered intertrial
interval (ITI).Theaimof the taskwas tominimizecognitive load(via
a simple perceptual decision) but still assay the effect of negative
distraction on behavior via reaction time of making the perceptual
decision.

Table 1. Clinical Demographics and Characteristics

Characteristic
Controls Patients Significance

M SD M SD T Value/Chi-Square P Value (two-tailed)

Age (in years) 36.79 7.72 36.73 8.85 0.03 0.979
Gender (% male) 0.71 0.75 0.33 0.742
Paternal education (in years) 12.67 1.43 13.36 2.98 1.03 0.306
Maternal education 12.46 1.50 13.52 2.94 1.59 0.118
Paternal SES 22.17 9.15 25.77 12.14 1.16 0.253
Maternal SES 16.96 8.49 25.19 11.62 2.79 0.007
Participant’s education (in years) 15.33 2.10 12.96 1.97 4.19 0.000
Handedness (% right) 100.00 82.14 1.69 0.097
IQ verbal 109.78 10.82 94.04 15.43 4.06 0.000
IQ performance 115.43 11.37 100.77 15.98 3.64 0.001
Medication (CPZ equivalents) 643.09 622.23
Mean SAPS global item score 0.02 0.11 2.00 1.15
Mean SANS global item score 0.35 0.61 2.56 0.80
Disorganization 0.75 1.15 5.57 2.70
Poverty 1.08 2.34 10.75 3.62
Reality distortion 0.00 0.00 4.50 3.52

Note: Positive symptoms were the sum of global scores for hallucinations and delusions; negative symptoms were the sum of global
scores for alogia, anhedonia, avolition, affective flattening, and attentional impairment; and disorganization symptoms were the sum of
global scores for bizarre behavior, positive thought disorder, and inappropriate affect. SAPS, scale for assessment of positive
symptoms; SANS, scale for the assessment of negative symptoms; CPZ, chlorpromazine; SES, socioeconomic status.
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tion and amygdala recruitment in SCZ during minimal
cognitive engagement. Given behavioral evidence for in-
tact in-the-moment processing of emotional material in
SCZ,16 we predicted that SCZ patients would demon-
strate intact behavioral effects of negative distraction
on attention as well as intact amygdala signals in re-
sponse to negative vs neutral stimuli in a paradigm
that required limited cognitive engagement.

Above we consider specifically amygdala responsive-
ness, but it is critical to note that amygdala is a densely
interconnected structure,63 which functions as part of
a broader circuit involved in processing emotional sa-
lience.18 Thus, to fully characterize amygdala dysfunc-
tion as part of a distributed interacting system, it may
not be sufficient to simply probe amygdala signals in iso-
lation. The first study investigating whole-brain amyg-
dala functional connectivity (fcMRI) in healthy
controls64 demonstrated, during resting state, negative
correlations between bilateral amygdala and major com-
ponents of the fronto-parietal network,65 as well as other
regions previously implicated in emotional regulation.66

Our work with healthy adults replicated this general pat-
tern during resting state and showed notable differences
in amygdala-prefrontal coupling during negative vs neu-
tral distraction and resting state.67
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probes may be intact in SCZ when examined separately,
its integration with other distributed circuitry during
emotional stimulus processing might be disturbed in
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(PFC) abnormalities in SCZ62 and the importance of
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one possibility is that SCZ patients may show disruptions
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are evident. Thus, while behavioral and amygdala
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amygdala-PFC coupling may still be impaired. Such con-
nectivity impairments could underlie disturbances in
higher level emotional appraisal and regulation,66,69

which are compromised in this illness.
There have been several investigations of amygdala

fcMRI in SCZ,28,30,58,70–72 all of which have documented
abnormalities in SCZ patients. However, these studies ei-
ther focused on specific regions of interest (ROIs)70,71,
used only emotional faces as stimuli28,30,58,71 (which
may not evoke reliable emotional self-report in SCZ), ex-
amined resting state fcMRI only70, or investigated
psychosis-prone but nonclinical populations.72 Here,
we probed the dynamics of whole-brain amygdala con-
nectivity in SCZ when processing negative vs neutral
stimuli. Furthermore, we used stimuli which have been
extensively validated73 and were shown to evoke reliable
self-report on emotional experience in SCZ patients.15

Critically, we examined amygdala task-based fcMRI
(tb-fcMRI) in SCZ using a paradigm where both behav-
ioral and amygdala responsiveness are hypothesized to be
‘‘intact’’ (as we predicted in the current study), thus also
ruling out differential task effects on amygdala functional
coupling. Furthermore, to test the clinical relevance of
such amygdala-PFC ‘‘dysconnectivity,’’ we also exam-
ined to what extent it might predict symptom severity.
To summarize: (1) we predicted no group differences in

the effects of negative distraction on behavior during
a simple perceptual task with minimal cognitive demand
and ratings of emotionally aversive stimuli; (2) we pre-
dicted that SCZ patients may exhibit intact amygdala ac-
tivation in response to negative vs neutral distraction;
and (3) we predicted significant group differences in
whole-brain amygdala-PFC tb-fcMRI in response to
negative vs neutral affective stimuli and its correlation
with symptom severity.

Materials and Methods
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Twenty-eight subjects meeting Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)
diagnostic criteria for SCZ and 24 demographically
matched healthy control (CON) subjects were recruited
through the Conte Center for Neuroscience of Mental
Disorders (CCNMD) at Washington University in St
Louis. All subjects were interviewed by a Master’s level
clinician and underwent the Structured Clinical Interview
for DSM-IV-TR,74 as well as symptom ratings using the
Scale for Assessment of Positive and Negative Symptoms
(SAPS/SANS).75,76 Controls were recruited using local
advertisements in the same community as patients but
were excluded if they had any lifetime history of Axis I
psychiatric disorder or a first-degree relative with a psy-
chotic disorder. Both CON and SCZ subjects were ex-
cluded if they: (1) met criteria for DSM-IV substance
abuse/dependence within the past 6 months or met crite-
ria for present diagnosis of anxiety or depression; (2) had
any severe medical conditions; (3) suffered head injury
(past or present) with neurological symptoms or loss
of consciousness; or (4) met DSM-IV diagnostic criteria
of mental retardation. All SCZ subjects were medicated
at the time of the scan and had to be receiving a stable
level of medication for a period of at least 2 weeks
(but the majority of subjects were on the same dose of
medication for 6 weeks or more). Subjects provided in-
formed consent approved by Washington University
and were administered theMatrix Reasoning and Vocab-
ulary sections of the Wechsler Adult Intelligence
Scale—Third Edition.77 The groups did not differ in
terms of handedness, gender, age, parental education,
and parental socioeconomic status (table 1). However,
patients were impaired relative to controls on standard
measures of verbal and nonverbal IQ.77
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fMRI Acquisition

All structural and blood oxygenation level–dependent
(BOLD) data were acquired using a 3 T Tim TRIO scan-
ner at the Washington University School of Medicine.
Functional images were acquired using an asymmetric
spin-echo, echo-planar sequence maximally sensitive to
BOLD contrast (T*

2 ) (repetition time [TR] = 2200 ms,
echo time [TE] = 27 ms, field of view = 256 mm, flip =
90�, voxel size = 4 3 4 3 4 mm). Runs lasted 5.68 min
and contained 155 sets of oblique axial images (32 slices
per volume) acquired parallel to the anterior-posterior
commissure. Structural images were acquired using
a sagittal magnetization prepared rapidly acquired gradi-
ent echo (MP-RAGE) 3D T1-weighted sequence (TR =
2400 ms, TE = 3.16 ms, flip = 8�; voxel size = 1 3 1 3

1 mm).

Task Design and Stimuli

During BOLD acquisition subjects completed a simple
perceptual decision task containing: a fixation cross dis-
played for 1.1 s, followed by an emotionally aversive or
neutral image presented centrally on a black screen for
2.2 s that was flanked by 2 isoluminant circles 1.1 s after
the picture appeared on screen (figure 1). Using a button
response, subjects were asked to indicate the location of
the blue circle by pressing their index or middle finger for
right vs left side, respectively, while reaction time (RT)
data were recorded. The logic of the task was that the
negative stimuli should engage attention and slow
responses to subsequent probes when compared with
neutral stimuli. All the stimuli were presented through

an LCD projector to a screen located behind the scanner,
which the subjects were able to see through an angled
mirror located above the eyes. The intertrial interval
was jittered randomly at 1.1, 3.3, and 5.5 s.
Distracters were generated from the International

Affective Picture System (IAPS)73 and were equated on
luminance, contrast, figure-ground relationships, spatial
frequency, and color.78–80 The task consisted of 48 trials
(24 per condition) pseudorandomized with the criterion

Fig. 1. The overall layout of the task is shown along with
different components and their onsets marked along the
timeline. During each trial, subjects were presented with a fixation
cross for 1100 ms, followed by either a negative or neutral picture
presented for a total of 2200 ms. 1100 ms following picture onset, 2
isoluminant circles were presented bilaterally and subjects’
reported, using a button response, on which side they see the blue
circle. Each trial was followed by a randomly jittered intertrial
interval (ITI).Theaimof the taskwas tominimizecognitive load(via
a simple perceptual decision) but still assay the effect of negative
distraction on behavior via reaction time of making the perceptual
decision.

Table 1. Clinical Demographics and Characteristics

Characteristic
Controls Patients Significance

M SD M SD T Value/Chi-Square P Value (two-tailed)

Age (in years) 36.79 7.72 36.73 8.85 0.03 0.979
Gender (% male) 0.71 0.75 0.33 0.742
Paternal education (in years) 12.67 1.43 13.36 2.98 1.03 0.306
Maternal education 12.46 1.50 13.52 2.94 1.59 0.118
Paternal SES 22.17 9.15 25.77 12.14 1.16 0.253
Maternal SES 16.96 8.49 25.19 11.62 2.79 0.007
Participant’s education (in years) 15.33 2.10 12.96 1.97 4.19 0.000
Handedness (% right) 100.00 82.14 1.69 0.097
IQ verbal 109.78 10.82 94.04 15.43 4.06 0.000
IQ performance 115.43 11.37 100.77 15.98 3.64 0.001
Medication (CPZ equivalents) 643.09 622.23
Mean SAPS global item score 0.02 0.11 2.00 1.15
Mean SANS global item score 0.35 0.61 2.56 0.80
Disorganization 0.75 1.15 5.57 2.70
Poverty 1.08 2.34 10.75 3.62
Reality distortion 0.00 0.00 4.50 3.52

Note: Positive symptoms were the sum of global scores for hallucinations and delusions; negative symptoms were the sum of global
scores for alogia, anhedonia, avolition, affective flattening, and attentional impairment; and disorganization symptoms were the sum of
global scores for bizarre behavior, positive thought disorder, and inappropriate affect. SAPS, scale for assessment of positive
symptoms; SANS, scale for the assessment of negative symptoms; CPZ, chlorpromazine; SES, socioeconomic status.
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in response to negative and neutral stimuli (figure 2).
Extracting only specific time-locked components of the
time series, along with removal of mean task response,
ensured that the correlations are driven primarily by
trial-to-trial variability rather than overall task response
and enabled us to obtain separate tb-fcMRI estimates for
each task condition (neutral and negative). To further
eliminate possible biases due to stimuli sequence, the
ordering of task trials was carefully balanced (see online
supplementary material for complete details).
Amygdala tb-fcMRI maps were computed by extract-

ing average values across all the voxels in the individual
anatomically defined amygdala ROI and computing their
correlation with each voxel in the brain. Group-level sta-
tistical significance was estimated by converting individ-
ual correlation maps to Fisher’s z maps and computing
a voxel-wise one-sample or independent samples t-tests.
All tb-fcMRI analyses were based on the average of both
correct and incorrect trials to maximize power given no
a priori predictions with regard to connectivity differen-
ces as a function of performance or speed. All foci meet-
ing appropriate whole-brain type I error correction are
reported in table 2.
To examine whether amygdala tb-fcMRI correlated

with negative symptom severity in the patient sample,
we also extracted themagnitude of amygdala correlations
with a specific a priori ROI of the prefrontal cortex for

each subject (fronto-polar cortex corresponding closely
to Brodmann’s Area 10; x = 37; y = 52; z = 15). An in-
dependent region was chosen: (1) to ensure statistical in-
dependence96,97 and (2) given that this ROI showed
amygdala tb-fcMRI differences between negative and
neutral distraction in our prior work.67 Given no a priori
predictions regarding specific negative symptom dimen-
sions, we examined all subscales of the SANS76 for both
neutral and negative conditions. We employed false dis-
covery rate correction to ensure appropriate type I error
correction.98

Effect Size Calculations

For all statistical tests, we calculated Hedge’s g or clas-
sical g2 effect size statistics as appropriate (See online
supplementary material for complete details). Hedge’s g
(Hg) was calculated for all statistics where there was
a difference between means.99 In contrast, classical
g2 (not partial) was calculated for all ANOVA statis-
tics.100

Results

Behavior

We examined group RT differences for negative vs neu-
tral distraction by computing a mixed model 2-way

Fig. 2. Task-based functional connectivity (tb-fcMRI) time point selection approach used in the present study is shown on a simulated time
series example. The bottom panel shows the overall original BOLD time series in light gray. The time series following overall task structure
removal is shown in black and is substantially attenuated in overall variability. Negative and neutral events are marked in red and blue,
respectively, across the figure. Event onset is shown at the bottom along the x-axis. The average of time points 4 and 5 following each event
onset is marked with vertical red or blue bars spanning the y-axis of the bottom figure. The top panels show examples of 2 extracted and
concatenated voxel trial-to-trial variability time series for neutral (left) and negative (right) conditions. All tb-fcMRI analyses are performed
on these extracted time courses, which reflect variation in peak response following each distracter—as indicated by obtained correlation
coefficients shown in cornersof each toppanel.Asnoted, this approach, alongwith removalof task structure, largely circumvents the concern
that correlations are being driven by overall task response.
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that no distracter category could appear for more than 3
consecutive trials to avoid mood induction via negative
pictures. Following scanning, subjects indicated experi-
enced arousal and valence for each picture via a computer
version of the self-assessment manikin.81 Subjects were
allowed as much time as they needed to make the ratings.

Preprocessing

fMRI data preprocessing included: (1) slice-time correc-
tion; (2) removing first 5 images from each run to allow
BOLD signal to reach steady state; (3) eliminating odd/
even slice intensity differences due to interpolated acqui-
sition; (4) rigid body motion correction82; (5) intensity
normalization to a whole brain mode value of 1000 with-
out bias or gain field correction; (6) registration of struc-
tural images to a template image in the Talairach
coordinate system (12-parameter affine transform)83;
(7) co-registration of fMRI volumes to the structural im-
age with resampling to 3mm cubic.82,84 To ensure com-
parable signal-to-noise ratio (SNR) profiles across
groups,85,86 SNR was calculated following preprocessing
but prior to atlas transformation (ie, in each subject’s na-
tive space) as done in our prior work.87 Briefly, SNR es-
timate was computed by obtaining the mean signal and
SD for a given slice across the BOLD run, while excluding
all nonbrain voxels across all frames. The overall SNR
estimate was expressed as mean/SD for a given slice
and averaged across all slices. SNR results revealed no
significant between-group differences (mean SCZ =
317.04; mean CON = 355.9; [t49 = 1.4, P = .17, NS]).

fMRI Analyses

A general linear model (GLM) approach was used to es-
timate subject-specific voxel-wise task-related activity
without assuming a hemodynamic response function
(HRF).88 Negative and neutral conditions were modeled
separately for 7 frames following picture onset. The esti-
mates reflect 7 different time points in 2.2-second incre-
ments starting with the picture presentation. The
resulting beta estimates of event-related response at
each frame were entered into a second-level analysis
treating subjects as a random factor. Unassumed model-
ing allowed maximal sensitivity to any response ampli-
tude and shape differences across groups. We also
verified our findings by fitting an assumedHRF89 follow-
ing picture onset and report these findings to ensure
cross-validation using complementary analytic
approaches.

At the second level, for the unassumed GLM, we com-
puted a 4-way repeated-measures ANOVA with Dis-
tracter Condition (negative vs neutral), Time point (7
estimated frames), and Hemisphere (left vs right) as
within-subject factors and Diagnosis (SCZ vs CON) as
a between-subject factor. For the assumed GLM, we
employed the same approach, but the Time point factor

was omitted because we obtained a single estimate of fit
across entire trial duration (ie, overall responsemagnitude).
To isolate task-evoked amygdala signals, we employed

a previously validated procedure.67 Briefly, for all sub-
jects, we delineated individual-specific anatomically
based amygdala ROI via FreeSurfer.90,91 We combined
all the individual amygdala ROIs and down-sampled
the resolution to match the functional voxel size (ie, 3
mm3) and identified the region of 50% amygdala voxel
overlap across all subjects.We computed all theANOVAs
specifically within this anatomically defined amygdala
ROI. Individual-specific anatomically defined amygdala
ROIs were also used as seeds in all tb-fcMRI analyses.

tb-fcMRI Analyses

To remove possible sources of spurious correla-
tions,67,92,93 we conducted additional preprocessing be-
fore tb-fcMRI analyses: (1) spatial smoothing by 6-mm
full width at half maximum Gaussian filter; (2) high-
pass filtering (>0.009 Hz) to remove low frequencies
and scanner drift; (3) removal of motion correction
parameters, ventricle, deep white matter, and global
mean signals (GMSs) and their first derivatives using
GLM framework; (4) removal of mean task response
by modeling task response over 9 frames following trial
onset with separate regressors for negative and neutral
trials. The removal was based on 9 frames for all trials
of a given type across the experiment (ie, not trial by tri-
al). This step was performed concurrently within the
same GLM as step 3). This approach, while modeling
an overall task response, ignores trial-to-trial variability
in BOLD responses (ie, it places it into the residual). In
turn, this residual trial-to-trial variability can then be har-
nessed in subsequent tb-fcMRI steps by analyzing corre-
lation between voxels for BOLD signal time-locked to
events of interest (further described in the online supple-
mentary material and shown in figure 2). We conducted
all subsequent tb-fcMRI analyses on the residual values,
excluding variance accounted for by nuisance signal and
mean task response but still capturing trial-to-trial vari-
ability in task response. While some studies have sug-
gested that removing GMS may induce negative
correlations,94 others have shown that this is a crucial
measure to optimize fcMRI specificity.95 Critically,
group differences in fcMRI cannot be differentially in-
duced by this step as both groups underwent the same
preprocessing.
To examine amygdala tb-fcMRI, we followed an ap-

proach used in our previously published studies67,92

(see online supplementary material for comprehensive
details and discussion of the employed analytic ap-
proach). Briefly, we computed the average BOLD signal
value followingpicture onset (average of timepoints 4 and
5) at each trial for each voxel in the image. These values
were then concatenated into two4D (brain volume3 trial)
time series separately representing trial-to-trial variability
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in response to negative and neutral stimuli (figure 2).
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time series, along with removal of mean task response,
ensured that the correlations are driven primarily by
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ing appropriate whole-brain type I error correction are
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To examine whether amygdala tb-fcMRI correlated

with negative symptom severity in the patient sample,
we also extracted themagnitude of amygdala correlations
with a specific a priori ROI of the prefrontal cortex for

each subject (fronto-polar cortex corresponding closely
to Brodmann’s Area 10; x = 37; y = 52; z = 15). An in-
dependent region was chosen: (1) to ensure statistical in-
dependence96,97 and (2) given that this ROI showed
amygdala tb-fcMRI differences between negative and
neutral distraction in our prior work.67 Given no a priori
predictions regarding specific negative symptom dimen-
sions, we examined all subscales of the SANS76 for both
neutral and negative conditions. We employed false dis-
covery rate correction to ensure appropriate type I error
correction.98

Effect Size Calculations

For all statistical tests, we calculated Hedge’s g or clas-
sical g2 effect size statistics as appropriate (See online
supplementary material for complete details). Hedge’s g
(Hg) was calculated for all statistics where there was
a difference between means.99 In contrast, classical
g2 (not partial) was calculated for all ANOVA statis-
tics.100

Results

Behavior

We examined group RT differences for negative vs neu-
tral distraction by computing a mixed model 2-way

Fig. 2. Task-based functional connectivity (tb-fcMRI) time point selection approach used in the present study is shown on a simulated time
series example. The bottom panel shows the overall original BOLD time series in light gray. The time series following overall task structure
removal is shown in black and is substantially attenuated in overall variability. Negative and neutral events are marked in red and blue,
respectively, across the figure. Event onset is shown at the bottom along the x-axis. The average of time points 4 and 5 following each event
onset is marked with vertical red or blue bars spanning the y-axis of the bottom figure. The top panels show examples of 2 extracted and
concatenated voxel trial-to-trial variability time series for neutral (left) and negative (right) conditions. All tb-fcMRI analyses are performed
on these extracted time courses, which reflect variation in peak response following each distracter—as indicated by obtained correlation
coefficients shown in cornersof each toppanel.Asnoted, this approach, alongwith removalof task structure, largely circumvents the concern
that correlations are being driven by overall task response.
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that no distracter category could appear for more than 3
consecutive trials to avoid mood induction via negative
pictures. Following scanning, subjects indicated experi-
enced arousal and valence for each picture via a computer
version of the self-assessment manikin.81 Subjects were
allowed as much time as they needed to make the ratings.

Preprocessing

fMRI data preprocessing included: (1) slice-time correc-
tion; (2) removing first 5 images from each run to allow
BOLD signal to reach steady state; (3) eliminating odd/
even slice intensity differences due to interpolated acqui-
sition; (4) rigid body motion correction82; (5) intensity
normalization to a whole brain mode value of 1000 with-
out bias or gain field correction; (6) registration of struc-
tural images to a template image in the Talairach
coordinate system (12-parameter affine transform)83;
(7) co-registration of fMRI volumes to the structural im-
age with resampling to 3mm cubic.82,84 To ensure com-
parable signal-to-noise ratio (SNR) profiles across
groups,85,86 SNR was calculated following preprocessing
but prior to atlas transformation (ie, in each subject’s na-
tive space) as done in our prior work.87 Briefly, SNR es-
timate was computed by obtaining the mean signal and
SD for a given slice across the BOLD run, while excluding
all nonbrain voxels across all frames. The overall SNR
estimate was expressed as mean/SD for a given slice
and averaged across all slices. SNR results revealed no
significant between-group differences (mean SCZ =
317.04; mean CON = 355.9; [t49 = 1.4, P = .17, NS]).

fMRI Analyses

A general linear model (GLM) approach was used to es-
timate subject-specific voxel-wise task-related activity
without assuming a hemodynamic response function
(HRF).88 Negative and neutral conditions were modeled
separately for 7 frames following picture onset. The esti-
mates reflect 7 different time points in 2.2-second incre-
ments starting with the picture presentation. The
resulting beta estimates of event-related response at
each frame were entered into a second-level analysis
treating subjects as a random factor. Unassumed model-
ing allowed maximal sensitivity to any response ampli-
tude and shape differences across groups. We also
verified our findings by fitting an assumedHRF89 follow-
ing picture onset and report these findings to ensure
cross-validation using complementary analytic
approaches.

At the second level, for the unassumed GLM, we com-
puted a 4-way repeated-measures ANOVA with Dis-
tracter Condition (negative vs neutral), Time point (7
estimated frames), and Hemisphere (left vs right) as
within-subject factors and Diagnosis (SCZ vs CON) as
a between-subject factor. For the assumed GLM, we
employed the same approach, but the Time point factor

was omitted because we obtained a single estimate of fit
across entire trial duration (ie, overall responsemagnitude).
To isolate task-evoked amygdala signals, we employed

a previously validated procedure.67 Briefly, for all sub-
jects, we delineated individual-specific anatomically
based amygdala ROI via FreeSurfer.90,91 We combined
all the individual amygdala ROIs and down-sampled
the resolution to match the functional voxel size (ie, 3
mm3) and identified the region of 50% amygdala voxel
overlap across all subjects.We computed all theANOVAs
specifically within this anatomically defined amygdala
ROI. Individual-specific anatomically defined amygdala
ROIs were also used as seeds in all tb-fcMRI analyses.

tb-fcMRI Analyses

To remove possible sources of spurious correla-
tions,67,92,93 we conducted additional preprocessing be-
fore tb-fcMRI analyses: (1) spatial smoothing by 6-mm
full width at half maximum Gaussian filter; (2) high-
pass filtering (>0.009 Hz) to remove low frequencies
and scanner drift; (3) removal of motion correction
parameters, ventricle, deep white matter, and global
mean signals (GMSs) and their first derivatives using
GLM framework; (4) removal of mean task response
by modeling task response over 9 frames following trial
onset with separate regressors for negative and neutral
trials. The removal was based on 9 frames for all trials
of a given type across the experiment (ie, not trial by tri-
al). This step was performed concurrently within the
same GLM as step 3). This approach, while modeling
an overall task response, ignores trial-to-trial variability
in BOLD responses (ie, it places it into the residual). In
turn, this residual trial-to-trial variability can then be har-
nessed in subsequent tb-fcMRI steps by analyzing corre-
lation between voxels for BOLD signal time-locked to
events of interest (further described in the online supple-
mentary material and shown in figure 2). We conducted
all subsequent tb-fcMRI analyses on the residual values,
excluding variance accounted for by nuisance signal and
mean task response but still capturing trial-to-trial vari-
ability in task response. While some studies have sug-
gested that removing GMS may induce negative
correlations,94 others have shown that this is a crucial
measure to optimize fcMRI specificity.95 Critically,
group differences in fcMRI cannot be differentially in-
duced by this step as both groups underwent the same
preprocessing.
To examine amygdala tb-fcMRI, we followed an ap-

proach used in our previously published studies67,92

(see online supplementary material for comprehensive
details and discussion of the employed analytic ap-
proach). Briefly, we computed the average BOLD signal
value followingpicture onset (average of timepoints 4 and
5) at each trial for each voxel in the image. These values
were then concatenated into two4D (brain volume3 trial)
time series separately representing trial-to-trial variability
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ANOVA with one between-subject factor (Diagnosis,
SCZ vs CON) and one within-subject factor (Distraction
Condition, negative vs neutral). There was a trend main
effect of Diagnosis (F1,50 = 3.31, P = .074, g2 = 0.54) sug-
gesting patients were overall slower, a significant main
effect of Distraction Type (F1,50 = 66.31, P < .0001,
g2 = 0.46) but no significant Diagnosis 3 Distraction
Type interaction (F1,50 = 0.04, P = .84, NS, g2 ’ 0.00).
Although SCZ subjects were generally slower, the effect
of negative distraction did not differ across groups
(figure 3A). Within-group t-tests confirmed that slowing
as a function of emotion was significant for both CON
(t23 = 5.68, P < .001) and SCZ (t27 = 5.83, P < .001) sub-
jects, with similar effect sizes calculated using Hedge’s g
(Hg-CON = 0.57; Hg-SCZ = 0.4).99,101 There were no
group differences as a function of negative emotion
when the RTs were expressed to account for subject-
specific slowing—ie, as a percent change from neutral dis-
traction (negative-neutral/neutral) (t50 = 0.84,P = .4, Hg =
0.23). All subjects performed the task with perfect accu-
racy, irrespective of the probe laterality, corroborating
overall low cognitive load.

We also examined group differences for arousal and va-
lenceratings (figure3B),whichwereobtained inapostscan
task. We computed a 2-way mixed model ANOVA with
one between-subject factor (Diagnosis, SCZ vs CON)
and one within-subject factor (Emotion, negative vs neu-
tral). Consistent with prior findings,15 the valence
ANOVA revealed no main effect of Diagnosis (F1,50 =
0.75, NS,g2’ 0.00), and noDiagnosis3Emotion interac-
tion (F1,50 = 1.16, NS, g2 ’ 0.00), but a highly significant
main effect of Emotion (F1,50 = 275.45, P < .0001, g2 =
0.99), indicating that both groups rated experiencing neg-
ative pictures as significantly more aversive when com-
pared with neutral pictures. The arousal ANOVA
revealed a main effect of Diagnosis (F1,50 = 6.29, P <
.02, g2 = 0.06), indicating that SCZ subjects rated all pic-
tures as generally somewhat more arousing when com-
pared with CON subjects, but no Diagnosis 3 Emotion
interaction (F1,50 = 0.001, NS, g2 ’ 0.00). Again, there
was a highly significant main effect of Emotion (F1,50 =
166.23, P < .0001, g2 = 0.94), indicating that both groups
rated experiencing negative pictures as significantly more
arousing when compared with neutral pictures.

Table 2. Foci Showing Significant Group Differences in Whole-Brain Amygdala Task-Based Functional Connectivity

X Y Z Hemisphere Anatomical Landmark Region Size (mm cubic) Peak Z-score

Bilateral amygdala SCZ vs CON—negative condition

SCZ > CON
56 �25 �14 Right Middle temporal gyrus 3024 3.90
�62 �45 �10 Left Middle temporal gyrus 1458 3.91
�24 46 26 Left Superior frontal gyrus 351 4.54
23 47 29 Right Superior frontal gyrus 378 4.15
17 28 37 Right Middle frontal gyrus 621 4.47
�28 29 39 Left Middle frontal gyrus 378 3.70
�19 23 51 Left Superior frontal gyrus 621 4.20
7 16 51 Left Superior frontal gyrus 1620 4.26
�6 39 52 Right Superior frontal gyrus 3699 3.81

CON > SCZ

25 �46 �27 Right Cerebellum 405 �3.54
�17 �84 10 Left Cuneus 513 �3.91
�24 �84 22 Left Middle occipital gyrus 378 �4.96

Bilateral amygdala SCZ vs CON—negative minus neutral contrast (interaction test)

�27 �36 �26 Left Cerebellum 810 4.07
2 �23 18 Right Medial dorsal thalamus 864 4.34
13 39 23 Right Medial frontal gyrus 432 4.26
�22 �74 23 Left Precuneus 432 3.24
�27 48 25 Left Superior frontal gyrus 702 4.02
-5 33 31 Right Medial frontal gyrus 594 3.85
15 32 35 Right Medial frontal gyrus 891 3.93
�11 42 43 Left Superior frontal gyrus 3537 4.23
�20 25 50 Left Superior frontal gyrus 378 3.46
5 23 57 Right Superior frontal gyrus 702 4.03

Note: Top panel shows group differences using random-effects independent samples t-tests for negative condition specifically. Bottom
panel shows the results of the interaction test (ie, Controls vs. Patients for Negative Minus Neutral Contrast). All reported foci met
appropriate whole-brain type I error correction (z > 3.00, k = 13, Corresponding to P < .05, Monte Carlo Corrected Given Employed
Smoothing Level). SCZ, patients with schizophrenia; CON, controls.
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Task-Evoked Amygdala fMRI Results

We examined group differences in amygdala activation
profiles in response to negative vs neutral stimuli. To
test this, we computed a 4-way repeated-measures
ANOVA with Distracter Emotion (neutral vs negative),
Time point (7 frames), and Hemisphere (left vs right) as
within-subject factors and Diagnosis (SCZ vs CON) as
a between-subject factor by using the a priori anatomical
amygdala ROI (see ‘‘Materials and Methods’’ section).
TheANOVA results revealed no significantmain effect

of Diagnosis (F1,49 = 0.14, P = .70, NS, g2 ’ 0.00), no
significant Diagnosis 3 Distracter Emotion 3 Time point
interaction (F6,294 = 0.04, P = .99, NS, g2 ’ 0.00), but
a highly significant Distracter Emotion 3 Time point
interaction (F6,294 = 1466.42, P < .0001, g2 = 0.46),
indicating that there was an overall difference in negative
vs neutral amygdala response irrespective of group
(figure 4). No term involving theDiagnosis factor reached
significance, suggesting highly similar group patterns of
amygdala response. In fact, both groups showed a highly
significant Distracter Emotion 3 Time point interaction
in the a priori amygdala region when examined sepa-
rately. Furthermore, both groups showed a Distracter
Emotion 3 Time point interaction in the amygdala even
in whole-brain exploratory analyses at a whole-brain sig-
nificance level with the appropriate type I error correction
(ie,Z> 3 and k = 13 contiguously active voxels) (figure 4).
Results did not differ for the HRF model approach—

there was no Diagnosis 3 Distracter Emotion interaction
(F1,49 = 0.15, P = .69, NS, g2 = 0.002) but a highly signif-
icant main effect of Distracter Emotion (F1,49 = 33.17,
P < .001, g2 = 0.50). Of note, when using the assumed
HRF model, the results revealed a significant main effect
of Diagnosis (F1,49 = 4.54, P < .04, g2 = 0.32), suggesting
somewhat lower levels of amygdala signal in SCZ sub-
jects—but this was true irrespective of distracter type.
Taken together, these findings suggest that the pattern
of amygdala responses as a function of emotion did not

differ across groups and argue against sizable group dif-
ferences in amygdala activation.
We also investigated group differences in distracter

responses at the whole-brain level by computing a vox-
el-wise Diagnosis 3 Distracter Emotion 3 Time point in-
teraction using the unassumed model. No significant
regions emerged after whole-brain type I error correction.
For qualitative inspection, whole-brain Distracter Emo-
tion 3 Time point maps for both groups can be found in

Fig. 3.Behavioral results are shown for (A) probe reaction timeduring the fMRI task followingnegative andneutral picture presentation and
(B) stimulus ratings across valence and arousal dimensions following scanning sessions. Results for patients and controls are shown in gray
and white bars, respectively. Error bars represent 61 standard error of the mean.

Fig. 4. Amygdala activation is shown for (A) controls and (B)
patients with the associated time courses extracted from bilateral
amygdala ROIs. Time courses for the negative and neutral
conditions aremarked in red triangles and blue circles, respectively.

7

Effects of Emotion on Attention in Schizophrenia

Task-Evoked Amygdala fMRI Results

We examined group differences in amygdala activation
profiles in response to negative vs neutral stimuli. To
test this, we computed a 4-way repeated-measures
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ANOVA with one between-subject factor (Diagnosis,
SCZ vs CON) and one within-subject factor (Distraction
Condition, negative vs neutral). There was a trend main
effect of Diagnosis (F1,50 = 3.31, P = .074, g2 = 0.54) sug-
gesting patients were overall slower, a significant main
effect of Distraction Type (F1,50 = 66.31, P < .0001,
g2 = 0.46) but no significant Diagnosis 3 Distraction
Type interaction (F1,50 = 0.04, P = .84, NS, g2 ’ 0.00).
Although SCZ subjects were generally slower, the effect
of negative distraction did not differ across groups
(figure 3A). Within-group t-tests confirmed that slowing
as a function of emotion was significant for both CON
(t23 = 5.68, P < .001) and SCZ (t27 = 5.83, P < .001) sub-
jects, with similar effect sizes calculated using Hedge’s g
(Hg-CON = 0.57; Hg-SCZ = 0.4).99,101 There were no
group differences as a function of negative emotion
when the RTs were expressed to account for subject-
specific slowing—ie, as a percent change from neutral dis-
traction (negative-neutral/neutral) (t50 = 0.84,P = .4, Hg =
0.23). All subjects performed the task with perfect accu-
racy, irrespective of the probe laterality, corroborating
overall low cognitive load.

We also examined group differences for arousal and va-
lenceratings (figure3B),whichwereobtained inapostscan
task. We computed a 2-way mixed model ANOVA with
one between-subject factor (Diagnosis, SCZ vs CON)
and one within-subject factor (Emotion, negative vs neu-
tral). Consistent with prior findings,15 the valence
ANOVA revealed no main effect of Diagnosis (F1,50 =
0.75, NS,g2’ 0.00), and noDiagnosis3Emotion interac-
tion (F1,50 = 1.16, NS, g2 ’ 0.00), but a highly significant
main effect of Emotion (F1,50 = 275.45, P < .0001, g2 =
0.99), indicating that both groups rated experiencing neg-
ative pictures as significantly more aversive when com-
pared with neutral pictures. The arousal ANOVA
revealed a main effect of Diagnosis (F1,50 = 6.29, P <
.02, g2 = 0.06), indicating that SCZ subjects rated all pic-
tures as generally somewhat more arousing when com-
pared with CON subjects, but no Diagnosis 3 Emotion
interaction (F1,50 = 0.001, NS, g2 ’ 0.00). Again, there
was a highly significant main effect of Emotion (F1,50 =
166.23, P < .0001, g2 = 0.94), indicating that both groups
rated experiencing negative pictures as significantly more
arousing when compared with neutral pictures.

Table 2. Foci Showing Significant Group Differences in Whole-Brain Amygdala Task-Based Functional Connectivity

X Y Z Hemisphere Anatomical Landmark Region Size (mm cubic) Peak Z-score

Bilateral amygdala SCZ vs CON—negative condition

SCZ > CON
56 �25 �14 Right Middle temporal gyrus 3024 3.90
�62 �45 �10 Left Middle temporal gyrus 1458 3.91
�24 46 26 Left Superior frontal gyrus 351 4.54
23 47 29 Right Superior frontal gyrus 378 4.15
17 28 37 Right Middle frontal gyrus 621 4.47
�28 29 39 Left Middle frontal gyrus 378 3.70
�19 23 51 Left Superior frontal gyrus 621 4.20
7 16 51 Left Superior frontal gyrus 1620 4.26
�6 39 52 Right Superior frontal gyrus 3699 3.81

CON > SCZ

25 �46 �27 Right Cerebellum 405 �3.54
�17 �84 10 Left Cuneus 513 �3.91
�24 �84 22 Left Middle occipital gyrus 378 �4.96
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�11 42 43 Left Superior frontal gyrus 3537 4.23
�20 25 50 Left Superior frontal gyrus 378 3.46
5 23 57 Right Superior frontal gyrus 702 4.03

Note: Top panel shows group differences using random-effects independent samples t-tests for negative condition specifically. Bottom
panel shows the results of the interaction test (ie, Controls vs. Patients for Negative Minus Neutral Contrast). All reported foci met
appropriate whole-brain type I error correction (z > 3.00, k = 13, Corresponding to P < .05, Monte Carlo Corrected Given Employed
Smoothing Level). SCZ, patients with schizophrenia; CON, controls.
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Task-Evoked Amygdala fMRI Results

We examined group differences in amygdala activation
profiles in response to negative vs neutral stimuli. To
test this, we computed a 4-way repeated-measures
ANOVA with Distracter Emotion (neutral vs negative),
Time point (7 frames), and Hemisphere (left vs right) as
within-subject factors and Diagnosis (SCZ vs CON) as
a between-subject factor by using the a priori anatomical
amygdala ROI (see ‘‘Materials and Methods’’ section).
TheANOVA results revealed no significantmain effect

of Diagnosis (F1,49 = 0.14, P = .70, NS, g2 ’ 0.00), no
significant Diagnosis 3 Distracter Emotion 3 Time point
interaction (F6,294 = 0.04, P = .99, NS, g2 ’ 0.00), but
a highly significant Distracter Emotion 3 Time point
interaction (F6,294 = 1466.42, P < .0001, g2 = 0.46),
indicating that there was an overall difference in negative
vs neutral amygdala response irrespective of group
(figure 4). No term involving theDiagnosis factor reached
significance, suggesting highly similar group patterns of
amygdala response. In fact, both groups showed a highly
significant Distracter Emotion 3 Time point interaction
in the a priori amygdala region when examined sepa-
rately. Furthermore, both groups showed a Distracter
Emotion 3 Time point interaction in the amygdala even
in whole-brain exploratory analyses at a whole-brain sig-
nificance level with the appropriate type I error correction
(ie,Z> 3 and k = 13 contiguously active voxels) (figure 4).
Results did not differ for the HRF model approach—

there was no Diagnosis 3 Distracter Emotion interaction
(F1,49 = 0.15, P = .69, NS, g2 = 0.002) but a highly signif-
icant main effect of Distracter Emotion (F1,49 = 33.17,
P < .001, g2 = 0.50). Of note, when using the assumed
HRF model, the results revealed a significant main effect
of Diagnosis (F1,49 = 4.54, P < .04, g2 = 0.32), suggesting
somewhat lower levels of amygdala signal in SCZ sub-
jects—but this was true irrespective of distracter type.
Taken together, these findings suggest that the pattern
of amygdala responses as a function of emotion did not

differ across groups and argue against sizable group dif-
ferences in amygdala activation.
We also investigated group differences in distracter

responses at the whole-brain level by computing a vox-
el-wise Diagnosis 3 Distracter Emotion 3 Time point in-
teraction using the unassumed model. No significant
regions emerged after whole-brain type I error correction.
For qualitative inspection, whole-brain Distracter Emo-
tion 3 Time point maps for both groups can be found in

Fig. 3.Behavioral results are shown for (A) probe reaction timeduring the fMRI task followingnegative andneutral picture presentation and
(B) stimulus ratings across valence and arousal dimensions following scanning sessions. Results for patients and controls are shown in gray
and white bars, respectively. Error bars represent 61 standard error of the mean.

Fig. 4. Amygdala activation is shown for (A) controls and (B)
patients with the associated time courses extracted from bilateral
amygdala ROIs. Time courses for the negative and neutral
conditions aremarked in red triangles and blue circles, respectively.
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supplementary materials (see online supplementary ma-
terial figure S1).

Amygdala tb-fcMRI Group Differences

First, we computed voxel-wise amygdala tb-fcMRI in each
group to verify that the general pattern of results from
prior investigations is well replicated.64,67,102 The overall
pattern of tb-fcMRI revealed negative coupling between
fronto-parietal cortical regions and amygdala, which
was present in the negative, but attenuated in the neutral
condition, closely matching our previous work in healthy
adults67 (figures 5A and 5B). Next, we computed an inde-
pendent samples t-test examining group differences in
amygdala tb-fcMRI during negative distraction (figure
5C). As shown by the red foci in figure 5C, patients, as
compared with controls, exhibited significant reductions
in negative amygdala coupling during the aversive emo-
tion distraction condition. This pattern was most promi-
nent for fronto-polar cortex and superior frontal sulcus.

We also examined the Diagnosis 3 Distracter Emotion
interaction for amygdala tb-fcMRI. That is, we examined
whether there were regions where controls showed a signif-
icant increase in negative coupling for negative vs neutral
condition when compared with patients. We computed
this by first differencing negative vs neutral maps in each

subject and then computing an independent sample t-test
between patients and controls (figure 5D). Again, a set
of PFC regions showed a significant Diagnosis 3 Emotion
interaction for amygdala-PFC coupling, which was strik-
ingly similar to results found in healthy adults in our prior
work.67 When examining individual group maps (figures
5A and 5B), it was evident that the source of the interaction
was significantly stronger negative amygdala-PFC correla-
tions following emotionally aversive vs neutral pictures
specifically for controls, but not for patients. All foci
surviving appropriate whole-brain correction are shown
in table 2.
Given between-group differences in amygdala-PFC

tb-fcMRI, we examined whether the magnitude of
amygdala-PFC coupling correlates with symptom sever-
ity. As noted, to avoid region selection bias,97 we selected
an independent right lateral PFC ROI identified in our
prior work, closely matching the location of maximal
tb-fcMRI differences in the present study.67 Only flat af-
fect correlated significantly with anterior PFC-amygdala
tb-fcMRI in the neutral distraction condition (figure 6),
with less negative coupling between PFC and amygdala
associated with higher ratings of flat affect. However, the
significance of this correlation would not survive correc-
tions for multiple comparisons.

Fig. 5. Whole-brain amygdala task-based functional connectivity (tb-fcMRI) maps are shown using Z statistics and visualized using the
population-average, landmark- and surface-based (PALS) atlas.110 (A) Following negative distraction for both controls (top panel)
and patients (bottom panel); (B) Following neutral distraction for both controls (top panel) and patients (bottom panel); (C) Results of an
independent samples t-test comparing patients vs controls following negative distraction; (D) Results of aDiagnosis3Distracter Condition
interaction (ie, fociwhere controls show increases in negative couplingbetweenamygdala-PFCas a functionof emotion andpatients donot).
In panels (C) and (D), we show foci using aZ> 2.5 threshold demonstrating that, even with a lower statistical significance threshold, group
differences inamygdala tb-fcMRIarecenteredmainlyontheprefrontal cortexandnotelsewhere.Brighter colorsmarkregions showingeither
more positive or more negative tb-fcMRI with amygdala. The online version of this article shows positive and negative tb-fcMRI with the
amygdala in orange–yellow and blue colors, respectively. The complete list of significant foci at appropriate whole-brain type I error
correction (z > 3.00, k 5 13, corresponding to P < .05) is shown in table 2.

8

A. Anticevic et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/article/38/5/967/1896905 by guest on 20 August 2020



975

Effects of Emotion on Attention in Schizophrenia

Discussion

We advanced our understanding of emotional processing
in SCZ by showing that both groups: (1) demonstrated
equal amounts of behavioral interference when presented
with aversive emotional content while performing a basic
perceptual decision task; (2) reported similar levels of
emotional experience, closely replicating prior work15;
and (3) showed similar amygdala recruitment in response
to negative vs neutral stimuli. Despite these similarities,
SCZ subjects exhibited significantly weaker amygdala-
PFC coupling, especially during negative distraction,
which predicted negative symptom severity.

Intact Behavioral Effects of Emotional Salience in SCZ

While there are several domains of affective disturbances
in SCZ,17 prior work has suggested that SCZ patients
may exhibit largely intact in-the-moment processing of
emotional material, either when rating emotional stimuli
or their own feelings in response to those stimuli.16 How-
ever, few studies have employed tasks that can assay be-
havioral effects of emotion under conditions of minimal
cognitive load. We demonstrated that, while slower over-
all, patients showed similar effects of aversive emotional
interference during a simple perceptual decision task and
showed little difference in postscan ratings of affective
pictures. Taken together, these findings closely replicate
and extend prior work examining basic emotional pro-
cessing in SCZ.15,16 Moreover, present findings suggest
that ‘‘real-time’’ perception of aversive material, as
well as processing low-level visual properties of affective
stimuli—that momentarily command attention—may be
largely intact in SCZ.

Amygdala Responsiveness in SCZ

The present findings suggested no group differences in
amygdala responsiveness during minimal cognitive en-
gagement, in line with prior SCZ neuroimaging studies
using IAPS stimuli.55 While it is impossible to definitively
demonstrate an absence of an effect (ie, to prove a null
finding), it is still critical to note that the present results
go counter to suggestion of sizeable group differences
across conditions.67 Furthermore, we carefully matched
groups for SNR profiles, ensuring adequate power to de-
tect, at least, medium effect sizes. Therefore, the lack of
group differences in amygdala signals and the presence
of significant differences in functional connectivity (dis-
cussed below) are unlikely to be due to SNR or power
concerns. However, there was a mild overall attenuation
of amygdala signals in patients relative to controls irre-
spective of valence (ie, when averaging across both
aversive and neutral conditions). One speculative hypoth-
esis is that this overall attenuation could possibly reflect
a deficit in vigilance or orienting to salient stimuli in
general,103,104 a hypothesis that remains to be tested in fu-
ture work.
While the present results provide little evidence for

amygdala under-recruitment in response to aversive vs
neutral complex visual material (ie, no Diagnosis 3 Emo-
tion interaction), there are prior studies using different
emotional material (eg, facial expressions) that have
reported amygdala under-recruitment in this illness in re-
sponse to aversive vs neutral stimuli.17 Thus, it will be
critical to further characterize amygdala responsiveness
in SCZ by directly comparing different emotional stimuli
in a controlled fashion. Of note, other work from our
own laboratory suggests little group difference in amyg-
dala responsiveness when subjects rated facial, verbal,
and complex image stimuli for emotional content.4 How-
ever, different studies have employed different task
designs where some studies examined passive viewing
vs explicit rating of emotional content or judgment of fa-
cial expressions. Such different task demands may differ-
entially impact amygdala responses to various types of
stimuli depending on the level of cognitive load and abil-
ity of emotional information to reach awareness.61 Addi-
tionally, we examined the entire amygdaloid complex;
however, it may be possible that specific amygdala sub-
nuclei exhibit abnormalities in SCZ.105 Future studies
with optimized acquisition protocols, able to collect
more precise spatial and temporal information on
amygdala activation,105,106 may detect abnormalities in
amgydala subdivisions that we were not able to assay.

Amygdala tb-fcMRI

While prior work investigated amygdala fcMRI in SCZ,
previous work has not examined whole-brain patterns of
amygdala coupling in response to well-validated emo-
tional stimuli during a task in which both behavior

Fig. 6. Correlation between negative symptoms (flat affect)
measured using SANS and tb-fcMRI between amygdala and
fronto-polar cortex (aPFC) during neutral distraction.
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this illness (eg, emotion-cognition interactions). Criti-
cally, present findings also suggest that amygdala-PFC
coupling may be compromised in SCZ subjects, even
in the absence of clear behavioral or task-evoked amyg-
dala deficits. Thus, current work generates potentially
compelling cortical targets for future investigations of ab-
errant amygdala-cortical interactions in SCZ. Further
characterizing such connectivity, abnormalities may be
critical for understanding deficits in affect regulation
and/or other aspects of affective dysfunction in SCZ.
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and brain activation were well matched between groups
(which helps to rule out confounds associated with group
differences in activation). Our prior work with healthy
adults demonstrated stronger negative amygdala-PFC
coupling during emotionally aversive vs neutral distrac-
tion in healthy adults. This pattern was particularly prom-
inent for components of the fronto-parietal control
network107 as well as other regions previously implicated
in emotional regulation,108 which was closely replicated in
the present study (see figures 4A and 4B). In contrast, SCZ
subjects displayed significantly less negative amygdala-
PFC tb-fcMRI, specifically during aversive emotional in-
terference, suggesting that—even in the absence of sizable
behavioral and task-evoked amygdala differences—the
pattern of amygdala-PFC coupling may be abnormal in
SCZ subjects. That is, while the amygdala itself may
show intact response to emotional inputs, its interaction
with other cortical regions may still be compromised in
SCZ, particularly in the ability to moderate the strength
of that coupling in response to specific task demands.

One speculative possibility is that the strength of amyg-
dala-PFC coupling reflects the degree to which emotional
information engages regulatory processes potentially sup-
ported by PFC. In other words, when CON subjects are
detecting emotional stimuli and engagingwith the content
of this information, a concomitant recruitment of PFC
signals may occur that serves to downregulate amygdala
responsiveness,30 particularlywhen such responsiveness is
task irrelevant. If so, then weaker inverse amygdala-PFC
coupling in patients may reflect an impaired capacity to
downregulate amygdala responses.72 That is, even if
both groups respond to emotional stimuli to the same ex-
tent, healthy controlsmayhavea spared ability to regulate
amygdala reactivity following visual detection and initial
processing, whereas patientsmay lack this capacity due to
dysfunction in regions enacting top-down control.62 Such
dysfunction may also manifest as a breakdown in con-
scious appraisal of emotional information,68,69,109 which
results in a failure in SCZ to adaptively guide behavior in
response to incoming affective cues. This may not be ap-
parent in the present paradigm, as minimal cognitive de-
mand is required and emotional stimuli are not used to
guide behavior. However, paradigms where detecting
emotional information is critical for optimal task perfor-
mance or where responses to emotional stimuli may be
more disruptive of task-relevant processing may be sensi-
tive to such deficits.

Symptoms

We found that PFC-amygdala fcMRI predicted negative
symptom severity (flat affect) in the neutral condition.
One speculative possibility is that optimal PFC-
amygdala interaction is required for detection and inter-
nal appraisal of environmentally salient events, even if
they do not carry emotional information. However, these

analyses were exploratory in nature (as we did not have
specific predictions regarding precise symptom clusters)
and the significant correlation would not survive appro-
priate multiple comparison testing. Thus, present find-
ings in regards to symptom relationships should be
treated as provisional and should be followed up on in
future studies. Furthermore, while the present investiga-
tion was adequately powered to detect, at least, medium
effect sizes for most of the proposed analyses, it was not
ideally powered for an individual-differences type analy-
ses. Thus, prospective studies with more focal questions
and adequate sample size should aim to address whether
amygdala responsiveness and/or fcMRI patterns predict
symptoms.

Limitations

The present study focused exclusively on negative inter-
ference. Thus, further research remains to be done to as-
certain whether these effects are present during positively
valenced distraction and whether SCZ may demonstrate
tb-fcMRI impairment during detection of potentially re-
warding stimuli.3,4 Similarly, it would be informative to
test whether other emotional material (ie, verbal emotion
or facial expressions) result in similar findings to ascer-
tain the generalizability of present results to other affec-
tive stimuli. Critically, present stimuli (ie, negative vs
neutral) also differed along the arousal dimension, which
may have contributed to the observed differences in neu-
ral activation. While it is difficult to fully rule out, future
work may want to use more carefully arousal-matched
positive and negative distracters to verify the specificity
of negative distraction found in the present study.
A common concern in imaging studies of clinical pop-

ulations is the potential influence of medication on
results. In the current study, all patients were receiving
stable antipsychotic medication. However, the similarity
of responsiveness both in terms of behavior and amyg-
dala signals in the emotional capture task suggests that
medication status did not impact group differences in
emotional processing. Nonetheless, it cannot be ruled
out that medication levels may have played a role in
tb-fcMRI differences. To fully rule out the possible
effects of medication, it will be important to show
whether a similar pattern of aberrant tb-fcMRI is present
when examining either unmedicated patients, at-risk pop-
ulations or subjects in the prodromal stages of psychosis
who are not yet taking medication.

Conclusions

Present findings support and extend prior work suggest-
ing that in-the-moment experience of affect may be
largely spared in SCZ.16 These findings also confirm
that well-validated affectively valenced picture stimuli
such as the IAPS are a promising tool for further
work examining emotional deficits in other contexts in
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this illness (eg, emotion-cognition interactions). Criti-
cally, present findings also suggest that amygdala-PFC
coupling may be compromised in SCZ subjects, even
in the absence of clear behavioral or task-evoked amyg-
dala deficits. Thus, current work generates potentially
compelling cortical targets for future investigations of ab-
errant amygdala-cortical interactions in SCZ. Further
characterizing such connectivity, abnormalities may be
critical for understanding deficits in affect regulation
and/or other aspects of affective dysfunction in SCZ.
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