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Abstract: Impaired cognitive empathy is a core social cognitive deficit in schizophrenia associated with negative symptoms and social functioning. Cognitive empathy and negative symptoms have also been linked
to medial prefrontal and temporal brain networks. While shared behavioral and neural underpinnings are
suspected for cognitive empathy and negative symptoms, research is needed to test these hypotheses. In
two studies, we evaluated whether resting-state functional connectivity between data-driven networks, or
components (referred to as, inter-component connectivity), predicted cognitive empathy and experiential and
expressive negative symptoms in schizophrenia subjects. Study 1: We examined associations between
cognitive empathy and medial prefrontal and temporal inter-component connectivity at rest using a groupmatched schizophrenia and control sample. We then assessed whether inter-component connectivity metrics
associated with cognitive empathy were also related to negative symptoms. Study 2: We sought to replicate
the connectivity-symptom associations observed in Study 1 using an independent schizophrenia sample.
Study 1 results revealed that while the groups did not differ in average inter-component connectivity, a
medial-fronto-temporal metric and an orbito-fronto-temporal metric were related to cognitive empathy.
Moreover, the medial-fronto-temporal metric was associated with experiential negative symptoms in both
schizophrenia samples. These findings support recent models that link social cognition and negative sympC 2016 Wiley Periodicals, Inc.
V
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INTRODUCTION
Empathy broadly refers to the sharing and understanding of the emotional experiences of others, and is composed of affective and cognitive subdomains [ShamayTsoory, 2011]. More specifically, sharing the emotions of
others reflects affective empathy, whereas understanding
their emotional state is pertinent to cognitive empathy [Decety and Jackson, 2004]. Mentalizing, or the ability to infer
the knowledge, emotions, beliefs, and intentions of others
[Premack and Woodruff, 1978], also subdivides into affective and cognitive subdomains; knowledge about beliefs
reflects cognitive mentalizing, and knowledge about the
emotional state of another reflects affective mentalizing
[Hooker et al., 2008; Shamay-Tsoory et al., 2007b]. Both
cognitive empathy and affective mentalizing recruit similar
neural networks [Fan et al., 2011; Gonzalez-Liencres et al.,
2013; Hooker et al., 2008; Smith et al., 2015], and arguably
describe synonymous behaviors [Walter, 2012]. Moreover,
cognitive empathy (or affective mentalizing) is critical to
navigating complex social interactions and developing
meaningful interpersonal relationships [de Wall, 2012;
Hooker et al., 2008; Zaki and Ochsner, 2012].
Cognitive empathy abilities are notably impaired in
schizophrenia [Achim et al., 2011; Derntl et al., 2009;
Horan et al., 2015], and contribute to poor social functioning [Couture et al., 2011; Fett et al., 2015; Michaels et al.,
2014; Smith et al., 2012, 2014, 2015]. Deficits in cognitive
empathy and mentalizing (more generally) have been
linked with negative symptoms [Michaels et al., 2014;
Shamay-Tsoory et al., 2007; Smith et al., 2014], a core feature of schizophrenia. In particular, the tendency to
“undermentalize” may impair affective mentalizing which
infers that emotional states may be especially relevant to
negative symptoms [Shamay-Tsoory et al., 2007], whereas
hypermentalizing about non-emotional contexts may be
linked with more severe positive symptoms [e.g., paranoia;
Frith, 1992, 2004]. Negative symptoms (avolition, anhedonia) that reflect an individual’s internal experiences (experiential negative symptoms) may be especially relevant to
cognitive empathy, as both are processes focused on internal subjective states, either one’s own or another’s [Blanchard et al., 2011; Green et al., 2013; Lieberman, 2007]. In
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contrast, expressive negative symptoms (affective flattening,
alogia) may be less relevant, as these symptoms reflect
external communicative impairments. Although studies
have reported inverse associations between cognitive
empathy and negative symptoms [Bell and Mishara, 2006;
Lincoln et al., 2011; Shamay-Tsoory et al., 2007a; Ventura
et al., 2013], the neural basis of such associations is not
well understood. Thus, the current study aimed to elucidate the neural correlates of cognitive empathy, evaluate
specific cognitive empathy-negative symptom associations,
and identify common neural substrates that support these
processes.
Functional connectivity can be used to reveal shared
neural substrates that underlie cognitive capacities and
symptoms in schizophrenia. This approach can test the
“dysconnectivity hypothesis,” which proposes that core
schizophrenia symptoms emerge from aberrant communication within or between regions or networks that subserve key cognitive capacities [Bullmore et al., 1997;
Friston and Frith, 1995; Friston, 1994; Frith, 1992; Repovs
et al., 2011]. Several studies have found aberrant connectivity in the frontal cortex of schizophrenia subjects
[Bluhm et al., 2007; Camchong et al., 2011; Ong€
ur et al.,
2010; Orliac et al., 2013; Salvador et al., 2010]. However,
little is known about how these deviations relate to specific cognitive indices and symptoms [Pettersson-Yeo et al.,
2011]. Recently, Millan and colleagues (2014) suggested
that social cognitive deficits and negative symptoms might
involve abnormalities in common medial prefrontal and
temporal networks, given behavioral parallels. For example, diminished emotional expressivity contributes to
negative symptoms, while the interpretation of analogous
non-verbal behaviors (e.g., expressions/posturing of
others) is fundamental to social cognition. We expanded
this work to assess whether functional connectivity
between medial prefrontal and temporal data-driven networks (or components) predicted both cognitive empathy
and negative symptoms.
Resting-state functional connectivity methods are a valuable complement to task-based approaches for elucidating
the neural basis of specific behaviors or symptoms.
Resting-state functional connectivity is characterized by
low frequency (<0.1 Hz) neuronal oscillations, which
reveal temporal relations between proximal and distal
regions [Biswal, Yetkin et al., 1995]. These connectivity
patterns can be captured in the absence of task-specific
demands, i.e., when the subject is at rest. Even without
task demands, intrinsic connectivity networks [ICNs;
Biswal et al., 2010; Wisner et al., 2013a] at rest are similar
to networks derived from task-based data [Smith et al.,
2009], and resting connectivity has been shown to predict
individual differences in task-evoked brain activity [Tavor
et al., 2016]. One could then use resting-state data to
examine the neural connectivity supporting mental processes, or predispositions for mental processes. Moreover,
individual differences in attention, effort, or comprehension do not confound resting-state findings, which helps
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overcome such limitations from task-based data. Likewise,
there are fewer design constraints that could impede
cross-sample replications. Given these features, resting-state
methods can be used to investigate the common neural substrates of measured cognitive capacities and symptom
domains.
Meta-analytic studies of resting-state connectivity have
revealed numerous frontal and temporal ICNs that are consistently derived across datasets [Laird et al., 2011; Smith
et al., 2009; Wisner et al., 2013a]. The social cognition literature suggests that frontal-lobe ICNs that support cognitive
empathy may include the medial prefrontal cortex (mPFC)
or the orbitofrontal cortex [OFC; Carrington & Bailey, 2009;
Denny et al., 2012; van der Meer et al., 2010]. The mPFC is
involved in self- and other judgments relevant to cognitive
empathy (Shamay-Tsoory, 2011), whereas the OFC’s role in
tracking hedonic value and emotional valence may contribute to negative symptoms and cognitive empathy [Chevallier
et al., 2012; Goodkind et al., 2012]. Functional abnormalities
in these prefrontal regions have been observed in schizophrenia subjects [Pomarol-Clotet et al., 2010], and linked to
impaired cognitive empathy [Eack et al., 2013; Lee et al.,
2011], as well as negative symptoms [Mazza et al., 2013;
Millan et al., 2014; Orliac et al., 2013]. Temporal-lobe ICNs
that support cognitive empathy may include the superior
temporal gyrus (STG), temporo-parietal junction (TPJ), or the
temporal poles [TP; Carrington and Bailey, 2009; Olson and
Plotzker, 2007]. The STG has been associated with perceptual
mechanisms (e.g., eye gaze) and mental attribution [Pinkham
et al., 2003; Zilbovicius et al., 2006], the TPJ and TP with
mental inference [Frith and Frith, 2006; Lombardo et al.,
2011; Saxe and Kanwisher, 2003], and the TP with sensoryemotional integration [Olson and Plotzker, 2007]. Activation
and connectivity abnormalities in these temporal regions
have been linked with cognitive empathy deficits in schizophrenia [Benedetti et al., 2009; Das et al., 2012; Lee et al.,
2011; Smith et al., 2015]. Notably, while ample evidence
relates temporal lobe dysfunction to negative symptoms
[Anderson et al., 2002; Bodnar et al., 2014; Millan et al.,
2014], studies have also linked these regions with positive
symptoms [Allen et al., 2008]. Thus, the literature is unclear
as to whether specific regions support these neural-symptom
associations. Moreover, these behaviors may not be sufficiently explained by one or a few isolated regions; rather,
the dynamics across or between regions may help clarify the
underlying neural substrates.
Here, we employed two studies to test the hypothesis
that shared medial prefrontal and temporal connectivity
supports cognitive empathy deficits and experiential negative symptoms in schizophrenia, given that both reflect
internal processes [Green et al., 2013; Lieberman, 2007]. In
particular, we examined resting-state functional connectivity between components (referred to as, inter-component
connectivity). Study 1: First, we assessed the association
between cognitive empathy and symptoms among schizophrenia subjects. Second, we tested whether inter-component connectivity of a priori selected medial prefrontal and
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temporal components differed between schizophrenia and
control subjects. Third, we examined whether these connectivity metrics predicted cognitive empathy across the
groups. Finally, we correlated the connectivity metrics that
significantly predicted cognitive empathy with schizophrenia subjects’ symptom ratings. We hypothesized that (i)
cognitive empathy would be inversely correlated with
experiential negative symptoms, but not other symptoms,
(ii) schizophrenia subjects would show aberrant inter-component connectivity between medial prefrontal and temporal components when compared with controls, and (iii)
inter-component connectivity between the same a priori
medial prefrontal and temporal components would predict
cognitive empathy and experiential negative symptoms,
but not other symptoms. Study 2: Motivated by the results
of Study 1, as well as the limitation of its small sample
size, we investigated whether we could replicate the significant connectivity-symptom associations in an independent schizophrenia sample.

STUDY 1: SCHIZOPHRENIA AND
CONTROL SAMPLE
MATERIALS AND METHODS
Subjects
Study 1 included schizophrenia and control subjects
who were group-matched for age, gender, and race. We
retained 59 subjects (28 schizophrenia subjects, 31 controls)
after excluding for: (i) a Diagnostic and Statistical Manual
of Mental-Disorders-4th Edition (DSM-IV) diagnosis of substance abuse or dependence within the past 6 months, (ii)
a severe medical disorder, (iii) a head injury with neurological sequelae, (iv) excessive in-scanner motion (mean
absolute displacement above 1.5 mm, or any absolute displacement (translations or rotations) above 2.75 mm/
degrees), or (v) behavioral performance more than two
standard deviations below the group mean. We excluded
controls with a lifetime history of a DSM-IV axis I disorder
or a first-degree relative with a psychotic disorder. We
recruited schizophrenia subjects using advertisements at
outpatient treatment centers, surrounding neighborhoods,
and the National Alliance for Mental Illness. We recruited
controls via online and neighborhood advertisements. The
Northwestern University Feinberg School of Medicine
institutional review board approved the study. All subjects
provided written informed consent.

Demographic and clinical measures
Diagnoses were determined using the Structured Clinical
Interview for DSM-IV [First et al., 2002]. We enrolled subjects following a diagnostic consensus between a masters
(or doctorate) level research staff and a study psychiatrist.
We converted antipsychotic medication dosages to chlorpromazine equivalents [CPZeq; Andreasen et al., 2010]. We
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Figure 1.
Illustrations of the targeted fronto-temporal neural components [Abram et al., 2015]. M, medial prefrontal and anterior cingulate cortex component; T, superior temporal gyrus, temporo-parietal
junction, and temporal poles component; and O, orbitofrontal cortex component. [Color figure can
be viewed at wileyonlinelibrary.com]
for four seconds that displayed two people interacting
with the face of a masked person (Supporting Information
Fig. 1). Subjects were then presented with two emotional
faces (or one neutral and one emotional face) and asked to
select the emotional face (i.e., fear, anger, sadness, disgust,
happiness) that best represented the masked face. Accuracy
(correct trials/total completed trials) and response times
(seconds) were recorded. We only used cognitive empathy
accuracy for the analyses.

assessed psychopathology using the Scale for the Assessment of Negative Symptoms (SANS) and the Scale for the
Assessment of Positive Symptoms [SAPS; Andreasen et al.,
1995]. Based on recent advances in our understanding of
negative symptoms, we evaluated negative symptoms as
two separable domains [Blanchard & Cohen, 2006; Horan
et al., 2011; Strauss et al., 2013]. Specifically, we computed
experiential negative symptom domain scores using the SANS
global ratings for avolition and anhedonia and expressive
negative symptom domain scores using the global ratings for
affective flattening and alogia [Green et al., 2012; Rassovsky
et al., 2011]. We also computed total symptom severity scores
using the SAPS global ratings for hallucinations, delusions,
formal thought disorder, and bizarre behavior, as well as
the SANS global rating of attention (i.e., SANS and SAPS
global scores not included in the experiential or expressive
domains); we used these scores to test whether symptom
associations were better explained by general psychopathology than experiential negative symptoms. Lastly, we
assessed parental socioeconomic status (SES) using the
Barrett Simplified Measure of Social Status [Barratt, 2005].

We included global cognition as a covariate based on
evidence linking social and cognitive deficits in schizophrenia [Fett et al., 2011; Ventura et al., 2013]. Subjects
completed a comprehensive cognitive battery to generate
four cognitive domain scores: crystalized intelligence,
working memory, executive function, and episodic memory [Smith et al., 2012]. See Supporting Information for
details. We computed a global cognition score by averaging the four domain scores.

Cognitive empathy task

fMRI data acquisition and preprocessing

We assessed cognitive empathy using a computerized
task outside of the scanner [Derntl et al., 2009; Smith et al.,
2014]. Cognitive empathy [i.e., understanding the emotional perspective of others; Shamay-Tsoory, 2011] involves
mentalizing and is uniquely associated with social functioning in schizophrenia [Michaels et al., 2014; Smith et al.,
2012, 2014, 2015]. For each trial, subjects viewed a picture

Neuroimaging data were acquired on a 3T TIM Trio system (Siemens Medical Systems) at the Northwestern University Center for Translational Imaging. A high-resolution
T1-weighted MPRAGE sequence was collected for registration [repetition time (TR)52.4 ms; echo time (TE)53.16 ms,
flip 5 88, voxel size 5 1 3 1 3 1 mm, matrix size 5 256 3
256 mm, field of view (FoV)5256 3 256 mm]. Resting-
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Cognitive assessment
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state parameters included: gradient-echo echo-planar
imaging of 164 volumes; TR 5 2.5 s; TE 5 20 ms; flip 5 808;
voxel size 5 1.7 3 1.7 3 3 mm, matrix size 5 128 3
120 mm, FoV 5 220 3 206 mm. Temporal signal-to-noise
(tSNR) maps and statistics for functional scans are presented in Supporting Information Fig. 2 [Murphy et al.,
2007]. Standard preprocessing was completed using
FMRIB Software Library (FSL 4.1.9), which included: brain
extraction, motion correction, grand mean intensity normalization of the 4D dataset, high-pass temporal filtering
(threshold of 0.1 Hz), slice-timing correction, and linear
registration of resting scans to high-resolution T1-weighted
structural images, as well as MNI152 standard space
[Abram et al., 2015]; we did not employ low-pass temporal
filtering, as our higher-level processing methods helped
parse noise from high-frequency fluctuations (e.g., cardiac
and respiratory rhythms). Lastly, motion regression was
completed on the preprocessed and registered resting
scans.

r

(Fig. 1): M, an mPFC and anterior cingulate cortex (ACC)
component; T, an STG, TPJ, and TP component; O, an
OFC component.
We applied the group-level spatial maps derived from
the community sample to the current resting-state datasets
using dual-regression. Dual-regression generated subjectspecific spatial maps (i.e., ICNs) and corresponding timeseries for each individual [Beckmann, Mackay, Filippini, &
Smith, 2009; Filippini et al., 2009; Wisner et al., 2013b; Zuo
et al., 2010]. This procedure included two steps: first, the
complete set of group-level spatial maps was used as spatial regressors onto each subject’s 4D dataset to yield
subject-specific timeseries, one per group-level spatial
map, per subject. Next, the subject-specific timeseries were
used as temporal regressors onto the respective subjects’
4D dataset to derive a set of subject-specific spatial maps,
one per subject-specific timeseries. For our analyses, we
only used the subject-specific timeseries data.

Inter-component connectivity metric computations

fMRI data higher-level processing
ICNs were generated using independent component
analysis (ICA), a data-driven method that decomposes
multivariate signals into functionally homogenous components [Poppe et al., 2013; Smith et al., 2009; Wisner et al.,
2013a]. To calculate connectivity metrics for the current
study, we employed ICA-derived components previously
generated from a large community sample [n 5 218, mean
age 5 26 years (range 20–39), 49% male; Abram et al.,
2015] instead of deriving components from the present
samples. We adopted this approach for several reasons.
First, due to differences in scanning parameters, we could
not combine the two schizophrenia samples in the ICA
process (such that each sample would contribute equally
to ICN generation). Second, both samples in the current
study were relatively small (each group with n < 35); larger samples likely produce more canonical components, as
evidenced by the community maps showing strong correspondence with components documented in prior studies
[e.g., Laird et al., 2011; Ray et al., 2013; Smith et al., 2009].
Third, the maps from the large community sample were
more representative of the general population and thus
not biased towards the control or schizophrenia samples
employed in the current study. Thus, a spatial meta-ICA
pipeline was carried out on the community resting-state
scans as described previously [Abram et al., 2015] using
FSL’s MELODIC (Multivariate Exploratory Linear Optimized Decomposition in Independent Components) toolkit
[http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/MELODIC;
Biswal
et al., 2010; Moodie et al., 2014; Poppe et al., 2013; Wisner
et al., 2013a,b]; each ICA was constrained to a dimensionality of 60 based on prior neurometric research [Poppe
et al., 2013]. See Supporting Information for details. From
60 total components, three medial prefrontal and temporal
ICNs were selected for analysis. These components included hypothesized areas, as discussed in the introduction

r

To derive inter-component connectivity metrics for each
subject, we calculated Pearson correlations between the
subject-specific timeseries of each component pair. These
values reflect the degree of temporal connectivity between
component pairs [Wisner et al., 2013b]. We Fisher Ztransformed all Pearson correlations. We computed grouplevel means for each inter-component connectivity metric
using Fisher Z-transformed values, and back transformed
the mean values to Pearson r-values for reporting in the
demographic table. Based on the a priori ICN selection
above, a total of three inter-component connectivity metrics were derived, one for each pair of components.

Potential movement confounds
We calculated movement as the root mean square head
position change (RMS mean absolute displacement); this
statistic reflects the average displacement across six movement parameters that include three translational displacements across the X, Y, and Z axes, as well as three
rotational displacements of pitch, yaw, and roll [Power
et al., 2012]. As noted previously, we excluded subjects
with RMS mean absolute displacement above 1.5 mm, or
any absolute displacement (translations or rotations) above
2.75 mm/degrees. We correlated behavioral and connectivity metrics of interest with movement. We took this step to
test for potential residual associations with movement,
despite performing motion correction and motion regression as prior steps [Abram et al., 2015; Wisner et al., 2013b].
Movement did not correlate with cognitive empathy,
inter-component connectivity, or symptoms (all P  0.10;
Supporting Information). Schizophrenia and control subjects did not differ with respect to average movement
(t58520.91, P 5 0.36). Thus, to retain statistical power we
did not include movement in the subsequent models.
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Demographic and behavioral analyses
We tested for between-group and between-sample differences using t-tests/ANOVAs for continuous variables
and chi-square (v2) for categorical variables. We used multiple imputation to compute missing parental SES data for
the regression models [Rubin, 1987]; this approach is recommended over alternatives (e.g., mean imputation) as it
uses sampling distributions to estimate missing values
[Vaden et al., 2012].

Statistical analyses
To begin, we assessed whether cognitive empathy was
negatively correlated with experiential negative symptoms
among schizophrenia subjects using one-tailed tests. Then,
we investigated between-group differences in the three
inter-component connectivity metrics using t-tests. Next,
we evaluated whether the same connectivity metrics predicted cognitive empathy and experiential negative symptoms in schizophrenia subjects. The latter analyses were
carried out in two steps. First, we built a multivariate
regression model to evaluate between-group differences in
the associations between inter-component connectivity and
cognitive empathy. This model included cognitive empathy as the dependent variable, the three connectivity metrics (M-T, O-T, and M-O metrics) as the independent
variables, and group status, global cognition, age, gender,
and parental SES as the covariates; we included the latter
three covariates given literature documenting age and
gender-related resting connectivity differences [Damoiseaux et al., 2008; Satterthwaite et al., 2014; Tian et al.,
2011], as well as associations between SES and cognitive
empathy-related brain function [Muscatell et al., 2012]. The
between-group model also contained group-by-inter-component connectivity interaction terms to assess whether
connectivity metrics behaved differently across schizophrenia and control subjects. We then examined connectivity
metrics that showed significant relations with cognitive
empathy in the subsequent connectivity-symptom analyses. In particular, we tested whether the significant connectivity metrics were related to experiential negative
symptoms among schizophrenia subjects via Pearson correlations and partial correlations. To address antipsychotic
treatment confounds, we re-assessed any significant
connectivity-cognitive empathy and –symptom associations after including CPZeq as a covariate.

RESULTS

r

with significant F-statistics (i.e., age, parental SES, global
cognition) showed that control and schizophrenia subjects
did not differ in age (t57521.10, P 5 0.27), but control subjects had greater parental SES (t55 5 2.79, P 5 0.007) and
global cognition scores (t57 5 5.95, P < 0.001); correlations
between parental SES and demographic variables can be
found in Supporting Information. We also note that the
experiential and expressive negative symptom distributions
for SCZ Sample 1 were comparable with respect to mean
(t27 5 1.27, P 5 0.22) and variance (F1,275.1.05, P 5 0.90).

Cognitive
Empathy
Associations

and

Negative

Symptom

We found that cognitive empathy was negatively correlated with experiential negative symptoms at a trend level
(r520.30, P 5 0.06), but not with expressive negative symptoms (r 5 0.06, P 5 0.75) or total symptom severity (r 5 0.03,
P 5 0.89). Here we Bonferroni-corrected for three comparisons (i.e., P < 0.05/3 or P < 0.02). Moreover, the negative
correlation between cognitive empathy and experiential
negative symptoms was significantly stronger than that
with expressive negative symptoms (Meng’s z 5 21.70,
P 5 0.04), and stronger than that with total symptom severity at a trend level (Meng’s z 5 21.43, P 5 0.08).

Average Connectivity Differences
We did not detect between-group differences for any of the
inter-component connectivity metrics (all P  0.10; Table I).

Cognitive Empathy Between-Group Analyses
Table II summarizes the between-group cognitive empathy
findings. The overall model evaluating group differences in
the association between connectivity and cognitive empathy
was significant (F11,47 5 8.58, P  0.001). We observed significant main effects for the O-T metric and global cognition,
and a significant interaction between group and the M-T
metric (all P  0.05). A plot of the M-T metric interaction
indicated differential connectivity-cognitive empathy associations across the groups; specifically, follow-up within-group
analyses revealed that the M-T metric was correlated with
cognitive empathy for schizophrenia (r5 20.51, P 5 0.006)
but not control subjects (r 5 0.05, P 5 0.79; Fig. 2A). A partial
correlation further revealed that the M-T and cognitive
empathy correlation remained significant when accounting
for CPZeq (r5 20.43, P 5 0.02).

Symptom Analyses

Subject Characteristics
Table I includes demographic information for Study 1
(i.e., CON Sample 1 and SCZ Sample 1). Control and
schizophrenia subjects differed according to cognitive
empathy accuracy and reaction time (both P  0.05).
Between-group comparisons for demographic variables

r

We used the cognitive empathy findings to inform our
symptom analyses. Specifically, we examined whether connectivity metrics that predicted cognitive empathy (i.e., the
M-T and O-T metrics) also contributed to symptom severity. M-T connectivity was correlated with experiential negative symptoms (r 5 0.54, P 5 0.003; Fig. 2B), but not
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TABLE I. Demographics for samples 1 and 2

Demographics
Age, years
Gender (% male)
Parental SES, yearsb
Duration of Illness, yearsc
CPZeq, mg
Medicationd
% Typical only
% Atypical only
% Both
% Neither
Clinical symptom domainse
Experiential negative
Expressive negative
Total symptom severity
Race
% Caucasian
% African American
% Other
Cognitive function
Global Cognitionf
Cognitive empathy task
Accuracy
Reaction time (sec)
Inter-component connectivity
M-T Metric
O-T Metric
M-O Metric

CON (n 5 31) Sample 1

SCZ (n 5 28) Sample 1

SCZ (n 5 23) Sample 2

F/t/X2 Statistica

31.06 (7.87)
51.61
30.25 (9.32)
–
–

33.17 (6.64)
64.29
23.15 (9.87)
14.57 (6.34)
329.79 (207.31)

24.56 (3.58)
69.57
26.75 (8.62)
5.47 (3.10)
–

11.82***
0.97
4.32*
6.04***
–

–
–
–
–

85.71
0.00
14.29
0.00

73.91
0.00
21.74
4.35

–
–
–

3.02 (1.29)
2.69 (1.26)
2.11 (1.42)

2.72 (1.03)
1.52 (1.16)
1.55 (0.97)

0.91
3.43**
1.60

51.61
32.26
16.13

42.86
39.29
17.86

65.22
34.78
0.00

5.35

0.04 (0.62)

20.89 (0.58)

21.02 (0.61)

26.20***

0.86 (0.06)
1.40 (0.26)

0.73 (0.10)
1.57 (0.31)

–
–

5.87***
22.22*

0.31 (0.22)
0.22 (0.18)
0.36 (0.17)

0.29 (0.17)
0.23 (0.14)
0.35 (0.19)

0.31 (0.20)
0.15 (0.14)
0.28 (0.14)

0.09
2.16
1.62

1.83

a

ANOVA was used when all three groups had data for a demographic variable; t-tests were used when only two groups had data for a
demographic variable.
b
Completed by n 5 30 CON Sample 1 and n 5 27 SCZ Sample 1.
c
Completed by n 5 21 SCZ Sample 2.
d
CPZeq data was not available for Sample 2.
e
Symptom domain scores were obtained by summing the average global ratings for the respective domain, and dividing by the number
of global ratings included.
f
Cognitive subtests were transformed to z-scores using control data from the respective site.
P < 0.10, * P < 0.05, ** P < 0.01, *** P < 0.001.
Abbreviations: CON, control subjects; SCZ, schizophrenia subjects; CPZeq, chlorpromazine equivalents; M, medial prefrontal and anterior cingulate cortex component; T, superior temporal gyrus, temporo-parietal junction, and temporal poles component; O, orbitofrontal
cortex component.

expressive negative symptoms (r 5 0.14, P 5 0.47) or total
symptom severity (r 5 0.24, P 5 0.21). A partial correlation
between the M-T metric and experiential negative symptoms, while controlling for the other two symptom
domains, supported the specificity of this association (partial r 5 0.52, P 5 0.003); the partial correlation also
remained significant when accounting for CPZeq (partial
r 5 0.54, P 5 0.002). Furthermore, the correlation with experiential negative symptoms was significantly greater than
that with expressive negative symptoms (Meng’s z 52.04,
P 5 0.04). In contrast to the M-T metric, O-T connectivity
was not correlated with experiential negative symptoms
(r 5 0.17, P 5 0.39), expressive negative symptoms (r5
20.30, P 5 0.12), or total symptom severity (r5 20.17,
P 5 0.38).

r

Confound Analyses
As a last step, we assessed whether cognitive empathy
accuracy attenuated the association between M-T connectivity and experiential negative symptoms, given that cognitive empathy was correlated with M-T connectivity and
experiential negative symptoms at a trend level. We constructed a regression model that included experiential negative symptoms as the dependent variable, with the M-T
metric and cognitive empathy as the independent variables. Supporting Information Table I shows that M-T connectivity predicted experiential negative symptoms over
and above cognitive empathy (t25 5 2.65, P 5 0.01); in contrast, the cognitive empathy coefficient was not significant
(t255 20.03, P 5 0.88).
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TABLE II. Inter-component connectivity predicts
cognitive empathy (between-group model)
Predictor variable
Inter-component connectivity
M-T metric
O-T metric
M-O metric
Age
Gender
Socioeconomic status
Global cognition
Group
Interaction terms
M-T 3 Group
O-T 3 Group
M-O 3 Group

b (SE)

t-stat

P-value

(0.19)
(0.16)
(0.14)
(.09)
(0.19)
(0.10)
(0.13)
(0.22)

22.36
22.54
0.23
20.11
1.15
20.15
2.67
3.87

0.02
0.01
0.82
0.92
0.26
0.89
0.01
0.0004

0.52 (0.23)
0.20 (0.21)
20.03 (.19)

2.26
0.96
20.17

0.03
0.34
0.87

20.44
20.42
0.03
20.01
0.21
20.02
0.34
0.85

r

experiential negative symptoms (among individuals with
schizophrenia) but not other symptoms, thus indicating
the specificity of this connectivity-symptom association.
However, because of the small sample size, we were motivated to replicate this result. We therefore designed Study
2 to test whether we could replicate the observed
connectivity-symptom association in an independent
schizophrenia sample.

STUDY 2: SECOND SCHIZOPHRENIA
SAMPLE
MATERIALS AND METHODS
Subjects

Adjusted R2 5 0.59, F11, 47 5 8.58, P < 0.0001.
Abbreviations: M, medial prefrontal and anterior cingulate cortex
component; T, superior temporal gyrus, temporo-parietal junction,
and temporal pole component; O, orbitofrontal cortex component.

Summary of Study 1 Findings
We found that cognitive empathy accuracy was negatively correlated with experiential negative symptoms at a
trend level, and this association was significantly stronger
than that with expressive negative symptoms. Moreover,
the two negative symptom domains did not differ with
regard to distribution qualities (i.e., mean and variance),
suggesting the observed differences were not better attributed to measurement issues. We also found that M-T connectivity was related to cognitive empathy accuracy, and

Study 2 evaluated an independent sample of schizophrenia subjects (n 5 23) from an existing database at the Conte
Center for the Neuroscience of Mental Disorders at Washington University in St. Louis. No subjects were excluded
for excessive motion. The Washington University School of
Medicine institutional review board approved the study
procedures and subjects provided written informed consent.
Specifically, we aimed to replicate the significant
connectivity-symptom association from Study 1. We applied
the same exclusionary criteria as described under Study 1.

Demographics,
assessment

clinical

measures,

and

cognitive

These procedures were identical to those described
under Study 1.

Figure 2.
A: Group by M-T inter-component connectivity interaction
when predicting cognitive empathy in Study 1 (i.e., SCZ Sample
1 and CON Sample 1); data illustrates the pairwise correlations
for schizophrenia and control groups, separately. B: M-T intercomponent connectivity predicts experiential negative symptoms
for the schizophrenia group in Study 1. C: M-T inter-component
connectivity predicts experiential negative symptoms for the

r

independent schizophrenia sample in Study 2 (i.e., SCZ Sample
2); data has been residualized according to the covariates in
Table III. Abbreviations: CON, control subjects; SCZ, schizophrenia subjects; M, medial prefrontal cortex and anterior cingulate cortex component; T, superior temporal gyrus, temporoparietal junction, and temporal poles component. [Color figure
can be viewed at wileyonlinelibrary.com]
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fMRI data acquisition and preprocessing
Neuroimaging data were acquired on a 3T TIM Trio system at Washington University School of Medicine. These
functional scans were also registered to a T1-weighted
MPRAGE sequence (TR 5 2.4 ms; TE 5 3.16 ms, flip 5 88,
voxel size 5 1 3 1 3 1 mm, matrix size 5 256 3 mm,
FoV 5 256 3 mm). Resting-state parameters included:
gradient-echo echo-planar imaging of 164 volumes;
TR 5 2.2 s; TE 5 27 ms; flip 5 908; voxel size 5 4 3 4 3
4 mm, matrix size 5 64 3 64 mm, FoV 5 256 3 256 mm.
tSNR maps and statistics for functional scans are presented in Supporting Information Fig. 2. As illustrated in
Supporting Information Fig. 2, the samples did not differ
in tSNR values despite scanning parameter differences (for
all between-sample comparisons P > 0.05), and the
observed values fall within the range of recent studies
[Griffanti et al., 2014; Smith et al., 2013]. Functional scans
were pre-processed according to the same procedures
described under Study 1.

Inter-component connectivity metric computations

r

TABLE III. Inter-component connectivity predicts experiential negative symptoms (replication)
Predictor variable

b (SE)

Inter-component connectivity
M-T metric
Age
Duration of illness
Expressive negative symptoms

0.49
0.06
0.38
0.57

(0.18)
(0.22)
(0.21)
(0.17)

t-stat

P-value

2.66
0.30
1.82
3.35

0.02
0.77
0.09
0.004

Adjusted R2 5 0.46, F4, 18 5 5.37, P 5 0.005.
Abbreviations: M, medial prefrontal and anterior cingulate cortex
component; T, superior temporal gyrus, temporo-parietal junction,
and temporal pole component.

symptoms (both P  0.05). Follow-up between-group comparisons for the age and global cognition ANOVAs
revealed significant differences for age (t49 5 5.58, P < 0.001)
but not global cognition (t49 5 0.76, P 5 0.45). We also note
that parental SES was not associated with inter-component
connectivity or symptoms in SCZ Sample 2 (Supporting
Information).

Connectivity metrics were derived according to the
same procedures described under Study 1.

Average Connectivity Differences
SCZ Samples 1 and 2 did not differ with respect to
inter-component connectivity (all P  0.10; Table I).

Potential movement confounds
Movement was not associated with inter-component
connectivity or symptoms in the second sample (all
P  0.10; Supporting Information). The Study 2 sample did
not differ from the Study 1 sample on movement
(t49 5 0.23, P 5 0.82).

Demographic and behavioral analyses
Analyses were comparable to Study 1; we used multiple
imputation to derive missing duration of illness data for
the regression model.

Statistical analyses
We aimed to replicate the significant connectivitysymptom association identified in Study 1. In particular,
we built a regression model that included experiential negative symptoms as the dependent variable and the M-T
metric as the independent variable. We also included
demographic and clinical variables for which the two
schizophrenia samples differed (i.e., SCZ Sample 1 and
SCZ sample 2) as covariates (see Subject Characteristics).

RESULTS
Subject Characteristics
Table I also includes demographic information for Study
2 (i.e., SCZ Sample 2). SCZ Samples 1 and 2 differed with
respect to duration of illness and expressive negative

r

Symptom Analyses
Table III summarizes findings from the replication
connectivity-symptom regression model. The model fit for
predicting experiential negative symptoms was significant
(F4,18 5 5.37, P 5 0.005). More specifically, the M-T metric
positively predicted experiential negative symptoms
(t18 5 2.66, P 5 0.02), even when controlling for age, duration of illness, and expressive negative symptoms (i.e.,
covariates for which the schizophrenia samples differed).
Expressive negative symptoms also predicted experiential
negative symptoms (t18 5 3.35, P 5 0.004). Fig. 2C illustrates the positive connectivity-symptom association for
SCZ Sample 2 (comparable partial correlation for SCZ
Sample 1 accounting for age, duration of illness, and
expressive negative symptoms, r 5 0.54, P 5 0.002).

DISCUSSION
The current study used resting-state functional neuroimaging data to identify medial prefrontal and temporal
component dynamics that predicted cognitive empathy
deficits and negative symptoms in schizophrenia. Our
data suggested that: (i) cognitive empathy and experiential negative symptoms were inversely correlated at a
trend level, (ii) schizophrenia and control subjects did not
differ in average inter-component connectivity between a
priori medial prefrontal and temporal components;

1119

r

r

Abram et al.

however, (iii) the M-T inter- component connectivity metric was related to cognitive empathy and experiential
negative symptoms in the schizophrenia subjects, and (iv)
this connectivity-symptom association was replicated in a
second independent sample of schizophrenia subjects at
an earlier stage in their illness. Notably, these relationships were limited to experiential negative symptoms,
and persisted when controlling for known correlates of
social cognitive abilities.
Specifically, in Study 1, we found that two of the three
inter-component connectivity metrics predicted cognitive
empathy. The O-T connectivity was negatively associated
with cognitive empathy in both groups, but not related to
symptoms. In contrast, stronger M-T connectivity predicted
poorer cognitive empathy in schizophrenia, but failed to
predict cognitive empathy in controls. Moreover, among
schizophrenia subjects, stronger M-T connectivity was associated with more severe experiential negative symptoms,
but was not related to expressive negative symptoms or
total symptom severity. Collectively these results speak to
the specificity of the M-T neural dynamics as related to
experiential negative symptoms. Lastly, in Study 2, we
found that the M-T connectivity and experiential negative
symptom association was present in an independent schizophrenia sample, even when accounting for demographic
and clinical variables for which the samples differed.
Interestingly, the negative M-T connectivity-cognitive
empathy association for schizophrenia subjects was divergent from controls; that is, higher connectivity levels predicted worse performance and greater symptomatology
among schizophrenia subjects but did not predict performance among control subjects. We note this connectivitycognitive empathy association was also significant when
controlling for cognition, SES, and medication. We therefore suggest that this association was not simply due to a
generalized functioning impairment [or “negative manifold”; MacDonald, 2013; Sprong et al., 2007], where poorer
performance on a task could be equally or better attributed
to other detrimental illness features. Another noteworthy
finding was a trend-level association between cognitive
empathy and experiential negative symptoms; while it is
possible this was due to insufficient power, an alternative
explanation is that these processes are indirectly related.
For example, a path model proposed by Green and colleagues (2012) indicated that social cognition and experiential negative symptoms may only be indirectly related via
defeatist beliefs. While the current study did not assess
defeatist beliefs, future studies could test whether such a
measure would influence associations between cognitive
empathy, experiential negative symptoms, and neural
connectivity.
Our results highlight resting-state connectivity between
an mPFC and ACC component with an STG, TPJ, and TP
component. These component dynamics may support cognitive empathy and experiential negative symptoms given
their roles in social perception, social cognition, and

r

r

motivation [Green et al., 2012]. In particular, temporal
areas may be tuned to the perceptual aspects of cognitive
empathy [Lahnakoski et al., 2012; Olson & Plotzker, 2007;
Pinkham et al., 2003; Zilbovicius et al., 2006], whereas
medial prefrontal areas may be involved in the internal or
emotional aspects of cognitive empathy [Lieberman, 2007].
Appropriate medial-fronto-temporal communication may
facilitate the use of external social cues (temporal regions)
when deducing the internal emotional states of others
(medial prefrontal regions). With respect to experiential
negative symptoms, the role of medial prefrontal areas in
motivation and goal-directed pursuits may be especially
salient [Holroyd & Yeung, 2012; Ridderinkhof et al., 2004;
Strauss et al., 2014], as these symptoms are largely defined
by motivation [Blanchard et al., 2011]. Moreover, the successful integration of social perceptual information with
motivational processes might support goal-oriented behaviors. Thus, while temporal lobe-based perceptual abilities
may underlie a range of schizophrenia symptoms [e.g.,
auditory and visual hallucinations; Allen et al., 2008],
medial prefrontal and temporal dynamics may be specific
to experiential negative symptoms.
The medial prefrontal and temporal components may
also relate to impaired social cognition in schizophrenia
given their roles within larger networks, particularly the
default mode network (DMN). For instance, the medial
prefrontal component in the current study maps onto the
anterior hub of the DMN [Andrews-Hanna, 2012], which
includes the ventral mPFC and ACC [Sheline et al., 2009].
The anterior DMN may support the self-referential processes that are involved in higher-order social cognition
[Amodio & Frith, 2006; Gusnard et al., 2001; Mitchell
et al., 2005; Spreng & Andrews-Hanna, 2015]. Additionally, the temporal component shows overlap with the dorsal
medial subsystem of the DMN, which includes the dorsal
mPFC, lateral temporal cortex, TPJ, and TP [AndrewsHanna et al.,, 2010]. Emerging evidence suggests that the
dorsal medial subsystem plays a role in introspective
social processes, like mentalizing about others [AndrewsHanna et al., 2014; Andrews-Hanna, 2012]. Alterations in
the DMN have been observed among individuals with
schizophrenia [Whitfield-Gabrieli et al., 2009], and such
abnormalities have been linked with poor social cognition
in this population [Whitfield-Gabrieli & Ford, 2012].
Hence, our findings can also be contextualized within the
broader literature relating schizophrenia DMN abnormalities with social cognitive deficits.
This study has important implications for schizophrenia
treatment. In particular, theories of therapeutic development suggest effective neuronal signatures are related to
both disease mechanisms (e.g., cognitive deficits) and
symptoms [Tregellas et al., 2014]. With respect to the current findings, therapeutic manipulation of M-T connectivity might improve social cognitive abilities and reduce
negative symptom severity. However, research is needed
to evaluate whether reducing M-T connectivity could
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normalize behavior in schizophrenia, given (i) this change
would be dissimilar from the M-T connectivity-cognitive
empathy pattern in controls, and (ii) schizophrenia subjects did not exhibit hyperconnectivity relative to controls.
Alternatively, one could speculate that typical M-T connectivity in schizophrenia might be insufficient for adept cognitive empathy. Rather, it might be beneficial to elevate
connectivity above the levels of controls to normalize
behavior, although additional research is needed to evaluate this alternative hypothesis. This perspective represents
a shift from traditional patient/control comparisons, and
instead emphasizes the value for gauging improvements
within the schizophrenia population.

r

et al., 2011]. This work has important implications for
developing biomarker-based treatments aimed to improve
negative
symptoms
and
social
functioning
in
schizophrenia.
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Limitations
Our findings should be interpreted in the context of
some limitations. First, we observed a ceiling effect for
controls on the cognitive empathy task, which may have
restricted the observed range of healthy connectivitycognitive empathy associations. Second, our connectivitysymptom correlations were based on scales that assess
symptom domains via 2–5 global scores. These symptom
scales are not consistent with psychometric principles that
posit an average, over numerous items, yields more reliable construct measurement [Mathalon & Ford, 2012].
Lastly, the cognitive empathy task was only collected in
one sample. Thus, we could not evaluate whether the
observed connectivity-cognitive empathy relationships replicated in the second sample.

Future Directions
Future studies may incorporate task-based imaging or
therapeutic manipulations to directly evaluate changes in
medial prefrontal and temporal connectivity as it relates to
cognitive empathy and symptoms. Researchers may also
add neurophysiological measures (e.g., eye-tracking) to
assess associations between visual processing, cognitive
empathy, symptoms, and social functioning in schizophrenia. Such research could reveal whether comparable medial prefrontal and temporal connectivity is implicated in
the basic perceptual processes that underlie cognitive
empathy and everyday social interactions.

CONCLUSIONS
This study suggests that resting-state connectivity
dynamics between medial prefrontal and temporal neural
components may support both cognitive empathy deficits
and experiential negative symptoms in schizophrenia subjects. Moreover, these findings provide brain-based evidence for recent path models that indirectly link social
cognition and experiential negative symptoms with social
functioning in schizophrenia [Couture et al., 2011; Galderisi, Rossi, & Rocca, 2014; Green et al., 2012; Rassovsky

r
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