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HPA #HEE SITEHRI U BIKEX:
EFOEEYERKNNE

T AT T LHF  RLH
CLIUZRIRE RO FEZARE, BRRg, 250014 )

W OE T - R - AR A SRR G A S, HOI R S TG AR R, R AR T i
I BP0 R G B A AR R o X 530 & AR IHGR (19.35 + 1.59 %, 53.4% k) BEAT IR —4F 1936 R
WHE, RHNZEENZMARAFIEXNFEEE HPA IS Bah MIAYARZ MG R, TRRE R TR AR S b ah Ly Th A4
Mo HERKB: (1) KT hRMARR T RG RS 5 HPA LN RIS B WIGE , RA 2D RKF-R T gemt, HPA
LR ST R URDCR  (2) WM 50— BOI, w3 B —k 7 b5 2 HAR ] S ek | R AR,

A AR H e PR — 27 9 52 ELA DO Ut 9 B0 235 o WIFSE 4 2R D R B g Bl i) 22 DN — SR it 1 3,

I B A48 7R 2 A R R SR ol 1 SR A PRI L TR T oA

KEER Ml HPARIEN SRTOCHR nhahik U BDCR

1 (e H

et & A I 2 75 AR 0 0 UL A JIR g B () At
JUE RS TUARTE 20 B A A IR BTG, Sxi ™ E )
4285130 (Eisner & Malti, 2015) , $8/R1%0HY]
Yo 2 e frpim AL A B L i R4,
W9 e IR an A% 3 R -5 A5 DR 25 3 ) 55 i) g o 1 AR
Wi AT O CRKEE | 2025; Cao et al., 2024 ) , 1H
A=, VMOS8 & 20— OGRS it KU
YR T RE AR R R R R FrAE, 4R
EATFEMEL”  (Cao et al., 2024 ) Fl “FLPH—Id;
URISCR” (M/MmgE, 2023 ) BRI, $EmEr
AN JHE PR () AR 0T R % e AR TG R 25 5, R
EHH “ZH - (equifinality) 7 B %, [FH],
Bt 247 R OB AE YRS (psychobiological model
of antisocial behavior ) g i, &P g H 5 3R45 ) 52
HAERIFE S YT, MR mmad i, 1
MBI TUIRESF N R A A AFEAER (van Goozen et al.,
2022) o Hpltk, FER ST EAELMEOC R
“EAEHAEREM? 7 CREENREKE LEg
KA T MARRARR.

1.1 HPA Bl 580t U BOCR IR

™ B Rl - 3 K-S IR %l (hypothalamus-
pituitary-adrenal axis, HPA axis ) J& AZSHE 2194 F
PR RG22 —, I SR AT
SN AHUANRE Ty, HIREAR IR 25 R 2 A0 b
R A ( Koss & Gunnar, 2018) . HZ, B A KT
HPA fiDfig 5 Yok i SR SR HIAEAE i . —SEqf
SN, R BmE . Bl Y B o SO
WA VRS (Stadelmann et al., 2018 ) . 2%
WG R IR, Ik e 1 17 o K S RO A B Joi e s 1o
PR AT BERE Ak ] 84 XUK: ( Blankenstein et al.,
2023) o ZPEARS TRl REYE: HPA hThfg &
Yeii AT REAAAEAR OGRS AL ARy HPA il
SIS LG

AR, K AR ZERASE o HPA BliG 1k
YR U BRI T30 Rr . Walker 45 (2018 )
FET YT HPA Fhiohae 5 2Gh Y U BOCR R
o AW, Frost A (2023) AYRFSEN U BUEIEAR
BT SRS, BULWSL R R R R S L AT
RIARRIAAEAE U RIOCHRBE, s AR Je 5
R K- I 2 BTG 26 FA R IR . TR AT TN
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AT R EE HPA Bl “ N P )—— R il
UG RARZE SR, AR DI %E HPA il “ I
Ui AL S T (AR R OCE . (H, B
J& HPA RlEER2 MO BEALRE A/ 3R ( Pagliaccio
etal,2014) , FHICTE BBz 5 o WA SR U 2
IR BEZ HPA Bl AR D REAE A= B4 b B
(LS

HPA il Ty it 5% 2 Tl HPA il £ 48 & X 95,
AV E T 5 HPA FhIhRE & UIAH DG 1Y R 51 K&
A, 4 NR3C2 # A ( mineralocorticoid receptor; van
Leeuwen et al., 2011 ) . CRHR1 & [A ( corticotropin-
releasing hormone receptor 1; Kehne & Cain, 2010 ) |
COMT 3 [ ( catechol-O-methyltransferase; Walder et
al, 2010) . BDNF %t [A (brain-derived neurotrophic
factor; Givalois et al., 2004 ) %%, NR3C2 K {ii T 4
q31-32 X, Zfithh K PR A2 A, A [ BE PR L G )
(RS2 AN B ST AR 22 57, 520 HPA il 17
bR, Hb 12070951 2250 C S 5L N 4L
G A3 PRLELAT B s ) 2 SRR S Wi (van Leeuwen
etal, 2011 ) . CRHRI JEHE AT 17 q21.31 X, Zhth
G HE Pz, i 50 ERE MRS S,
JE ¥ HPA %li 1) 3 38 [ 1 ( Kehne & Cain, 2010 ) ,
For 110402 Z2 251 G A 5L LE A S5 07 B ] A
A R Y B B S (L et al., 2019 ) o COMT
FEHNLT 22 qll1-q11.2 X, H4mia COMT i 8
1 A 1 BRI CRH R Bk, #E M
HPA 7% % ( Walder et al., 2010) , 1 Vall58Met
Z Ak Val S5 5L PR 4 % (4 i % 58 % ( Lachman
etal, 1996 ) . BDNF JEHf T 11 p13 X, @i
BDNF #iA175 A& CRH # £ Juifli i 1M 52 1) HPA il
i M (Givalois et al., 2004 ) , Val66Met £ 45 1 Met
S LR B AR A9 BDNF % i ( Gonzalez-Castro
etal.,2015) .

T YA, HPA FR 405k A [A] AT RE P[] 52 i
HPA il M. HPA RS B A Bl R
PR AR B BUSR B UM Z (corticotropin-releasing
hormone, CRH ) {EH AR CRH 214, fEidtRe
AR B bR 2 i 2 (adrenocorticotropic hormone,
ACTH) , (HHAEHT B F R R DR e, it
P J5 P S ok 5 P 288 o e 52 AR 2 5 AT 87 B R
9o 18 HPA Bl R rPATAT R A5 1 D RE 2R I AL
STARHAWI T INRE, I RS20 HPA Bl 14

( Belmaker & Agam, 2008 ) . W3¢ Bn, E5EEL

Jo A7 1A 2 SR B AR 25 5 80 CRH 3% 35 14 % il BDNF
KF- 14, BDNF i — 25 i i TrkB-CREB {5 5 i

5200 CRH #3A7KF (Jeanneteau et al., 2012 ) . |A]
ff, CRH S EIE—LHE LIRER / SRR S
PAYE LW ERRER U, 1 COMT W3 i A )L
MRS ERRR AR T CRH, SE3b 5t
9 (Perrelli et al., 2024 ) o ST, RIS R 5T
WAz . BDNF [AT-. COMT 2 [ 1 JE N £l i 5
Mi CRH Feik52 e 5 MR AT CRH SZRIZ5 G,
SEEAE RIS HPA B, fal iisT b ik fb
R DI RERE S 3L 7 SF, Di Torio 55 (2017 ) &
P FKBPS, NR3C2, CRHRI #& B4 I8 A4
X ERBE A Y B, T CRHR1 5 BDNF £ K 28
AR (Xiao et al, 2011) ., X $/RZ 5 HPA
B RGN R R L R [E) P R AF AR S A . 22
243 (multilocus genetic profile score, MGPS ) J&
B FENB B RN T s, AMUBERS TR AL
FEBEER, I HERSIT hB e = 2 5
S CERTAR , 5K3CHT, 2019) o T, AW
58K I MGPS 13X % 48 HPA fi Z LRI XTI . M
(AR R (BY F-Z245 , 2024; Cao & Rijlaarsdam,
2023) , Jf H 76 A4H OC % D) RE A 98 v 4k A5 T 5k

( Pagliaccio et al., 2014; Pagliaccio et al., 2015 )

HEAFLT DAESIRRE, B HPA
IIReEAMARTE. AR 2T D AF L iy S
AR RS B, AR (20 & 4
A7) A JE (Trickett et al,, 2010) , I HiZBr
Bt HPA il BB AN 28 Iy 9 I A T 7 20 41 1)

( Lupien et al., 2009; Trickett et al., 2010 ) . {HJ&, &
KA HPA Sihhe M H 5 % Jresil b i 58 ik
HIXHZ (Adam et al., 2023 ) , [H I S&TE HAT 4]
HPA il 52 48 3 R B 18 52 e v e 48 7~ 12 o B il
FEPECHRFEE o
1.2 HPA LA S RS EARE ]

HPA il Y s ey, JF HBRI 1y
AT FREE B R, RSB P — PR S AR
M. HEr, S©ADEBIESE T HPA 25K 2
TSI UG s AME R A A BAE R, (HFSE 4
AP Bl g R B, HPA il LK 5 R 1
1REZ TR T AEREAT R, #EH IR HPA 4
Z 5 B INor G DA 4E 5 32 B Rl AR 3 10 52 e
MR G T CRIBEFLAE , 2025) o 53 —uk
ST 2R % Bl HPA Bl 2 B 1 5 A BRI 0 /D 4
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B OB #F

AMEIRE) 22 HAEH (Cao & Rijlaarsdam, 2023 )
R4 T BB B A ST Z AL T HPA Bl L 5 2R
BURME R AR LM C R . A ORI SSH AT e A
GEHETN,  BARARRN = G P HPA il 5 R 52 niel 114 i [X
rE2es, (HH S ST HUEMA ¢ (Pagliaccio
et al., 2014; Pagliaccio et al., 2015) . 4, #5H7fi%
HPA SR B0 AR TE 2 D1 R 0 5 BA BN
ZEMIAS AR (HHEAT 55 HPA BhIL R B4 4~
TRAE R ) HA TR A 22 it SRR ( Pagliaccio
etal, 2014) o BARFES R IREE T, & AR 1
HPA i35 PR (4 g X ASTR] (A A AR s s
FN SRR I 2 i A% - 15 S RFH LU
( amygdala-hippocampal volume ratio ) ” B74%, %L
ERIGEAEERK A ZE (Gilliam etal,, 2015) o H
I, mAMIG HPA Shid M AR R ) T & [l 4 ek Ay
AMRETIRE, PSRRI YK

TERZABEH R T, S5 TR s & R [
BT ZPEE S AR 2R ( Steinberg, 2022 ) . Rl
%¢ (conflict) FI5E G (cohesion) 1E KT RAM
P SEARYERE, R A EE IR, A7 # 48
BESF L RIATFXTPL, JEE RIS T4 bk
HHEIREESE (Driscoll & Pianta, 2011 ) . fE9iEE H.
I 2T v 2 ] BER AL — R, S E
NN I N = W IRG s W) | WO 1B | NE s e
7 (Shakiba et al., 2022 ) . FHEWEF KR SHM
AR AR R bR ILRE I R R, BRI
7K ( Guttmann-Steinmetz & Crowell, 2006; Liu et al.,
2025) o RIRTE 25T KRET MERPEF R ML
555 W) & &R (Steinberg, 2022 ) , {H & 7E 24
AR R, AR A A AR ( Armett,
2000) , ACEEATESRIE BUAE AR B R R
4. I, ABHFFEREE — A H B R HPA HhZ
B SH AR M R R B ZE T RRW T,
1.3 hElER A TER

BT AL S AT B0 HAE MR R AL XU
G E ARG XS AL A7 M 28 BEAE R & i
B A I RS AHLEE & /EFH (van Goozen et
al, 2022) . sk (impulsivity ) J& — Ff B 7Y {1
Pt D Re b, 235 SO AT L 50 s R 1
S AN I AR SR, SRR R AR AT A
XU ( Thibodeau et al., 2015) . [Ftk, whahknlfg
A AL R N 5 IR B R I v R A R
( Thibodeau et al., 2015 ) .

AR H R A WIS B 48 HPA BB S5
WEE 2 HAE A Z i h st iy (s AL, (H
FEAASCAI T N MR AL T S04 — 71, HPA fhi3EH
SIUREE 038 AR FH AT RE a2k A i 2l 1 A O i DX 3

AR S PE K. R B IMRI IFSE s,
HPA %l 22 5t 22 5 [F SRS 5 1 ) 538 B2 Ay
=55 B2 0@ PE (Pagliaccio et al., 2015 )
T A A AZFIVAT I R J22 00 12 300 2 i) o 8l 080 4 119 O
HERGHLE (Hall & Hallquist, 2023 ) . S —J7 1, J&
JIFREEA 23 HPA BhDhfig, L5 HPA ik At
] 5201 HPA D) BE AR fb 252 iR PR A% 2 EL e D))
e, EEAMAH BT B nehshitE (Lovallo,
2013) o FHIL, HPA B3R FIEREE Al GEAC H R M bt
P13 SO 113Gt Ne3 s ) | O

TR E AR, ST Won R RS e s M
EARL M X R, A IR XM (error-related
negativity, ERN ) AT R, K2 Baisoa i s v 5
ERN 28] U BRI, 75 i AR B S5 B s oz 1 B
ERN & lE#2/N (Shi et al,, 2021 ) , i rhzhtkF4s
= (Tayloretal., 2018 ) . X#&/~ HPA fhAaYAEZ M)
RETEN KUK FES B, NIk, AP =
A H RS SN ETE HPA Bl 55 T LR H.
YER S Bt e i s A VER

Zi b, AW T R RS A S 2R
FISAN “RAL AT MR OB AR | SR B
WITH%E HPA BN 5 BGERAEZME R, IFHE
FHTHKZRXT HPA i 5 e [l AR M R i 1
YEFA B stk i s A VR
2 RA=E
21 Bk

K H] G*Power 3.1.9.7 IZEPE BT AR [ 5 A&
RS HREAR R K 526 (@ =.05,/7=.015,1-8 = .80,
TAS =1, BAREE=7) o RAZBHMEEN
IR B SRR AF A 604 £ HEAT NI —AE Y A B
WF5E, Ho A BRI B A e Y A 1) i
530 N, SEHERS N 1935 £ 1.59 %, 53.4% &/,
98.5% DU . HAHEREHEFITCEE R B i e
A PR EES (J1s<0.89,p>.05) . {HIE4afR
BEMERI B AL Tk (x =1142,p=.001) . {EiB
ERid AR, #lHiige 38 A, Little' s MCAR K56 A i
EH( x*=73.10,df=62,p> 05 ), KIPALIFEHLBL .
22 WHRTHE
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221 Wik

¥ F Buss-Perry B[] 45 i SChie ( X482 T4
2009; Buss & Perry, 1992 ) MliTHGL, 429 40iH .
M “TEEARFFET B SR ARt 15 48,
B =l L O O = A N s R TR N ST
ik i Cronbach's o RE4T5IH .88 il .92,
222 JEFXAR

K M JE F & & 1 3R o XM (Child-Parent
Relationship Scale, CPRS; 7K %55 | 2008; Driscoll
& Pianta, 2011 ) MIFEF h MRS, 2k 15 A0
H, Hiap 8 MuiH, E2E&740WHE. N “%
AR B RS aalit 1~5 57, whE
HIZEAH) Cronbach's @ ZRESM12M .82 Al .89,
223 stk

% J Barratt #f 3 B F T X jX (Barratt
Impulsiveness Scale; 4% 4> Jr 4 , 2007; Patton et al.,
1995) , 2 I Steinberg 5 (2008 ) HF5Y, 1EHUH:
H18 AT HIPE vtk A AR # “ZE”
ST 1~4 4, S5y iE stk e, hahtkr
Cronbach's a %N 81,
224 MEEAEACSRAEFIEE N 71

FEERE/RIEF T, 90 AR L B2 4R
FIH iIMLDR A (improved multiplex ligation detection
reaction, Shanghai ) 7 Life technologies 3730x1 {3+ I3/
TR A3 AL, ASHRSE I FH A A DUF- 5 R R B
By EErE, JERRIBERES . (1) FERE
W call rate > 98%; (2) FE iR HREHLIEE 3%
PIREAR TR, K5 —3ER 100%; (3)
MAF > 5% ( minor allele frequency, X 2453 3[R 4
) ; (4) Hardy-Weinberg ( H-W ) -7 K6 56; (19 i
HHAKFH 05,
2.3 WIRETF

ARG T TR AT B A RS D 23 T A% AL
o SB—REIRIE (T1) DI A7, RM
KB TENL R R TR . Yok . vhah g,
FFREMERAEAS . [ AS I A IR AR A 2 A 28
I A BRI AT, i SRR ZY 30min, [H] PR
—AEfE, T REERIAE (T2) PRI
2.4 HL[R ik 2E

AW PTA PR A 3R A, Harman HLR R
TS, FREARKTF 1 HETFIE 21 4, SF—HF
RN 18.72%, /NT 40% MG AR, AAFETE
A 3 (R 7 i A 25

2.5 FAEbHLS ST
K HH SPSS 26.0 #4784 AL BE 5 4yt B —,
XA AT R R G S AT, BB, XA
F& K 17 Hardy-Weinberg ( H-W ) Ak 56, [A] Bsf
HEAT LR R A5 5 R A8 A T D e DR e R T o
(EATAR , SK30H, 2019) o 55—, DIHEI A il AR
i, T B A R R S A2 A (1)
MRS 1 DL oA AR e, MGPS, MGPS — ¥k 0
(MGPS?) | TR/, MGPS 5% F X HR
ZHI, MGPS? 55E T30 R3¢ I T AR &1 7
IYIZIEIE  (2) B 2 DLbshitoh AR R, SR
AL rh IR A T I (3) AR 3 7R
R SLml L, S s A B AL S B
DU SRe FH ] B p R B0 A2 HAE FHAS, JrAg el U A
T — &7 B-H Ge R IE o 26 DU , EA T RBUER 40 #r

3 HR

3.1 RG-S

KA YA ARiEZE R T R L3R 1,
FTEASEGE . et B E A, EFeh
R hIEY R B EIEAC, Wtk St
ATE A P
3.2 Hardy-Weinberg ~F-fiij Fl1 2 ik PRI A500 K 56

AHFFEH NR3C2, CRHRI, COMT A1 BDNF FE[A]
RV 2, £ HERAY 4555 Hardy-Weinberg -
i ( x’s<.19,df=2,ps>05) , 152070951 rs110402.
rs4680 il rs6265 (X ZLAF AL HE IR (minor allele
frequency, MAF ) 434 27.36% . 9.81% . 28.30%
F146.23%, ¥IKRTF 5%, Jif e 4 3L H g & R
FH 2 4 % 5 =X DA B 5 A7 A B R 32 0
ZHREe AR (ENT&, 5K TH, 2019) , i
AT TR | 2 TR 45 35 PRI A0 o7 A B A B (3%
3) o AR B VAT D S 4 P RN A S R RGN IR
W Wik, K&RREIEFTO. 1. 2 465, HPA
WiZEHE Mool 0(N=6) . 1 (N
=31) . 2(N=100) . 3 (N=161) .4 (N
=151) . 5(N=62) . 6 (N=17) f17 (N =
2) .
3.3 HPA BZ R 5 R X R BE s HAE

TESEF b pileh (R4 ML S) , MGPS® Xt
B A E AR B2, SR b RIS HAE
FHAESE FIUM T1 Mok midE T2 Yoy ) B4k 5 5
R, MR RE R, MGPS SRR
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B B OR %

F1 STENHRFEITIEXSTER
A i M SD 1 2 3 4
1. T1 T up%E 2.40 .76 1
2.TLFEFHRG 3.87 .83 -59"" 1
3. T1 spaglik 2.15 43 36" =22 1
4.T1 ik 2.59 57 497 197 50" 1
5. T2 Bifi 2.47 .63 31 17 277 52
TE: Tp <001, T1ACES—RBARBCEE ML T2 ARFREE R BRI A i A5
% 2 HPA BHEE S fIER
e MAF HW () Pl I S R
0 1 2
52070951 27.36% 08 (p=.77) GG (n=41) GC (n=208) CC (n=281)
rs110402 9.81% 19 (p=.66) AA (n=432) GA (n=92) GG (n=6)
154680 28.30% 10 (p=.76) GG (n=271) GA (n=218) AA (n=41)
156265 46.23% 16 (p=.69) TT (n=111) CT (n=268) CC (n=151)
3 ZMEMEREERIER LR
it _— RRRUALL A RO O
R F (df) P AR? F (df) p
FTF R
oy o E] 266 5.27 (34,495) <.001 — — —
T1 Yoy AR 254 9.69 (18,511) <.001 012 47 (16,495) 96
A BE R AR 248 28.73 (6,523) <.001 .006 37 (12,511) 97
S 162 2.60 (34,457) <.001 — — —
T2 ¥k LR 130 3.94 (18,473) <.001 032 1.09 (16,457) 37
£ e 114 10.42 (6,485) <.001 016 74 (12,473) 1
oy E 156 2.69 (34,495) <.001 — — —
T1 thalitk LR AR 148 493 (18,511) <.001 008 29 (16,495) 99
S JE RIS 139 14.08 (6,523) <.001 .009 44 (12,511) 95
FTFHE
oy ] .083 1.32 (34,495) 11 — — —
T1 Yoty LR .062 1.88 (18,511) .02 021 70 (16, 495) .80
GHE AR 057 525 (6,523) <.001 .005 25 (12,511) 99
Wayiiziei] 094 139 (34,457) 07 — — —
T2 Bt LA .059 1.64 (18,473) .05 035 1.11 (16,457) 34
A BE R AR 044 3.69 (6,485) .001 015 63 (12,473) 81
oy ] .089 1.41 (34,495) .06 — — —
T1 gt LR 074 225 (18,511) .002 015 51 (16,495) .94
£ = SR .062 5.79 (6,523) <.001 012 52 (12,511) .90

e SPBURELT 8 I AT, 8 MBI U, 8 I X FRBECIIN, 8 EIM YO x FREESCHILL RPN, IRESEAU;
28 O ) — DR 0 S R IR IS (16 IRE ) 5 “SAEBIBURNG 4 D IEBAT B 9 34000 RO S B S AR
HIAF (12 MRUE ) o TIRES—UBRURIIMI G T2 (R4 R T
UM (b=.06,p=.01), HIEHACETER HPA Rl 3.4 HPARIZEEN | KT KR S pahfin dedi i
S RN E SRR Sd (B 1a) 5 g M AP i i g
T RN, MGPS’ ST R R A RE (b=-02, MR AR AR SR (2013) RURLIR IR, A
p>.05) o [HRAERTRARA A, SHEH L, BTSSR T R AR B AT T A A Ay
MGPS’ KIS R TR A A H I AN PR . AEPE T IR R (R4 MK S)
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R4 HPAMISERSETFXEX T1 WHWZEER: WsiEs b N ER
e FRI (T1 ) FARID (TLahshE) PR3 (T )
A
B AR? 95% CI B AR? 95% CI B AR? 95% CI
FEF MR
B2 P -.03 .001 [-.13,.06] -.10 01° [-.36, -.02] -.03 .001 [-.13,.06]
% J2: MGPS -14 02" [-.13, -.03] -.06 .003 [-.14,.03] -14 02" [-.13, -.03]
H=)2. MGPS? .03 .001 [-.02,.05] -.02 <.001 [-.08,.05] 03 001 [-.02,.05]
B RS 48 23" [.23,.31] 36 a3 [.28, .44] 48 237 [.23,.31]
TR whahtk — — — — — — 37 127 [.17, .25]
=l N o v e
JZ2: EF R
AR RTWR o0 oot [0s,.04] o0l <001 [-07.09]  -02 <001  [-05,.03]
xMGPS
B o wih 2
t)E: EFME N "
LA R 12 .01 [.01,.08] 17 .02 [.04,.17] .06 .002 [-.01,.05]
xMGPS?
R 25 15 36
F 30.35™" 16.10™" 44.19™
FFESE
B2 M -.03 001 [-.13,.06] -.10 01 [-.36,-.02] -.03 001 [-.13,.06]
% )2 MGPS -.14 02" [-.13,-.03] -.06 .003 [-.14,.03] -.14 .02 [-.13,-.03]
H=)2: MGPS? .03 001 [-.02,.05] -.02 <.001  [-.08,.05] .03 001 [-.02,.05]
EIUZE: ETHEA -19 047 [-.15,-.06] -22 05 [-.31,-.14] -19 04" [-.15,-.06]
BHZE: sk — — — — — — 48 227 [.23,.31]
BB ETHES
BAR " .05 .003 [-.02,.08] .03 001 [-.06, .13] .04 001 [-.02,.07]
xMGPS
BEE: ETHEA
BLE " -.06 .002 [-.06,.02] -.02 <.001  [-.08,.06] -.05 .002 [-.06, .02]
xMGPS?
R 05 05 27
F 5.60"" 581" 28.25™
H: Tp<05; p< 0l p <001, MIHLE RAEEE LT B-H R E R B RIAE R
- e --- &RTFHR
3.19- - KETFHR — SR TR - pebebiloe
a - —— BRI
0.6
2.9+
0.4
2.74 0.2 1
v #
S E R
= -0.2 - — Ry -
g \\\\\\ -0.4 \\
-0.6 4
241 -0.8
{EMGPS EMGPS fEMGPS =MGPS
(a) By (b) Mt

MGPS’ 5 3%+ th 5 119 22 . AE i i b 3 M (] 42 5
Wi T1 1 T2 Yidy (T1: effect = .02, 95%CI = [.01, .04];
T2: effect = .01, 95%CI = [.01, .03]) . N5 MGPS®
5T g vt s AR, 2T

B 1 HPA S EE RS 5EFHRGBEFHHIEN L EREN

f BABLRAIMT Z B, 1625 T R, MGPS 5
WEHER URISER (b=11,p < .05) ; METHRE
BARET, MGPS 5 ihahithE 8 U BIER (b =-.10, p
=.02; B 1b) . R Lkt MGPS® 53614
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B #

i"

x5 HPAMSERSEFREXN T2 WHHNLEEM: HEhERNER

R (T2 By )

R 2 (T1 shait:) R 3 (T2 ¥eili)

Kt
e

B AR? 95% CI Vi AR? 95% CI Vi AR’ 95% CI
FT MR
f—)2: RS -11 o1 [-.25,-.03] -.10 o1 [-.36, -.02] -11 .01 [-.25, -.03]
%) MGPS -.003 <.001 [-.06, .05] -.06 .003 [-.14, .03] -003  <.001 [-.06, .05]
% =2 MGPS? -.04 .002 [-.06, .02] -02  <.001 [-.08, .05] -04 002 [-.06, .02]
IR BT 32 107 [15, .26] .36 A3 [.28, .44] 32 107 [15, .26]
SHE: whantk — — — — — — a8 .03 [.06, .17]
BAE: REHR .05 .002 [-.02, .09] 01 <001 [-.07,.09] .05 .002 [-.02,.09]
*xMGPS
BLRE: RTHR -.10 .01 [-.09, .002] 17 .02 [.04, .17] -.14 01" [-.10,-.01]
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FFHRE
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SR whEhik — — — — — 24 05 [.10, .21]
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R? .03 .05 .09
F 3.84" 581" 747"

FE: Tp< 05 p <01 p <001, AHLE R EEEE 2T B-H AL IR RR BE ISR

XF U P AS BN AN .35, B2 AT REAA 7RI AL
CURLAEEE | HE0R L 2014 ), ABISARTE R TR G

R PR 56 v Sl PR I RIS, S5 SR TR AR 3
IKF (T1: effect = -.003, 95%CI = [-.03, .02]; T2: effect
=001, 95%CI =[-.02, .01]) .
3.5 UMY

B—, AME—HIERER BREE T (F—
BASEIR ORI S Fh RS HIAR B E (AR’s
<.004;|B s < .28;ps>.05) , FHAMHLPAILHBFSY,
ZHEH BN e A R = s AL R

W, B BRSNS ST REA A T
KA, FREEAR 1 (N =266) FIFREA 2 (N =264)
TEFTA S i AR 225 (Jtls < 1.14;ps > .05)
TEPIASFREA T, G A B 18 5 A8 R 34 1T
MGPS® 55 2 - #h 5 (1) 3¢ 1301 &g 3 F vh sh ik (7
FEAR 1. B =.16,p<.05; TFA2: B =20,p=
01) , whahtk g Emm 11 %k (FREAL: B
39,p<.001 ; FFEA2: B =.36,p<.001) FlT2

Uil (FHA 1 B =.13,p<.05; THA2:
28, p<.001) .

B, XA REA T MGPS® 525 F 1
38 H AN AT IO . A AR T S AR
MGPS® 5 o gl ¥ 1) A 56 %0 i r= 24 (p < .05,
95%CI= [.01, .44]) , W55 W i (Q = 1.16,p > .05,
F=1394) . 7EAR3E T op £ B 5E b, MGPS® 5 nf
SRR AH G N HE r = -.16 (p > .05, 95%CI = [-.34,
03]) , W5 (Q=84,p> .05, <.001) , .
TCEFHRMNZEFRE Q= 6.18,p=.01) , &
Bl MGPS® 526 Fh R s HAEFH 3

4 +ig

AW R T “ZH—R” HE, BET HPA
B2 LN By S BGhE ARZ G, T O
BB SRR TR T R RN ZARL MR
TERA L PSP rh e . SRR, Sr b
FEMAE R 7555 15 HPA Hli ik P — Y0 58 B 52 0 14

B
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i, BARRICHERPRIAEE T, #5407 = AL HPA
TS PRI ) A RS R m e, AR SR
T, ZARERIER R A . HPA Rl — 5 34
R 28 HAE 38 A vh 3l v (B s ety HPA il
AR AT RE AR B E IR ADKT I

BARA R RS W, HPA BT RE S T4
AR AEZES F (Frost et al., 2023; Walker et al.,
2018 ) , {HEAMFIAR LI HPA Fli PR X Mok (1)
U AIWER, XATRES P R A5G, Ho—, &
B LR ARG [ & 2 B AE B4R (Cao et al.,
2024 ), [RITME LA 7 00 S FE R o, Jn R
AT FEAN R A BORE DR A7 5 X LA 75 HPA Bl R 48
At E e, MR R A AR =,
AH Eb B f R i ) i v i e A= 6 Y, HPA il
FER S sid TR B SRS, BUR T NI FR
T A7 55 PRS2 el ) R B /0N, O e LU 28] 5 [
RIS 17 Ry e A A] 9 B 3% G K ( Meyer-Lindenberg &
Weinberger, 2006 )

A5 4 BR HPA il 3 R 5 e s A oh sl g U
RIS ZAR 7 BT o 2 (Y, #5747 = AN{IE HPA
B P R DAL ) RSB X 2 T P S O U, TR
U s AT . WNRTRTIR, HPA filiZ2 LR 2
535 158 B2 T S A A% AR F (Pagliaccio
etal,2014) , FOK = FK HPA Bl M & 7
BN [R5 A8 A8 Ak, E# 2 ) 258 b 32 o > AR 3
dr KBS (Gilliam et al., 2015) . 4k, HPA %%
PR 3 28 P ) B 3 1T R 8 4015 1 i P 9 2% Bz I e a7
h——3h W T E 2R (MR ) R B T R 2 K
( glucocorticoid receptor, GR ) Y2 PEIIHE, 1%
Fup A i, HPA fill R G005 G T BUR JRBEK
T, AR TR PR S AR A T S R R A
KB S B R 2 IR G, RAAE B
RZRGE AR, B R RS R 2 A S s
(de Kloet et al., 2005 ) . #R1fi, PHIEZANE A
AR IIRE R AR L, YR AR S 5%
AR CRP R R ) FIUHE B 32 IR 2 R 4%
e B RZ TSk ) B34 2 M g E R A%
it (de Kloet et al.,, 2005) o [Hitt, =HIKAY HPA
S P 3 PR ) 2 SO A TR AR B B ) A P 1
123N = e sl s b gl

Fi50 1, HPA B R 4050 B W 25 R AR 2
PERBIFAF I, AN RS, 2ot & B
T R FilE 5842 (Lupien et al,, 1999 ) . $h4TIhBE

( Lupien & McEwen, 1997 ) | 154515 B4 ( Taylor
etal, 2011) FFMAEEMICR . XN, TR TrE
R RAEHZF K |, sk HPA ShTh R e 1
AR, HAATPEKOFR HPA HiohaeA Bl ik 2
AL ELE BCRAS . (BJE, JFARERTAIE L N
RENLIN S HPA BlindaEZetbohne. — i, iz
TRFIBE K T2 AR AE AN TR G DX A8 3 A A A 25 5, R
BHILT A Eh R Bz ARGk, RN AZ 1200 X 5%
i P CoB 5547 AT RE TG LI 21 HPA i E 2t
AE (Jogls, 2006) . J3—751l, HPA BlfyARLrEDIfE
IS TR B TR AT AR AR, TEANF & Sy
B ol & AR s A2 ( Gunnar et al., 2009)
PRI HPA il )L MR D e mT R 23 PR AMA I ik & g pisf
WIMAAAE 25 FollE, CAXTHENE (R
i FLAE |, 2025; Cao & Rijlaarsdam, 2023 ) , HARAH
JE HPA Sl K i et T e, HH R SR HPA 4l
FER LA T BE 2R FLRR I & TR B B 1) B AU
Ko AMFCRHBAERINPEK, #A THRERENA
iR GRS A a2 I S e st T =i
DT B HADAF R BT B, I, AR TR 21T
TRAGZ A HPA Hl1-5 ] P2 A 0.0 RS 17 45 AR 2L
AR I B AEAE AR M G

SR, TEARCEF 0P o5 T, HPA Rl 5 o
PR A U RS, X3 HPA SRR )
ISR AR S B — 22 531 5 JEEA( differential
susceptibility ) 7 @ “ B 4f ol B IR (for better or for
worse ) 7 IEARY, B SEF SR, ATl
R AR HPA BTG ML R A AR 3R RS, AR i3
PR FHR, FEF g, #5H7 m FVIK HPA il
TEPERE A AR S T e A vh st . BRAAMIRR
F 5 A A A — R X B B BREE ( Bakermans-
Kranenburg & Van 1Jzendoorn, 2007 ) , {HJGiA4%[FT
FFRA, THAMR ARG F¥HAS HPA &R
Gt B P R IO sl B A2 BN, PR AT R
BRZEER.

WA, SR FhARE, EFEE S HPA
SRR PR R IO e s s 52 BAE RIS 3
FOV 2R TR 5 285 S I I WFFE A —2L,
AMATEM TRTASRAGNT, BBl 518 4515 B Al 2
REMI S U BICHR; (FUR7EM TR ZFRIGRT, Wk
KIiZfE U BUOCHK (Taylor et al., 2011) . iXtH4/R
FFMREEFHEGBARBEMIGE, B 2
HZER2.0" S, AT IR AU T eI E
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etal,2022) .

At 17 e AE YA (van Goozen et
al, 2022 ) —2, H I 6k EE— b3 HPA
BhIE R 5 2R X R 2 B g I R A A
YERT . e IR B B/ ~F- 245 25 1 55 A U5 2
FMHIRE ST ( Taylor et al,, 2011) , I EA Ml
SRS I T AU R AT o B R
[ HE LA ] b Sl 1T 2R 0 S 5 45 7] 81 ( Eisenberg
etal,2015) o MHEAT AR, HPA BlFED S5EREES
M2 AR IR TR, X ATREEH T2
P B AL AR ) N AL 5 B Y OCH B %
I, TSR AT oA P A 2 28 52 BE DR R e A A e B

( Meyer-Lindenberg & Weinberger, 2006 ) . [AJH}, iX

LB/ M AR AR LD 547 SR A] 1) SCHRTT A A
BT et K N N AT s [ L N S PR D K s i 51
RN, PREBSEAE B 3L 547 R R N R A A
Bl T4 s o DR A 55 e AR ] 14 DK

AW EA —E LS A E R SR M, A<
O [l —E BN R G AN A] e (i
PRI ) ECRLLUA REE AL RIEEAS, Rt
fiEEEeE Ry 27 B4 (Cicchetti & Rogosch,
1996 ) $efit 1734, e b, 2B SR E
FETEAN R AR] 1 22 S PR 22 1 i PR R R
{HRAR TR R R R 40 5 i v 25 R i 3k
LVEXRRWE “ZH—R" WEZORE, FR, X
PEoR T TS BN 12 78 007 SR 7 AR R R ) AR
BAZHAE: 2R S Pk 13 B 4 it L A 55 B
AT IR S AN [ 3 A AR AR, sl e HL s
AN R B AR 7 HE AR AL e AR <

ARG LR, 55—, JCIEHAE HPA Hil
B 5 e iy AR 2k 56 R IR IR TS R A X
R, AHOCHESER E, FE B RS N P A A A P
NEEHLRE L AFAEZE 5, = HPA Bl s W Pk 5 s Pk
YA oG, i s Mseds vl g B AR ) R B I
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FEH S HAE MR S, Rk, R
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The U-Shaped Relationship between HPA Axis Genes and
Aggression: A Psychobiological Perspective

Ding Xiaofan, Cao Yanmiao, Ji Linqin, Zhang Wenxin
(' School of Psychology, Shandong Normal University, Jinan, 250014 )

Abstract  Aggression, which is a common and remarkably damaging problem, has its roots in stress-responsive systems. Although children display
a wide range of individual differences in the hypothalamic—pituitary—adrenal (HPA) axis function, numerous initial conditions of stress reactivity may
reach the same end state. In other words, both hyper- and hypo-responses to stress tend to induce heightened risks for aggressive behavior. Informed
by the concept of equifinality in developmental psychopathology, this study, through its focus on hypothalamic—pituitary—adrenocortical (HPA) genetic
susceptibility, examines the nonlinear (U-shaped) relationship between stress responsiveness and the severity of aggression. Additionally, since it
remains unclear whether the equifinality phenomenon is evident in distal behavioral phenotypes or proximal endophenotypes, this study also evaluated,
on the basis of “psychobiological model of antisocial behavior” framework, a mediated moderation model to examine the effects of the HPA axis genes
on aggression, as moderated by the parent—child relationship and mediated by impulsivity.

A total of 530 participants (mean age 19.35 + 1.59 years at Time 1, 53.4% females) completed two assessments at a one-year interval. Data on
self-reported aggression, parent—child relationship, and impulsivity were collected, and DNA was extracted from saliva. All of the measures exhibited
good reliability. The multilocus genetic profile score (MGPS) was calculated using four polymorphisms within HPA axis—related genes, namely NR3C2
gene 152070951 polymorphism, CRHR1 gene rs110402 polymorphism, COMT gene rs4680 polymorphism, and BDNF gene rs6265 polymorphism.
For each participant, genotyping of the four HPA axis genes was performed using improved multiplex ligation detection reaction. This was followed by
a series of hierarchical regressions that were conducted to examine the U-shaped relationship between MGPS and aggression, and the moderating role
of parent-child relationships and the mediating role of impulsivity was tested in a mediated moderation model. To test the robustness of the results, a
series of sensitivity analysis were conducted. Specifically, the mediated moderation models of each polymorphism were examined to explain the power
of MGPS approach. Besides, an internal replication and meta-analysis were conducted by randomly splitting the total sample into two subsamples.

The U-shaped relation between HPA MGPS and aggression was not observed. However, a quadratic, U-shaped relationship was observed
between the additive genetic risk of HPA and aggression. Both low and high MPGS carriers exhibited high levels of aggression when exposed to
higher levels of parent—child conflict. Nevertheless, parent—child cohesion did not exhibit such moderating effects. Furthermore, the moderating effect
was mediated by impulsivity. Similarly, there was a significant quadratic relationship between MGPS and impulsivity when parent—child conflicts
were at comparatively high levels, with results displaying a U-shaped relationship. However, an inverted U-shaped relationship between MGPS
and impulsivity was observed when parent-child conflicts were relatively lower. Impulsivity was a significant risk factor for aggression, with high
impulsivity predicting high levels of aggression. The sensitive analysis revealed that the additive genetic risk of HPA accounted for a more significant
effect than any single gene. The mediated moderation model was replicated in both two subsamples.

These findings inform our understanding of how additive genetic variants in the HPA axis and its response to adversity are involved in the
etiology of aggressive behavior. It is likely that, because of the U-shaped relationship, the association between HPA genetic function and aggression
is more complex than what the general perspectives — “the more the genetic risk variants, the higher the likelihood of aggressive behavior.”
Moreover, these findings provide support for the phenomenon of equifinality in developmental psychopathology. Domain-specific findings regarding
the differences in parent-child conflicts and the cohesion model imply that the U-shaped function of HPA genes cannot be generalized to positive
environmental influences.

Key words aggression, HPA axis genes, parent—child relationship, impulsivity, U-shaped relationship



