


Neural Substrates of EA

Fig. 2.Panels Aand B showthe brain regions whose activity during affectting of atarget (OTHER condition) was significantly correlated
with “empathic accuracy (EA)” in healthy controls (A) and schizgphrenia patients (B) separatelyPanel C depicts the brain regions
showing greater association with EA in healthy controls compagd with patients with schizophrenia. Reported activations were

thresholded atP
a false-positive discovery rate of 5% across the whole brain.

Discussion

This study is the first, to our knowledge, to explore the
neural correlates of EA in schizophrenia. The objectives
of the current report focused on whether schizophrenia
patients engage the same neural network as controls
when being empathically accurate and when encounter-
ing expressive social targets. At the behavioral level, we
replicated 2 previous findings from our group: (1) that
schizophrenia patients are impaired in their capacity to
accurately judge the emotions of social targets and (2)

.01, uncorrected for multiple comparisons, with an ex@nt threshold of 53 contiguous voxels, corresponding to

that schizophrenia patients do not benefit from expres-
sive social targets as much as controf§.

The impaired EA in schizophrenia patients compared
with controls is not easily explained by attention or mo-
tor deficits because no significant group differences were
observed for the mean number of button presses at the
OTHER condition. At the neural level, we identified
brain regions whose activity tracked parametrically
with EA. Results in controls were consistent with prior
findings for healthy adults reported by Zaki and
colleagued® greater EA was associated with increased
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Table 3. Brain Regions Whose Activity During Affect Rating of a Target (OTHER condition) Showed Greater Association With Target’s
Expressivity in Healthy Controls Compared With Patients With Schizophrenia®

Talairach Coordinates

Brain Region H X y z t value Cluster Size
Inferior parietal lobule (BA 40) R 37 -51 36 5.31 3246
Middle frontal gyrus (BA 9) R 35 40 27 5.21 296
Inferior frontal gyrus (BA 46) R 47 43 13 4.90 157
Anterior cingulate (BA 24) R 9 19 21 4.49 1641
Superior frontal gyrus (BA 9) L -37 36 32 4.30 365
Cingulate (BA 31) R 18 —34 32 4.11 252
Posterior cingulate (BA 30) R 18 —54 16 4.09 175
Middle occipital gyrus (BA 37) L —53 —68 5 4.08 239
Middle frontal gyrus (BA 9) R 49 17 32 3.75 369
Lingual gyrus (BA 18) L -7 —76 —4 3.60 90
Middle frontal gyrus (BA 6) L —40 7 53 3.53 80
Inferior frontal gyrus (BA 45) L =35 29 9 3.52 321
Fusiform gyrus (BA 19) R 25 =75 -12 3.41 74
Lingual gyrus (BA 18) L -21 —57 2 3.37 129
Cuneus (BA 18) L —13 —69 14 3.35 111
Thalamus R 1 =5 13 3.30 154
Paracentral lobule (BA 6) R 1 -30 61 2.97 69

Note: Abbreviations are explained in the first footnote to table 2.

“The cluster size represents the number of voxels. Talairach coordinates represent the peak voxel of each cluster, where x, y, and z

indicate the distance measured in millimeters from the anterior commissure in the sagittal, coronal, and horizontal planes, respectively.
All clusters of activation reported in table 3 were significant at P < .01, uncorrected for multiple comparisons, with a minimum cluster
size of 53 contiguous voxels, corresponding to a false-positive discovery rate of <5% across the whole brain as estimated by Monte

Carlo simulation.

activity in brain regions typically linked to cognitive
effort (ie, lateral PFC), visual attention (ie, parietal
and occipital cortices), and socioemotional processes, in-
cluding mental state attribution (eg, mPFC, precuneus,
posterior cingulate), experience sharing (eg, inferior fron-
tal, inferior parietal), and social context processing (ie,
parahippocampal gyrus).*® These results in healthy
controls support the idea that both mental state attribu-
tion and experience sharing processes contribute to EA.
By contrast, patients demonstrated a relatively sparse
pattern of accuracy-related brain activity. One may sug-
gest that this is explained by an overall reduced activation
in patients during the OTHER condition. Indeed, the
contrast between the OTHER condition and the control
EYES condition (see online supplementary materials) did
not reveal as much significant activations in patients
compared with controls when groups were analyzed sep-
arately. However, the direct group comparison (OTHER
vs EYES x Controls vs Patients) identified only the para-
hippocampal gyrus as being significantly more active in
controls compared with patients during affect rating of
the target, irrespective of EA (see online supplementary
table S2). The parahippocampal gyrus is a medial tempo-
ral region that has been linked not only to memory
encoding and recognition but also to social context
processing, including paralinguistic elements of verbal
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communication.** An overall reduced activity of the
parahippocampal gyrus in schizophrenia during the
OTHER condition may partly explain why this region
has not been linked to changes in EA in patients even
if this region is thought to be important for decoding
social information. While greater EA in patients was sig-
nificantly associated with activity in some lateral PFC
and mPFC, temporal and occipital regions, direct group
comparison showed that the left precuneus, left middle
frontal gyrus, and bilateral thalamus were the only
regions whose activity was significantly more predictive
of EA in controls compared with patients. Parametric
analyses using target expressivity—as opposed to EA—
revealed a similar pattern: increasing levels of target
expressivity elicited increasing activity in a network of
brain regions typically associated with social cognition
in controls but not in patients. Direct between-group
comparisons demonstrated that expressivity more
powerfully elicited activity in these regions in controls
as compared with patients.

A recent meta-analysis of neuroimaging studies of the
social cognitive processes contributing to empathy iden-
tified the precuneus as part of a putative mental state
attribution network, along with the mPFC, superior tem-
poral sulcus, some anterior temporal regions, and poste-
rior cingulate cortex.*> Converging data suggest that the



precuneus supports the imagery and imagination
processes required to infer the mental states of another,
integrating inputs from a wide variety of other brain
regions that support memory, motor, and somatosensory
processing.*’ Other neuroimaging studies have shown in-
creased activity of the precuneus in schizophrenia
patients compared with controls during facial expression
recognition.>® This hyperactivity of the precuneus is
thought to reflect compensatory processes triggered to
counterbalance the deficit in emotion recognition and
face processing. Here, the reduced association between
precuneus activity and EA found in schizophrenia
patients may reflect ineffectiveness in using external
and internal cues to mentally put themselves “in the
shoes™ of targets while evaluating their affective state.

The middle frontal gyrus and thalamus are key parts of
working memory and cognitive control circuitry, important
for maintaining representations of context and task
goals.***® Behavioral evidence suggests that context
processing may be selectively impaired in patients with
schizophrenia.® The fact that these 2 regions in patients
did not track EA as much as in controls could suggest
that patients had problems maintaining context during
the EA task. Other studies have suggested that alterations
in the empathic response may reflect impairment in the abil-
ity to shift a course of thought or action according to the
demands of the social situation (ie, cognitive flexibility).
Such flexibility, typically related to PFC functioning,™
may be important for EA, which may require flexible con-
sideration and integration of different interpretations of an-
other person’s emotions and point of view.”' Although
cognitive flexibility may be part of the basic neurocognitive
abilities required to accurately evaluate mental states in
others, these abilities on their own are not sufficient to pro-
duce interpersonal accuracy. As suggested by the model of
empathy presented in the introduction,'® an EA deficit in
schizophrenia may be the downstream consequence of mul-
tiple deficits interacting together. Future investigations of
the link between EA and neurocognitive deficits in schizo-
phrenia will shed more light on the specific impact of cog-
nitive flexibility on EA deficit.

As mentioned, expressiveness of the target is an impor-
tant factor in predicting EA, presumably because expres-
sive targets display more cues, making it easier for
perceivers to identify their mood. Our results demonstrate
that targets’ expressivity had a significantly different im-
pact on EA in controls compared with patients. Elevated
expressivity in targets improves EA in controls but not at
all in patients. The idea that patients did not use expres-
sivity as much as controls also is supported by the lack of
association in patients between neural activity and targets’
expressivity. In fact, there were no brain regions in patients
whose activity significantly tracked with targets’ expressiv-
ity during affect rating. In contrast, a large set of brain
regions, including the mPFC and lateral PFC regions, in-
ferior parietal lobule, and several visual processing areas,

Neural Substrates of EA

showed a significantly stronger association with targets’
expressivity in controls compared with patients. A study
in healthy controls showed that greater target expressivity
improved EA of perceivers with high emotional empathy
(ie, experience sharing component) more than that of per-
ceivers with low emotional empathy.? Based on this ob-
servation in healthy subjects, it is possible that the lack of
association between targets’ expressivity and EA in schizo-
phrenia is explained by a reduced capacity in patients to
share the emotional experience expressed by targets.

Emotional expressivity refers to both verbal and non-
verbal cues. Zaki et al?® have recently demonstrated
that more verbal cues are produced by expressive targets
who are reporting positively valenced events, as opposed
to more nonverbal cues when negatively valenced events
are being reported. Our behavioral data suggest, at a trend
level, that patients were more impaired on EA (vs controls)
for negative videos compared with positive videos (group
by valence interaction: P = .10). One could suggest that
patients failed to use nonverbal visual cues, such as facial
expressions, to accurately evaluate affective states in tar-
gets. This suggestion would be consistent with several
studies demonstrating that schizophrenia patients have
an impaired ability in identifying emotional expressions
in faces.” While our paradigm did not allow us to precisely
address this possibility and isolate the specific contribution
of visual (nonverbal) vs auditory (verbal and paraverbal)
input to EA, indirect evidence suggest that the EA deficit
in patients is not simply the by-product of a basic facial
emotion recognition deficit. The model of empathy pre-
sented in the introduction proposes that facial expressions
produced by social targets are one of the cues that are re-
ceived and processed by perceivers (along with contextual/
situational and other kinds of verbal and nonverbal infor-
mation), who then engage in several processes such as
mental state attribution and experience sharing. EA is
viewed as the downstream consequence of these processing
steps. While it could be theoretically possible that an EA
deficit is only explained by an impaired ability to decode
facial expressions in targets, extensive evidence shows that
schizophrenia patients are also impaired in decoding other
types of cues (eg, prosody) as well as in their ability to at-
tribute mental states in paradigms that do not involve
decoding facial expressions.”? Hence, while our paradigm
did not allow us to precisely identify the cause of the EA
deficit in patients, it is unlikely that a primary deficit in
recognition of emotional facial expressions explains it.
In support with this idea, our groups were not significantly
different in their mean affect ratings of the videos,
suggesting that patients perceived similar levels of emo-
tional intensity compared with controls while watching
the videos.

While this study provides new insights into the nature of
empathic ability in schizophrenia, some important ques-
tions remain to be addressed in future research. Our model
of EA proposes that both mental state attribution and
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experience sharing processes contribute to accuracy. While
our functional magnetic resonance imagine (fMRI) find-
ings support this idea, our EA paradigm did not specifi-
cally include a behavioral measure of experience sharing
during the ratings. Our study does not rule out the possi-
bility that the EA task was performed via emotion recog-
nition and mental state attribution alone. Future studies
using the EA paradigm would benefit from acquiring psy-
chophysiological data (eg, skin conductance) from per-
ceivers during the rating of the targets as a way to
evaluate both components of empathy. Another limitation
of this study involves antipsychotic medication. All but
one patient was taking antipsychotic medications, which
may have altered both the behavioral performance at
the EA task and brain activity. Using a similar paradigm
in unmedicated patients will allow researchers to avoid the
potential confound of pharmacological treatment on the
neural correlates of EA in schizophrenia. It should be men-
tioned, however, that the mean dose of chlorpromazine-
equivalent antipsychotic was not significantly correlated
with EA scores and with symptoms severity (ie, BPRS
and SANS total scores). Additionally, our protocol did
not include nonsocial neurocognitive measures or assess
community and social functioning. Past studies have
already shown that adequate social-cognitive abilities in
patients are associated with better social functioning.>®
However, it would be interesting to explore whether the
specific construct of EA is a better predictor of social
and community functioning in schizophrenia. Also, only
2 female participants were included in each group, which
limits our ability to generalize the findings to female
patients. Because women tend to show higher levels of em-
pathy compared with males,”*> it would be interesting to
test whether gender impacts EA deficits in schizophrenia.
Another limitation of this study is the small sample size.
Although we found significant neural substrates of EA
and group differences using acceptable statistical threshold
methods, we may have missed additional group difference
due to statistical power. We verified whether our main
fMRI results reported in table 2 (ie, neural correlates of
EA) survive a more conservative statistical threshold of
P < .001. In healthy controls, regions that survive include
the bilateral posterior cingulate, right middle occipital gy-
rus, right middle frontal gyrus, and left precuneus. When
using a threshold of P < .005, every region reported in ta-
ble 2 for healthy controls survive except the right medial
frontal gyrus. Regarding the group comparison, the differ-
ence in precuneus activation survived a statistical threshold
of P < .001. Using a threshold of P < .005 does not change
the findings at all as all 3 regions reported in table 2 (ie,
precuneus, middle frontal gyrus, and thalamus) remain sig-
nificantly more predictive of EA in controls compared with
patients. Findings not surviving more stringent thresholds
should be interpreted with more caution and should be
replicated in other studies on schizophrenia with larger
sample sizes. Finally, videos were not highly varied in
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terms of race and age. Among the 16 videos that were
used for our EA task, 2 included an African American tar-
get and 14 involved a Caucasian. Future versions of the EA
paradigm should employ ethnically diverse social targets.

In summary, our findings suggest, in the context of an
EA task, that schizophrenia patients fail to mobilize addi-
tional neural processes when targets are being more
expressive. This in turn likely explains the lack of associa-
tion between expressivity and EA, and ultimately, EA def-
icits when targets are expressive. The findings of the current
study provide new insights for future studies. Notably, our
findings on targets’ expressivity suggest that it is crucial to
take this external variable into account when investigating
EA in schizophrenia. Further investigation may attempt to
differentiate the impact of verbal vs nonverbal social cues
on EA and brain activity during affect rating.
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