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| ABSTRACT I

bjectives : Empathy has been conceptualized as the ability of emotional resonance and perspective —taking.
O Emotional awareness has been proposed as the basis of empathy. In this study we examined the relation-

ship between empathy and mood awareness and their neural correlates in resting—state activity in normal
controls and patients with schizophrenia.

Methods : Empathy and mood awareness scale scores were compared between 29 patients with schizophrenia
and 21 normal controls by voxel—based t—tests and voxel—based correlation analyses of resting—state '°F—
FDG PET images.

Results : Empathy and mood labeling scale scores were significantly decreased in schizophrenic patients.
Mood monitoring was positively correlated with empathy score in normal controls, but not in schizophrenic patients.
In normal controls, empathy was positively correlated with resting—state activities in the intraparietal sulcus and
mood monitoring was positively correlated with the temporal pole, frontopolar cortex, inferior temporal gyrus,
entorhinal cortex and the subgenual prefrontal cortex resting activities. The orbitofrontal cortex resting activity was
positively correlated with mood monitoring—related subgenual prefrontal cortex activity in the normal controls.
Patients with schizophrenia showed decreased orbitofrontal resting activity and loss of its correlations with mood
monitoring—related regional activities.

Conclusion : This study showed that alteration in the resting—state activity in schizophrenia may reflect dysfunc-
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tional empathy and distorted characteristic of emotional awareness. However, the resting—state activity may not
reflect the relationship between emotional awareness and empathy.

KEY WORDS : Empathy - Emotional awareness - Schizophrenia - Resting—state - Orbitofrontal cortex - PET.
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Table 1. Demographic and clinical characteristics

Normal controls

Patients with schizophrenia

(n=21) (n=29) X2/t p
Mean SD Mean SD
Sex
Male 11 15 0.002 0.96
Female 10 14
Age 30.1 3.0 29.8 3.9 0.30 0.77
Years of education 13.1 1.6 12.8 1.9 0.56 0.58
Duration of illness 7.5 4.1
Dosage of antipsychotics 633.2 415.6
(chlorpromazine DEQ)
Duration of medication 7.3 4.0
PANSS
Positive 15.9 3.0
Negative 16.7 2.5
General 33.8 4.8
Total 66.4 8.7
Empathy scalet 11.8 2.7 9.1 2.2
MAS
Total 40.4 5.4 37.6 5.7
Mood monitoring 20.0 3.7 20.2 4.7
Mood labeling* 20.4 4.0 17.4 5.3

SD : standard deviation, DEq : dose equivalent, PANSS : Positive and Negative Symptom Scale, MAS : Mood Awa-
reness Scale, * : p<0.05 in independent-samples T-test, T : p<0.01 in independent-samples T-test

Table 2. Pearson correlation coefficients between the
empathy scale and the mood awareness
scale (MAS) scores

Empathy scale

Normal Patients with
controls schizophrenia
MAS-total 0.41 -0.13
MAS-mood monitoring 0.44* -0.11
MAS-mood labeling 0.16 —0.04
* 1 p<0.05
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Table 3. The brain regions with significant difference in the resting-state metabolic activity between the normal
confrols and the patients with schizophrenia and their corresponding adjusted mean metabolic activities
and the correlations between the adjusted mean regional metabolic activities in the patient group and

the PANSS scores

MNI coordinates

Region Zmax

X y z

Adjusted mean
Voxels metabolic activity metabolic activity

Adusted mean oo i pec with

PANSS P PANSS N

in control in schizophrenia
Decreased in patients with schizophrenia
Dorsomedial 3.94 ) 30 38
prefrontal cortex ) 1095 91.7+£2.5 87.2+4.7 -0.39" 0.02
Superior frontal 402 —24 12 54 283 89.6+2.7 85.31+4.2 -0.20 0
sulcus (BA8)
Premotor cortex 3.71 32 -4 70 152 72.8+£2.9 69.0+3.8 -0.39t  -0.13
(BAG)
Pars opercularis
(BA44)
Left 405 -52 8 38 348 81.8+2.7 77.5+4.2 -0.37 —0.09
Right 3.43 54 14 42 87 88.8+2.8 84.8+4.5 —0.31 —0.06
Orbitofrontal 333 -10 62 —20 26 59.1+£2.3 55.2+4.6 -0.22 -0.07
cortex(BA11)
Increased in patients with schizophrenia
Le:gfc‘l)gs‘s 2;2 2; B 1 j 72 Y12872¢  68.9+20 75.0+3.9 015  —004
Cerebellum*
Vermis 4377 8 =38 =30y s 720439 775438 052" o055t
Hem]sphere 3.85* —-38 —-60 -—28
Intfraparietal sulcus  3.76 18 —40 56 302 71.8£2.5 75.3%£3.2 0.11 —0.04
(BAS5)
Inferior temporal 3.42 48 -6 —38 128 67.1£2.7 70.5+£3.5 0.09 0.08
gyrus (BA20)
Parietal operculum
Right (BA43) 3.73 66 -8 20 66 72.4%+20 74.8+2.3 —0.09 -0.13
Left(BA43) 3.45 —62 -8 22 62 68.7+1.4 71.5+3.1 —0.01 —0.01
Central sulcus 333 -—-16 -—-24 58 37 69.0+3.4 72.3+3.2 0.06 0.1

The threshold of significance was defined as an uncorrected p<0.001 with contiguous voxels >20. *

© Adjusted

threshold of significance to an uncorrected p<0.0005 with contiguous voxels >20 due to excessive cluster sizes
causing difficulty obtaining adjusted mean metabolic activity, T : p<0.05, ¥ : p<0.01. PANSS : Positive and Nega-
five Symptom Scale, PANSS P : PANSS positive symptom score, PANSS N : negative symptom score, PCC : Partial
correlation coefficient controlling for chlorpromazine dose equivalent
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Table 4. The regional resting-state brain metabolic activities showing correlation with the empathy scale scores and
the dimension scores of the mood awareness scale in the normal controls and the patients with schi-

zophrenia

Normal controls

Patients with schizophrenia

. MNI coordinates AMA . MNI coordinates AMA
Regions — Vox Regions —  Vox
X Yy z (SD) X Yy z (SD)
Empathy scale Empathy scale
Positive correlation Positive correlation
Intraparietal sulcus 345 28 -34 38 29 47.1 Head of caudate 390 -2 20 2
(BA40) (2.0) nucleus ) 303 (59'9
376 8 16 37
Negative correlation Negative correlation
None None
MAS-mood MAS-mood
monitoring monitoring
Temporal pole 411 —28 12 —46 Superior frontal 340 18 8 50 30 76.0
(BA38) ) 308 (63]; Sulcus (BA8) (3.0
3.46 —26 10 —24 ’
Frontopolar cortex 3.73 40 60 20 23 50.1
(BA10) (2.3)
Inferior temporal 3.45 66 —56 —18 50 59.6
gyrus (BA37) (3.0
Entorhinal cortex 3.34 26 4 =26 48 6.26
(BA28) (3.7)
Subgenual prefrontal  3.29 0 12 —-16 23 71.7
cortex(BA25) (3.0
None None
MAS-mood labeling MAS-mood labeling
Positive correlation Positive correlation
Middle temporal 3.46 —54 —-24 -10 66 83.5 None
gyrus(BA21) (4.2)
Inferior temporal 3.30 —46 —-58 -6 40 80.2
gyrus (BA37) (4.1)

Negative correlation

None

Negative correlation

None

The threshold of significance was defined as an uncorrected p<0.001 with contiguous voxels >20. Z : Zmax, Vox :
voxels, AMA : adjusted mean activity, SD : standard deviation
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Table 5. Pearson correlation coefficients between the adjusted mean metabolic activities of the orbitofrontal
cortex, with difference between the normal controls and the patients with schizophrenia, and the mean
metabolic activities of empathy and mood awareness related regions

Orbitofrontal cortex

Normal controls
Empathy

MAS-mood monitoring

MAS-mood labeling

Patients with schizophrenia
Empathy
MAS-mood monitoring

Intraparietal sulcus
Temporal pole

Frontopolar cortex

Inferior temporal gyrus
Entorhinal cortex
Subgenual prefrontal cortex
Middle temporal gyrus
Inferior temporal gyrus

Head of caudate nucleus

Superior frontal sulcus

—0.004

0.30
0.35
0.11
0.20
0.57*
0.28
0.31

—-0.23

0.27

* 1 p<0.05
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Empathy

Fig. 1. Regions showing correlation between metabolic
activities and the empathy scale scores and mood
awareness scale-mood monitoring dimension sco-
res in the normal controls. Empathy : intraparietal
sulcus, mood monitoring. a : frontopolar cortex.
b : subgenual prefrontal cortex and temporal pole.
¢ : entorhinal cortex. d ! inferior temporal gyrus.

2 Aol gtz FEdow 7o)y #l
WG T} AATAE Bolo; Akl S
Hox| elohr}, AR E FHY g o
) @7 ol A el AdeAS Bl
), T4 vl 777 dole & 2A7F B AL A

o
=

A3 (mirror neuron) & @4l dFE = 329 3 4
ooz wuy uh Qut® whd AAA, 85 B3
U 2Als)h o] ok mag wp k¥ wal 3
2 #4]] 7)ot} 9% o] tig o2 o] 9]
tha B E aheleh? s 94 (inferior parietal
cortex) < ST} A 7152 712 el & 7]

NAY-S A Bug vl gl o] A

4

Empathy

Fig. 2. Regions showing correlation between metabolic
activiies and the empathy scale scores and mood
awareness scale-mood monitoring dimension sco-
res in the patients with schizophrenia. Empathy :
head of caudate nucleus, mood monitoring :
superior frontal sulcus.
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