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ZERREZEESS

DERHTHE U B

XF: BEERBFNATER

AN AT

7K SCHT

EMFT

(IARIBE R D B2 e, R AR 2R R R S0 B RE BT S e, ¥R 250014)

M B ZUMEESIEEACHRSIRETS s R E U BICHR . AW 1044 ZDUEE DAEFIVTE M 0 =
13.32 £ 049 %, 50.2% 4 E) B AT AT IR — AR A I UCIIY, R Z RN RBUMEEEZ B R G 25
HIIBERr 578 DAETCEAT R A DG 2R LA B BRI B AT ] . 2R, Z MR GEZH N R Ik
TS RE SR IR A BN AN (8] A3 T AR BT (RS BRI EOR AT, RS S MR
EE ARG S AN A AR B B K IV BGEAT N, B U BISCHR; TEBRE R ECR AT, 22N RER
I3 ZRIUE AR BT A R R AR o AWIFEN 2 LU R Gk R RIS R 5 BRI R BRI Y i D AR

A1 5 P R B P2 IS

KR BGEAT O, BERIEIREGR, ZUMARSE, ZHENRERY, U R

SEES  B844; B845

1 55

Yedi SR A B0 N B AR B0 B AT 0 3
47 M (Crick & Grotpeter, 1995), 7.48% ~ 24.3%/1)
rh [ D AR B Bk 7 0 B 805 11T A (Wang
et al., 2012; Yu et al., 2021), F/PAETGEFT AL
SO W S R EORS U IXURS: AR AR
RATR, B2 B R A s 2 B FORS # T A B2
ffi$H (Ansary et al., 2017; Estévez et al., 2018), H T
VoA 7 R i v 550G 35 Pk, 903 st A% R 2R
FEEH ST MR R BT AT R KA R HE R -5 /R H
B, 223 AR A T I SR BT 7 56 o
11 ZBERRESZEESHE

Z U RGN S S5 4R . a6 2L
#hHlid 72 (Gatzke-Kopp, 2011; Nikolova et al., 2011;
Tielbeek et al., 2018; Vrantsidis et al., 2021), 54~
PR 547 S % VAR 5% (Albaugh et al., 2010; van
Goozen et al., 2016; Zhang et al., 2016), 4X1fi, A

W I 35): 2022-03-17

KT Z U R G AL N 5 e A7 o 18] SCIBR Y 43 15t
R R RAFTEA —B, ot iR, 52l
J¥ig T M AH O B DR BY 55 ik AT Dy B 1 AR O BBk
(Hygen et al., 2015; Jones et al., 2001; van Goozen
etal., 2016), 2N, van Goozen 55(2016) % FL 51k £
ELHEE A SC ) COMT JEH rs4680 i i Val 5%
NS5 EIE17 84 %, Hygen %5 A (20155
RIZAL R, Val 815 T #5073 S L U B AR R
PRI Z K47 SR, WAPFE /R Met
SRR 5 M AT S DIAR G . 4N, Albaugh 55
AN (2010) &I COMT FEH Met S5z FEH (A S8
) 5 e Wb AT WA AECHK, Zhang %5 A (2016) K 31
Met 5537 Jk R85 7 35 76 28 D ARK SRR 2= B 23 30
2 W B o R TEAE  E AR A AL |
I R R DL K Bk DY J7 =X A B2 X BIF 58 45 2R 10 43
B AT AR, BB BFE T REZ AL T P B
S (D2 ORGP FEREEHE, 24 FEE A
TERRGS S HAEM, 2 B RGsE R0 35 i

* [E K HARBL AR EE G H (32071073, 31900776, 31971008), 1IAR4S H ARBF2- £ 430 H (ZR2019MC025).
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AT MIFIRLME R R Q2 B RGEREHFMIENZ
BRI R A

P2 Ak 2 LG BRE AL BIF 9T R B 22 L0 i R 49
N5 Bt A7 )l BEAFAE AR e OGPz At
FEUEIE R, BOdidT ARGk DI RE 5 22 L e i 1 1)
REIUBSCR, PELZ BTG TEKF T PFC A ARG
i X B Re e, 22 B M T R e v B IR PEC &
FH O X T BE 52 51 (Arnsten, 2009; Bertolino et al.,
2009; Robbins & Arnsten, 2009; Seamans & Yang,
2004; Tian et al., 2013; Tunbridge et al., 2006), L[>
AL WIF T I B 22 L2 T 5% 40 5 DR X i A7 A A 56 i
DX 2546 FI ) RE 1R 52 W A7 AE 28 BAE ARG R
41, Bertolino %5 A (2009)#£%% T DAT . DRD2 F&[H
R I D R A IR, R BRI S i 2 I T
HH Y BE R B ZH 5 (DAT 10R/10R 1 DRD2 GG #: A
AN a5 5K 22 L I P AH SC 1Y B R BU 4 5 (DAT
OR H1 DRD2 GT Jk KB A B REARAZ AN [B] 1
PERAG . IRBRRRBE R, 5y v 45 22 L Jig i A
I A U ZH BN A B2 RAZ RN [ 1 | IR AR
BUE T IEH Ko Bk, AT, 20K RgH
5 Bt A7 Tl T BE AR AR e OC &R
1.2 ZBREASZZERNEKSEIN

ITAEOR, HE T 2k R B 2 3L R A
(multilocus genetic profile score, MGPS) H 7§ 52 %| &
o ZIT R IS R A HE AL R R 22 2k A R R
g3, Fa7s 22 DR G A BB T AR 22 S 1 T
#ik(Cao & Rijlaarsdam, 2022; Davies et al., 2019;
Nikolova et al., 2011; Thibodeau et al., 2015),

M RGN Z W2 B 2 W REKF . 2
WRLREFF IRCR R E N o R, 25 2 TR A |
1 T 55 T 3z 1) B DA TR) 0 3K G 250 e (] 08 7 2 sk 1)
BN A 22 L B 1, S0 L T A0 A0 B 3L ) A
(Davies et al., 2019; Nikolova et al., 2011; Thibodeau
et al., 2015). JLASH iz A0 HY B 5% RS i (catechol -
O-methyltransferase, COMT) ., D2 % £ % fi 372 /& (D2

receptor, DRD2)FIZ [ fich#% iz /4 (dopamine transporter,

DATI1) 5 A 435l s el 2 T e i [ i . 15 52 S5 % ia
(Chester & DeWall, 2016; Nikolova et al., 2011), 3&
A8 22 EUMETE I . COMT HeDH s JL A5 1 g S8 Aor
HILEERL [, T DT R 22 T e S5 B e S i 423 o

COMT 154680 Z 25 5 FHE =W 26 158 (v & 3L R
M85 R (valine, Val)#| 85 22 (methionine, Met)
()5 4 (i COMT MG 14 341K 40% (Chen et al., 2004;
Lotta et al., 1995; Meyer et al., 2016), DRD2 3K 11

Tigmfy D2 Al Z k2R, AN RS T IX
1s1799978(A-241G) 2 A PEAE-241 v Ak e A= g e
(AR G (G R IR 4, STEZMZ K
D2 52 A B R Sk O, TS W) 22 L g i
£ (Genis-Mendoza et al., 2018; Xing et al., 2007;
Zhang & Malhotra, 2011), DATI FH 1 57 4 £ 1
iehis i, 23k IN 37w AR B X 1s27072 75 T 55
FLEEPR L C S BE PR Y BLAT T s i 3K, AAT7E
R i v T A Ak R A 2 T, U/ 5 fi ] Bt Y
% B 17K - (Pinsonneault et al., 2011), X =FhIEH
TEFTA T SCHAAT 5 55 D AR DG M X 3k 7K
S B (Yamaguchi & Lin, 2018). EEA 5 A B, X
AN Z SR 5 ILE Y DI B )
FH5(Chester & DeWall, 2016; Davies et al., 2015;
van Goozen et al., 2016; Zai et al., 2012; Zhang et al.,
2016), B[] 5 g 2 i 45 4 (Davies et al., 2019;
Vrantsidis et al., 2021), AR 55 1 BEHL COMT , DRD2
FDATT 1) b3k = Fofr g Ly 6 55 o7 5 PR 1) it 22 B R 2
TRIY, FZEEZ I R 5B AT N B CHK
1.3 BRERIHEAFNEATEAR

Z UL I 25 49 ik DA 0 B0t A7 O 1) 52 R 4 A2 B0
BHZEEY, fETE G x E 32 HAE A (Beauchaine et
al., 2007; Davies et al., 2019; Shanahan & Hofer,
2005). 4= ) K& e 7 (biosocial developmental model,
BDM)#& ih, 2 25 T AHZIs BB 2 B
22 U e Ty i ke o i DR A A O e e 0] A T Sy 1) XU
(Beauchaine et al., 2007), ¥71l], Tomlinson %§(2022)
XU F-BIF5E Sy AR TR SRR, AT A, R
155 (B 7 ) 855 52 A% DR 3R 60 ¥4 TR I A7 e I 180 2 Wi
{35t % 3R 50 X0 V4 TG G 15 1Y 5% T 7 ™ D 8 LA
IR 6

FEEH G ILEFT VERET A AR ERE
M (Davies et al., 2019; Gershoff, 2002; Stocker et al.,
2017; Thibodeau et al., 2015), HH1, FEXFZF K
TR R4 S HE R SRR R AT i ) LEE
A IS RAT A BB | 38 5 B 1 2 1 RN
JIUH [ 45 (Gershoff, 2002; Goulter et al., 2020), FR
il | BELAS 135 28 M2 A7 S 9415 Bl g & J#€ 4% (Ganiban et all.,
2021; Thibodeau et al., 2015), FFifE#EBHATH K
4 (Zhang et al., 2016), BRA IR, HWRHA SRS
EAUNF X2 YRR A P R G T BS
170, A&7 MBI TSE (Davies et al,,
2015, 2019; Thibodeau et al., 2015), 224/, Davies %5
(2015, 2019) MBI R B, Z Bk R G 2 N 2



590 1N B

5355 B 2% A BRSO W B0 3 L A AR /Y A1
AR, HEHT 5 8K 22 B B T A DG 85 A 35 PR A A~
PRTE 28 1 v 7K ST 1 T W 28053 B 38 300 1 R X6 8 8 7K
MR, 28 5 AR K P T R 2R I k) K
AEXTEAR . Htk, A5, hias 2 Ok R g5
5 B AT o 0 SGIE, SR S I SR AE 0 2R
BNZR, BRELS5ZEM RS ZEE RN EH1T 00
ZHAEA, R SR BRI T 2 B RS
2 3 K5 MU A7 Sy ] (9 S TK el W] 22 0 1 3 4 R TN
XTI AT R S
14 AHROBERIE

T /0 4F ] (adolescence) & I~ 1A & J& 14 26 1
B NI S i AE Wy g fie kA EE R AR AR B
/D PFC N4 2 TV & i 1S fi(Naneix et al.,
2012), Fii N2 B2 (R Fe 15 (Naneix et al., 2012) L4
R 22 U Mg B 32 1K 55 1 (Tielbeek et al., 2018)7& i
IR B EAE, PO, 704 8 22 T e R AU 3
SR, 5 22 LU Tl B T RE . /D AR I 22 T i
BT DIRE M AR PFC . SUCIRIR B 454 5 D g,
DI PFC 5 AZ R D) e 4% A A 1 78 fk(Romeo,
2017; Toth, 2022; Tottenham & Galvan, 2016), /M&
FEI RO AE | B R A R 5 s g M R 5
(Tielbeek et al., 2018), FH T /D 4F 1 22 e HE ARk
PERGSR, AR PTHEHT B9 5 R R 2 T eI PR AR G A
fLFEP R AT e s pl it — 2D 1, i 2 M R 40
FE DR 547 Ry 1] G156 3R 3 th AN ] T HAth & 2 B B 1Y
B,

BEA OC T N S - 5 3R 58 &8 B0 Wi A7 0 5%
Wil AT 32 3R A T4l Ll 4E i (Davies et al.,
2015; Thibodeau et al., 2015; Vrantsidis et al., 2021),
DA WS TTE D AE ] (Davies et al., 2019) AT
YT Z BB M, UL COMT . DATI #1 DRD2
SRR Z AN BB st e s, BORTHRESE
RIEEFEbR, T/ 2 Yl & deE R e AT
hietn, MR Z O RGEZE NS HEN 1T
AR FR VLSRR MBS TE . R TEA
R, AR RZ N BB 55 DERET R
(] () L VR 5 3R DA B Bk SR 3 A Herp (8 3 VR H,
FRATT 0I5 47 5 e B 22 T B I P A O 55 A6 i K]
B AR AT e R I S KR B AT, BRI
B 2 RN BG5S AT R R YOG
R, BRI ATK B 22K R 55 D
AT MR AR O R

2 il %55 4%
2 IR ITIE
2.1 #iK

AT A —TRALE R H, SR HIZ
1B BRI H AT R eI . AR, Wl —2
AR (T B SETE M B TRAT R, W 24 AR (T2)
WA L PRI, T1 . T2 PRI 75 D AR It A7 o 4k
o T, T2 R3) 1 A B Ast [ [ B 6 2 1) fF 5 15
THE AR, 2R ] ) 9 i S et A 3 S R R A
k2 S, N2 DR ) g st e 0 2 52 PG 2 Sk
PRI P B A 4 i s AT T S R R AR AR | 25 St T
W% B (Collins, 2006), MLAN, T [F]—4F (24 4E) 25
B E A, PTRER R . JF2ERT G | AE P A
() Ji) 400 M = A2 46 R 3R % 435 2R 7% 1 ) 5% 1 (Dormann
& Griffin, 2015),

ZWFE TR, 238 BRI H AU 29k
FIMERCR A2 AN DNA A A BB (V = 1078)
%A BEBEWN = 27)EaR7E EE AN DS
B EREEFGEER: 12003)' = —0.74, p = 0.46;
SES*: #(1867) = —0.95, p = 0.34; PE: x* =3.39, df= 1,
p = 0.07), {HEEA B EHE v Mt 51
e FE8AR(T 1 Biki: #(975) = 7.45, p < 0.001; T2 I{
i #(1042) = 6.24, p < 0.001; THWZLFE: ((1880) =
2.07, p = 0.04), HA AL B 9l 5 DU (V = 1044,
96.8% ) FIH At B 15 (N = 34, 3.2%), HIRDUE 5 HiAth
RO AE SEAHE 8 A i b (PR . SRR A3 A
fEWY . SES. T1 Mty T2 Hilifsh . BE2RIH
MBI RELEF(Ss < 445, ps = 049; |fs <
1.58, ps = 0.12), {H7% &35 Yy fig FE S F
fi(linkage diequilibrium, LD)X}3E i 45 5F 0 5 0 45
TERP % 22 S (Avinun et al., 2020), hyikEfe T Bk

S 1 R 22 9 3k 3 B RS 1K 58 J7 (Cardon &
Palmer, 2003), M H WF55 (40, Avinun et al.,
2020; Cao & Rijlaarsdam, 2022; Stocker et al., 2017),
ABIF A DGR AT 537

VO STREA AT R, AEWS . SES . Bk AT BOE R B3RS 22 AR SE
Mo MRIEGHR2E, RAKIER B H HEE TS t {f(Tabachnick &
Fidell, 2019), AL A o BB IES 09 BB

* SES AR A EEBY . SCIRFRIE RF BRI A A . 5 IR 5T
(Chen et al., 2019), A BB ARSE O A Lol R MERR B IH S =
2 RERBTRRM AL 848, Lalksil Lk A G, 4370 KAE
1 ~30 REZHEAKFEITEY P (ERE) LT @b &
KEAL) . REFE LR UL =26, 40IRE 1 ~3. FKETIBAN
3000 JCLATF . 3000 J£ ] 6000 J&. 6000 JCLA I, ZrHIEAE 1 ~ 3,
SMUEWIFRGEXNE &, 2012), RHKEF/Hrik& L SES, SES
o, fRFBFMEA: 2 AU ML o



55 4 1

MON 5 ZOMRRLENGHDFEBGETE U BICER . AR BT BT/ 591

AR 1044 N, T1 FH4ERE N 13.32 + 0.49
%, A 520 N(49.8%), LA 524 N (50.2%). 3%
AL SEZ #E AR B LA #5050 i 11.6% 1
8.3%, mthElthLE R 26.5%FH 20.6%, K
K UL #4530 8 61.9%F 71.1%. FKEEH WAL TF
3000 JCHY 4 23.1%, 3000 ~ 6000 JCIY 5 48.0%, 1
T 6000 JCHY 7 28.9%.

22 MREFSMRIA

ARG 3 A AR B A B 23 D3 25 W AL L BRI
SR, I | R AR R S A N T D AE B
RSP W A SEDEARN, WA HIE R &

H AR AT B R R G, ARG
PrAEAHEI, Z5590)5 S0l A R AR D
PR ]y B L BUR A o MRV AR SR A A 4 B
AT, RO TC A bE, REAETT 30 48 £
WA R L AROK SR AR, SRR ST U K DA
WIRREAR i, B T-20 CARIRIRAE, — RN esE
i B YA R, BT R A |
WREASRIERS, FEHEH 2 2 Zad A% Ki Il i & J s
FREEPOM AW G AT i, BB TR R B h 7
I AN AT B SR SR ) 46 1R A5 B 1] K i B R
5, TR S HE AT I g — Y [a]

221 ZEBRZZEERR. 2E5it45

AR AEE AT 2 ml, A Sequenom
(San Diego, CA, USA)ith F 5 o 4 Bh 8o e W/ v 9
“KATH Bl (MALDI-TOF) i i V- &5, $% BAn 1L 3
ARFAE . X A HETT DNA $RHS 4r Y
(Cao & Rijlaarsdam, 2022; Zhang et al., 2016),

COMT Vall58Met (x> = 2.06, p = 0.15; Val/Val
56.8%, Val/Met 36.0%, Met/Met 7.2%) . DRD?2
151799978 (x> = 0.004, p = 0.95; AA 66.5%, AG
30.1%, GG 3.4%)F1 DATI rs27072 (> = 1.63, p =
0.20; TT 5.9%, CT 33.9%, TT 60.2%) = PHEH L%
PERYJE R B 73 A5 4455 Hardy-Weinberg V-1 . 22 3k
R IF 5 3 <% L — 5% UL 3L K] (common  disease-
common variant)” {5, ZE 3R B SE A FE R AR
(minor allele frequency, MAF) K F 5% (Manolio
et al., 2009), AHFFEH, = AFEPAL AL IR EESFAL
PR P55 R (COMT: 25.2%, DRD2: 18.5%,
DATI: 22.9%)o — &M IEH AL A B A A1E
WEVEN 2R < 1.24,df=2,ps = 0.54),

FHiE COMT. DRD2 Fl DATI = AR H 2R
WAL, T RS . Ee, T
K gt 77 S o 2 B R BR 25 3L, Sk e e

ity Jr=(HD 0, 1, 2)2 7 iE ] TR L2 2 H R 7,
Z I A WE5E (Stocker et al., 2017; HATA%, 5K CHr,
2019), PEATLRMEILIBIRIKG LS . S5 LB, XF T1.
T2 30, BARATAN T S8R 2, (AR
IR 2 1 T M ik PR AR (R B  [) — S R
MRS GRS AT T R BRI AR® = 0.004, 0.007,
ps > 0.28), PRI = A~ FE A7 g ) 45 PR BT 5 2
Pt 7o HR, o T HEBR BN JE B ) 32 800,
HEATEEFE DR A W A ARG 40 o 45 SR R, BRI
55 950 5 24 P i DR 2 IO A6 8 i) 5 A B 25 S (AR =
0.002. 0.007, ps > 0.11), FH =AFLREXFT U EHITH
A TN 588 TG 22 S, AN ACE SRS R DR ) g ok i 32
SN RBOMIG . Hit, BRI AR 5K
22 15 JHE 155 PR A 6 1Y S5 6 FE PRI (COMT: Val/Val = 0,
Val/Met = 1, Met/Met = 2; DRD2: AA=0, AG = 1, GG
=2; DAT: TT =0, CT = 1, CC =2) 15t #k 121 %
iy, LR ARSI AN S BBy, ZEBRSEE
LR BB A 0 (N =24,2.3%)., 1 (N =164,
15.7%). 2 (N =1378,36.2%). 3 (N =334,32.0%). 4
(N =120, 11.5%)F1 5 (N = 24, 2.3%).
222 BEBERBFTA

K F A SCRR L 2 37 F 55 . [0] 45 (Child-Rearing
Practices Report, CRPR; Chen et al., 2000), HfF3%
5 BE R IR AT o XIS AT ELE DA
A, BA RS (W, Zhang et al.,
2017). FEARWEFTH, FESILEREAY 1 A5 H AR
RIWZT, RTINS, Sz REN s
TR B AR, SR e A W5 (Zhang et al.,
201 7K HAMMBR . AWFIE R a4 (4 25 H, aneqnsf
RN TF AL, RPN SERM) . 2B 6 4
H, dne3eih R IR 5248 #Z 7 1 B i iy 7 :0) 4
JEIE 10 2% BB E MBI SE B TRAT I EE bR . ]
BRSSO TEEARTFE” =0 BB 2fF G =
4), 15 m R BE RIS SRAT I Z . BuEt
HZ s, SR FERA R0 = 152.73,
df =35, RMSEA = 0.058, CFI = 0.91, TLI = 0.89).
AHFGT i RESETE A #3747 I 2 ) Cronbach’s o 5
BN 0.72,
223 WHITA

K R 44 78 0 o 75 /D4R T A7 0 (Crick &
Grotpeter, 1995), % RIETF P FEBEMF )z
N, BEE B AL T AT o A 8500 5E A9 BUHE (Mehari
et al., 2019), B RIFERUE . MM & BRI
(AnZe % T N R 22 FN 56 R M0l (2% 7215
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L

55 %

JE VAR R 22 B IR TE ) Y 4 20 H o wlali i
AN B AR RAT R, WBE bkt B O BRAT
HHER I =4 R AT PO B B4 B
FEHEATHENAR AL, VoA O AT Aoy A
B 18] 25 547 3 ) Cronbach’s o ZRE043 514
0.88 F1 0.87,
2.3 HIEAESSH

R R B BT 7 AR s B G R, H
UCR ] SPSS 26.0 #4770 JZE M [ 70 A7 25 4 22 Jk
K 2B 5 BRI B R A D BGETT B
] o 3 J2 B30 A A TR 2 — J2 A AR 3 D 4 o] 2
i, HRMAZ RN BB . BERIEIEER T
WAz g, 5 =2 25 2R SRR AER Y
ZHIW, HUE . B RRNMAZ I ZRr
W, HSRCRIHRBSR E I, TS 2K
WA, Ry 22 R B ARy — kI Y [l U5 43 A
REfS iR WARZPE R R, S UBL B U AL, DI
oI A X 24t SR e (1%) TN [ 0 A e 49 A T 1
9 B8 Y AR AR Lot 5C R, R e 3 Ho oy
TEN S URIDC R, kI 25 H o 6 ) S 48] U AL C
% (Cohen et al., 2003; Haans et al., 2016), #/{F—32
O D) HE AT A B R R KL 59 (Cohen et al.,
2003). fij BLRFRAG I U BGE T, R ME£1 SD KRR
TH TR X o3 e IR, s drer . BRI R
BIRAMN ZHE BBy . RIS 6RO
BX, [RIEAR 4 BE A A 57 i 1 (Kochanska et al., 2011;
Roisman et al., 2012; Zhang et al., 2015)#f8+2 SD
FBESEIE AR TR X 5 R e LRI, AR B
RIMT+1 SD ZHMY W EZ AR . Tyt e £ 3k
Ak, ZHEN R FEE R IE ISR B AT b il
AbEE

R B UEZE R AT SEVE AT RV BUSE ST - (1)
XA —BIE P EE LR MIABIARG 55, TR s A
52 FEH BRI 2 VE R 22 5 (Cao & Rijlaarsdam,
2022); (2)f#i i MATLAB R2013b ¥ regress Al
crossvalind PR, #47 k fold 38 X H: il (Marcot &
Hanea, 2021; 3K3CHT 45, 2021); QPRFEAFRIR 50%
BEDLIT AP TAEA HEAT BRI 530, LASEAT N
HRYHIE(Cao & Rijlaarsdam, 2022; Zhang et al., 2016).

3 4
3.1 HiIRGEIHER

FARANARGIT SRR BILE 1. ZHHR
FRIT SHREETHEOR A A 3, HEBR T3N3

BEM oG 23 R 5 WA I [R]85 B 0 A DGR
B3, BERWWEEE SR S R B AT I
IEAHE . ST REAS ¢ A0 R, WA E) S Sl
118 BESRTEW AT bR 22 5 3 (T1 2™
#(782) = —7.13, T2 Wili: ((772) = —6.68, WM #FE:
1(958) = —3.65, ps < 0.001), BRI HCdi AT R HIEEE
HRBE AT B T
®1 HRFEITSHEXER

o BEH WK TI T2
MoSDHET s me sk sk

Kt
i

el —
LI R
By
WHWEIFE 099 0.48
T1 ¥k -0.12 0.68
T2 i -0.09 0.71
W RS, 0= 4, 1= Bk,

Tp<0.1, p<0.05" p<001,"" p<0.001, Fd,

— 1

— —-0.02 1

0.11"" 0.03 1
0.22""  —0.02 0.12"" 1
0.20""  —0.01 0.12"" 0.76™" 1

32 EERRPEBFHEHBHEAENETILER

5 B =i

R AE 7R 22 3 K 5 B R T B BUR D AR
(s, LA T1 FAMERGEAT . T2 B4R
AT o AR R, PN A P AR, 2R R
gy BEREWESE . 23 R <R RE R
ZHI ., ZHH B kI SRR ISR
A& HL I PN AR S AT 43 )2 WHE A3

T1 HEBGET AR R A 2 1 2 B 45 51
2 R, BERIHRBEE B E MBI T1 Bty
Hy, R BB H SRR AR A B T
YA o TR AN B3, 25 B4 ki
XF T BabAT A B BIAE A B, 25K R
RIS TR BRSO T1 WA TN . R
SAHTLEL DR, BEEFERBERK TR 5 (] SD)RT,
2o KPR B TRIGNT T1 BeadiA T il 2 H o iE
(ZIRIF: b = 0.05, t = 2.75, p = 0.006; —KI: b =
—0.06, t = —1.92, p = 0.055), Z3HBRH5 T1 4ty
MR URISCR, S5 BRI D4
Yo RI MBS W AT AT R, TERRIH TR KT
BAR(=1 SD)I}, Z P BRI — R T1 Widifr
PR AN B2 (K3 b =—0.03, t=—1.33,p =
0.18; —¥KIfi: b=0.01,7=0.17, p = 0.86).

POMSIAREA IR, HOAT N . REEMREGRA T 2R,
BIEG w2, SRR IEG Y H B TR ¢ {6 (Tabachnick & Fidell,
2019), BLAbIRE [ R BEJEACE IS A9 1R B



5% 4 W MO S ZEBARZEAESEDELEIT AN U BIER . BREREEE M EH 593
%2 ERERSESEFHREFX T1 BETAHRIRN

- AR H—2 EH =2 EU R BHZE

B P B P B P B P B P
1) 0.05""  0.22  <0.001 021  <0.001 021  <0.001 022 <0.001 021  <0.001
NP 0.01" 0.10 0.002 0.10 0.002 0.09 0.003 0.03 0.38
MGPS -0.03 0.36 -0.03 0.37 -0.03 0.31 -0.04 0.21
MGPS*NP 0.00 -0.01 0.70 -0.02 0.60 -0.05 0.15
MGPS? 0.001 0.04 0.22 0.03 0.42
MGPS?xNP 0.007"" 0.11 0.006

TE: NP RREEEHRBSRATH, MGPS RERLZILH R0y, BFSNGEFENLRYIMH TR, TR,

0.1
IR0 BB R BAY
0
R
onl R HER
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The U-shaped relationship between dopaminergic genes and adolescent aggressive
behavior: The moderating role of maternal negative parenting

LIN Xiaonan, CAO Yanmiao, ZHANG Wenxin, JI Linqin

(School of Psychology, Shandong Normal University, Shandong Provincial Institute of Student
Development and Mental Health, Jinan 250014, China)

Abstract

Dopaminergic genes have been frequently found to be associated with aggressive behavior, but the results

are inconsistent. One reason for the inconsistencies is there might be the U-shaped relationship between

dopaminergic genetic variants and aggressive behavior. More specifically, evidence has suggested an inverted

U-shaped relationship between dopamine activity and prefrontal cortex (PFC) function (a critical region related

to aggression), with both dopaminergic hypofunction and hyperfunction, were related to poor PFC function. It is

possible that the relationship between dopaminergic genes and aggression approximates a U-shaped function.

However, such U-shaped relationship is rarely investigated in previous studies. Moreover, several concerns have

been raised about the ignoring the polygenic traits of aggressive behavior when conducting gene by environment

interaction (GXE) research using single loci. Therefore, the present study aimed to examine the interaction
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between dopaminergic genetic variants and maternal negative parenting on adolescent aggressive behavior by
adopting the approach of multilocus genetic profile score (MGPS).

Participants were 1044 adolescents (mean age 13.32 + 0.49 years old at Time 1, 50.2% females) recruited
from the community. The adolescents completed two assessments with an interval of one year. Saliva samples,
mother-reported parenting data and data on peer-nominated aggressive behavior were collected. All measures
showed good reliability. The MGPS was created by COMT rs4680 polymorphisms, DRD2 rs1799978
polymorphisms and DATI rs27072 polymorphisms. Genotyping in three dopaminergic genes were performed for
each participant in real time with MassARRAY RT software version 3.0.0.4 and analyzed using the
MassARRAY Typer software version 3.4 (Sequenom). To examine whether negative parenting moderates the
effects of MGPS on adolescent aggressive behavior, hierarchical regression analyses were conducted.

The results found that after controlling for gender, maternal negative parenting was a significant risk factor
for adolescent aggressive behavior, with higher negative parenting related to more aggressive behavior. The
main effect of the quadratic term of MGPS on adolescents’ aggressive behavior was significant at Time 2,
indicating a U-shaped relationship between MGPS and adolescent aggressive behavior. Moreover, the quadratic
term of MGPS significantly interacted with maternal negative parenting in predicting aggressive behavior at
Time 1 and Time 2, respectively. Specifically, there was a U-shaped relationship between MGPS and adolescent
aggressive behavior, indicating that adolescents with higher and lower MGPS exhibited higher levels of
aggressive behavior when experiencing higher levels of maternal negative parenting. No significant effect of
MGPS on adolescent aggressive behavior when experiencing lower levels of maternal negative parenting
existed.

This study provides evidence for the molecular mechanisms of multilocus genetic profile scores and
gene-environment interactions in adolescent aggressive behavior.

Keywords aggressive behavior, maternal negative parenting, dopamine, multilocus genetic profile score, U-shaped
relationship
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- AR H—2 B =2 R EHIZ
p P p P p P p P p P
COMT Vall58Met
il 0.05" 022  <0.001 021  <0.001 021  <0.001 021  <0.001 021  <0.001
NP 0.01"" 0.09 0.003 0.09 0.003 0.09 0.003 0.07 0.13
COMT 0.01 0.72 0.01 0.71 0.04 0.34 0.04 0.34
COMTxNP 0.00 -0.01 0.82  —0.004 0.90  —0.04 0.46
COMT? 0.001 -0.04 0.31 -0.05 0.27
COMT?xNP 0.001 0.05 0.38
DRD2 rs1799978
9] 0.05" 022 <0.001 021  <0.001 021  <0.001 021  <0.001 021  <0.001
NP 0.01" 0.09 0.003 0.09 0.003 0.09 0.003 0.09 0.05
DRD2 -0.04 0.16 -0.04 0.16 -0.07 0.16  —0.07 0.16
DRD2xNP 0.00 -0.01 0.72 -0.01 0.71 -0.02 0.73
DRD2? 0.00 0.03 0.50 0.03 0.50
DRD2?xNP 0.00 0.01 0.91
DATI rs27072
e 0.05™ 022 <0.001 021  <0.001 021  <0.001 021  <0.001 021  <0.001
NP 0.01” 0.09 0.003 0.09 0.003 0.09 0.003 0.05 0.27
DAT1 -0.02 0.50 -0.02 0.50 -0.02 0.64  —0.02 0.63
DAT1xNP 0.00 -0.01 0.81 -0.01 0.81 0.02 0.56
DAT1? 0.00 0.001 0.97 0.002 0.96
DAT1*xNP 0.002 0.07 0.19

TE: NP REESEHMBGT N, BF SN EFNERIYIE, TH.

2 kfold 3 XIGHE

N T 25 B AR IR B S SRR AN TR, SR B MATLAB R2013b A9 regress il crossvalind PRAL, 717 k
fold 22 B IF (k = 10; Marcot & Hanea, 2021; 5K 3CHTEE, 2021), HoA o HAE M IIZRAE, 1 4045 L4, [FIH
A y = ¢ + B, x MGPS + B, x maternal negative parenting + B3 x MGPS x maternal negative parenting + B4 x
MGPS x MGPS + Bs x MGPS x MGPS x maternal negative parenting + B¢ % gender + e, Z5H: i x, HIAI TN
B B b 0 355 S BRI A B A (T Beiki: r =024, p=3.45 x 10", T2 Wil =021, p=1.46 x 10",
T IS R AR M, WX i B AT 10 WK, r (EA AR W (T1 ik r = 0.22 ~ 0.24, p = 3.91 x
10 ~1.74 x 10", T2 Y idi: r=0.20~0.22, p=9.81 x 102 ~2.87 x 107'),,
3 WHEBIIE

PEREAF R S0%BENL T I FHREA (n poen 1 = 500, 1 s o = SA4)BEAT IR G387, LABEAT NERERIE, W
NFREAR FEAS R Z R AR BEGED: = 2.23, p = 0.14; ZIEH BRI o = 3.20, p = 0.67; BEEHH
HIE:t=049, p=0.62; T1 Wiki: t=-0.24, p = 0.81; T2 Bifi: t=-0.14, p = 0.89), UK S3. S4 fi/R, L3
PRI R AR Z IS B SR TH AR BOR B 28 BN T1 BGEAT A BINAE FHEAR 1 (p = 0.03)P B3, fETHA 2
(p = 0.059) P 2 i Ha % X T2 BGLEAT AR BENAE FHEAS 1 (p = 0.06)FIFAEA 2 (p = 0.056)H 12 &%
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- AR H—2 W2 B2 R HEHE
p P B P B P B P B P
COMT Vall58Met
5] 0.04™"" 0.21  <0.001 0.20  <0.001 0.19  <0.001 0.19  <0.001 0.19  <0.001
NP 0.01"" 0.09 0.004 0.09 0.007 0.09 0.007 0.07 0.12
COMT 0.04 0.17 0.04 0.19 0.06 0.18 0.06 0.18
COMTx*NP 0.001 0.03 0.30 0.03 0.28 0.02 0.75
COMT? 0.00 -0.02 0.58  —0.03 0.54
COMT?xNP 0.00 0.03 0.58
DRD2 rs1799978
51 0.04™"" 0.21  <0.001 0.20  <0.001 0.19  <0.001 0.19  <0.001 0.19  <0.001
NP 0.01"" 0.09 0.003 0.09 0.003 0.09 0.003 0.08 0.08
DRD2 -0.04 0.16  —0.04 0.16  —0.05 029  -0.05 0.28
DRD2xNP 0.001 -0.03 0.31 -0.03 0.30  —0.05 0.32
DRD2? 0.00 0.01 0.83 0.01 0.83
DRD22xNP 0.00 0.02 0.69
DATI rs27072
51 0.04™"" 0.21  <0.001 0.20  <0.001 0.20  <0.001 0.20  <0.001 0.20  <0.001
NP 0.01"" 0.09 0.003 0.09 0.003 0.10 0.002 0.04 0.33
DAT1 -0.04 027  -0.04 0.27 0.02 0.60 0.02 0.61
DAT1xNP 0.00 -0.002 0.94  —0.004 0.89 0.03 0.42
DAT1? 0.004 0.08 0.054 0.08 0.051
DAT1*xNP 0.002 0.08 0.13

XF TLIEAT R, fEFREAR LT, BERERETKT & (= 1.90 SD)I, ZIEH BRI T1
AT T 2 H oM TR = 0.09, 1= 1.97, p = 0.05), ZHEHN B T1 Wl iT NS URICR, L3R
B it SO R DR S R B m BT, TR RK SRR R I BR (-1 SD)I, Z A 2R
73 ZRION T1 Wi AT MR (b = —0.06, £ = —1.72, p = 0.09); TETHEA 2 1, BRI IR KB
(+1 SD)B, ZHEP A4 k30 T1 e A7 A il i 2 H oW 1E (b = 0.07, 1= 2.40, p = 0.02), ZHPH RS
5 T1 WAt maE U BROCKR, RN R @ a0 R E D F SR MI B m BhATR, BERTHR
FEK AR (=1 SD)EF, Z B B4 R I T1 Boi AT Jo i 3552 (b = —0.01, 1 = —0.38, p = 0.70).

YT T2 Wi A7 R, BRI IR K8 (1 SD)R, 2236 PH RS R0 T2 Bea A7 o 1l 2 35 HL
HIE(FREAR 1: 5=0.059, t=1.92, p=0.055; TFEA 2: 5 =0.08, 1=2.66, p=0.008), ZILHBFr5 T2 1§
AT AR URIOCR, RN R s Nn & D FE BRI BOm B A7 RER TR K BAIL
(—1 SD)}, Z P ER 3 R WX T2 B A7 T i 5 (FAHEAR 1: b=—0.04, t = —-1.00, p = 0.32; FHEA
2: b =-0.006, t=-0.18, p = 0.86).
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p P p P p P p P p P
FHA L
P51 0.057"  0.22 <0.001 021 <0.001 021 <0.001 021 <0.001 021  <0.001 [0.14, 0.35]
NP 0.004 0.06 0.19 0.06 0.20 0.06 020  —0.01 0.81  [-0.08, 0.06]
MGPS 0.001 098  0.001 0.99  0.001 0.99  —0.02 0.75  [-0.06, 0.05]
MGPSxNP  0.00 0.01 0.79 0.01 0.79  —0.01 0.84  [—0.07, 0.05]
MGPS? 0.00 0.002  0.96  —0.02 0.66 [-0.05,0.03]
MGPS?xNP  0.01" 0.13 0.03  [0.005, 0.10]
FHA 2
P 0.05""  0.23 <0.001 0.21  <0.001 0.21  <0.001 0.22  <0.001 0.21  <0.001 [0.18, 0.40]
NP 0.02" 0.12  0.005 0.12  0.004 0.12  0.005 0.06 020  [-0.03,0.11]
MGPS -0.05 024  —0.05 026  —0.06 0.18  —0.06 0.15  [-0.10, 0.02]
MGPSxNP  0.001 -0.03 0.47  —0.04 0.40  —0.07 0.17  [-0.11, 0.01]
MGPS? 0.004 0.07 0.13 0.06 0.19  [-0.01,0.07]
MGPS?xNP  0.006" 0.11 0.059  [—0.001, 0.08]
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- IR 2 W2 =2 eI EHIE 059 CI"
B P p P B P p P B P
FHA L
51 0.04™"  0.19 <0.001 0.18 <0.001 0.18  <0.001 0.18  <0.001 0.18 <0.001  [0.11, 0.34]
NP 0.005 0.07 0.14 0.07 0.16 0.06 0.17  0.001 0.99  [-0.07,0.07]
MGPS 0.001 098  —0.001 0.98  —0.003 0.95  —0.02 0.73  [-0.07,0.05]
MGPS*NP  0.001 0.04 0.41 0.03 0.50 0.01 0.79  [-0.06, 0.07]
MGPS? 0.002 0.04 0.39 0.02 0.67  [-0.04, 0.06]
MGPS?xNP  0.007" 0.1 0.06  [-0.002, 0.10]
FHA 2
P 0.05""  0.22 <0.001  0.21 <0.001 0.21  <0.001 0.22  <0.001 0.21  <0.001  [0.18, 0.41]
NP 0.01" 0.11  0.008 0.12 0.007 0.1 0.01 0.05 031  [-0.03,0.11]
MGPS -0.03 0.45  —0.03 047  —0.04 033  —0.05 028  [-0.09,0.03]
MGPSxNP  0.00 -0.02 0.70  —0.02 0.59  —0.06 020  [-0.10,0.02]
MGPS? 0.006" 0.08 0.064  0.07 0.10  [-0.01,0.08]

MGPS>x<NP  0.007" 0.11  0.056 [-0.001, 0.08]






