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The authors examine facial emotion recognition
and unirhinal olfactory performance in 19 schizo-
phrenia patients and 14 comparison subjects. In
patients, right nostril odor identification perfor-
mance was positively related to overall emotion
recognition accuracy, specifically, sad facial ex-
pressions. Olfactory and emotion recognition abil-
ities appear significantly linked in schizophrenia.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2007; 19:128-131)
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Schizophrenia is a heterogeneous disorder character-
ized by a range of positive and negative symptoms,
many of which have their basis in perceptual behavior.
Abilities to recognize facial emotions'? and perceive ol-
factory stimuli® represent areas of perceptual deficits in
schizophrenia that have received increased attention
over the past 25 years. Emotion and olfactory processing
represent brain-related functions that are independent
of other areas of cognition and are important for sur-
vival and socialization in animals and primates. Pro-
cessing of emotion and olfactory stimuli is governed by
similar neural substrates involving limbic system struc-
tures, such as orbitofrontal and temporal areas and, in
particular, the amygdala and entorhinal cortices, which
share close and reciprocal connections. Two theories ex-
ist regarding the hemispheric specialization in process-
ing emotions. The right hemispheric hypothesis posits
that right hemisphere structures are specialized to pro-
cess all emotions, whereas the valence hypothesis re-
gards the right hemisphere as superior for processing

Received May 25, 2005; revised February 27, 2006; accepted April 4,
2006. Drs. Kohler, Barrett, Gur, Turetsky, and Moberg are affiliated
with the Department of Psychiatry, Schizophrenia Research Center,
University of Pennsylvania School of Medicine, Philadelphia, Penn-
sylvania. Drs. Turetsky and Moberg are also affiliated with the Smell
and Taste Center, Department of Otorhinolaryngology, Head and
Neck Surgery, University of Pennsylvania School of Medicine, Phila-
delphia, Pennsylvania. Address correspondence to Dr. Kohler, Schizo-
phrenia Research Center, University of Pennsylvania, Department of
Psychiatry, 10th Floor, Gates Building, 3400 Spruce Street, Philadel-
phia, PA 19104; kohler@bbl.med.upenn.edu (e-mail).
Copyright © 2007 American Psychiatric Publishing, Inc.

J Neuropsychiatry Clin Neurosci 19:2, Spring 2007



negative emotions (e.g., sadness, anger, fear) and the left
hemisphere superior for positive emotions (e.g., happi-
ness).” Based on findings from animal and human stud-
ies,® identification and experience of emotions are de-
pendent upon processes of the ventral limbic system
functions, composed of amygdala, ventral striatum,
ventral-lateral prefrontal cortex and ventral anterior cin-
gulate, whereas regulation and cognitive control are de-
pendent upon more dorsal areas, including hippocam-
pus, dorsal anterior cingulate, and dorso-lateral and
medial prefrontal areas. The olfactory system is unique
in that, unlike other sensory systems, primary projec-
tions are largely ipsilateral and therefore may provide a
unique opportunity to probe for lateralized deficits in
hemispheric processing of sensory information. How-
ever, laterality of brain processing according to valence
of odorants may exist as well.”

Several recent studies have examined the overlap be-
tween emotion and olfactory processing and reported
differences in hedonic appraisal of odors. Crespo-Fa-
corro et al.® found that schizophrenia patients demon-
strated impairment in the subjective experience of a
pleasant, but not unpleasant, odor. In another study,’
patients showed normal ratings of odor intensity but
deficits in pleasantness, familiarity, and edibility across
different odors. Our group'’ examined intensity and he-
donic judgments in persons with schizophrenia and
matched comparison subjects to determine whether
these functions were differentially impaired. Schizo-
phrenia subjects, specifically men, demonstrated de-
creased ability to attach the appropriate hedonic valence
to a pleasant odor, despite giving intact intensity ratings.

The purpose of this study was to investigate whether
abilities of facial emotion recognition and olfactory
identification exhibit altered associations in persons
with schizophrenia relative to healthy comparison sub-
jects. The presence of such associations may further in-
form us about laterality of brain processing of emotion
and olfactory stimuli and the effect of schizophrenia on
these separate processes that are governed by similar
neural substrates.

METHOD

Subjects
Nineteen patients with schizophrenia (13 men, six
women) and 14 healthy volunteers (eight men, six
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women) were recruited from the Schizophrenia Re-
search Center at the University of Pennsylvania Medical
Center. Patients were older than healthy comparison
subjects (mean ages of 34.3 [SD=8.4] years and 27.4
[SD=6.9] years, respectively; F [1, 31]=6.3, p=0.017).
Age was subsequently used as a covariate in all analy-
ses. Subjects did not differ with regard to sex (chi-
square=0.44, df=1, p=0.50) or smoking history (chi-
square=1.5, df=1, p=0.21). There were 16 outpatients
and three inpatients from an acute short-term psychiatric
unit, who were close to discharge when tested. All pa-
tients met DSM-IV criteria for schizophrenia, with no
other concurrent diagnoses. Healthy volunteers were free
of any Axis I diagnosis, Axis Il Cluster A (i.e., schizotypal,
schizoid, or paranoid) personality disorder, and family
history of psychiatric illness. Subjects were excluded if
they had a history of neurological disorder, including
head trauma with loss of consciousness, history of sub-
stance abuse or dependence (as assessed by history, rec-
ord review, and serum toxicology), any medical condi-
tion that might alter cerebral functioning, a recent
respiratory infection or any other condition that could
affect olfactory functioning (e.g., common cold or aller-
gies). Written informed consent was obtained after the
procedures had been fully explained. Sixteen of 19
schizophrenia participants completed both testing
within 3 months and all within 12 months.

Facial Emotion Recognition Assessment

All subjects were administered the Emotion Recognition
Test—40 Faces version (ER-40),!' a standardized test of
facial emotion recognition ability. The ER-40 includes 40
color photographs of facial expressions of four universal
emotions (happy, sad, angry, and fearful) balanced for
poser’s gender, age and ethnicity, including four low-
intensity and four high-intensity facial expressions of
each emotion, plus eight neutral facial expressions. The
stimuli are presented on a computer screen in random-
ized order, and the participant is asked to identify the
expressed emotion from five possible choices.

Assessment of Olfactory Performance

All tests of olfaction were administered unirhinally (i.e.,
each nostril separately). Prior to presentation of the test
stimuli, the nostril not being assessed was occluded with
Durapore™ tape (3M Corporation, Minneapolis, MN)
fitted tightly over the edge of the nostrils and columna.
This procedure effectively isolates the nostril being ex-
amined and prevents retronasal airflow. Olfactory tests,
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University of Pennsylvania Smell Identification Test
(UPSIT) booklets, and nostril presentation were system-
atically counterbalanced among subjects.

Odor Identification ~Odor identification skills were as-
sessed with the UPSIT.'?> The UPSIT is a standardized,
four-alternative, forced-choice test of olfactory identifi-
cation comprising four booklets that contain 10 odorants
apiece, one odorant per page. The stimuli are embedded
in “scratch and sniff” microcapsules fixed and posi-
tioned on strips at the bottom of each page. Two book-
lets of the test were administered to the left nostril, and
two to the right nostril.

Odor Detection Threshold Sensitivity ~Subjects received a
single staircase, forced-choice odor detection threshold
test to estimate basal detection sensitivity to phenylethyl
alcohol (PEA: Gold Label Grade; Aldrich Chemical Co.,
Milwaukee), a compound with low trigeminal stimula-
tion properties.'® The geometric mean of the last four
staircase reversal points of a total of seven served as the
estimate of threshold sensitivity.

Data Analysis  Performances between patients and
healthy volunteers on PEA detection threshold sensitiv-
ity, UPSIT, and ER-40 were compared using multivariate
analysis of covariance (ANCOVA), with age as a covar-
iate. Spearman correlations were calculated to assess re-
lationships between performance scores on the ER-40
and UPSIT and PEA performance.

RESULTS

Schizophrenia patients showed poorer overall facial
emotion recognition skills (F [1, 28] =6.3, p=0.015) in-
cluding fearful (F [1, 28]=6.0, p=0.02) and neutral (F
[1, 28]=9.4, p=0.004) expressions, but not happy, sad,
or angry faces (all p values>0.22). Patients and healthy
subjects did not differ in odor detection thresholds or
identification ability, with no main effects of diagnosis,
sex, or interactions evident (all p values>0.09).

In the schizophrenia group, an association between
ER-40 total score and right nostril UPSIT (r=0.46,
p=0.049) but not left nostril UPSIT performance was
observed. For this primary finding, we compared the
effect sizes for the correlation between right nostril UP-
SIT performance and total ER-40 score for patients and
comparison subjects. This contrast revealed that these
effects were significantly different between patients and
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comparison subjects (Q'=8.4, p=0038). That is, the
effect size for the relationship between right nostril
UPSIT and total ER-40 score was quite large in patients
(d,=1.88, 95% CI=1.12<§<2.65) and significantly
smaller in comparison subjects (d,=0.31, 95% Cl=
—0.44<6<1.05). When broken down by individual
emotion, the observed relationship between right nos-
tril UPSIT performance and ER-40 total score appeared
to be primarily mediated by the recognition of sad faces
(r=0.53, p=0.018) (Figure 1). There were no significant
correlations between olfactory and emotion measures
and positive and negative symptoms; however, the
small sample size may have insufficient power for de-
tection. No significant correlations were observed be-
tween ER-40 and UPSIT performance in healthy com-
parison subjects. No significant correlations were
observed between odor detection thresholds and ER-40
scores in either group. Similarly, no sex-specific corre-
lations with olfactory or facial emotion indices were ob-
served.

CONCLUSIONS

These data support a relationship between abilities for
recognition of facial emotions and odor identification in
persons with schizophrenia, but not in healthy persons.
Similarly, in a previous study we reported a selective
association in schizophrenia involving emotion recog-

FIGURE 1. Spearman Correlations of UPSIT Performance With

ER-40 Recognition Accuracy in Patients
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nition and certain cognitive abilities that are mediated
by fronto-temporal brain areas, including abstraction,
attention, verbal and spatial memory, and language abil-
ities."* The existence of a differential emotion recogni-
tion deficit remains controversial and has been sup-
ported in some older, but not more recent studies.
Nevertheless, associations between emotion recognition
and related but separate higher cortical functions of ol-
faction and cognition support the notion that emotion
processing may be more selectively affected in schizo-
phrenia.

The relationship of right nostril UPSIT performance
with facial emotion recognition is consistent with the
literature, showing an advantage for the right hemi-
sphere in the processing of both olfactory and emotional
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stimuli.” There is also evidence suggesting that subjects
with unilateral right amygdala damage show impair-
ment in their ability to identify sad facial expressions."
In summary, our findings indicate that emotional pro-
cessing, which utilizes similar neural substrates as ol-
factory processing, is more selectively affected in schizo-
phrenia.
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