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Background: People with schizophrenia have difficulty with
emotion perception. Functional imaging studies indicate re-
gional brain activation abnormalities in patients with schizo-
phrenia when processing facial emotion. However, findings
have not been entirely consistent across different studies.
Methods: Activation likelihood estimation (ALE) meta-
analyses were conducted to examine brain activation during
facialemotionprocessing inpatientswith schizophrenia, con-
trols, and patients comparedwith controls. Secondarymeta-
analyses were performed to assess the contribution of task
design and illness chronicity to the results reported.Results:
When processing facial expressions of emotions, both
patients with schizophrenia and healthy controls activated
the bilateral amygdala and right fusiform gyri. However,
the extent of activation in these regions was generally
much more limited in the schizophrenia samples. When di-
rectly compared with controls, the extent of activation in
bilateralamygdala,parahippocampalgyrusandfusiformgy-
rus, right superior frontal gyrus, and lentiform nucleus was
significantly less inpatients.Patientswith schizophrenia, but
not controls, activated the left insula. A relative failure to re-
cruit theamygdala inpatientsoccurredregardlessofwhether
the task design was explicit or implicit, while differences in
fusiform activation were evident in explicit, not implicit,
tasks.Restricting the analysis to patientswith chronic illness
did not substantially change the results. Conclusions: A
marked underrecruitment of the amygdala, accompanied
by a substantial limitation in activation throughout a ventral

temporal-basal ganglia-prefrontal cortex ‘‘social brain’’
system may be central to the difficulties patients experience
when processing facial emotion.
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Introduction

Impaired emotion perception is a core feature of schizo-
phrenia.1,2 There is a consensus that patients with schizo-
phrenia have difficulties in perceiving and expressing
facial emotional expression. General processing of posi-
tive and negative expressions in schizophrenia appears to
be differentially altered,2 and patients with schizophrenia
may be particularly sensitive to unpleasant emotional
content.2–5 Functional imaging has recently allowed
this important aspect of schizophrenia to be examined.
Activation abnormalities during facial emotion percep-
tion in limbic and paralimbic regions have been
reported.6,7 However, the literature is not always consis-
tent, and interpretation is complicated by the range of
experimental designs and differences in the clinical char-
acteristics of the patient samples recruited.
Empirical evidence suggests that several brain regions

could be involved in emotional perception in schizophre-
nia. The amygdala is critical to fundamental experience
of emotional stimuli, and findings from animal studies8

andneurological patients9 are in agreement. Structural im-
aging suggests thatpatientswith schizophreniahave smaller
amygdalavolumes thanhealthycontrols,10 and functional
imagingdata recordabnormalitiesof amygdala activation
during different aspects of emotion processing in schizo-
phrenia.Studies indicate that, comparedwithhealthycon-
trols, patients with schizophrenia and their nonpsychotic
siblings fail to activate bilateral amygdala regions during
induction of sad mood.11,12 Lower bilateral amygdala ac-
tivation in patients relative to healthy controls has been
reported during a facial identification task13 and in an
emotional valence and facial discrimination task.6,14

However, findings relating to amygdala activation in
schizophrenia have not always been consistent. While
some researchers found bilateral amygdala activation in
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healthycontrolsbutnotschizophrenicpatientsduringfacial
emotion identification and intensity tasks,13,15 others ob-
served these abnormalities only in paranoid patients.16 A
number of studies have reported that patients with schizo-
phrenia show reduced activation in the left amygdala,6,17,18

in contrast with those that found reduced activation in the
right amygdala.14,19 Moreover, several studies have re-
ported enhanced activity in the amygdala in schizophrenia
duringthepresentationoffacialemotionalexpressions.20–23

As a repository for long-termmemories, the hippocam-
pus could be considered a resource for referencing or plac-
ing emotions in the context of previous experiences.
Patients with schizophrenia showed reduced activation
of the bilateral hippocampus during facial emotion dis-
crimination compared with healthy controls.6 Several
more recent studies are also consistent with underactiva-
tion of the hippocampus in patients with schizophrenia
during facial emotion perception tasks.18,19,24 In contrast,
increasedhippocampusactivationwasfoundinasubgroup
of nonparanoid patients.16 Similarly, researchers reported
greater medial temporal lobe activation in patients with
schizophrenia during passive viewing of emotional faces
and sustained activity in the hippocampus in response to
fearful faces.20,25

There are also inconsistencies surrounding the nature
of fusiform gyrus involvement in emotion perception in
schizophrenia.When patients performed a facial emotion
discrimination and identification task, their bilateral fu-
siform gyri were not activated, while the controls showed
the expected activation in response to faces in right lateral
fusiform gyrus.26 Moreover, underactivity in the right
fusiform region was found in patients during remission.14

Unlike these studies, greater activation in schizophrenia
has been observed in bilateral fusiform gyri during the
presentation of neutral faces.27

These temporal lobe regions are postulated to modu-
late the activity of the prefrontal cortex during facial
emotion processing through extensive reciprocal connec-
tions.9 The orbitofrontal cortex (OFC) forms an interface
between emotion and cognition28 and, together with the
middle temporal lobe, precuneus, and posterior cingu-
late, is implicated in making social judgments and empa-
thy.29 In addition, the medial prefrontal cortex (MPFC)
permits an understanding of the mental state of others or
theory of mind.30,31 Some researchers have reported sta-
ble hypoactivations in patients in the OFC during facial
emotion perception,24 while others observed reduced ac-
tivation inMPFCwhen viewing negative emotional stim-
uli.19,32 On the other hand, greater activation in MPFC
for aversive compared with nonaversive stimuli has been
recorded in patients with schizophrenia.15

What is needed is a meta-analytical approach to syn-
thesize these important datasets and help resolve the neu-
ral basis of facial emotional perception in patients with
schizophrenia with reference to healthy volunteers.
Therefore, we aimed to make an objective, systematic,

and quantitative analysis of the literature pertaining to
perception of facial expression of emotion in schizophre-
nia. We adopted a relatively recent voxelwise technique,
activation likelihood estimation (ALE).33,34 This tech-
nique can accommodate the large amounts of data
generated across multiple neuroimaging studies and
map the involvement of sublobar components of brain
with good spatial resolution. The output identifies brain
areas most consistently replicated thereby reducing the
chances of false-positive findings.

Methods

Literature Search

We performed a 2-stage literature search for this meta-
analysis. First, an online PsycINFO, Medline database
search was conducted for the period between 1990 and
October 2008; ‘‘in press’’ articles were also included.
Search terms included ‘‘emotion,’’ ‘‘emotional,’’ ‘‘affec-
tive,’’ ‘‘affect,’’ and ‘‘facial,’’ with different combinations
of ‘‘schizotypal,’’ ‘‘schizotype,’’ ‘‘psychosis,’’ ‘‘schizo-
phrenia,’’ ‘‘schizo-affective disorder’’ and ‘‘Magnetic
Resonance’’ or ‘‘MR’’ or ‘‘MRI’’ or ‘‘fMRI’’ or ‘‘neuro-
imaging.’’ The search was limited to peer-reviewed
articles in English. Second, the reference lists of published
articles were scrutinized for studies not indexed in the
electronic databases.

Study Selection

We adopted the following inclusion criteria for the cur-
rent study.

1. Studies must include patients with schizophrenia and
healthy control subjects.

2. The studies had to have focused on facial emotion per-
ception tasks and could include either active (emotion/
facial discrimination or identification) and/or passive
(mood induction, viewing facial emotion pictures)
emotion perception tasks. Those that adopted the In-
ternational Affective Picture System35 were excluded
because not all the pictures are of facial emotion.
The stimuli had to have been presented visually,
and studies with auditory stimuli were excluded.

3. The studies had to have used blood oxygenation level–
dependent functional magnetic resonance imaging
(fMRI) or positron emission tomography (PET) tech-
niques.

4. The studies had to have provided standard Talairach36

or Montreal Neurologic Institute (MNI) coordi-
nates, necessary for a voxel-level quantitative meta-
analysis.37,38

Studies Included in the Meta-analysis

Seventeen articles met inclusion criteria (table 1). Of
these articles, 15 articles reported coordinates from
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patient-control contrasts, and 2 studies only reported
coordinates for patients with schizophrenia and healthy
controls.

As can be seen in the table 1, the scanning tasks in-
cluded in the meta-analyses comprised 2 categories,
explicit and implicit. The former included tasks of view-
ing, valence and intensity judgments, and facial discrim-
ination and identification; the latter included tasks of
gender decision, age detection, and facial identity.
Some studies included both kinds of task.6,11,12,14,26

Quantitative Meta-analysis Procedures

To standardize coordinates entered into the analysis, all
coordinates reported inMNIwere transformed toTalairach
template.43 Once all the coordinates were input into a text
file, they were loaded into a Java-based version of
GingerALE 1.2 beta software (http://www.brainmap.
org) developed at the Research Imaging Center of Texas
and analyzed step by step.

The ALE method considers the peak coordinates
reported in functional neuroimaging articles as Gaussian
probability distributions around these coordinates and
not single points. For detailed description of the ALE
method, please see studies of Laird et al,34 Laird
et al,37 and Turkeltaub et al.38

The ALE maps were created using a 6-mm full-width
half-maximum (FWHM) Gaussian function to model
each coordinate.38 Statistical significance was determined
using a permutation test of randomly distributed foci.We
computed 5000 permutations using the 6-mm FWHM
value, and the same number of foci was used to compute
the ALE values. The final ALE maps had a threshold at
P < .01 and were corrected for multiple comparisons us-
ing the false discovery rate method.34,44 Clusters were re-
quired to exceed 200 mm3 in volume. With the recently
upgraded software, we could also see howmany foci con-
tributed to a given cluster. Although the explanation of
the results depends on the size of meta-analysis and there
are no community-accepted criteria for the results, gen-
erally speaking for a study of this size, if 6 or more foci
contribute to a cluster, it is considered very robust, and if
3–5 foci contribute to a cluster, it is acceptable. It is not
convincing if only 1 or 2 foci contribute to a cluster
(see the forum of GingerALE, http://www/brainmap.
org/forum/).

There are 2 methods to compare the activations be-
tween patients with schizophrenia and healthy controls.
For the studies that provided direct between-group con-
trasts, we did 2 separate meta-analyses. For ‘‘controls >
schizophrenia,’’ we incorporated all the coordinates acti-
vated more in healthy controls than patients with schizo-
phrenia; for ‘‘schizophrenia> controls,’’ we incorporated
all the coordinates activated more in schizophrenia com-
pared with controls. Where studies did not report
between-group contrast coordinates, but did provide

separate coordinates for controls and schizophrenia, we
extracted the coordinates for controls alone and patients
alone and then did a subtraction between the 2 groups in
addition to separate meta-analysis of healthy controls
alone and patients alone. The subtraction meta-analysis
yields an ALEmap showing regions in which the 2 groups
of foci are significantly different.34

Finally, to understand to what extent the task design or
illness duration influenced the results, we conducted sep-
arate sub meta-analyses of results from studies using ex-
plicit tasks and implicit tasks and examined samples of
chronically ill patients only.
Whole-brain maps of the ALE values were imported

into MRIcron software program (www.sph.sc.edu/
comd/rorden/mricron) and overlaid onto the brain tem-
plate for presentation purposes.

Results

Healthy Comparison Subjects Alone

Ten articles reported activations for matched healthy
control subjects alone, resulting in 127 total foci. ALE
images are presented in figure 1, and the ALE scores
and cluster sizes for these locations are listed in table 2.
The healthy controls activated 6 clusters. These regions
included large portions of the bilateral fusiform gyri
(3 were located in the right fusiform gyrus, and 1 was lo-
cated in the left fusiform gyrus), left parahippocampal
gyrus/amygdala (extending to subcallosal gyrus), and
right lentiform nucleus (extending to right parahippo-
campal gyrus/amygdala).

Patients With Schizophrenia Alone

Eight articles reported activation for patients with schizo-
phrenia alone, resulting in 52 foci. The ALE images, ALE
scores, and cluster sizes are presented in figure 1 and
table 2. The results demonstrated that the patients
with schizophrenia activated some similar locations to
controls, including the bilateral parahippocampal/
amygdala and right fusiform gyrus, though the activation
pattern was much more restricted in extent. Absent from
the results of the controls-alone analysis, analysis of
schizophrenia samples alone indicated activation of left
insula, and 3 foci contributed to this cluster.

Healthy Controls > Patients With Schizophrenia

Thirteen articles reported a total of 70 foci of relative
increases in activation in healthy control subjects com-
pared with patients with schizophrenia while performing
an emotion perception task during functional neuroi-
maging. ALE images, ALE scores, and cluster sizes are
presented in figure 1 and table 3. Four clusters were ac-
tivated more in the healthy controls compared with
patients with schizophrenia. They were bilateral parahip-
pocampal gyrus/amygdala, right superior frontal gyrus
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(Brodmann area [BA] 6), and right middle occipital gyrus
(BA 19). However, because only 2 foci contributed to this
latter cluster, it may not be very reliable.

Patients With Schizophrenia > Healthy Controls

Six articles reported a total of 16 foci showing relative
increases in activation in patients with schizophrenia
compared with the healthy controls. Unfortunately,
this number of foci is rather small, and no significant clus-
ters survived a fairly stringent 5000 permutations and
a conservative threshold of P < .01. Even with a looser
threshold of P < .05, there were 16 clusters in the resul-

tant map, with only one foci contributing to each cluster.
Therefore, this result is not reported further.

SubtractionMeta-analysisBetweenHealthyControls and
Patients With Schizophrenia

Subtraction meta-analysis between the 2 groups was also
analyzed, the ALE images were presented in figure 1, and
the ALE scores and cluster sizes for these locations were
listed in table 3. All the ALE values were positive, indi-
cating that the clusters in healthy controls were signifi-
cantly larger than the patients. The largest cluster was
centered on the left fusiform gyrus, extending to BA

Fig. 1. Meta-analytic Activation Maps for Healthy Subjects Recruited as Controls in Facial Emotional Neuroimaging Studies (Healthy
Controls), Activation Foci for PatientsWith Schizophrenia Alone (PatientsWith Schizophrenia), Activation Foci for Contrasts of Healthy
ComparisonSubjectsGreaterThanPatients (Healthy>Patients), and theSubtractionMeta-analysisBetween the2Groups.The right sideof
each section represents the right side of the brain; the z-coordinate in Talairach space is indicated below each section.
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19 and BA 37; the left cerebellumwas also included in this
cluster. The second largest cluster was centered in the left
parahippocampal gyrus/amgydala and extended to the
left subcallosal gyrus. The right lentiform nucleus was
at the center of a cluster that extended to the right para-
hippocampal gyrus/amygdala. The remaining 2 clusters
were both located in the right fusiform gyrus.

Chronic Schizophrenia

Of the studies included in the meta-analysis, almost all the
patients with schizophrenia were on medication, and only
5 patients in one study were medication free.39 In terms of
the mean duration of illness, only 2 studies included
patients ill for less than 24 months.13,39 Therefore, there
were insufficient studies to include in a meta-analysis of
emotion perception in first-episode schizophrenia. How-

ever, we found that 10 studies and 50 foci could be included
in a meta-analysis of ‘‘healthy controls > chronic schizo-
phrenia,’’ although only 4 studies and 5 foci could be found
for ‘‘chronic schizophrenia> healthy controls,’’ too few to
do a meta-analysis. There were also too few studies report-
ing healthy controls and chronic patients separately. In
a meta-analysis of healthy controls > chronic schizophre-
nia, the results were almost the same as the results from the
full meta-analysis reported above, except that the right
middle occipital gyrus was not part of the resultant map.

Between-Group Comparisons in the Explicit/Implicit
Emotional Tasks

Explicit and implicit emotional tasks may have differen-
tially affected brain activity.45,46 Therefore, we analyzed
explicit and implicit emotional tasks separately.

Table 3. Comparisons Between Healthy Controls and Patients With Schizophrenia

Anatomical Region
Brodmann
Area

Center
Maximum
ALE Value

Volume
(mm3)

Number of
Contributed Focix y z

Healthy controls > patients with schizophrenia

R parahippocampal gyrus/amygdala 26 "8 "12 0.052 368 4

R superior frontal gyrus 6 9 22 51 0.051 288 3

L parahippocampal gyrus/amygdala "26 "10 "13 0.060 272 3

R middle occipital gyrus 19 48 "72 4 0.060 208 2

Subtraction meta-analysis

L fusiform gyrus 19 "38 "66 "13 0.100 1768 19

L parahippocampal gyrus/amygdala "22 "5 "9 0.091 464 8

R lentiform nucleus 23 "4 "7 0.062 424 7

R fusiform gyrus 19 38 "64 "10 0.097 408 6

R fusiform gyrus 37 40 "50 "15 0.065 408 5

Note: ALE, activation likelihood estimation; R, right; L, left.

Table 2. Meta-analyses of Healthy Controls Alone and Schizophrenia Patients Alone

Anatomical Region
Brodmann
Area

Center
Maximum
ALE Value

Volume
(mm3)

Number of Foci
Contributingx y z

Healthy controls alone

L fusiform gyrus 19/37 "38 "66 "13 0.100 2048 21

L parahippocampal gyrus/amygdala "21 "5 "10 0.102 784 8

R lentiform nucleus 23 "4 "8 0.062 728 8

R fusiform gyrus 37 40 "47 "15 0.069 672 8

R fusiform gyrus 19 39 "65 "10 0.097 416 5
R fusiform gyrus 19 34 "73 "10 0.046 208 3

Schizophrenia patients alone

L parahippocampal gyrus/amygdala "21 "8 "14 0.068 480 5

R parahippocampal gyrus/amygdala 23 "5 "14 0.061 424 4

L insula 6 "32 20 8 0.035 312 3

R fusiform gyrus 37 40 "42 "16 0.053 208 2

Note: ALE, activation likelihood estimation; L, left; R, right.
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For explicit emotion tasks, there were 7 studies and a
total of 70 foci for healthy controls, 6 studies and 41 foci
for patients with schizophrenia, 5 studies and 27 foci for
healthy controls > patients with schizophrenia, and 5
studies and 15 foci for patients with schizophrenia >
healthy controls. The subtraction meta-analysis of
healthy controls alone and patients with schizophrenia
alone in explicit tasks generated an ALEmap with 5 clus-
ters (table 4). The largest cluster was centered on the left
fusiform gyrus and extended to left cerebellum. Two clus-
ters were centered on the right fusiform gyrus. One cluster
localized to the left amygdala and 1 to the right lentiform
nucleus. Due to the small number of foci, the comparison
of healthy controls > patients with schizophrenia and
patients with schizophrenia > healthy controls did not
generate meaningful results.
For implicit emotion tasks, there were 4 studies and 57

foci reported for healthy controls, 3 studies and 20 foci
for patients with schizophrenia, 9 studies and 51 foci
for healthy controls > patients with schizophrenia, and
1 study and 1 focus for patients with schizophrenia >
healthy controls. Thus, only a healthy controls> patients
with schizophrenia meta-analysis was possible, and this
generated an ALE map with 4 clusters (table 5). The first
cluster centered on the right superior frontal gyrus. The
second and third clusters centered on the left parahippo-
campal gyrus/amygdala and right parahippocampal
gyrus/amygdala, respectively, and the last cluster cen-

tered on the right middle occipital gyrus. Only 2 foci con-
tributed to the last cluster, so this was not a confident
finding.

Discussion

ALE meta-analyses showed that when processing facial
expressions of emotions, patients with schizophrenia
activated some similar regions as controls, namely, the
bilateral parahippocampal/amygdala and right fusiform
gyrus. However, the extent of activation in these regions
was generally much more limited in the schizophrenia
samples. When directly compared with controls, activa-
tion in bilateral parahippocampal gyrus/amygdala, bilat-
eral fusiform gyrus, right superior frontal gyrus, and right
lentiform nucleus was significantly less extensive in
patients.

Healthy Controls Alone

ALE meta-analysis of the healthy controls during emo-
tion perception indicated that bilateral fusiform gyrus,
bilateral parahippocampal gyrus/amygdala, and right
lentiform nucleus were activated. These results partly
align with those reported in a meta-analytical review
of 55 PET and fMRI activation studies.47 That study
found that healthy volunteers activated the medial pre-
frontal cortex, amygdala, cingulate, and insula in

Table 4. Subtraction Meta-analysis of Healthy Controls and Schizophrenia Patients for Explicit Tasks

Anatomical Region
Brodmann
Area

Center
Maximum
ALE Value

Volume
(mm3)

Number of
Contributed Focix y z

L fusiform gyrus 19/37 "39 "65 "13 0.082 1840 18

R fusiform gyrus 37 40 "52 "14 0.068 472 5

R fusiform gyrus 19 38 "64 "10 0.097 432 5

L amygdala "21 "7 "8 0.091 368 6

R lentiform nucleus 22 "3 "5 0.060 256 3

Note: ALE, activation likelihood estimation; L, left; R, right.

Table 5. Healthy Controls > Patients With Schizophrenia for Implicit Tasks

Anatomical Region
Brodmann
Area

Center
Maximum
ALE Value

Volume
(mm3)

Number of
Contributed Focix y z

R superior frontal gyrus 6 10 22 50 0.051 312 3

L parahippocampal gyrus/amygdala "26 "10 "14 0.060 280 3

R L parahippocampal gyrus/amygdala 24 "8 "12 0.051 280 3

R middle occipital gyrus 19 48 "72 4 0.060 216 2

Note: ALE, activation likelihood estimation; R, right; L, left.

1035

Facial Emotion Processing in Schizophrenia

 at U
niversity of Texas H

ealth Science C
enter at San Antonio on O

ctober 25, 2010
schizophreniabulletin.oxfordjournals.org

D
ow

nloaded from
 



response to emotion content. However, compared with
the review summary,47 we found that healthy controls
also activated the bilateral fusiform gyri and right para-
hippocampal gyrus. There are a number of possible
explanations for the differences in our studies. First,
our methods were quite different from the conventional
label-based meta-analysis approach.47 Typically, the
label-based meta-analysis approach is not quantitative,
and it merges nonsignificant results to test for signifi-
cance with pooled data. The present ALE meta-analysis
method is quantitative but is mainly concerned with sig-
nificant results,37 and this may have contributed to the
slightly different pattern of results. Second, it is likely
that restricting our analyses to facial stimuli explains
the strong activation pattern in the fusiform areas
here, given the highly specialized role of the right fusi-
form for face processing in man.48–50 In addition, the
conventional study incorporated several subsidiary
meta-analyses based on the valence of emotion, the in-
duction methods used (visual, auditory, recall/imagery),
and the cognitive demands of the tasks employed.47 In
our analyses, we focused on studies using visual presen-
tation of faces. Due to the small number of neuroimaging
articles examining both schizophrenia and healthy sub-
jects together, we were limited to a meta-analysis pooling
multiple valence and cognitive conditions.

Patients With Schizophrenia Alone

Several brain areas activated in the healthy control sam-
ples were also activated in patients with schizophrenia.
Activation in the amygdala, a key node in emotion pro-
cessing, was recorded in the patient-alone analysis, al-
though the cluster was limited to about half the extent
of that generated in the control-alone analysis. More
striking was the limitation in fusiform activation in the
patient-alone analysis. As figure 1 shows, there was
a near absence of ventral temporal activation in the
‘‘schizophrenia-alone’’ condition. Looking at table 2,
separately 21 and 16 foci contributed to the left and right
fusiform gyrus in healthy controls; however, only 2 foci
contributed to the right fusiform gyrus in patients. While
it is well accepted that higher levels of facial processing,
such as emotion expression, are disrupted by schizophre-
nia, it has been less certain whether the normal rapid
and innately human assessment of a face is affected. The
minimal fusiform activation in schizophrenia samples
revealed by our meta-analysis suggests that a very funda-
mental element of face processing may be impaired in
schizophrenia. A recent study that managed to isolate
face detection fromother aspects of face recognition found
a basic face detection deficit in schizophrenia.51 Together,
our results imply that thedifficultypeoplewith schizophre-
nia have decoding emotional content may at least partly
result from an inability to recruit the usual neural systems
for face perception. Consistent with this, researchers have

shownearlyabnormalities intheencodingof facial features
that precede the event-related potentials responses linked
to recognition of facial emotion.52 Their work therefore
addstotheevidencethat impairedprocessingoffacial emo-
tion expression in schizophreniamaybe secondary to a ba-
sic and early developmental deficit encoding faces.
In the schizophrenia-alone analysis, the results indi-

cated clusters in similar locations, if smaller volumes,
compared with the healthy subjects–alone analysis.
The implication may be that when patients with schizo-
phrenia assess facial expressions of emotion, they depend
to a degree on the same series of core areas used by
healthy controls. The most noticeable exception to this
was activation of left insula found in schizophrenia sam-
ples but not in the healthy subjects. The insula is now rec-
ognized to play an important role in the regulation of
emotion.53 It projects to both the amygdala and the pre-
frontal cortex and is thought to be a crucial part of the
neural system specialized to decode emotions from facial
expressions.54 In the context of sensitivity to unpleasant
stimuli, significant insula activation here is particularly
interesting because it has been strongly associated with
processing disgust55,56 and, as mentioned previously,
patients with schizophrenia have been reported to be es-
pecially sensitive to unpleasant stimuli.2–5 However,
given that only 3 foci contributed to this result, these find-
ings should be regarded as preliminary.

Comparisons Between Healthy Controls and Patients
With Schizophrenia

Compared with healthy controls, patients with schizo-
phrenia had a general pattern of less activation in bilat-
eral parahippocampal gyrus/amygdala and fusiform
gyrus, right superior frontal gyrus, and right lentiform
nucleus. At the most simple level of interpretation, this
pattern of results suggests that patients with schizophre-
nia have impairments in emotion processing because the
extent to which they recruit brain structures usually in-
volved in emotion is limited compared with controls.
Research on animal models has found that there are

specialized subcortical pathways that allow for the early
detection of emotion. Subcortical structures such as
amygdala may perceive potential threat and modulate
processing in early visual regions.57 There is some evi-
dence that this pathway also exists in humans.58 Studies
from cognitive neuroscience also confirm that the amyg-
dala is a key region in the human brain that, together with
the orbital and medial prefrontal cortex, moderates the
influence of emotion on decisions.59 The ALEmeta-anal-
ysis represents converging coordinates, and because of
the proximity of amygdala and hippocampus, it is diffi-
cult to establish the extent of difference in hippocampal
involvement captured during facial emotion perception
tasks. Researchers have observed concurrently enhanced
activity of amygdala and hippocampus during the
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emotional memory encoding,60 and a functional interac-
tion between these 2 regions has been observed during
retrieval of emotional memory.61 Moreover, structural
imaging studies point to a reduced volume of the hippo-
campus and amygdala complex in patients with schizo-
phrenia.62 Thus, the failure to activate this medial
temporal brain region may lead to difficulties judging
the emotional significance of stimuli, a problem that is
compounded when higher order cortical targets of the
amygdala/hippocampal cortex do not receive accurate
information to evaluate and respond too.63,64

Taken together, the sparse activation of the amygdala,
fusiform gyri, basal ganglia, and prefrontal lobe regions
in schizophrenia, compared with controls, points to dis-
ruption across ‘‘an integrated social cognitive net-
work.’’65 However, a note of caution is that ALE
meta-analysis does not take account of the heterogeneity
in studies incorporated in the analyses. Though the ma-
jority of studies reported that healthy controls activated
the amygdala more than patients, there were still a few
studies that reported that patients with schizophrenia
recruited the right amygdala more than controls.20,21

Secondary Meta-analyses

In the present study, where possible, we carried out some
secondary meta-analyses. Only 2 studies examined
patients in the early phase of illness,13,39 so we repeated
a meta-analysis after excluding the 2 studies. The results
were almost the same as the previous full contrast of
healthy controls > patients with schizophrenia. It was
not possible to fully fractionate the influence of cognitive
demands on emotion processes, but this is a very impor-
tant concern.66 However, we did subanalyze the results
obtained from explicit and implicit emotional tasks. In
both the implicit and explicit tasks meta-analyses,
patients with schizophrenia had lower activation in the
bilateral parahippocampal/amygdala than controls.
The fusiform gyrus was activated less in patients than
controls in explicit and not implicit tasks. Thus, activa-
tion of the amygdala during both task conditions con-
firms a central role for the amygdala in emotion
processing in controls, and a relative failure to activate
the amygdala in either task condition is underlined in
the patient groups. In contrast, in an explicit task, partic-
ipants have to actively scrutinize faces, and inefficient fa-
cial processing in schizophrenia51 might be explained by
a failure to recruit the fusiform gyri, a specialized region
for facial processing.48,50

In the present study, the brain regions underrecruited
during face emotion perception in patients with schizo-
phrenia, including amygdala, hippocampus, fusiform gy-
rus, superior frontal gyrus, and lentiform nucleus, work
within a spatially and temporally defined circuitry to fa-
cilitate social functioning.45–47,49,53,54 This indicates that
disruption at systems level, rather than discrete loci, may

best explain the pattern of activation anomaly in schizo-
phrenia. Several studies have considered functional con-
nectivity in patients with schizophrenia during facial
emotional perception. In a fear perception task, research-
ers found functional disconnection in autonomic and
central systems in patients with paranoid schizophre-
nia.18 In the same fear detection task, others found
that patients with schizophrenia had disconnections in
a visual-amygdala-prefrontal system,67 and it has been
suggested that basic visual-temporal dysfunction in
schizophrenia may explain maladaptive appraisal of
threat by people with schizophrenia.68 Taken together,
a possible lack of coordination in the orienting mecha-
nisms, perceptual processing and prefrontal regulation
of fear stimuli,67 indicates that patients’ impairments
could well be due to misconnectivity across brain
regions.39 Structural abnormalities in a neural circuit
extending from limbic cortex through striatum, then thal-
amus, and finally reaching the prefrontal and cingulate
cortex69–71 are consistent with this concept of a
network-wide interruption of social functioning in
schizophrenia.
There are several limitations to the current study. First

is the heterogeneity of the studies included. Factors that
could potentially influence the results vary across the dif-
ferent samples, such as the behavioral performance, de-
mographic information (gender differences, age), and
clinical factors, including the duration of illness, medica-
tion dosage, and the clinical symptoms. At the present, it
is not possible to directly evaluate the influence of all
these factors on the results. Second, the present method
did not allow for weighting of the results based on the
level of statistical significance reported in each study.
This means that we cannot determine the relative
strengths of activation differences. Third, although the
quantitative meta-analytic method used here represents
a significant advance for integrating functional neuroi-
maging data, the method remains subject to the basic lim-
itation of literature reviews, in particular the ‘‘file
drawer’’ problem. That is, studies with negative findings
are less likely to be published and therefore cannot influ-
ence the meta-analysis. Last, due to the stringent inclu-
sion criteria of our study, the number of articles
included was not large, especially the number that in-
cluded comparisons of patients with schizophrenia and
healthy controls.
The ALE meta-analysis reported here confirmed sig-

nificant abnormalities in the processing of facial expres-
sions of emotion in schizophrenia. Patients with
schizophrenia tend to recruit some of the same brain
regions as healthy controls when looking at facial emo-
tion, but the extent ismarkedly limited. Such a fundamen-
tal difficulty in social behavior in schizophrenia deserves
to be examined in much greater detail, with a view to op-
timizing strategies for better performance in this most
everyday human behavior.
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