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Poor emotion recognition is a core deficit in schizo-
phrenia and is associated with poor functional outcome.
Functional magnetic resonance imaging (fMRI) multi-
variate analysis methods were used to elucidate the neural
underpinnings of face and emotion processing associated
with both genetic liability and disease-specific effects.
Schizophrenia patients, relatives, and controls completed
a task that included 4 facial emotion discrimination con-
ditions and an age discrimination condition during fMRI.
Three functional networks were derived from the data: the
first involved in visual attention and response generation,
the second a default mode network (DMN), and a third
involved in face and emotion processing. No differences in
activation were found between groups for the visual atten-
tion and response generation network, suggesting that
basic processes were intact. Both schizophrenia patients
and relatives showed evidence for hyperdeactivation in the
DMN compared to controls, with relatives being interme-
diate, suggesting a genetic liability effect. Both disease-
specific and genetic liability effects were found for the
face processing network, which included the amygdala.
Patients exhibited lower coordinated network activity
compared to controls and relatives across all facial dis-
crimination conditions. Additionally, in relation to the
other emotion discrimination conditions, a heightened
coordinated response during fear and anger discrimina-
tion was observed in schizophrenia compared to other
conditions, whereas relatives demonstrated heightened
coordinated activity for anger discrimination only relative
to other emotion conditions. With regards to brain func-
tioning, this study found that schizophrenia is associated
with abnormal processing of threat-related information,
and that in part may be associated with the genetic risk
for the disorder, suggesting that the facial and emotion
processing network could be targeted for intervention.

Key words: facial perception/emotion
processing/psychosis/functional magnetic resonance
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Introduction

The ability to accurately recognize facial emotions is a
core deficit in schizophrenia'? that is associated with
functional outcome.** Additionally, behavioral and brain
activation abnormalities related to emotion recognition
have been found in the biological relatives of patients,
suggesting an association with the genetic liability for the
disorder.>® There is also some evidence that facial emo-
tion recognition deficits may be a specific deficit over and
above other lower-level cognitive deficits in schizophre-
nia patients.”!® The goal of this investigation was to use
a family study design and functional magnetic resonance
imaging (fMRI) task-based functional connectivity anal-
yses to better measure the neural underpinnings of face
and emotion recognition associated with both genetic
liability and disease-specific effects in schizophrenia.

Two recent meta-analyses investigating emotion recog-
nition have demonstrated consistent decreased activation
in schizophrenia patients compared to controls, includ-
ing the limbic (amygdala, hippocampus), visual (fusiform
gyrus, occipital cortex), medial frontal, and subcortical
(caudate, putamen) regions.!"!> The few individual fMRI
studies of facial and emotion processing to investigate
family members have focused primarily on the amygdala
and report mixed findings, including reduced activa-
tion,>" increased activation,'*"> or no differences com-
pared to controls.'®

One of the challenges in identifying the functional
underpinnings of impaired facial emotion recognition
in schizophrenia is that the facial recognition network is
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highly distributed and interconnected.'”!'* Recently, the
field of functional neuroimaging has used more sophis-
ticated analysis techniques, including functional con-
nectivity. Functional connectivity focuses on functional
integration, which provides enriched information of
how anatomically distinct brain regions work cohesively,
as opposed to focusing on functional segregation and
localization of function in the brain." As schizophrenia
is hypothesized to be a disorder of brain connectivity,*
functional connectivity analyses of emotion recognition
in schizophrenia are imperative. However, the number
of studies using functional connectivity to study emo-
tion recognition is limited. A few studies investigating
emotional processing of faces report altered (primarily
reduced) functional connectivity between the amygdala
and a range of (primarily frontal) regions in schizophre-
nia.?'?» However, these studies used a region-of-interest
based approach with the amygdala as a seed region,
thereby forgoing the opportunity to study a range of net-
works not necessarily co-activating with the amygdala.
Two previous studies have investigated connectivity in
family members of schizophrenia patients using sophisti-
cated methods including graph theory or dynamic causal
modeling. Both studies found amygdala-based networks
and lower coordinated activity for relatives compared to
controls, particularly for negative valence expressions,®*
but investigated only a restricted set of brain regions.

Collapsing across different types of tasks, a recent
systematic review of functional connectivity studies in
schizophrenia concluded that although both decreased
and increased connectivity patterns compared to controls
are reported, the majority of studies report decreased
functional connectivity in schizophrenia, particu-
larly involving frontal and frontotemporal networks.”
Furthermore, this trend was also observed in studies of
individuals in the putatively prodromal risk phase and
in relatives of schizophrenia patients, suggesting that
this pattern of dysconnectivity was associated with the
genetic risk for the disorder.?

In the present study, we investigated functional connec-
tivity during facial recognition in schizophrenia patients,
nonpsychotic relatives, and community controls, to char-
acterize potential genetic and disease-specific markers at
the network level. We used a task that manipulated the
relevance of the affective information to the task-relevant
response. The task contrasted making emotional judg-
ments about an emotive face (eg, fear discrimination)
compared to making a nonemotional judgment about an
emotive face (ie, age discrimination).?’?® Therefore, the
emotion discrimination conditions required the explicit
processing of emotions to make a task-relevant response.
The age discrimination condition involved the implicit
processing of emotions; however, the emotional informa-
tion was not necessary to make a task-relevant response.
Thus, the pertinence of the emotional information to
making a correct response was manipulated. Two fMRI
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studies in healthy individuals have demonstrated that
age discrimination activated similar regions to emotion
discrimination.?’?® However, when the emotion discrimi-
nation condition was directly contrasted with age dis-
crimination, there was greater activation during emotion
discrimination (and not found for the age minus emotion
discrimination contrast) for the amygdala, hippocampus,
and parahippocampus, suggesting the relevance of the
affective information to a task-related response modu-
lates the intensity of functional activations.’’?® Second,
we used a connectivity method which allowed examina-
tion of task-related functional brain networks across the
brain not restricted to specific regions of interest, and
provided an estimation of the task-related post-stimulus
blood oxygen level-dependent (BOLD) activity for every
subject and condition for each network. We hypothesized
that compared to community controls, schizophrenia
patients would demonstrate abnormal functional con-
nectivity for emotion discrimination. We further hypoth-
esized that nonpsychotic relatives would display similar,
but less pronounced alterations in functional connectiv-
ity compared to controls.

Methods

Participants

Seventy individuals participated: 24 schizophrenia/
schizoaffective patients (7 schizoaffective patients; here-
after referred to as schizophrenia patients), 25 adult
nonpsychotic first-degree biological relatives, and 21
community controls. Inclusion criteria for all partici-
pants included: (1) age 18-65; (2) minimum intelligence
quotient (IQ) of 70 as measured by Wechsler Abbreviated
Scale of Intelligence; (3) no current diagnosis of drug
or alcohol dependence or abuse; (4) no history of head
injury or being unconscious for more than 20 minutes;
(5) no history of electroconvulsive therapy; and (6) no
history of a neurological condition. Further criteria for
inclusion of relatives and controls were no lifetime diag-
nosis of a psychotic or bipolar disorder, Axis II Cluster
A disorder, or history of anti-psychotic medication use.
Further criterion for inclusion of community controls
was no family history of a psychotic or bipolar disorder.

Schizophrenia patients were recruited through outpa-
tient clinics and through community support programs
in Calgary, Canada. Research staff identified first-degree
biological relatives by completing a family pedigree with
the proband. Controls were recruited through advertise-
ments around the community. The University of Calgary
ethics board approved the protocol.

Diagnosis and Assessment

Participants were interviewed using the Structured
Clinical Interview for DSM-IV Axis I Disorders. The
Structured Interview for Schizotypy, with supplemental
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questions, was used to measure Axis II Cluster A disor-
ders in relatives and controls.”? Diagnoses were confirmed
according to DSM-IV-TR criteria via case conferences.
During the case conferences, the interviewers presented
each participant to the team, with the team confirming
the final diagnoses. One trained research assistant and
2 clinical psychology graduate students conducted the
interviews. No relatives or controls met criteria for a

Table 1. Participant Characteristics and Behavioral Data

Cluster A disorder. Table 1 details the scales used to mea-
sure functioning, symptoms, and 1Q.

Facial Discrimination Task

The facial emotion discrimination task administered in
the MRI scanner consisted of 4 emotion discrimination
conditions and an age discrimination condition. During

Schizophrenia Relative Control

N 24 25 21
Age 41.1(11.4) 41.2 (15.3) 43.4 (10.8)
Gender (% female) 45.8 60.0 47.6
Born in Canada (%) 87.5 88.0 85.7
Education (years completed) 14.5(3.1) 16.0 (2.6) 15.5(2.3)
Annual income (%)

$0-$30 000 58.3 4.0 5.0

$30 000-$50 000 16.7 20.0 20.0

$50 000-$95 000 16.7 52.0 40.0

$95 000+ 8.3 24.0 35.0
Maternal education (years completed) 13.4(2.9) 13.0(3.8) 12.93.4)
Paternal education (years completed) 14(3.0) 12.7(4.0) 12.9(4.5)
Matrix Reasoning Raw score 26.3(2.8) 27.4(3.1) 26.2(6.1)
Vocabulary Raw score 58.0(6.1) 61.5(5.3) 59.0(8.5)
Handedness (% right handed) 87.5 83.3 95.2
Illness duration: range 16.79(12.10):1-40 — —
PANSS negative: range 12.6(4.1):7-22 7.8(1.1):7-11 7.3(0.7):7-10
PANSS positive: range 14.8(5.3):7-24 8.6(1.4):7-13 8(1.4):7-11

PANSS general: range

Global Assessment of Functioning: range

Social Functioning Scale: range
Axis I (% with any lifetime diagnosis)

Relative status—parent:sibling:offspring
Anti-psychotic (atypical, typical, both; % on)

Anti-depressants (% on)

Mood stabilizer (% on)
Anti-anxiety (% on)
Anti-parkinson (% on)

Other psychiatric (% on)

Age target accuracy (%)

Age non-target accuracy (%)
Anger target accuracy (%)

Anger non-target accuracy (%)
Fear target accuracy (%)

Fear non-target accuracy (%)
Happy target accuracy (%)

Happy non-target accuracy (%)
Sad target accuracy (%)

Sad non-target accuracy (%)

Age target reaction time (ms)

Age non-target reaction time (ms)
Anger target reaction time (ms)
Anger non-target reaction time (ms)
Fear target reaction time (ms)
Fear non-target reaction time (ms)
Happy target reaction time (ms)
Happy non-target reaction time (ms)
Sad target reaction time (ms)

Sad non-target reaction time (ms)

26.9(6.1):16-39
52.9(13.1):38-83

795.9(54.3):701.5-883.0

20.0(3.5):16-29
82.0(5.5):63-88

32.0

18.4(4.2):16-33
84.9(5.4):73-95

28.6

100.0

— 10:13:2 —

96.0, 12.5, 8.3 0,0,0 0,0,0

45.8 8.0 9.5

16.7 0 0

8.3 4.0 0

8.3 0 0

8.3 4 0

75.5(19.7) 77.5 (14.8) 80.6 (13.5)
78.6 (15.9) 86.6 (8.1) 82.0(12.2)
72.9 (16.3) 76.0 (13.1) 80.4 (11.5)
87.6 (10.5) 93.4(10.0) 92.6 (8.3)
61.6 (19.1) 68.8 (16.2) 69.4 (15.7)
85.6 (21.7) 92.7 (14.1) 88.4 (16.6)
94.1 (5.6) 93.3(6.4) 93.4(6.1)
89.9(9.1) 97.8 (3.6) 96.7 (5.2)
84.5(12.7) 90.0 (8.2) 88.1(11.6)
85.4 (14.1) 91.2 (13.0) 87.7 (12.7)
1321.7 (164.5) 1246.8 (215.7) 1345.0 (210.7)
1274.9 (201.2) 1088.6 (133.6) 1192.3 (157.0)
1225.3 (200.6) 1151.1 (171.2) 1270.4 (154.8)
1275.3 (223.0) 1088.8 (171.3) 1216.2 (187.1)
1333.1 (208.2) 1211.9 (206.1) 1377.4 (236.3)

1277.2 (202.6)
1073.6 (232.1)
1192.3 (241.6)
1240.9 (217.1)
1310.9 (227.2)

1051.3 (172.3)
928.8 (137.3)
955.9 (133.8)
1115.7 (183.1)
1121.5 (164.4)

1206.5 (223.8)
1036.5 (171.8)
1029.5 (135.8)
1243.4 (198.1)
1255.5 (204.9)

Note: Mean and SD presented where appropriate. PANSS, Positive and Negative Syndrome Scale.
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the emotion discrimination conditions, participants
responded “target” or “nontarget” (foil) to the particular
emotion that was discriminated (eg, within the sad block,
participants would view a face and determine whether the
emotion depicted was “Sad” or “Not Sad”, and respond
accordingly with a button press). The 4 facial emotion dis-
crimination conditions were: angry, fear, happy, and sad.
In the age discrimination condition, participants were
required to respond whether or not the face presented
was “Over 30?” or “Under 30?”. For each trial, the target
(eg, “Sad”) and nontarget (eg, “Not Sad”) responses were
kept up on the left or right side of the screen to facilitate
responding with the corresponding button press.

Each condition was administered as a separate scanner
run: anger, fear, sadness, happiness, and age. Run order
was randomized for each participant. Each run consisted
of 69 interspersed faces (24 target emotions; 36 nontar-
get emotions distributed among the 3 other emotions and
neutral faces; and 9 scrambled faces). The scrambled faces
were included as a baseline comparison, and participants
were instructed to respond “nontarget” for the scram-
bled faces. Each face was presented for 2.5 seconds with
a variable inter-stimulus interval (mean 3 s; range 1-5 s).
Each run was also divided by 4 rest blocks consisting of
a 30-second presentation of a scrambled face: one in the
beginning and the end, and 2 interspersed during the run,
thereby dividing each run into 4 equal length task-related
blocks. These rest blocks were not modeled in the present
analysis and the task design was analyzed as event-related.
Total run length was 8 minutes and 34 seconds.

The facial stimuli used were drawn from the
Pennsylvania faces.*® The Pennsylvania faces are in color,
range in age from 10 to 85, and have different ethnici-
ties represented. The scrambled faces were created by
using an online website, which was able to make a grid
of squares on the face only (ie, not including hair) and
randomly scramble the squares of the grid.

Functional Magnetic Resonance Imaging

Scanning was performed on a 3T GE Discovery
MR750 scanner equipped with an 8-channel head coil.
For each of the 5 functional runs, 206 functional T2*-
weighted echoplanar images were acquired using the
following parameters: slice thickness = 3.4 mm, 40
oblique slices interleaved, TE = 30 ms, TR = 2500 ms,
flip angle = 77°, matrix = 64 X 64, FOV = 22cm, voxel
size = 3.4 X 3.4 X 3.4 mm. A whole-brain T1-weighted
MPRAGE scan was also acquired to anatomically regis-
ter the functional data.

Pre-processing was performed using the FSL Toolbox
Version 5.0.6 using the following steps: non-brain tis-
sue removal, motion and slice-timing correction, spa-
tial smoothing using a 7 mm FWHM Gaussian kernel,
grand-mean intensity normalization, and high-pass
temporal filtering.®! Functional images were registered

fMRI of Emotions in Family Study of Schizophrenia

to the structural image and then standard Montreal
Neurological Institute space using 12-parameter affine
transformations and a boundary-based registration cost
function.’>* Registration from structural to standard
space was further refined using nonlinear transforma-
tions.?! Functional scans were registered to voxel dimen-
sions of 3 X 3 X 3 mm. This process was performed
separately for each of the 5 task runs.

Multivariate and univariate analyses assessed both
relative and absolute movement across groups. No group
differences were found in the MANOVAs of the 5 scanner
runs for either relative (Pillai’s Trace F(10, 128) = 0.69,
P = .74) or absolute (Pillai’s Trace F(10, 128) = 0.64,
P = .78) movement. Moreover, individual ANOVAs of
the scanner runs found no group effects for either rela-
tive (Fs = 0.60-1.79, Ps = .17-.55) or absolute (Fs =0.17-
0.68, Ps = .51-.85) movement. Mean relative movement
ranged from 0.067 to 0.078 mm (SD = 0.043-0.066) and
mean absolute movement ranged from 0.28 to 0.33mm
(SD = 0.14-0.23) for the 5 scanner runs.

Statistical Analyses

Demographic data were compared across groups using
chi-square tests and ANOVAs. To analyze the accuracy
and reaction time data from the discrimination task,
two 5 facial discrimination condition (age, anger, fear,
happy, sad) by 2 image type (target, nontarget) by 3 group
(schizophrenia, relative, control) mixed model ANOVAs
were conducted, and follow-up testing was conducted as
needed.

fMRI data were analyzed as an event-related design
using constrained principal component analysis (fMRI-
CPCA) with an orthogonal rotation (supplementary mate-
rial).**3® The theory and proofs for CPCA are detailed
in previously published work.*# Briefly, fMRI-CPCA
combines multivariate multiple regression with princi-
pal component analysis (PCA) to reveal independent
sources of post-stimulus BOLD activity. PCA is carried
out on the portion of variance in BOLD activity that is
predictable from the task timing, determined using a finite
impulse response (FIR) model, which makes no a priori
assumptions concerning the shape of the hemodynamic
response (HDR).* The estimated HDR is interpreted as
the intensity of the pattern of BOLD signal, independent
of whether it is an increase or decrease, and whether or not
it is an increase or decrease is indexed by the positive and
negative loadings overlaid on the brain image (red/yellow
and blue/white, respectively). fIMRI-CPCA produces pre-
dictor weights for each combination of post-stimulus time
bin, task condition, and participant. These weights, which
provide estimates of the engagement of functional net-
works at each post-stimulus time bin, can be statistically
analyzed to determine whether these values reflect a plau-
sible HDR shape and to compare the engagement of these
networks between groups and/or conditions. Reductions
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in the estimated HDR shape in participants could reflect
reduced connectivity and/or reduced coordinated activity
for that group.

For each of the networks, represented by components,
a 5 facial discrimination condition by 3 image type (tar-
get, nontarget, scrambled) by 7 time bins (scans after the
onset of each stimulus) by 3 group mixed model ANOVA
was conducted. The scrambled face trials interspersed
within each scanner run were included in the analysis;
however, the 4 scrambled image blocks within each run
were not included. Given the large number of inputs in
these analyses, only effects involving participant group
are reported. For the behavioral and fMRI data, partial
eta-squared effects sizes are reported for all significant
effects that include group. Tests of sphericity were car-
ried out for all mixed model ANOVAs. The Greenhouse-
Geisser adjusted degrees of freedom are reported.

In largely the same sample, traditional univariate anal-
ysis of the blocked-design data for this task is described
in a separate paper.®

Results

Participants

Groups did not differ for age (F(2, 67) = 0.22, P = .80),
sex distribution (X2(2) = 1.16, P = .56), participant edu-
cation level (F(2, 67) = 1.93, P = .15), mother’s educa-
tion level (F(2, 65) = 0.13, P = .88), father’s education
level (F(2, 59) =0.72, P = .49), handedness (X*(2) = 1.58,
P = 45), vocabulary score (F(2, 66) = 1.80, P = .17),
or matrix reasoning score (F(2, 66) = 0.61, P = .54).
As expected, groups differed for PANSS positive, nega-
tive, and general scales scores (Fs(2, 67) = 21.43-31.599,
Ps < .001) and global functioning (F(2, 67) = 93.55, P <
.001), with schizophrenia patients having greater symp-
tomatology and lower functioning than both controls
and relatives (Ps < .001). Importantly, controls and rela-
tives did not differ for percentage of participants with a
nonpsychotic Axis I disorder (X*(2) = 0.06, P = .80).

Behavioral Analyses

Table 1 presents behavioral data. A 5 facial discrimination
condition (age, anger, fear, happy, sad) X 2 image type
(target, nontarget) X 3 group (schizophrenia, relative, con-
trol) ANOVA on accuracy demonstrated main effects of
facial discrimination condition (F(2.72, 182.36) = 56.99,
P <.001) and image type (F(1, 67) = 35.99, P <.001), and
an interaction of discrimination condition by image type
(F(2.33,155.80) = 18.76, P < .001). There was also a main
effect of group (F(2, 67) =7.59, P =.001, np =0.19), with
schizophrenia patients having lower accuracy than both
controls (P = .004) and relatives (P < .001), but no dif-
ference between relatives and controls (P = .58). There
were no interactions between group and discrimination
condition or image type (Fs = 0.49-0.81, Ps = .45-.797).
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A 5 facial discrimination condition X 2 image type
x 3 group ANOVA on reaction times demonstrated
main effects of facial discrimination condition (F(4,
268) = 56.99, P < .001) and image type (F(1, 67) = 6.85,
P =.01), and an interaction between discrimination condi-
tion and image type (F(3.37, 225.72) = 15.76, P < .001).
There was also a main effect of group (F(2, 67) = 8.41,
P = 001, M, = 0.20), with relatives having faster reac-
tion times than both controls (P = .005) and patients
(P <.001), and no difference between patients and controls
(P = .40). There was a significant i image type X group inter-
action (F(2, 67) = 5.02, P = .009, np = 0.13). The interac-
tion was due to a significant difference between patients
and controls (F(1, 43) = 7.08, P = .01, T]p = O 14) and
patients and relatives (F(1, 47) = 8.65, P = .005, T]p =0.16),
such that both controls and relatives had significantly
slower reaction times for target faces than nontarget faces,
whereas schizophrenia patients did not show this pattern.

fMRI Functional Connectivity Analyses

The number of components to extract was determined
from a visual inspection of the scree plot*** obtained
from singular value decomposition of the task-related
BOLD data from the entire sample of participants.
Inspection of the scree plot suggested a 3-component
solution which accounted for 32.39% of the task-corre-
lated BOLD signal.

Component 1. The functional network described by
Component 1 (figure 1A, table 2) included activation
of regions comprising the visual, somatosensory, and
dorsal/ventral attention networks.* The shape of the
estimated HDR (figure 1B) and the presence of a within-
subjects effect of time (F(2.20, 147.51) = 127.70, P <
.001) reflected a meaningful BOLD signal. There was
no significant main effect of group and no interactions
involving group (see figure 1C for estimated HDRs for
each group).

Component 2. The functional network described by
Component 2 (figure 2A and 2B, table 2) included bilat-
eral deactivation of regions associated with the default
mode network (DMN),*% as well as bilateral hippo-
campi, and followed a similar time course and magnitude
as Component 1. There was a significant interaction of
time with group, but it did not survive the Greenhouse-
Geisser adjustment for degrees of freedom (F(5.45,
182.41) = 2.12, P = .059, M, = 0.06). The source of this
was sustained deactivation of this network for patlents
compared to controls (F(1, 43) = 5.22, P < .05, n =0.11)
and relatives (F(1, 47) = 13.07, P < .001, np = 0.22),
measured by change from 10- to 12.5- second time bins.
Relatives also displayed sustained peak deactlvatlon com-
pared to controls (F(1, 44) = 11.46, P < .005, T]p =0.21),
measured by change from to 7.5- to 10-second time bins
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Fig. 1. A (top): dominant 20% of loadings for Component 1 (red/yellow = positive loadings, threshold = 0.22, max = 0.32). Images

are displayed in neurological orientation (left is left) with MNI z-axis coordinates. B (bottom left): mean FIR-based predictor weights
plotted over post-stimulus time (discrimination conditions averaged). C (bottom right): mean FIR-based predictor weights plotted over
post-stimulus time by group (task conditions averaged). FIR, finite impulse response; HDR, hemodynamic response.

(figure 2C). Although there were significant effects/inter-
actions involving post-stimulus time, discrimination con-
dition, and image type, no other group effects emerged.

Component 3. The functional network described by
Component 3 included late-peaking activations and
deactivations in regions largely overlapping with known
visual and frontoparietal networks* and temporal
regions, including activation in the amygdala (figure 3A;
Brodmann’s areas and MNI coordinates, presented in
table 2). This activation/deactivation was essentially
absent for scrambled face trials (figure 3B); therefore,
the scrambled faces were excluded from the following
analyses.

There was a main effect of group (F(2, 67) = 7.10, P =
.002, ni = 0.18) whereby schizophrenia patients showed
overall lower coordinated network activity compared
with controls (P < .01) and relatives (P < .001). There
was no overall difference between controls and relatives
(P = .61). However, significant interactions emerged for
discrirnination condition X group (F(8, 268) = 2.21, P =
.027, n = 0.06), time X group (F(4.83, 161.88) = 6. 71 P
<.001, n = 0.17), and discrimination condl‘uon X time
X group (F(18 94, 634.50) = 1.60, P = .052, np = 0.05).
Estimated HDRs for each group are plotted in figures
3C-E for each discrimination condition.

The main effect of group, whereby schizophrenia
patients showed strongly decreased overall network
activity, tended to confound condition-specific group dif-
ferences, complicating interpretation of the discrimina-
tion condition X group and discrimination condition X
time X group interactions. To simplify interpretation of
these results, the significant condition X group interac-
tion was interpreted by investigating condition contrasts
within each group separately using the HDR peaks.
The peaks were isolated because the conditions cannot

be well discriminated when the HDR begins its ascent
and as it returns to baseline, so was captured by aver-
aging over 3 timepoints (mean of time bins 7.5-12.5 s).
These peak values were compared as repeated measures
contrasts of conditions (eg, contrast happy 1 vs angry
—1) within each group. Moreover, since no image type X
group interactions were present, the nontarget and tar-
get conditions were averaged within each discrimination
condition.

Community Controls. The pattern of activity for
Component 3 suggested that although this network
was involved in all types of emotion discrimination (eg,
sad vs not sad, angry vs not angry), it was substantially
less involved in the happiness discrimination condition
(Ps < .001 and nf,s > 0.69 for comparison to all other
conditions). The only other significant contrasts were
that anger discrimination elicited significantly less
coordinated activity than fear and age discrimination
conditions (F(1, 20) = 5.09, P < .05, np = 0.20; F(1,
20) 4.22, P=.05, np 0.17, respectively). These find-
ings suggest that this brain network is less involved
in the differentiation of whether a face is happy or
angry than for other emotional expressions. The net-
work activation to age discrimination was very simi-
lar to that of fear and sadness discrimination (F(1,
20) = 0.07, P = .80; F(1, 20) = 0.89, P = .36, respec-
tively). The similarities between these 3 discrimination
conditions reflects either more general facial process-
ing or that emotional processing was present during
age discrimination.

Nonpsychotic Relatives. As for controls, relatives of
schizophrenia patients showed substantially reduced
coordinated network activity for the happiness discrim-
ination condition (Ps < .001 and n’s > 0.45 for com-
parison to all other conditions). No other differences
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Table 2. Cluster Volumes for the Most Extreme 20% of Loadings for Each Component, With Anatomical Labels, Brodmann’s Areas,
and MNI Coordinates for the Peak of Each Cluster

MNI Coordinate for Peak

Locations
Cluster Brodmann’s Area for
Anatomical Label Volume (mm3) Peak Locations X y z
Component 1—positive loadings
Cluster 1: bilateral 358 182
Occipital fusiform gyrus 18 27 =72 -12
Occipital fusiform gyrus 19 =27 -69 =15
Occipital fusiform gyrus 18 =24 =72 =12
Cerebellar VI n/a -33 =51 =21
Lingual gyrus 17 9 =78 -9
Cerebellar VI n/a 33 =51 =21
Superior parietal lobule 40 36 =51 57
Lingual gyrus 17 -6 =78 -9
Lateral occipital cortex, superior division 19 33 =81 24
Lateral occipital cortex, inferior division 19 -42 =78 -6
Supplementary motor cortex 6 0 3 54
Superior parietal lobule 7 =30 =57 51
Lateral occipital cortex, superior division 19 =27 -84 24
Supramarginal gyrus, posterior division 2 45 =36 57
Precentral gyrus 6 42 -3 60
Lateral occipital cortex, inferior division 19 42 =78 6
Supramarginal gyrus, anterior division 2 —48 =36 51
Precentral gyrus 6 -42 -6 60
Superior parietal lobule 40 -42 —45 57
Postcentral gyrus 3 57 =21 48
Postcentral gyrus 4 39 =24 66
Lateral occipital cortex, superior division 7 12 =72 51
Precuneus cortex 5 6 —54 57
Central opercular cortex 42 -60 =21 18
Central opercular cortex 48 60 =15 18
Cluster 2: right hemisphere 1917
Thalamus n/a 9 -18 9
Cluster 3: left hemisphere 1161
Thalamus n/a -9 -18 9
Cluster 4: right hemisphere 648
Supramarginal gyrus, posterior division 42 63 -39 18
Cluster 5: right hemisphere 594
Thalamus n/a 18 =30 0
Component 2—negative loadings
Cluster 1: bilateral 225558
Paracingulate gyrus 10 0 54 6
Paracingulate gyrus 32 0 51 15
Superior frontal gyrus 9 =24 27 45
Middle frontal gyrus 8 27 27 48
Frontal pole 10 —-18 54 24
Superior frontal gyrus 6/9 15 36 51
Frontal pole 9 12 42 45
Frontal pole 10 15 57 24
Middle frontal gyrus 9 =36 18 51
Frontal pole 11 =27 54 3
Middle temporal gyrus, posterior division 20 —60 =24 -9
Middle temporal gyrus, anterior division 21 =54 -3 =21
Middle temporal gyrus, posterior division 21 =57 -15 -12
Frontal pole 47 -33 39 -12
Middle temporal gyrus, temporooccipital part 21 —66 —48 0
Frontal orbital cortex 45 —42 27 -15
Frontal orbital cortex 45 51 27 -12
Temporal pole 38 -39 18 =33
Inferior frontal gyrus, pars triangularis 45 =54 24 9
Frontal orbital cortex 47 36 33 -15
Frontal pole 45 42 45 6
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Table 2. Continued

MNI Coordinate for Peak
Locations
Cluster Brodmann’s Area for
Anatomical Label Volume (mm3) Peak Locations X v z

Planum temporale 22 —54 =21 3
Cluster 2: bilateral 46 035

Cingulate gyrus, posterior division 23 -3 —42 39

Cingulate gyrus, posterior division 23 9 —48 33
Cluster 3: left hemisphere 29 106

Lateral occipital cortex, superior division 39 —48 -66 36

Lateral occipital cortex, superior division 19 -42 =72 39
Cluster 4: right hemisphere 25839

Middle temporal gyrus, posterior division 21 66 -21 -6

Inferior temporal gyrus, anterior division 20 51 -3 =33

Superior temporal gyrus, posterior division 22 66 =21 6

Planum temporale 48 48 =27 9
Cluster 5: right hemisphere 22194

Lateral occipital cortex, superior division 39 57 -63 30
Cluster 6: bilateral 8802

Caudate n/a 12 15 9

Caudate n/a -12 12 12

Accumbens n/a -6 15 -6

Caudate n/a 15 21 -3
Cluster 7: left hemisphere 2322

Hippocampus n/a =27 -18 =21
Cluster 8: right hemisphere 2241

Hippocampus n/a 30 -18 =21
Cluster 9: right hemisphere 729

Crus1 n/a 27 =78 =30

Component 3—positive loadings

Cluster 1: bilateral 132 678

Temporal occipital fusiform cortex 37 42 —48 =21

Temporal occipital fusiform cortex 37 -39 —48 =21

Crus | n/a -6 =78 —27

Lateral occipital cortex, inferior division 19 45 -84 -6

Lateral occipital cortex, inferior division 19 -39 -84 -9

Crus | n/a 9 =78 -24

Crus1 n/a =36 —66 =27

Vermis IX n/a 0 =54 =33

Intracalcarine cortex 17 6 =81 3

Intracalcarine cortex 17 -9 =75 9
Cluster 2: left hemisphere 59 238

Frontal orbital cortex 45 —48 21 -6

Middle frontal gyrus 44 —48 12 30

Inferior frontal gyrus, pars opercularis 44 =51 15 27

Frontal pole 47 —45 42 )

Temporal fusiform cortex, anterior division 20 =33 =12 =33

Temporal pole 20 —48 3 =36

Inferior temporal gyrus, anterior division 20 =51 0 -33
Cluster 3: right hemisphere 53244

Inferior frontal gyrus, pars opercularis 44 54 18 30

Frontal orbital cortex 38 48 21 )

Temporal pole 20 48 12 =33
Cluster 4: right hemisphere 27 108

Paracingulate gyrus 6/8 3 21 51
Cluster 5: left hemisphere 6345

Lateral occipital cortex, superior division 7 -33 -60 48
Cluster 6: right hemisphere 5562

Lateral occipital cortex, superior division 39 39 =57 48
Cluster 7: right hemisphere 5508

Middle temporal gyrus, posterior division 21 51 -33 -3
Cluster 8: left hemisphere 4455

Middle temporal gyrus, posterior division 21 =51 -39 0
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Table 2. Continued

MNI Coordinate for Peak

Locations
Cluster Brodmann’s Area for
Anatomical Label Volume (mm3) Peak Locations X y z

Cluster 9: right hemisphere 1701

Caudate n/a 12 3 12

Thalamus n/a 9 =12 9
Cluster 10: right hemisphere 1404

Temporal fusiform cortex, posterior division 20 33 -12 =33
Cluster 11: right hemisphere 1161

Amygdala n/a 18 -6 =15
Cluster 12: left hemisphere 702

Caudate n/a =12 3 12

Component 3—negative loadings

Cluster 1: bilateral 41283

Precuneus cortex 3/5 12 =36 48

Precuneus cortex 5 -6 -39 48

Cingulate gyrus, posterior division 23 -9 =36 45

Precuneus cortex 2/5 9 —48 60

Precuneus cortex 3/5 -9 —54 60

Superior parietal lobule 2 21 —48 63
Cluster 2: right hemisphere 6183

Parietal operculum cortex 2 54 =30 30
Cluster 3: left hemisphere 4158

Precuneus cortex 18/17 =15 =57 18
Cluster 4: left hemisphere 2916

Lateral occipital cortex, superior division 19 -39 -81 33
Cluster 5: right hemisphere 2430

Precuneus cortex 18/17 18 =54 18
Cluster 6: bilateral 2241

Paracingulate gyrus 10 -9 54 3

Cingulate gyrus, anterior division 10 3 45 0
Cluster 7: right hemisphere 1215

Central opercular cortex 48 57 -3 6
Cluster 8: left hemisphere 972

Parietal operculum cortex 48 =57 =33 27
Cluster 9: left hemisphere 621

Middle frontal gyrus 9 =30 36 45
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Fig. 2. A (top): dominant 20% of loadings for Component 2. Images are displayed in neurological orientation (left is left) with MNI
z-axis coordinates. All negative loadings implying deactivation, threshold = —0.12, min = -0.25. B (bottom left): mean FIR-based
predictor weights plotted over post-stimulus time (discrimination conditions averaged). C (bottom right): mean FIR-based predictor
weights plotted over post-stimulus time by group (task conditions averaged). FIR, finite impulse response; HDR, hemodynamic response.

1356



0.50 —A—Target

—= + Scrambled

Estimated HDR
o
S

—& - Non-target

zﬁ,’? 75 10 125

15 \-f‘s
0.10
020 4 Time (2.5 seconds per scan)
D 0.60 Relatives
-m-Age
00 —>—Anger
0.40 —=—Fear

—e—Sad

Estimated HDR
=]
S

-0.20 - Time (2.5 seconds per scan)

—e—Happy

fMRI of Emotions in Family Study of Schizophrenia

56

-m-Age
—>—Anger
—a—Fear

0.50

0.40

< ——
S 030 4 Happy
I
°
2 0.20
©
£
F 0.10
o
0.00
-0.10
-0.20 J Time (2.5 seconds per scan)
E 0.60 Patients
-m-Age
0.50 —>—Anger
0.40 —a—Fear
—e—Happy

—e—Sad

Estimated HDR
o
3

-0.20 - Time (2.5 seconds per scan)

Fig. 3. A (top): dominant 20% of loadings for Component 3. Images are displayed in neurological orientation (left is left) with

MNI z-axis coordinates. Red/yellow = positive loadings, threshold = 0.09, max = 0.27; blue = negative loadings, threshold = -0.09,

min = —0.18. B (middle left): mean FIR-based predictor weights plotted over post-stimulus time (discrimination conditions averaged).

C (middle right): mean FIR-based predictor weights for controls, plotted over post-stimulus time by discrimination condition (targets
and non-targets averaged; scrambled trials excluded). D (bottom left): mean FIR-based predictor weights for relatives, plotted over post-
stimulus time by discrimination condition (targets and non-targets averaged; scrambled trials excluded from analysis). E (bottom right):
mean FIR-based predictor weights for patients, plotted over post-stimulus time by discrimination condition (targets and non-targets
averaged; scrambled trials excluded from analysis). FIR, finite impulse response; HDR, hemodynamic response.

were present (all Ps > .32). Unlike for controls, anger
discrimination elicited coordinated activity that was of
similar intensity as fear and age discrimination (F(1,
24) = 0.10, P = .76; F(1, 24) = 1.03, P = .32, respec-
tively). This pattern suggests that relatives had an
increased response in this brain network to determin-
ing whether a face was angry or not, which was not seen
in controls.

Schizophrenia Patients. Similar to controls and rela-
tives, schizophrenia patients also showed substantially
reduced coordinated network activity for happiness dis-
crimination (Ps < .05 and nis > (.24 for comparison
to all other conditions except for sadness). Notably, for
patients, this was also the case with sadness discrimina-
tion (Ps < .05 and ni > (.16 for comparison to all other
conditions except happiness). As with relatives, but
unlike controls, anger discrimination elicited coordinated
activation of similar intensity as fear and age discrimina-
tion (F(1, 23) = 2.91, P = .10; F(1, 23) = 0.00, P = .99,
respectively).

Inspection of the predictor weights additionally sug-
gested that fear discrimination may also have shown an

increased response compared to the other conditions
for patients. Assessment of the peak times of the HDR
(7.5-10 s) compared between emotion discrimination
conditions yielded the largest effect size differences for
fear discrimination: fear vs sadness (F(1, 23) = 32.97, P
<.001, ni =0.59), compared to age vs sadness and anger
vs sadness (F(1, 23) = 5.54, P < .05, ni =0.19; F(1, 23)
= 3.10, P = .09, ni = 0.12, respectively), and the differ-
ence between these effect sizes (evaluated using contrast
means) was statistically significant (F(1, 23) = 7.05, P <
.05, ni =0.15). While the comparisons of fear vs age and
fear vs anger only reached trend-wise statistical signifi-
cance (F(1,23) =291, P = .10; F(1, 23) =291, P = .10,
respectively), this also suggests stronger network response
during fear discrimination. Overall, these findings suggest
that like relatives, but unlike controls, engagement of this
functional network in schizophrenia patients is increased
when determining whether a face is angry or not. In addi-
tion, unlike controls and relatives, engagement of this
functional network in schizophrenia patients is increased
during fear discrimination and decreased during sadness
discrimination.
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Discussion

This study uncovered behavioral and fMRI brain activa-
tion patterns associated with genetic liability and disease-
specific effects during emotion and age discrimination
in schizophrenia using a family study design. We used
a task that involved both explicit and implicit process-
ing of emotions. The emotion discrimination conditions
required making an emotive judgment from an emotive
face, whereas the age discrimination condition required a
non-emotive judgment from an emotive face.”’?

Behaviorally, schizophrenia patients demonstrated an
overall cognitive deficit, as reduced accuracy compared
to relatives and controls was found across both the emo-
tion and age discrimination conditions. Relatives did not
differ from controls on accuracy. For reaction time data,
relatives had faster reaction times than both controls and
patients, whereas patients and controls did not differ.
These results synergize with previous studies demonstrat-
ing that schizophrenia patients have similarly impaired
performance on both emotion and face processing.***’
Whether schizophrenia patients demonstrate a greater
impairment for emotion recognition compared to facial
recognition is a topic of debate, with support on both
sides.!#47 In our previous study, we found the pattern was
more complex.’ We found that with an unlimited response
time, patients were able to improve their performance on
age discrimination, but not emotion discrimination, sug-
gesting a specific difficulty with emotion processing. The
current task was presented as time-limited due to fMRI
constraints. Second, although studies have suggested
relatives are behaviorally impaired on emotion process-
ing tasks,”$*% this is not a wholly consistent finding.®%!
A recent meta-analysis suggested that the effect size for
emotion discrimination for relatives compared to con-
trols was d = 0.21, a small effect, whereas the effect size
for emotion identification was d = 0.52, thus suggesting
type of task may be an important factor.” Our task was
an emotion discrimination task.

Although most studies focus on accuracy, studies
reporting reaction times in emotion recognition tasks
tend to find no differences between relatives and con-
trols,”>** with one study of high-risk individuals finding
longer reaction times.** In the present study, our rela-
tives were middle-aged and therefore largely beyond the
window of risk for schizophrenia. The finding of faster
reaction times could reflect better developed emotion rec-
ognition skills, more efficient strategy use, or an increase
in engagement and motivation on a part of this group.
Alternatively, this could also reflect a sample-specific
finding.

With regard to the functional connectivity data, the
HDR peaks for Component 1 were similar across dif-
ferent image types, with activation exhibited in visual
and somatomotor regions. Therefore, Component 1 was
likely related to increasing attention to the visual stimuli
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presented, as it responded for faces and scrambled faces,
and producing the motor response.**% The strong
activity for scrambled faces supports this interpreta-
tion. Importantly, no statistically significant differences
between groups emerged for this component, suggesting
that visual attention and response generation processes
were similarly engaged across groups. Moreover, this sug-
gests that not all brain activation during the task was
abnormal in patients and relatives, reflecting a more spe-
cific pattern of functional abnormalities where group dif-
ferences were present.

Component 2 consisted of deactivation in the DM N#43
which generally was reciprocally related to Component
1. Controls demonstrated less deactivation than both
schizophrenia patients and relatives. Although a number
of studies have found the DMN to be less deactivated
in schizophrenia patients,” there have also been previous
findings of hyperdeactivation of the DMN in patients
during tasks requiring externally-oriented attention.3>%>
Previous research suggests that optimal task performance
requires a balance of task-positive (external attention,
responding) and task-negative (internal thought and
maintenance of task rules) networks during tasks that
require remembering rules,*® whereby too much deactiva-
tion of the DMN could reflect a reduction in the internal
thoughts important for maintenance of instructions and
strategies. [t is noteworthy that the pattern of group dif-
ferences for this component found relatives to be inter-
mediate between schizophrenia patients and controls,
suggesting an association with genetic risk for the dis-
order. However, given that this interaction was of trend-
wise significance, replication is necessary.

Component 3 involved later-peaking activations and
deactivations in visual (most notably the fusiform region)
and frontoparietal networks and temporal regions,
including the amygdala. The absence of involvement
of this network in processing scrambled faces, and the
involvement of the amygdala and fusiform region, sug-
gests this network was most responsive to faces and
expressions, and the anatomical locations are consistent
with previous findings.!” The activation of frontoparietal
networks would be consistent with an increase in exter-
nally-oriented attention and cognitive demand.>¢

Coordinated activity during age discrimination did not
differ from most emotion discrimination conditions for
Component 3. This suggests that the network responded
to faces with emotional and neutral expressions regardless
of whether the emotional expression was relevant to type
of judgment required (emotion or age discrimination).
Two fMRI studies using a similar task in healthy individ-
uals have demonstrated that age discrimination activated
similar regions to emotion discrimination.?”-* However,
these studies also found greater activation for emotion
discrimination contrasted to age discrimination for many
regions, including the amygdala.””*® A meta-analysis of



healthy individuals also found greater amygdala activa-
tion for explicit processing of emotional expressions
compared to implicit processing,® although individual
studies have demonstrated the opposite pattern as well.%
In contrast, a meta-analysis of schizophrenia patients
suggested greater amygdala activation differences in con-
trols compared to patients for explicit processing of emo-
tions relative to implict processing; however, given that
the contrasts were not directly compared, the results are
inconclusive.!" Further research is necessary to clarify
how amygdala activation is modulated during explicit
and implicit emotion processing tasks.

For Component 3, we also found lower coordinated
network activity overall across discrimination condi-
tions in schizophrenia patients compared to controls
and relatives, suggesting that patients had broad network
dysfunction for both implicit and explicit emotion pro-
cessing. This finding suggests that global abnormalities
in facial and emotion perception in schizophrenia may
represent more disease-specific effects. One study directly
comparing explicit and implicit emotion processing in
schizophrenia patients, using a traditional univariate
analysis method, found hypoactivation in the amygdala,
fusiform, and middle temporal, and middle occipital
regions in schizophrenia patients compared to controls
across both explicit emotion and implicit gender judg-
ment conditions, with no differential effects of judg-
ment.%” The involvement of the amygdala in this network
found through our non-seed-restricted functional con-
nectivity analysis strengthens claims of studies that find
abnormal connectivity involving the amygdala in schizo-
phrenia patients compared to controls.?'=*

In our study, we did not find that relatives differed from
controls in Component 3 activity for overall facial discrim-
ination. In contrast to our findings, one study investigated
adult relatives and controls using graph-based connectiv-
ity analyses and found lower subnetwork activation that
included the amygdala, as well as fusiform, medial tem-
poral, and visual regions during a face matching task of
anger and fearful expressions for relatives.® Differences
between these findings and our findings could be due to
task differences, as we investigated 5 discrimination con-
ditions as opposed to combined anger or fear expression
matching, the type of relative sample studied, or the type
of analysis technique chosen. By using fMRI-CPCA, we
did not restrict our analysis to regions-of-interest, but
did restrict the analyses to task-related variance, which
optimizes exploration of task-related brain networks as
opposed to confounding both task-related and task-unre-
lated fMRI signal. Confounding task-related and task-
unrelated fMRI signal could result in group differences in
connectivity not related to the affective process of inter-
est. Also, given that we had a greater number of emotion
categories in our task, we were able to find genetic liabil-
ity effects on connectivity for specific discrimination con-
ditions (discussed below). A second previous study used
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dynamic causal modeling to investigate effective connec-
tivity for an emotional n-back task in a sample of child
and adolescent relatives.® This study demonstrated the
best fitting model was a bi-directional frontal-limbic con-
nection (including the amygdala). Furthermore, young
relatives were characterized by decreased input to visual
cortex and decreased coupling between frontolimbic
regions compared to controls. It is important to note that
in contrast to our relatives, these younger relatives, who
were still within the risk window for psychosis, had sig-
nificantly lower global functioning and higher prodromal
symptomatology, suggesting greater psychopathology.?
Additionally, the points made above regarding the graph-
based analysis also apply to this dynamic causal modeling
approach (ie, regarding the restriction of regions-of-inter-
est and confounding both task-related and task-unrelated
signal). Last, a few fMRI studies of facial and emotion
processing have investigated family members and focused
primarily on the amygdala activation, with findings of
reduced activation,>!® increased activation,'*" or no dif-
ferences compared to controls,'® suggesting considerable
heterogeneity in this research area.

As discussed above, Component 3 revealed group effects
and interactions with time and discrimination condition.
Interestingly, there was no interaction between image type
(ie, target emotion vs non-target emotion) and group. This
demonstrates that target and non-target emotions within
a discrimination condition were processed similarly across
participants. Therefore, the differences between groups
was at the level of the emotional evaluation to be made
(eg, sad vs not sad). These results indicate that functional
activation abnormalities in schizophrenia during facial
emotion discrimination are not necessarily or merely
stimulus-driven—in other words, not solely a result of
perceptual aspects of the emotional face in question.
Rather, the findings indicate that network-level activation
abnormalities in schizophrenia are modulated by different
types of emotional evaluation. These findings fit within a
broader conceptualization of facial emotion recognition
that includes perceptual processes, as well as other impor-
tant processes related to social knowledge retrieval, men-
tal simulation, and emotional decision-making.!”

In our study, Component 3 network engagement varied
by discrimination condition across the 3 groups. Within-
group comparisons of emotion discrimination conditions
revealed an interesting pattern of results associated with
disease-specific and genetic liability effects. All 3 groups
showed substantially reduced coordinated network activ-
ity when differentiating whether an expression depicted
happiness or not, suggesting that this network was less
involved when positive emotions were being recognized
or, alternatively, there was less engagement of this net-
work due to the happiness discrimination condition being
relatively less difficult. Within groups, evaluation of the
HDRs of the different emotion discrimination conditions
suggested a similar pattern in schizophrenia patients and

1359



V. M. Goghari et al

relatives, such that there was a heightened response during
the anger discrimination condition (at the level of differ-
entiating if an emotive face was angry or not) compared
to the other emotional evaluations. This suggests process-
ing whether a face is angry or not may represent an effect
of the genetic liability to schizophrenia and is worthy of
further investigation. Finally, for schizophrenia patients,
bias toward greater coordinated activity for fear discrimi-
nation and less for sadness discrimination was observed.
Both fear and anger expressions are categorized as threat-
ening. Theoretically, threat perception has been shown to
have a causal role in the emergence and maintenance of
persecutory delusions and paranoia.®*% Our findings of a
heightened response when differentiating whether a face
was fearful in schizophrenia patients and differentiating
whether a face was angry in schizophrenia patients and
relatives is similar to a meta-analysis that found abnor-
mal activations (including for the amygdala) in schizo-
phrenia patients only for negative emotions (largely fear
and anger) and not for neutral or positive emotions.'!
Furthermore, a study involving young relatives of schizo-
phrenia patients discussed above, demonstrated specific
effects for negatively valenced faces (fear, anger, sadness)
compared to happy expressions.?® Similarly, in the study
by Cao and colleagues® also discussed above, weaker
coordinated subnetwork response in relatives was found,
only when fear and anger faces were presented.

In largely the same sample, we previously conducted
a traditional univariate analysis of the blocked-design
data for this task,’ whereas in this present article we
analyzed the event-related data using a functional con-
nectivity method. In the univariate blocked-design analy-
sis, facial and emotion processing regions were present,
including the amygdala. Similar to the event-related func-
tional connectivity findings, the univariate block-related
data analysis found common patterns of performance
deficits and activation abnormalities during emotion and
age discrimination for schizophrenia patients compared
to controls. However, when individual discrimination
conditions were contrasted between groups, no consis-
tent pattern of group differences emerged. In contrast,
in our current analysis, patients appeared to be gener-
ally more impaired than relatives and controls across all
conditions. Similarly, in another study from this sample
where we used a traditional univariate analysis to exam-
ine activation during a passive viewing facial emotion
perception task, we found no amygdala activation and
less discernable group patterns for individual emotions.®’
Our findings of no amygdala activation using traditional
regional activation analyses are consistent with another
study of emotion processing which found no amygdala
activation using traditional activation analyses, but did
find differences when comprehensive connectivity analy-
ses were conducted, suggesting connectivity analyses may
be more sensitive to brain activation differences.® Future
research should further evaluate the effects of task design
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and analysis strategy on findings of emotion processing
in schizophrenia.

Limitations of this study include the modest sample size,
which may have made it difficult to detect more nuanced
differences between groups. However, our sample size is
similar to many functional neuroimaging family studies.
Second, the behavioral and functional connectivity results
were not entirely consistent. We found a group by discrim-
ination condition interaction for Component 3, but we
did not find a similar pattern for the behavioral accuracy
data. There could be a number of explanatory factors for
this finding. This could reflect a sample-specific finding.
However, other studies have found network abnormali-
ties when no behavioral findings are present,’® suggesting
neural circuitry may be a more sensitive, comprehensive,
or nuanced measure of abnormalities. Additionally, it is
likely that there were brain networks involved in the task
that were not detected with fMRI. Third, we were not able
to collect reliable information on anti-psychotic dosages
and therefore were unable to investigate how the networks
were influenced by medication dosage.

This study also has a number of strengths, including
the use of a family study design and sophisticated func-
tional connectivity analyses. By using an exploratory,
data-driven method focused on task-related variance,
amygdala activity was required to dominate the task-
related variance sufficiently to reveal itself alongside
other brain regions in the form of a network. At the same
time, this approach explored other brain regions that were
activated in concert with the amygdala to carry out emo-
tion discrimination. Thus, relative to seed-based, or other
region-of-interest based methods, the likelihood of type I
errors were reduced because regions are required to pro-
duce stronger effects to be included in the network; thus,
these results may be more likely to replicate. It might be
claimed that ignoring a priori information regarding the
expected networks of interest runs the risk of overfitting
to noisy data, particularly in a modest sample with an
inherently noisy data technique such as fMRI. However,
fMRI-CPCA requires observation of a biologically-valid
HDR shape for each network, ensuring that findings are
due to signal rather than noise. In addition, our compo-
nents fit with previously demonstrated functional net-
works in the healthy population literature. This further
supports that our findings are based on signal, and are
not due to chance correlations present in noise.

This study provides important information regarding
functional connectivity abnormalities associated with the
disease-process and genetic liability to schizophrenia. As
facial emotion recognition is associated with functional
outcome, appears to be a trait marker of the disorder,
and appears to be associated with the genetic liability to
the disorder, this might be a candidate for remediation.
Networks with abnormal activation in patients and rela-
tives could be targets of pharmacological intervention.
Particularly, nonpsychotic relatives of patients, who have



an increased genetic risk for the disorder but are most
often behaviorally intact and not on antipsychotic medi-
cations (thereby not confounding additional variables that
could impact brain functioning), may be an ideal sample
to investigate neural mechanisms that could be the focus
of novel pharmacological interventions. Given the docu-
mented relationship between functional outcome and face
and emotion recognition, ameliorating these deficits could
have benefits for improving occupational, educational, and
social attainment in schizophrenia patients and improving
the quality of life for patients and their families.
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