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WA RFRLIN, #FFEGRIA MG EFTRN, MELENSH UM EFERL, EFTEAET RSP
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NS & —Fh T Sy i g, 78 LE s F D4R
HAANWT AR, BAE AT T R a3, il A 16k
B XTI K 2 R, DA X 2 B 3R -l A
A T rbocs BE 7 0 98 i i & . SR R R
PR AH B AN 3 . PR A, o AR —Fh Az P s
i AR 2 T B R AR IO T A R A sl S L 5
P (autism spectrum  disorders, ASD)H & FUKS #
O3 BLIE BB AR 2 3R I AN R AR 1) 55 DR A N 2 A
HEA R B I, (RS e, 3
DL SO0 At A 0 FEELODR 765 R0 3 A At A0 O B T
H NG 24, (RN B Bk, E2 RN
HMELAPUIAB A A5 281 A, W B s ol
BRI AR S IERE TS Horp ) R R A AR BT
P B LE BRSO 1 O BRI, 2 AT N )15 2
FIVIE TR 2 77 A e n iy — e 7 IR A e 2 4
— i Eh AR N R S TS A R BR A, R R A
A PR 28 Ak AR T AR A R R

BT 3R SR R A S AT o R R Mo AT A
S, A PARE 1 R AR TG ORI S HLIE RS, Xt
Aerprt AN EE HEMEN. T4k, HEZ R0
B SO TR L2 S R SN e A X7/ Ko 3 s 7 2k o | B
SSRGS, I A S AR LA T Sk
Pk, ARG R R (S RE N ET
AR S0 ), DI B AR FA R WA T %,
B X G s AR s AT B R B A, R
HNZER TR RFE LG M A 2 A SRR 2
FB AL 22 5 T PP AR Ik i, e 4 s 1 A Y st
& -8 - N 0 WA - K BRI AE 4L, 48 T 2 A
W ST A7 AE 0 [R) RURN =y B, 3 A R SR B A0F 55 T [l A0 )
AR T B LA

1 RIS LR R i L
1 A DR A9 A 25 3 I B 0 24
{7 o

53 B0 AN ] 0 g DX 8 2k 43 B X6 B At
AMRTERR 5E T AT 55 v 25 1 il D BE DX Y U0 TR
WEFE IR, A AL 32 295 I 1 5T 1% 246 IR A DT L AN
IS AR X, QI (insula) . FTH04F ] (anterior
cingulate cortex, ACC). %1~ #% (amydala) Fll%fi T [F]
(inferior frontal gyrus, IFG)!"'™"; TASNI1E F B W K
A4 0 DX TN B 22 2 SR A0 L T BN T, niE pa il
i %% M (ventromedial prefrontal cortex, vmPFC)!"!. 4%

7, 755 Al A5 A 55 T B T 19 10 DX F A Bk
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A G D A e S A X, PR TR R R
6 UE 8 UE W 2 i DX 458 005 B8 i 2R 22 2 LA fE
SV AE KA E BT, AR S DX A s 45 A S
P18 9 151) Ay 1 A S e ik DX ) A0F 5 B 8L 3 4 R B A
J7 T WSS g A R I X 4 45 ) 8 T Y e 2k
o S AT R SRS RE T, R LA RO R 2 5 I
ARE SRR X DRI, AR T 0 8 46 1 8 5
B M R PR M AR AR, THEIHIERY
UNGIEEE=S- R

55 R A A1 1 4 R e VIR SO SR B T
TAT, T AR AR [ FRAE RS B AR L &
XAt A IEROPR A A TR, ELX AU I AN — 2 fiE A
AR S F R EA A B IS,
W5 B AR G A P At G JBOTR ZS 1.
111 # T EJIFG)

IFG 2 &0 i Jii o] ) — 38 43, 2 T A 51l
44, A5FI47IX(BA44, 45, 47), W B SCHm T AU
FURESEAJaE FE P02 AN, A W9 BoR IFG Y 3T
5 G LG A G, i A B AR LA ) DX 3] 1 26 1Y
PG AR G 7 1 22, i al A R XA X ek b A B
G i 25 5T X R ) T 2 1 AL A N O EE, i
X R IE R K R 28 IR i S Y. S S AR
P 5 L 5 AR L R B T L I L
SO AE ) BV SER T H B HE K, IR B
RS TR R B A TRG #0440, Chakrabarti % A
R I A AR £ 2 015 2 lkE (B 3R B )
5R), TEMAE SISOtk o 380 AERHIR
LA I TFG Y IHE P iR 25l Jabbids AP %
B, B TE W B SR A DO R AG B, IFGILTE,
L A B AT D Pl e A SR A i S IR T
. X e ffF 58 AR K B T IFG S 5 1% I L 1% 4T 55 1
T.. Shamay-Tsoory %5 A%} IFGYR AF s 4 F1 Hi 45 1
AR R BF Y, HE—2B R T IRG Y 306 X 4 Y
WM. R, MR @R, PG AR B
TENG IR AR A D A2 B TP, BRI AR R
Ji 75 %1 8 3% (interpersonal reactivity index, IRI) {24
LA 73 1 R AR AR, HAEILAF A OCATE 55 v e
FIEM UM B 2 RN . EE AR, JEIFGHS
75 AR O AT AR R IR 25 301 4 =2 3 4 i 15
O3 A FAE PUAE 55 o 5 15 F Bl nd I T 3 22



5, RUIIFGRIE IR 1945 7 M i X
1.1.2 ARl 4 % E(ACC)

ik {5 S 1) P M 64 1) B2 J2 DX 38, A2 F M Y8 TR 1T
FEW R BEGE . BRI S AR T ACCh T
I R TRAG TS, AL A BA24, 32H1331X, W ML
NI RECO. T AT R AR 22 T g A% T U 2R, i
5 FACCHR 22 5 X A1 25 i Jen oY, i,
T SHERM | A& . ACC. WM AR iz 8%
e, M5 0T LA 28 217 8 A, o oA O I
(anterior insula, AD)FE VT /8o BR B IEGE Jr T
A EEAEHPY, M ACCARIL 5 I 5 A %% B4,
K5 HE &5 A A% 22 1) T e Bk R AR B ),
I AR 6 A B K ik AR I 5 B, i B 1 ACCHE
5 25 R RV B asi SR AT 55 v 0 4 ol o 2 s ).
DRG0 15 A ACCHEA 22 5 L1 i 7 9 T IR IXC.
J T I 5 MACCH HLE Z M AV BL &R, Kim% AL
T8 1 X & A A 2 BORE (frontotemporal  dementia,
FTD)(—Fi i 23R 7 P, F BRI MG RE T %2
1) 8 09 % & I ACC i DX 5 %) 25 B 1A #1248 JC (von
economo neurons)#E AT IEFENEIE BRI 5T & B, Ao 1 ki
£ FACCH) 95 i A #2870 2 2% 1 5 FTD Y Il R ™
TR I B AH O, IE B 25 R b 28 0 0 NSk A Hh 4t
SVEAT RIS 45k EEVETY. Boucher® A%
1544 PRUIGUIA 117 8% B3 G &2 1) R8BI 98 kB, X BB AR
HAEE F AN g mALIE R B, Joik IE#R R  H fL
KR BTk 0G24, U B 5 RS BR 2 T X 2 AR
FH W ELFONRE T, LA 45 R 5k H T Driscoll 545
NV BT, AT SR 3 T R 2 99 A8 A IR e B
(voxel-based lesion-symptom mapping) 5 iEMF5E T
19244 BBAT Jmy kP 2 338 i o 438 45 22 4F R AR 2 b, 4
REM, BEAE ARG BRI &R P85S
5 LT P I P o AR AR B I 2 A DG, AR, Leigh
2 NBIXF27 45 v XU B XU 48 hiz P RYBF ST & B,
ACCHHZE B F Mg BO SR B RE I 32 8] TP, &R
IR Ry 33X B BB AR A LA B ] 52 T A R R, AR
T AR A5 e R HE T N A RS RS DL RS
S5 JUERH T 5 R ACCTE NS 245 8% e A B A R 3
Hh R A

1.2 NG
NGB PR i A NS i (R NG
Al Y0 B B JROIR S 19— A e S U100 A A 3

BV RO BEE (ToM), REF8 S 7EMb AL Ff, HLAE
I Tk AE G O A b A (%) JEL AR JER ) fi 0,
TR H, NS S5 W] T B ToM, RIS A Al 1
TR B U)W R B, DN IR E 2 S ToMAH 56
figi X, 4nvmPFC . #i I 4 (superior temporal sulcus,
STS). Hilisg %4k (temporoparietal junction, TPJ), i
% (temporal poles, TP)&, H:AtvmPFCX] A F1 1% AY
FE A g Sk F R,

vmPEC, TBA10, 11, 12F125% X I8, AF5¢ £,
vmPFCZ 5 Z Fh m PN HNTE B, 9] an s 55 Fi i 45 45
PHAEUSS) A B 5T P & B, vmPRCXT 21 1 72 )
)[R | R o Sy W s A G i o -l RN S s s
TU44 4, Shamay-Tsoory 25 A7V G #4245
B BIBESE AL, A o SERE B R R A 21T
S5 AR A2 B T B, F Bk 5l B A S R
JEToMAH AT 45 IF 1) 48 1 28 0T /&7, B ToMUBE 7 11 Bkt
R m A DR B R PR BRI, Shamay-Tsoory %8 A fifi
Ji MORE2445 BTG #4240 1Y - E 5 vimPRCHE 42 L5
AU TG A B 2R 0 A B DA S e B — 2R N AT
L, 2550k B, 5 (a e p R T A R A i R 2
AR B R L, RS P4 240E BBE FlvmPFC & A 0 A8 1Y
FBE A B ToMAT 55 i B T AL B 52, T 7EIA
HITOMAH G AR S5 MR I IE R . R T — P
NG Pl 43 BLAE 2 5 ToM g 71 19 32 52 75 5 vinPFC 5%
WA G, HookerE N 1R FH 3L TR AT A5 24 I it
(voxel-based morphometry) Fl1 17 A P¥Ad 55 J7 7 & B8R,
AR TR, B A K Pl 43 240E 19 K i vmPFC
WRFARFAT /D H HAE ToMAT 55 24 /47 FZ 3 AN
vmPFC K BT A BUAR 5C, IR 7Y vmPEC K 5T 7K FR ik
D AT S BOAE R . LIRS U, R Rl BUAE
FBH KK vmPFRC ) 5 5 FIA LS B8 71 i #6105 3
HHK.

74N, Shamay-TsooryZs A 431354944 A [a] 25 41k
Fii s A% £ 3 B LIS e 1 AT RS, SEER v, BEREE
38 1o B — A~ 44 1Y “Yoni” (14 -~ 38 A 7 114 B o 01 1T 5
NG L FNW Yoni" FEA T4 GAHI ToM), 24 “Yoni”
XA O R R TR A B O B ToM). 45
WK, SEEHEA, vmPRCHEZZ 4 85 N RE
B b I W< Yoni” XF A O [ B9 N R4 B R 0915
B, AHJE AT DL IE B0 A W< Yoni” fE AR AT A, B J%
ToMA I IEAE )32 20451 . o F 15 1) 38 6 3044 K ik
KA BEEITR, SR EZmR -8, &
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BLvmPECH 25 ) Hi % HovmPRCA: % 4 5 725 ) 28 415
S A ALY 405 42 A, I vmPRC R
INHIERT B )24, W] T vmPECTE A L4 1
S R

2 RIS B SE

21 fBmF

77 2 (oxytocin) f& — PP ZE M FL 3 W) N 43 WA 1)
PR, T G A A A R 5 A% R AN i e 22
JuE K, EELES YA SR YRR E R
(e R 1 o2 I | TRl B O 3 R 'ak N d s Tl YA
A4 B AR S e R A B ST 4
= 22 AT LA T G 2500 LR At S 5 RS T
FEOO3 i IR 2R OB IE R, 7= R RS R IBE
ZEMEHR SRS SO HEEER, O
ASD ., S IEREAT | S NS S FURE o 240E
LB ST AR R I AIF T K PR P 26 AT AR A A,
M AR A 21T 8.

W= 2 A B AR R E S 45 1918 %), Di Sim-
plicio% NPV HIMarsh % A OB RF G2 2 K B, 48 G oy
= 22 B R T RO AR AR L A T, fER X B P
HFLAY I T RAT 2 ket SR, 4w fL IR A e R s
JL B IS ) A S B (17~53 ms), B IS SO0 B (PR
SR AL, X B (A ) T AL A TR 0 o A 1 s 3
FnBM &Ll Hh, Fischer-ShoftyZs NP8k 3, 542 @t 7|
AL, & B g = R e T gl R m AL AT
PR HERR . R H R e R R T s Bl
TR I 4 R A AE e, (A = RO e
PR W5 4 TN 0 S 1 5 TR G S i B 5 A A L
A, A0 A = 2 ARSI 6 2 3 A0 A A HIR 5 A B TR) B A
X AT BE S 7E 20 A 7= 2 Ak PR AS XoF AR S 4 v 4L B [ 34
BT S B 0N AR, X —BIF ST 45 R I A S F
A2 192030 sk BT 5 T A5 2 0 O JG 45 SR nT BE S fR A
RAE2E R Z WA EAE S B0, B SRR
ZAE N A BRI A AR B4 IR T LS ], DT 2R B K
AR E 1 45 1Y TH 1 1

7= 2] ARG B A A% B, DT 3R e I Rt
1%, Yol 2R WA A R 1 5 B R (— AT B
1 25 W A T — 2 I S, AR AH R B R
75 S 4 D T RN A O BEUBR 25 O R 175 ) I 245 ik
(I A B, AH T A F A ™= R A B A, &
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N 25 7 2R 0 R I A A S5 rh SR BT 4y, R
1 7= 2R 41 1 1K BB % B O A b T O i N N 2 0
(AN AT 5 TP L R B A B 250
SRMT, A58 o6t A5 A7 4% 32 B4 03 1) £8 3 a0E A 744 ™
FAH S, Wl 7e N B i R R ok, %
485 SRR WA 7 22 XA B LA A 8 5 OB T A A% Y
T

34b, De Dreu NIOEE fi 7= 28 X [ 1A 5 28 i
FIIFFE S TIRZ A B XA, Flm, ik
B ™ 2 AT L Ao 3 v AT A P R () ) A RO L A
YEMERT—0t:, MR ARG R. F— 2 iRk
PR, A= Z 5 AR OC 5 R SO 3 B T A
PPN R B3 R SR 4 OK ), R 5
R, 2R R T, TR m i B
D3 YT 55 D O s 25 B 22 b 2% B A AR R 25 T B /0 b
A ANF g5, TLAE R AR 04 AT A 1 B 0] 5 ot AR
K, MATTFE R B % A ANl si 8 2, SRR 25 5
D AN, A EE AT LA A AR PN A s B T e A
— SRR ) {5 SR DL S, DT B v AT A R SR 1 R
1 F 0],

77 R AN BE % 02 1 ft e 3k 0 2R I B, iR
A] L35 ASD B E 14+ 22 Bl g 71 RO R 48L R O
BRI XK > b A R 0945 A 8%, A B T35 hn 28 3 X
T 08 T A %) R 30 3 AR R ©7), 25 ASD HR 3 i Dk T
=2, AT LA o R T 5 T A B A O Y
FUR AR ASDEE MAE — 7Kk HA IR I Fr, AR
P v 0 1 R A S T T A AT T P S A 2 R BEAR
A0, BIHR #5200 56 (reading the mind in the eyes
test, RMET)', 15 32 %] 2 i 57) &b B 11 £8 4 A EL
2 Bt r= K Ab H Y BB 7ERMET 24 Hp A0 13 20 W B
TAG v, X U S5 b A AT ME BE A 1 H e G HE B
USSRy W], T 3 AT LA SR ASD B A X
IR IR B TR L el X I 26 RS B i, XA T Y
T E G ] AR B — & IR ITER.

22 BRFE

52 JUE (testosterone) & — & MU A BE, FZE M
BAEEE AL, LR HE R RS s U,
WG, WAE 5k S U A b i K 2 R A M
WL 2045, RPN A R AR L T~81 . BILER
BT PSR, SRR R A E
HE A, AR A, BAFEK AR



HAFRE ), PR SAE KPR E, HoR3E K
AR F Aot Hib2s SR AR R i,
TEULAE M A AL T R AR, — % & # e [Rig 5
R 0 2 1 AR 0 A F e g AT o8 7. il FHEQ-C
(empathy quotient-child version)i® il & & B, 6~8%/
4 2 12 Lo 3 12 0 L1 i 15 7.

G JLAEBER th 20K 1 S8 L Z KT, BV S8 L
Z (fetal testosterone)7K -, 2K KK A 45 5 1)
RERY A& R, AT 2 M R A I AT R, i S AR i
ARG SE (systemizing)(Zr AT . PR . TN | 45 A
g 25 5 H0 0] B4 i 7 ) AN BE 0 A1) AN ARG R i
BIFEAKEEE, BAERNRFEEE B, iR
FHART . Chapman®g: A 7Yl FEQ-CH& K MIRMET
XF6~84 By JLEE M & & B, BEM AT AR KT
EQ-CHt R MRMET 73 ¥ 52 W & M ARG, B ™ iy
LBREAKE G T %, IS kss. 2R E
AR AT BB A H 7 S R e i ) LR 1) 45 4
TR A& e, 7752 AL KT v WU ik 1) 3R S fk
O, I BO S GE L. O — T T
52 JUR A5 E 2T X 2 58 O S 25 B 1E (polycystic
ovary syndrome)f£ #H L JLiEITH. ZRIPHLEE
TE S 2 M b DL N i ZE 6L, B R AT HE O 4
AL, P2 /NEERD [ S e U0 SR [l (2 00 L), fRRE
EHHEMWHE W 2. X 2500 RS E B Lotk
WA TR ZE B RR L Az, SEAT S B SAF B G 1) 42 i A 5
K, BILTETH NS KPR, A6 )L
A EAE Z W B EAIT A, BAEAR Y I
I BT 55, 3 e A HAE A OC AT 55 h AR 43 L IE
WA R LR Y. 5 B RMET 4 L
B — R, iR\ EZERLE, s
FH KB, JLEFERMET 540 Mk, B ™ iy 2
HE K-S IAERE ) Z RIAFTE R e 56 R 77

T FAENEMR B, BRI T HRAFE
e PE B ToMANTE FR G 25 U e 7. ZERMETH, #ik
i A B R rh A ) HIR S DX sl ) b HC A7 28 R0 B8
R, R ER, SLBFHAME, FTHELER
HAERMETH 54 A, LA B8 77 4k 0 0 1) 55 150,
WA MR B, SEILER W TR T 2R 1 1A
7 GX BN Ry S0 A S ) — )™, R T
ANMATE B R B A S 2217 45 R0 SRR ME R 14 Y. Bos
A N2 FEMRIF 9T & B, 5 22 R4 AR g, 52
HE AL B 54k T /ERMET i 2 H IFG 5 XU ACC Al

4 Bhiz 8 X (supplementary motor area, SMA)RIIiE
P, WS E NN IFG-ACC-SMA M 46 J2 1 4 11
b R b R AR G RO £ B R . O — 0
fMRIFY B, R ZIREHLE, WHE B
FAFEE, OFC, AAAZAT Bl =i X0 B0 T Fp4t
PEBOE, WA PR A I A B R4, X
W7 52 L3R AT RRAE AT 23 BUM Y POl B B A
TR

3 SRR B - A BT LA

FURT A 1k, R 2 BT 5 32 258 1 AH S ki DX A 3%
{1 R T2 A DA 3 oA A T A L 15 5 o B A S A A
PAEL ST TIPS DN~ o N DR g I B R R T
Bb. T WSS R L MR ], ATE e
LA T TS AR R A 2 R B i A v, TP Al
AL SIS MR SE BEAR ], HOR, SRRy 3k
TR, AR R B0 3 PR R HE 22 S PR TR S R 315
RMES PR, fa, fENAIENRERE
FFSE, TR 2R B Y0 B B Hh Ak PR AR S xR
I A A ST

3.1 SR PR8N

XA F W58 JE AT T i a5t A% R B XF N2>k
AT oy 2% AU 52 ) A BE 0 JE A 5T vk, AR W] B WL
H: F (monozygotic twins) Al 5% JI X 4= F (dizygotic
twins) [ 3 PR L S 8 R 98 R AR DL BE R 2 S PE AT
kB 5 AL FE AT, T ER 9 5 AL RN BRI 2R T i A
AEXF . R O AE - LT 25T 100% 1 35 7% SE 4,
S LA ) B AUAE 2 [A] 19 22 S5 2 BOR VR T IR 48 B9 A [
SO F L= T 50% 9 st A SR A, Al ] 2 R Y 22
Seok A Tt AR I EAE R, EXT S T o &
R AL 2258 1, Knafos A BY%F H 10 AR 124
AR 2 5 B i AL PR 5T (R 3R 1655 44 B B i A 7
ZERAHT, SRR N R G T I 25 5 35%.
XIS, A SIS R B, DA A R
T/ B9 AR 22 5759 5004 30% F126% 42 H 5t 14 [F 25 BT 43
. Knafo% NI IEE R T fe 530552 A
A HAER: 8—, BARMY LTI ol B y7 KU & B
st R sZm. Badihud, SRR L3
AR A N A BB 2w 2 k. R, %S
FIAEE, REREER TSR M ER. 5,
A AL RN, Bl A A S B B A B . 5 =,k
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15 fIE 1B R A AN AR 52 3 1 A 5 MR

R Z2 P 5% R 2 1] i 2 52 ) 21 Mo A HAH AT R,
WNGEE B B3 MR IT . ACBEZR 7L AN BR e R AL
RS gy A, ACRERYER S L E B R A
AT MR NE. Blan, B5A 5 E LS KF
IF, L P2 200 M A B FEAF KO B8 B o i 3
115 K5 58 4% 00 A5 K S A FEAE SRR, (HJEALE
() A% K - 5 58 2 g K R IEA R SR R X
ArRE SR L T B A B R MM R K E RS %
PR R KT, FiE—2, TuckerdE NP #H,
10~20% M AL IE BE 1 5 AR K 2~3 2 I 1)
HER N ERENIEMEXER, MR ZILEREN
H5ER AR ILERE D BRI LR, ZFR
FINH, AELL BN L EE AT GES AR AT 50N [/ & 4R
KR LT R, 5946, JLEAEAL T son;
PO, BEESS T00 SCRR T A AT LA L B AY R
AE PN EN SR T ol L, L g ILAE BE ks, A
I, 7R LA TR e T JRASE, BEES T H R
(S H A A AT IS BE D B 3%, 5 as A AR
AR AR O293 2 1a) 25 YT R Y 6 BB A AT AMA
IAERE I R R, B, —Ix AR S & B,
A EEF 5 AR AR Y 2 (R IR KT 22 42 56 R IR,
55 AL B R R) A 22 A7 AE 3250 7K 48 42 56 2R AR
by N BR H T 22 0 S R 0 P2 K B Ak T A A 67
THI 8 R 858 25 52 i) S PR IR Az e sk JL 1 A RE 1. i,
ChengZs \PYVE L, 54k B 7 A1 5 O i 9l A T
B3 N 53 7 WL N A B 1) e e o B 55 . (H2:
1R 22 I 24 B A RN = 7 LA SR FH AR . 9 28027 0] =
2w AR SR A ) AT U R B0, N
PrezBe 2k . A | SCERMEARVES MRS
BEAR AT AR BEJr N B3 O G- B A N P TR L G e R
T, AT el R R

3.2 B PR A iRy s

321 H#FERZGERE

HETAZI, =% 5 KFEMHS T RGAE L,
JUH R 2 1 BB A 7 T, X SE RS B R A 4t
BRI, 1] 2 ASD RS #4324 P[] st
(e ST B N A S - A R N U E S R |
NN, BAE AR RE S 3e A L A SR R 26 08 15 4
Rodrigues 25 A\ U"OVHIF 5% & B, i 77 2 32 1K (oxytocin
receptor) 3 K rs 53576037 &5 b i) 2 A B 5 85 947 4
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e R B AR A 5, RPN ERMET (7 36 4%5) fn
IR (R B LM 45 P, 5 GGRIB A H ik,
o7 2D — A A-allele ) B8 (AA/AG) R B AR Y
A AR AR . Smith%5 A MO 23 KA A5 B 5T
WA E] TR L5 R, 8K T 5144 f BE AY B
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Figure 1 The theoretical framework of genetics-environment-endocrine-brain about empathy. Empathy was jointly influenced by genetics, environ-

ment, endocrine and brain
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As a vital ability for everyday communication and survival in a socical environment, empathy, including affective
empathy and cognitive empathy, plays a crucial role in helping individuals feel, understand and share the emotional
state of others. Affective empathy was defined as sharing experiences of emotional states perceived in others, in-
cluding emotional contagion and affective perspective taking; cognitive empathy involves the ability to engage in
the cognitive processes of adopting another’s psychological point of view as well as understanding other’s affective
and cognitive mental states, similar to Theory of Mind (ToM). Given that empathy provides the foundation of mo-
tivation and emotion in individual moral development, it can be used in clinical practice to optimize the medical
treatment by promoting patient—physician communication, reducing patients’ anxiety and distress. Thus, it is full of
social significance and clinical meaning to comprehensively and deeply explore the biological basis of empathy.

To get a better understanding of empathy, this paper will review relevant research on empathy and list the possi-
ble influential factors that may affect one’s empathy. First, based on the evidence from neuroimaging study on both
healthy individuals and patients with brain lesions, we summarized the neural basis of affective empathy and cogni-
tive empathy. These findings indicate that affective empathy involves specific brain areas, such as insula, anterior
cingulate cortex (ACC), and inferior frontal gyrus (IFG). In contrast, ventromedial prefrontal cortex (vimPFC) is
specific to cognitive empathy. Second, we expatiated the factors related to endocrine system that may influence
individuals’ empathy and their related behaviors. Whereas oxytocin facilitates the response of empathy, testerone
weakens it. In addition, fetal testosterone would influence the development of individual empathy. Third, the de-
velopment of empathy can also be affected by the genetic polymorphism of oxytocin receptor (OXTR), zinc finger
protein 804A (ZNF804A), serotonin transporter (5-HTTLPR), and D4 dopamine receptor (DRD4). With the devel-
opment of a child, the influences of environmental factors, such as characteristics of family members, parenting
styles, and schooling, on empathy cannot be ignored. Taken all these possible factors into account, a theoretical
framework for understanding empathy is proposed, which comprehensively reveals the biological basis of empathy
and how it can be affected by genetics, environment, endocrine, and brain. Furthermore, we discussed the short-
comings of previous studies on empathy, mainly due to the small sample size and/or the isolation of influential fac-
tors from the whole theoretical framework. Finally, we emphasized that further investigations on empathy should
focus on longitudinal studies with large sample size, and make efforts to reveal the interactions of the influential
factors (e.g. genetics, environment, endocrine and brain). More importantly, experimental findings of empathy re-
search should be well explained and translated to the social and clinical applications, as the improvement of empa-
thy can be used in promoting social harmony and enhancing clinical treatment.

empathy, affective empathy, cognitive empathy, brain, environment, gene
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