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Objectives: Individuals with autism spectrum disorder (ASD) are considered to have problems with empathy. It has recently
been suggested that there are two systems for empathy; cognitive and emotional. We aimed to investigate the neural response to
cognitive and emotional empathy and elucidate the neurobiological aspects of empathy in patients with ASD.

Methods: We recruited patients with ASD (N=17, ASD group) and healthy controls (HC) (N=22, HC group) for an functional
magnetic resonance imaging study. All of the subjects were scanned while performing cognitive and emotional empathy tasks.
The differences in brain activation between the groups were assessed by contrasting their neural activity during the tasks.

Results: During both tasks, the ASD group showed greater neural activities in the bilateral occipital area compared to the HC
group. The ASD group showed more activation in the bilateral precunei only during the emotional empathy task. No brain re-
gions were more activated in the HC group than in the ASD group during the cognitive empathy task. While performing the
emotional empathy task, the HC group exhibited greater neural activities in the left middle frontal gyrus and right anterior cingu-
late gyrus than the ASD group.

Conclusion: This study showed that the brain regions associated with cognitive and emotional empathy in ASD patients dif-
fered from those in healthy individuals. The results of this study suggest that individuals with ASD might have defects both in
cognitive empathy and in emotional empathy.

KEY WORDS: Autism Spectrum Disorder - Functional Magnetic Resonance Imaging - Cognitive Empathy - Emotional Empathy.

Date received: July 29, 2016 / Date of revision: September 2, 2016 / Date accepted: September 2, 2016

Address for correspondence: Jung-Woo Son, M.D., Ph.D., Department of Psychiatry, Chungbuk National University Hospital, 776 1sunhwan-ro, Seowon-
gu, Cheongju 28644, Korea

Tel: +82.43-269-6187, Fax: +82.43-267-7951, E-mail: mammosss@hanmail.net

0] =22 20131 HR(uSF)9| MY E St=MTtol X|YS Bot £E A71A(NRF-201351A5B6054557). 0 =& I8
EHsatialo M ZAE HEEUS.

UL 2016 5% CHEHAOIEAENOSH]

— 196 —



ox
ol
Y
I

2

N B

A 23 Eg Aol (autism spectrum disorder, ASD)+= A}
34 Joakgo] At ARk, vl dsolu FrlE
5L = ) o]F0] Hol= ARRJAQ] QJakag o] Aozt ¥
o] ot WAt o] itk Hlof= o] zdo] gict”

FToll= T4l F AlAR olFolA Qlrk= Asizt A4
S AL QU &, 4ol A AAIRE A AAR o] FofA
Q ZHcognitive empathy)< EF19]

|3t s o2 uhaol2olu
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empathy)-> BFR19] 74 Q= Idi= =7)= As vt
of. AAA Sl A4 Aoy ¥f5+= 1% (shared
pain)@] ¥H3o] WA THFH?
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=+ AJA]= E-Prime version 2.0(Psychological Software
Tools, Pittsburgh, PA, USA)& AH&-3toict 2+ 34 9 F
A719) ApAek e o83 2,

(1) ¢1AA T2 A (Cognitive empathy task, CE)(Fig. 1)

AE FO R ‘o] Algto] Lyl S FAY7ERY 7
UERAL ofoj A ARl AF=53k oA AR shete] sl = 2t
7y S 7wshe @ol7t sh ] AAE S HlA =
AAlo] Frhal AZEsl= wol7t Qlis £9| &ofl A 7| =S
FE dE 201, AR 3 &5 FHoll ™ 959
‘GEolgts wol7t AL HRHRE mekskrle] el A
o] ARl & Q19 AAoletal Azttt 25 &of

2) AAXA 57 IA|(Emotional empathy task, EE)(Fig. 1)
GAZ o] Abre] Aol dubut AAURY VL AR &
0 82 AAE AL AR Zp=511k §HA AR Bheke) &) Zk2)
a1, "Wol7h AAEL wAb = ARl #REE
O] T Alol HFAL ARAloA o] Ak o] =
AR Ao w2t 25 “AAE 25 7|9 EE, Wol =

A

Block instructions
(4 sec)

Picture
presentation
(4 sec/trial)

Fig. 1. Examples of each task. A: Cognitive empathy task block was intfroduced by a question “What is the person feeling2"” (4 sec-
onds) and six stimuli were presented (4 seconds per each stimulus). Participants were requested to choose a word that better de-
scribed the person’s feeling. B: Emotional empathy task block was introduced by a question *How much are you feeling for the per-
son?” (4 seconds) and six stimuli were presented (4 seconds per each stimulus). Participants were requested to answer how much
they were feeling for the person. Each block was followed by resting condition (16 seconds)
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<.001). IRI= 7 < 2t 2pe7k gl ot ASD9] IRI-PT
(t=-2.881, p=.007)2} IRI-EC(t=-2.233, p=.032)= thz<e]
18} Yokch SQ-R, IRI-FS, IRI-PD= & + 72| &pol7k
NATH Table 1).

2. IMRI ZHH| o] st 2t ’éﬂE 2 BES Al

AR F3 ZAo A ASD9] &t
msec, S22 Hat 1948msec2
ET ASDwo| Hat 91.18%, 2o+
7F isiek BA1A Sk Aol A BES- AlZRS ASDHo| Bt
1753msec, tiZw-0] Hat 1917msecH L & o 7HS] S-93t
2ko|7h Gt HolE MYt Hl&%E ASD, tixdt 22
Hat 54.16%, 60.03%= *}o]7F ATk,

3. iMRI Y ZAnt

1) ®TH W 2A Zat

ASD+0] CE-R &4ollA #ofgt B/detE Hel v 7
Q= &= d3]llingual gyrus, Brodmann area(BA) 18], $-
Z YH53](medial frontal gyrus, BA 6, 10, 11) , &= W=
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Table 1. Demographic and other characteristics of ASD group and HC group

Characteristics ASD group (N=17) HC group (N=22) t p

Age (years)’ 17.35£1.80 18.23%£2.11 139.0! 166
N (%) of male 15 (88.24) 21 (95.45) 0.704** 401
1Q 99.90£13.40 102.58+14.26 -0.596 .555
Handedness" 1572 21/11 0.704** 401
AQ 29.59+7.34 17.46£6.10 5.638 .000*
EQ 25.18%£12.66 43.23114.24 —4.116 .000*
SQ-R 44.00+21.43 48.14+21.87 -0.591 .558
IRI 60.82+£12.81 66.86110.52 -1.618 114

IRI-PT 15.12+3.94 18.41£3.20 —2.881 007"

IRI-FS 17.06£5.21 17.32£5.00 —0.158 .876

IRI-EC 14.12£4.72 17.27£4.10 —2.233 .032*

IRI-PD 14.53%£4.14 13.86£4.50 0.474 .638
K-ASDS 142.04+18.34 -
SRS 74.29+10.90 -

SRS-A 62.94+10.47 -

SRS-Cog 71.06£11.95 -

SRS-Com 71.24+10.47 -

SRS-Mo 72.29+13.61 -

SRS-Man 75.00+£12.36 -

Data are presented as mean*standard deviation unless otherwise indicated. *: p<.05, t: p<.01, *: p<.001, §: comparison by Mann-
Whitney test, I: Mann-Whitney’s U, 1: comparison by chi-square test, #«: 12, t: right-handed/ambidextrous. AQ: autism spectrum
quotient, ASD: autism spectrum disorder, EQ: empathy quotient, HC: healthy confrol, IQ: inteligence quotient, IRI: Interpersonal
Reactivity Index, IRI-EC: empathic concern subscale of IRI, IRI-FS: fantasy subscale of IR, IRI-PD: personal distress subscale of IRI,
IRI-PT: perspective taking subscale of IRI, K-ASDS: Korean version of Asperger Syndrome Diagnostic Scale, SQ-R: systemizing quo-
fient-revised, SRS: Social Responsiveness Scale, SRS-A: social awareness subscale of SRS, SRS-Cog: social cognition subscale of SRS,
SRS-Com: social communication subscale of SRS, SRS-Mo: social motivation subscale of SRS, SRS-Man: autistic mannerism sub-
scale of SRS

E=3(BA 11), 9= AFH T3] (superior frontal gyrus, BA 8), 2) &lct 2 2 M A3k(Table 2, Fig. 2, 3)

= AHES|(BA 6), B3 A3 (superior temporal gy- ASDo] tjz+tof vls] CE-R =44 o el &

rus, BA 38)%ith E3h #5 2k ANdeclive), -5 AHH  ASHE HQ 992 ¥ A4 A cuneus, BA 18), %5 oF%

I=(cerebellar tonsil), &= P4 (inferior semi-lunar —‘,:—Q(inferior occipital gyrus, BA 19), &= A3|(BA 18), %

lobule)d} &2 A HE fo3t &A35tE Bk ASD = ‘%}—T—/‘Pﬂ(fusﬁorm gyrus, BA 19), &= A H (precune-

:rLol EE-R Z710A] %946} BHE Bl ] F9l= & us, BA 199913, EE-R 27104 ] f-olokA 43HE =Sl
= M3|(BA 17, 18), &= AGIASI(BA 32), = AAFS] F92 o= AAABA 18, 19), = AHHEBA T, S5

(BA 8), £ AAF3I(BA O A= 25 2WAL FARI(BA 1930

FS e, 5 shHhdAaYgo] FofsHA| 2/d3tE ik tjz25to] ASDo] WIS CE-R 274 o §2lskA &
o] CE-R 2704 o3t @435 Hel ] 9] AStE Hel 992 giglou EE-R 2494 B F2fsH

= = A3BA 19, = §](BA 17), -5 FA5F3BA 43S HQ 992 A= F45F(middle frontal gyrus,

6), = WAFSI(BA 8), +-5 A d3](BA 32), #= 3t BA 469+ 9= Hti3](BA 322 YRt

AAABA Dol 1L Qo= &5 A% culmen), $-

= AWEETE GO BskE HAlrh 2ol EE-R & 4, d2EA ZiK(Table 3, 4)

ZoflA frolgt ks Hel oy Fof= 25 A3(BA 17, CE-R 2710/l ASD<*o| tizwtict o HdetE Hel 4

18), &= AFAAA(superior parietal lobule, BA 7), &= 92 Aol o & slo] ASD WollA AE A Ag)st

}—‘,:—@ﬁ\_ﬁ(BA 40), -5 S419-3(right postcentral gyrus, 23}, = AAABA 18)2] &35 A=} SO-R(r=0.594,
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Table 2. The results of between-group analyses

Region Side BA " M coirdlnefes z ff/eoi';(e Cl(t\isctjélssl)ze
ASD group>HC group
CE-R
Cuneus Right 18 20 -84 34 4.60 789
Cuneus Right 18 12 -84 30 4.55
Cuneus Right 18 8 -92 28 4.47
Inferior occipital gyrus Right 19 42 —74 2 4.05 137
Lingual gyrus Right 18 34 —74 -6 3.95
Fusiform gyrus Right 19 30 —62 -8 3.83
Cuneus Left 18 -16 -78 30 3.99 248
Cuneus Left 18 -10 -82 38 3.80
Precuneus Left 19 -6 -80 48 3.77
EE-R
Cuneus Right 18 6 -90 30 5.09 1117
Cuneus Left 18 =12 -80 26 4.98
Cuneus Left 19 -6 -86 40 4.29
Precuneus Right 7 4 -60 62 4.80 532
Precuneus Right 7 10 -50 42 3.97
Precuneus Left 7 0 —54 44 3.90
Fusiform gyrus Right 19 30 —62 -8 4.32 78
HC group>ASD group
CE-R
(No significant results)
EE-R
Middle frontal gyrus Left 46 —54 40 20 4.82 139
Anterior cingulate gyrus Right 32 12 24 34 4.68 68

Thresholded at p<.001 uncorrected voxel level, extent threshold 50 voxels. ASD: autism spectrum disorder, BA: Brodmann area,
CE: cognitive empathy, EE: emotional empathy, HC: healthy control, MNI: Montreal Neuroimaing Institute, R: resting state

FIL(r=-0486, p=.048), AQ}= Fo] ARHIAIS Hrhr=
0.588, p=013). &= AAFA(BA 19)2] 43} Ar= SO-R
(r=0.516, p=.034), AQ(r=0.520, p=.003)2} zz} ko] Abukat
AS By, F= AR (BA 19)2 E43t H== SQ-Rit
o] AHAE Hrk(r=0.731, p=.001).
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Fig. 2. Brain regions where ASD group showed more activation than HC group. A: In CE vs. resting contrast, ASD group showed rela-
tive hyperactivation in the bilateral cunei (BA 18), right inferior occipital gyrus (BA 19), right lingual gyrus (BA 18), right fusiform gyrus
(BA 19), and left precuneus (BA 19) compared to HC group. B: In EE vs. resting contrast, ASD group exhibited more activation in the
bilateral cunei (BA 18, 19), bilateral precunei (BA 7) and right fusiform gyrus (BA 19) than HC group. ASD: autism spectrum disorder,
BA: Brodmann area, CE: cognitive empathy, EE: emotional empathy, HC: healthy control

t-value

Fig. 3. Brain regions where HC group showed more activation
than ASD group in EE vs. resting contrast. HC participants exhib-
ited more activation in the left middle frontal gyrus (BA 46) and
right anterior cingulate gyrus (BA 32). ASD: autism spectrum dis-
order, BA: Brodmann areaq, EE: emotional empathy, HC: healthy
control
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Table 3. Correlation analyses between brain areas showing activity and scales in ASD group participants

MNI coordinates

Side BA Scale r P
X y z
Areas showing activity in response to CE-R
Cuneus Right 18 12 -84 30  SQ-R 0.594 012*
Inferior occipital gyrus Right 19 42 —74 2 SQ-R 0.708 0017
Fusiform gyrus Right 19 30 —62 -8 IRI-FS —0.486 .048*
AQ 0.588 013*
Cuneus Left 18 =10 —-82 38 SQ-R 0.516 .034*
AQ 0.520 .033*
Precuneus Left 19 -6 -80 48  SQ-R 0.731 0017
Areas showing activity in response to EE-R
Cuneus Left 19 -6 -86 40  SQ-R 0.588 013*
Precuneus Right 10 -50 42 SRS-Man 0.537 .026*
Precuneus Left 7 0 —54 44 SRS-Man 0.581 .014*
K-ASDS 0.525 .030*

* p<.05, 1: p<.01, ¥: Pearson’s correlation coefficient. AQ: autism spectrum quotient, ASD: autism spectrum disorder, BA: Brodma-
nn area, CE: cognitive empathy task, EE: emotional empathy task, IRI-FS: fantasy subscale of Interpersonal Reactivity Index, K-AS-
DS: Korean version of Asperger Syndrome Diagnostic Scale, MNI: Montreal Neuroimaing Institute, R: resting state, SQ-R: systemiz-
ing quotient-revised, SRS-Man: autistic mannerism subscale of Social Responsiveness Scale

Table 4. Correlation analyses between brain areas showing activity and scales in HC group participants

MNI coordinates N

Side BA Scale r P
X y z
Areas showing activity in response to EE-R
Anterior cingulate gyrus Right 32 12 24 34 EQ 0.607 .003*
IRI-PT 0.615 .002*

*: p<.01, : Pearson’s correlation coefficient. BA: Brodmann area, EE: emotional empathy task, EQ: empathy quotient, HC: healthy
control, IRI-PT: perspective taking subscale of Interpersonal Reactivity Index, MNI: Montreal Neuroimaing Institute, R: resting state
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