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Ewmh, £ F#
N KB E B g kL, 1105 M

Wk H . 20264F4H22H; FHER: 20264F5 16 H; &4 HI: 20264F5H26H

HE

B : ¥R7% HHX 4% B 2 (central precocious puberty, CPP) 2 Z M ¥ I [ 4= X o B8 % 3 (functional
connectivity, FC). #5755 t£E20234E9 A 2202542 A3 KM B ER ) LRHHIZ 1595 CPP & &
e S S ThRE LR (resting-state functional magnetic resonance imaging, rs-fMRN)EHE 5 IG R & HH
FH A E# #11%) (the Chinese Color Nest Project, CCNP) ¥4 FE H 3K B 5445 IE# & & (typically devel-
oping, TD) Z E Mrs-MRIFFEE AN, ZComBathhifi sl RERE, KAZETHF S HMrs-fMRI
FCHY:, UWMELEAMFR, HEESERNFC, fHIERUEIR VTR ESIERZR, K HSpear-
manfiRESTH R ERB X NFCEEBERRRR. &532: STDAME, CPPLERNEL S5ZAMX K
FCEBRDNMEE . BARIA: (1) UEMEDS M F S, CPPAFCEEMMPRXAHEATN LRE., £
HUE Rl 22 WA S5 407 Bl (Peor < 0.05); (2) PAGTINE S AR F i, CPPAFCEZERMAINX AHELN
g LR, st E . AERBEREEE. EE/MUB LR, B FE. AT EE (Pmr<0.05); Ak,
AESS5EME. ANEREEEEZRFCSFSHELZ 2 IEMHXR, 54 NME LR 2Z EKFCSFSH
WA 2 IEMR. 458 CPPREXIEL 2MIIEREEERY, B 5mKRERIRFSH/KFIEM>R. B
ARG S5Z N THREM S BT, TR REEERBENNAE WINEMS, FEERK - %R
BEADAER . XNEMECPPLEBE G INARHERME T ARG KB R T HRA .
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Abstract

Objective: To explore the whole-brain functional connectivity (FC) of the bilateral hippocampi in
girls with central precocious puberty (CPP). Materials and Methods: This study collected rs-fMRI
data and clinical data from 59 girls with CPP in the Department of Pediatrics, Affiliated Hospital of
Yangzhou University, from September 2023 to February 2025. The rs-fMRI data of 54 TD girls re-
trieved from the Chinese Color Nest Project (CCNP) database were used as controls. After using the
ComBat harmonization method to eliminate the site differences, a seed-based rs-fMRI FC algorithm
was employed, using the bilateral hippocampi as seeds to calculate their FC with the whole brain.
Two-sample t-test was performed to analyse the differences between the two groups. Spearman
correlation analysis was used to investigate the relationships between FC values and sex hormone
levels. Results: Compared with the TD group, CPP girls showed increased FC between the bilateral
hippocampi and multiple brain regions. Specifically: (1) Left hippocampus seed: increased FC in
SPG.R, PoCG.L and DCG.L (Prpr < 0.05). (2) Right hippocampus seed: increased FC in SFGmed.L, bilat-
eral MOG, CAL.R, SFGdor.L, ITG.R and SPG.L (Pror < 0.05). Furthermore, the FC between the right
hippocampus and MOG.L, CAL.R was positively correlated with baseline FSH levels. The FC between
the right hippocampus and SFGmed.L was positively correlated with peak FSH levels. Conclusions:
Girls with CPP exhibit significant abnormalities in the whole-brain functional connectivity of the
bilateral hippocampi, which are positively correlated with FSH levels. The widespread enhanced
connectivity between the affective memory system and multiple functional networks may reflect an
accelerating effect of premature sex hormone exposure on brain development, consistent with the
theory of corticolimbic developmental incoordination. This provides a neuroimaging basis for un-
derstanding the emotional and cognitive characteristics of girls with CPP and offers new perspec-
tives for intervention.
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1. 53|

R P4 1 L 25 (Central precocious puberty, CPP)IUT4AE R A& i R B R HE &, A& — i WA LEE N o i ik
i1, RIFHLEIA T B - 1A - AR (hypothalamic-pituitary-gonadal, HPG)4HIhGEFERT S50, SR
R BB Z (GNRH) (1) 73 WAKE I, AR AE PR K & I 0 EBER , ik T [2]. #kim sl ) LE WA E
PR E LS MEMEMIIRAT R B« AR KB E T, CPP vl SECHEYINGE . HHILATHE . HMEES
3]s HEUREERE. AL, B, B R E4], KO ) RS R R AR 3G AR OG, #1 CPP L
B NSRRI, KRR SRR EL5].
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R, £

RV B RS SR SR E . RN 2 KN M DhREHEAT “E4L” MG ], PEMGR
IR T ORI 2 AT RS, TR AR, SN SR Al T L BEIE R DL A R A K [6]
PRIt, fESCBE A H IR R TVER, A DUCRTRE S RO KR A5 R AR A B3, 38T e AR w1 RN
R FEAT AR SCHE N IR AT & B RN [ 7]

LMK FEAR, WG RGURKE AT B 5SRO 5 1 B2 5T - 1208 & A LR
8]0 PEBIER S ARAEIL S5 X SR D 1 10 5 J5E o et 1T B2 DX A5 10 5 E AR X B AIR [9] o AR MK % 3
G REE X, WSS E NIRRT . NEANCICEREEERT, RO HLAERS SC 12 A 52 D s vh i
K, 1S RIDIRE A AL fE T BOZX L Th RE tH IURRAS[10]. 15 5 5 1 il 80 i G SRt i
W, AEHFFEYAIPELIE R SRR, thm] BE HARK DA RN D e AR [11] .

rs-fMRI AT 455 A A (0 70 A D5 5 ARR AR SRR Z5 4 A AN D e AR AL, BE A T B 0l LA R0 2 9
Th, MBI H 28 2, BUABIRY], HPG Rl 5 30m M MR I sh 2 520 CPP 22 B ik 45 K Al
Thee, R AR Ee S 5\ ARG 45 1 10 X3 12]-[15] - $RTT, 124 M1k, % HPG flid R s s CPP
BOLB LS R B IR R, BB 2 AT SR — D IR R IX A R . DI BA TR LEREE A
RN R R GEIL, HAERER IR T2 e B FUAZ AR . A Tk T AT ThRg
BRI, DI SRR S LS 2 FC, BAEMER CPP L HMEE AT SR T monf &L
BEBIAG R MBI, RS IEARRFE R OCR .

2. MREF*
2.1, —M¥ER

WS T 2023 4 9 H % 2025 4 2 M KM@k JLEHSOR 1) 74 2RI ALK E  H&Y)
AR S IR B R SEAME R L E AR S IR BERE . ARAE TR SR HE R AR A, b 64 BIERIZ N
CPP 1) % B e KNN3 HT

1E GNRH KB ZWNAYT AT, W MEHT LU RS Wivr Al : B LR 20 W % 5K F Tanner V5Vl 75 5 3
MrB: TR ARSI R E . R Greulich 5 Pyle BIHEIEAL & 8 47 3L/ &% 4Kk MRI HERR
RS TR R REE T SR GnRH UK RIS e BER K, JIWT LR & R A2 Wiks
HE .

CPP GIAFRMEII T (1) PR, AFF, FEN6~11 %; (2) H _VECIRATHI, HERERRE
FEFFHERE: iEAE 75 SRiHBMERE, LEHE Tanner BII Hisk 10 ¥ 2 5 H& W1, (3) MR AK A
FBE AR > 1~3ml AT ZANERE >4 mm MR, TAAINERCEAERELERS: FEKE >
34~4 cm T[YCHCHANTFRERERE, WTIFE NI RER R 2R BT & A0 8 e
G SR AR S s (4) EERIMEISGEEIE : LH ATRE R, W LH < 0.1 WU/L 3R A ikt & K40,
LH >3.3~5.0 IU/L A # € O R Kk 3l FEEEAHE A REMfIZI 2T U RE; (5) (PRI B
F(GnRH)#H &I : Hik: L GnRH 2.5~3.0 ug/kg (5 A57E 100 ug) B2 N el ke s, FiESH 0. 30,
60 190 min #ll5E LH A1 FSH 7KF. SRR GIENE, #OREME LH > 3.3~5.0 IU/L Z2HW ALK E
i, R LHIFSH A > 0.6 BT AZ A R PEE R 2 (6) H WS PRAaERS 1 4EDL s (7) EAA,
e i B2 A4 i 7 MIRT A 785 DG 70 P 28 53 PR 7

MR £ 11-%il(the Chinese Color Nest Project, CCNP) %l 2 dr 6 B 55 FI4E RS ULHC K IEH K B L # .
CCNP L3843 i [E Bl O PR 7T PTG B HE B 2% 03 e (TR B E ik 5. H18017). fEJF WAL 2/, A
Fi 2538 J ke i N AREUS T &t R = [16]

INFREQIR: (1) DR, HFTF, FEi#h6~11 % (2) &k TIEERENE; (3) £id MRI &L
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P R JR LTS s () 2 HE AR E MM R SRR .
P A Se i HER bR AE: (1) SREAY), dARARE; (2) A RAM; (3) HAbuin’, A,
ZEPT -

22. MRI#BEBRESR

KH GE MR750W 3.0T #8328 MRI 31X, & /751250 (1) T1 2515 (3D oAb il A il £ ) phokt
BEEE [R5 %1)): TR=2530ms, TE=2.98ms, TI=1100ms, #H%%fH =8°, FOV =256 x 256 mm?, ¥4k
FHPE =256 x 256 JZJF: 1mm; (2) Rest-fMRI (B & [m13% - ~F 1 [R1 9 k7 51)): TR = 2000 ms, TE =30
ms, B =90°, E¥ =33, ZE =35mm, RKEHFE =64 x 64, FOV =224 x 224 mm?,

2.3. rs-fMRI 34013

KA EUZAEH MATLAB R2023a Tilab 2, Fi & Sttt 2 2 i 41 14 (SPM12) Al rs-fMRI 2540 40 31 B T
(DPARSF), LAb3EZE RN Re EUR[17]. ThAEFEME AL ERAHE: (1) ZiFRET 10 ANl (2) KHEERL
1Es (3) kahfiiE;s (4) Mbrdeft: (5) EEG-FH: (6) (idEuEN:; (7) RE&MEER: 8) RIAMEER
S Hd ke EHER T I8 5K 47 % (framewise displacement, FD) K T-F) + 2*SD [18](#)3Z2i %,
{6} 0.407 mm. FD =& H Jenkinson FyAHX 577 iR BI5A5 H I[19], CPP 21K 5 4432l NI IR 1 1
G AEWHBRAESN . XTI 113 MR 4E, P4 FD 5 0.094 mm, FRifEZ(SD)N 0.077 mm. &9
FEA t 1656, PLLE P14 FD 23 428 (P = 0.546). Ihfit 1G5 a5 0y G SL R BCvERS , KA
ZRE R ILEMA RN, EHHALZMEE TPM & H Template-O-Matic (TOM BUAZHF 78 i) T.A
A0, B 2 P UL P5C A S B0 A AR A 8 AR 1) ) A o AR

2.4. thiBIER

Ff% N ComBat HJE TS TH T EEBARBIEENBIER, &7 AR T3 HH T
7T, PAALIEFTiE FIREAC B RN, Bbal &8 F FREEIR g i BG4 IE, R B ComBat BhAT AR T 2%
vl S G RO LRSI B S v, B RS T4E B R R AT FE [ 20]-[23] .
25. MFRREERER FC BHHE

FET AAL BitR, FIH REST BAABHTIRIN . & UL N BOSERIX, BRI 5. XA F X0
B RIFF X ERAE R 3 x 3 x 3mmd Y[R ZR KN, PAE N B S M B s &R, FE i BB F
F RSP XA B ) R 371 5 R A% 0 ST AT sk 1) e ) ) B O SEMAE O R B, kT AR RN 2R B4 i FC
K. N7 IREBIESIESMY, 38T Fisher-z BHu G 2R F11 FC BN Z HE .
2.6. BLtEFE S

{1 1BM SPSS Statistics 26.0 #f % CPP 41F1 TD 4 (il R Sz N\ 11 22 % kbt 47 Si it 40 #1, P <0.05
PN B G5 . 3T DPABI BAFAR B iR (R XURE A t 4556 PR 4L T Fb 7 A0 4 il FC 4H 1]
Z5, [FINEHERF FD E A E(FDR KR IE P<0.05 AZERBEH S E ). S TIHEERTEM
EIERIM i, FIZ 50 X ) FC 34T Spearman #H5SPE 7041, P <0.05 NZEREA G55 L.

3. &R
3.1. —fRGtFEER
HeBRAE CPP 2 Kk shid KRG, ASWF 539 N CPP 4H. 59 f5i], TD 4. 54 f5, ¥ A4 F|F, CPP
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A TD AEMER . FRFIF. F&. RE KL BMI LS4 2% 5% (P > 0.05). FEILE 1.

Table 1. Demographic and clinical general data of the two groups

# 1 MEAOGTFERIEREAR S

CPP 41 n=59 TD 4 n=54 P{H

() 8.07 £ 0.85 7.92+1.12 P >0.05

TER(B 1) 0/59 0/54 P>0.05

FIF(FEIA) 0/59 0/54 P>0.05

B (cm) 137.07 £7.33 135.72 + 6.03 P >0.05

R H (kg) 32.46 +7.07 32.96 +6.28 P >0.05

BMI (kg/m?) 17.20 +3.09 17.89 +3.18 P>0.05
HE B (pmol/L) 85.79 + 76.12 /
R LH (mIU/mI) 2.22+281 /
FEAl FSH (mIU/ml) 4.65+2.32 /
LH I&{& (mIU/mI) 22.10 £ 20.74 /
FSH I&{& (mIU/mI) 19.19 +8.00 /

YE: CPP AR RS, TD NERRE.

3.2.CPP 45 TD ALLBED AMT ALK FC HEER
321 UEMED AMHTFANLE FC HEER

DU A AR 1 s34 T 4 FC 437, #EXT T TD 41, CPP 4H FC &34 mid s X f3E 45 T F
[B], A Hp e 5 [B] K e P AT 5405 [B] (Pror < 0.05) . FEILEE 2. K 1.

Table 2. Brain regions with significantly increased FC with the left hippocampus in the CPP group
< 2. CPP HPELMIEE FC BEILMAYMX

T Bl BT X (AAL) L ML AP
X Y z
FiE 175 AT LA 5.59 15 —69 60
114 77 A e J [El 4.82 -18 -39 78
61 2 AN AN 32 310 8] 6.06 -15 -21 45

¥: CPP Ay RMEPER 2 AAL N E SIEFIARICHENR ;s MNI SRR & 2200 50 FT

| |

4 6

Figure 1. The abnormal brain regions in CPP group when left hippocampus as
seed point. A: PoCG.L; B: SPG.R; C: DCG.L

E 1. AEMESAMF SR CPP AREMNMX. A ALZAMFIENT
El; BAAMLER; CAEFREE
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3.22. UAMBSAMTFSNE FC HRER

DUAS 03 B Ay P 4T 4 FC 234, A% T TD 4H, CPP 41 FC & 538 b fisi [X 60,45 2c P %
[, PRONRE Rl A7 BRI 2 . AT AMA el A5 R 8] R /2T BBl . (Pror < 0.05)FE 0L 2
% 3,

Table 3. Brain regions with significantly increased FC with the right hippocampus in the CPP group
= 3. CPP HP 5AMES FC BEEMAAKEX

MNI 2 H5
Ty 1% Jizi X (AAL) t{E
X Y z
i 170 7r AN B 5.79 -3 51 42
163 FE R A ] 6.91 -9 -105 3
139 AR A ] 5.40 48 -81 18
98 A BER A B R 5.54 21 -99 3
50 T A ] 456 -27 51 21
42 FiE T [ 5.21 45 -9 -36
33 R E 5.79 -18 -48 78

TE: FCONIhREER: AAL NHESNFEEIARICHAR; MNIASERIRZ 20 TET .

Figure 2. The abnormal brain regions in CPP group when right hippocampus
as seed point. A: ITG.R; B: MOG.L/CAL.R; C: MOG.R; D: SFGdor.L; E:
SFGmed.L; F: SPG.L

2. UEMES A#HF SRt CPPAAREMMX. A AABITE; B AL
MPR/AERHEAERE; C ABAMFE; D ALEEIMIZ LE; E X
AR EE; FAZLTER
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3.3. HEXTER

Spearman AHIC/MHT4E R E7s, AT S/ Mk b El . A5 EEREE B2 1 FC 5 FSH JELL 2 1E
F155(r = 0.280, P =0.033; r = 0.351, P = 0.007), 57 AM# L[ (M FC 5 FSH i fE 2 1A %(r = 0.275,
P=0.044). WA 3.

0.6
r g 0.280 (P:i.'o333 . r § 0.351 (P=05007)
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Figure 3. Scatter plots showing the correlation between brain regions and sex hormones with significant differences be-
tween the CPP group and the TD group. (A) Right hippocampus-left middle occipital gyrus FC was positively correlated
with baseline FSH (r = 0.280, P = 0.033); (B) Right hippocampus-right peristriate cortex FC was negatively correlated with
baseline FSH (r = 0.351, P = 0.007); (C) Right hippocampus-left medial superior frontal gyrus FC was positively correlated
with peak FSH (r = 0.275, P = 0.044)

3.CPPYHS TD A2 A AREERNRX SHHZEX MM SAE.(A) A85 - £t E FC 5E4 FSH
ZIEHEX(r=0.280, P =0.033); (B) A8D - AMERREEKE FC SEH4 FSH 2£1#8X(r = 0.351, P = 0.007);
(C) AED - ZAMEF LR FC 5 FSH I&{E 2 IFE%(r = 0.275, P = 0.044)

4. ¥+1ig

FEFHT AU FC 40T, @RI E B T B D 5 A i sh B & . 5 TD 41M L, CPP &
B 52 AKX ) FCHRIU MR . BARTT S, LA AR A 48 FC 48 5 H i (X 35 45
Tl /2 S5 [ K A AT Z5 40 [ . LA D3 b A 4 b FC 388 i X695 72 1A D51
[, PR PR R . AR AMUAR . AR R R A TR AR, A X
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R, £

Z 1Al FC{H5 FSH /KT 2 IEMI ¢, XU PR CPP g # i [X 57 8 1) FC $4E 7 B B8 40T .

T IR B R S B g = 2E . RIS RIEFAAT RS, iR S BOR B Papez HRER
[24], FERER: Y —FRARCT M)~ ERHTZ 0 B i, IR RS 2R fi ik
AIRREISE R 177 55 — M BOAR, Yakovlev PRI [25]7E HIERE L AANRIN T RIARM: . A ART@T, 6
T R B A BINIAT A

AR, CPP 2 1)ifg 5 5 1% IR B (1) G BR2H il 70 3 R I 35 1 sy, B )Rk CPP e 15 B 3A
P IAFTE T RE T R 3 SR R IR 5, X R s AR 5 S Bt 1 15 JK A 5 1) S 5 UG 2 CPP 2 3 15 28 5l ik T
FRIA A IERE, NFEMR CPP LS AR 1 R w R T BB AR .

BRBL 9 4% (default mode network, DMN)FRFEFFEUIRA T, KINFREELL T-HOR RS L O M4, -
B H PN [B] B A ORR S5 401 B A Rk XA R, 2 518 SR 2RI, BT, BIRNAE KAt mnsE
Thig. AWEFEH, CPP L E g5 DMN .0 X (1) FC 5%, 7R 7 DMN 5400 AR5 2 M1
ThRERA, IXATRES CPP L3 KM 2 UG 28 I i 2 DA OG . BEAEIF AR W, e dnas el 5l 5 i) 5
WL B B T S B R Y RS 5 1 D 2 AR [26], FLAMIE D 5 S0 B FC 5iciZRILE B3E 7
FHOR[27]: IR, $ARAE S 7E DMN HhR I H B A it Ok, $27R98 502 DMN H OGHE (5 B RE A AiX
Al[28], A#FIEH, 5 DMN ] FC 158, IF 2 57E DMN A0 M3 o 1) B AR, #5001
PR R R LI A7 T KRB SR ZUS 28 R 017, X470 FE S DMN, S8UE LA R
TR BERURE, TR Ak RS A B XU . Bk Ah, DMN ThRE AR 5 5% A 48 s 1 B i 1) 4 2 B
PIAHIE[29], #t—D4/R CPP % DMN 55 FC J4, 1l AE&H AL SR Th EIE A 7 3 s & 01
Jk.

AT 2 R R B B R A EN T RE AT TR I BB, T E R R Ak B AT R
2% G E F[30] [31]. AWFFLH CPP LH A 5%k R G2 MY FC 35, $EmHERE IR HiE&S5idizm
TR EERES, RUA 2 CPP g 8 K D) REAN 45 1) A2 el 38 1) 3 X 38k [12] [14] [15] [31], H&iH ] sdit
W RS S S 5EERE NIEEEHI[32], A5 2 KM%t HPG 4l B s i@ M v i As . 4
F [ () Ty RE SO T AEAIARSE S5 R S 4 A5 HIVRR ™ B R R 2 (A1 O R [33] [34], AR Tl F A
KBRS S5 R AR AR B [35], HE— 20 3R T I RG0S A BAE FITEAS B A AN 22 i o g B 2
YER

B AR W 5 AE AL B AL O R, IR ES S MAE S AE BN, FRERE RN PR
52 LA RSPl A ER A% i A A0 B R OSBRI [36]-[40], CPP LR T ml 5 ifg i) FC 524, T30 70
WG RS EE A RAES, R L SRR IEF RS 5EERTTR S, BB A 2 i R 4%
O, FRIE G INTR S RS NI R SE % BN EEIRE[41], WM 4Tl ae R W 526
RS YA C[42], T CPP it 5144 2% FC ¥ v REE— il T HAE & 5126
(TS TE B

Tk, AR 2 5 S FC Y BRI, HAh T EEEAE M EMNERZG, S5 E M.
BB R EIIRe[43], AP RS REIFE T, 5 SR s iR, 1@ 5 iR
1, fEJLIAT AR Bk At g R R B AR A E R R s SRR R A FEREE
B2 S S R 2 5 A i Sy (R B 0, XM BN T 5B @c A 2 R SRR T 5k, b T R
T8 CPP %z # I 25 % R4 .

SEE BRI FSH L SZARTE WG T [44] KB/ NG Bz S (45155 M X 1404, LAJZ FSH ZKF- 5K i
ARIAHDGNE[46], $78 FSH 2R HPG Slffi% IR, 2 KIGSEH . DhRE SR SCBEDE 3R [47] [48]. AHf
TR FSH AT 5154 A B X - 1 D1 FC 2SS, AR IRSN M Th it AR T ELEAEYE

G2

Bl
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R, £

FE—TUEH R & KLE L F D EFTUR[49], TiEhREM %, CIEINThRERT O, 7Bk AR
AEEE AT FENREHIG, MERE AN, 5B X)LE. FAOEMIEE SR
FEH[S0], KIS BIZ BJZ T ZIAIH) FC, 4 K E 7 bR BELE e B I Ze ke %y, Aw 7,
PR LR TN HYIN CPP 3, [FIFERILE 1IN [E FC B3, RYIZ AKX 8 FC 858,
] S BT P P PR e e X N R T I S

H RTHIBE T 7S T HPG il i FASdxt CPP 2z 28 K B i 4 % & Hsg AL, PRt R 1%
AU — IR ARRITAR, SIS ERMFEAE M A HRE, X1 B U R 2 ¢ 2L

5. EPRM4

KW FE IR PN BRI By . WERVER 5T, PSRBT, HAE ARG, RERITET
Giit TR HEAT T RRIE, (BT RE T SE A HE R R R e, AR T TLAE ) — 3l 3 e T K PR A okt
—AESEIRA TR . FLR, I — R REINT I B, AEIRATIEIE A HPG il 5 FH s R A i % 75 25 4k,
Z AT AT IR R 56 2R o AR (70 76 B GE AR OB 5 (1) CPP B3, LA Rk 4% Py 1) FC
SRR 2 AR
6. &g

B FCE T T RT AU FC TR, CPP 2 WUN# D 5 4 Wi MiX FC 8k, H5MMEys
TE R BRI, TGO R S5 5 2 AN DB R0 45 0 3 7 B TR, T RS it L R R A B
MR, AR - SR E RIS . XA CPP 415 4 5\ AN IE Rt T R0 SR 22 K4 o T
WA .
= BH

AHFFOUIR (R EIEE Z) , LM I B E B I 7 23tk HEEC . 2023-YKL06-12,
SR AB BB B AERET, SREARNTERE.

il &S
SN TR 3
& TTmk

FERTAM AR TR, WREEBENFERT TS EWHEEMESHE, I PR
AW FESE ;. ARVEE IR R R RGBSR, [T A S BT J7 I f 5T, R A T I T
PRIV o

SE K

[1] Tselebis, A., Zabuliene, L., Milionis, C., et al. (2023) Pandemic and Precocious Puberty—A Google Trends Study. World
Journal of Methodology, 13, 1-9. https://doi.org/10.5662/wjm.v13.i1.1

[2] Wang, J., Zhan, S., Yuan, J., Ullah, R., Dong, G., Wu, W., et al. (2021) The Incidence of Brain Lesions in Central

Precocious Puberty: The Main Cause for Chinese Boys Was Idiopathic. Clinical Endocrinology, 95, 303-307.
https://doi.org/10.1111/cen.14462

[3] Knific, T., Lazarevi¢, M., Zibert, J., Obolnar, N., Aleksovska, N., Suput Omladi¢, J., et al. (2022) Final Adult Height in
Children with Central Precocious Puberty—A Retrospective Study. Frontiers in Endocrinology, 13, Article ID: 1008474,
https://doi.org/10.3389/fendo.2022.1008474

[4] Temelturk, R.D., licioglu Ekici, G., Beberoglu, M., Siklar, Z. and Kilic, B.G. (2021) Managing Precocious Puberty: A
Necessity for Psychiatric Evaluation. Asian Journal of Psychiatry, 58, Article 102617.

DOI: 10.12677/acm.2026.1652048 2391 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1652048
https://doi.org/10.5662/wjm.v13.i1.1
https://doi.org/10.1111/cen.14462
https://doi.org/10.3389/fendo.2022.1008474

:

FH, £

(5]
(6]

[7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

https://doi.org/10.1016/j.ajp.2021.102617

Dinkelbach, L., Grasemann, C., Kiewert, C., Leikeim, L., Schmidt, B. and Hirtz, R. (2025) Central Precocious Puberty
and Psychiatric Disorders. JAMA Network Open, 8, €2516679. https://doi.org/10.1001/jamanetworkopen.2025.16679

Piekarski, D.J., Johnson, C.M., Boivin, J.R., Thomas, A.W., Lin, W.C., Delevich, K., et al. (2017) Does Puberty Mark a
Transition in Sensitive Periods for Plasticity in the Associative Neocortex? Brain Research, 1654, 123-144.
https://doi.org/10.1016/j.brainres.2016.08.042

McCarthy, M.M. (2010) How It’s Made: Organisational Effects of Hormones on the Developing Brain. Journal of Neu-
roendocrinology, 22, 736-742. https://doi.org/10.1111/j.1365-2826.2010.02021.x

Mills, K.L., Goddings, A., Clasen, L.S., Giedd, J.N. and Blakemore, S. (2014) The Developmental Mismatch in Struc-
tural Brain Maturation during Adolescence. Developmental Neuroscience, 36, 147-160.
https://doi.org/10.1159/000362328

Milner, T.A., Thompson, L.I., Wang, G., Kievits, J.A., Martin, E., Zhou, P., et al. (2010) Distribution of Estrogen Re-
ceptor Beta Containing Cells in the Brains of Bacterial Artificial Chromosome Transgenic Mice. Brain Research, 1351,
74-96. https://doi.org/10.1016/j.brainres.2010.06.038

Banker, S.M., Gu, X, Schiller, D. and Foss-Feig, J.H. (2021) Hippocampal Contributions to Social and Cognitive Defi-
cits in Autism Spectrum Disorder. Trends in Neurosciences, 44, 793-807. https://doi.org/10.1016/j.tins.2021.08.005

Hough, D., Bellingham, M., Haraldsen, I.R., McLaughlin, M., Robinson, J.E., Solbakk, A.K., et al. (2017) A Reduction
in Long-Term Spatial Memory Persists after Discontinuation of Peripubertal GNRH Agonist Treatment in Sheep. Psy-
choneuroendocrinology, 77, 1-8. https://doi.org/10.1016/j.psyneuen.2016.11.029

Qin, Z., Qu, H., Zou, W., Du, X,, Li, Y. and Wang, W. (2025) Altered Degree Centrality and Functional Connectivity in
Girls with Central Precocious Puberty. Brain Imaging and Behavior, 19, 138-147.
https://doi.org/10.1007/s11682-024-00954-y

Zhang, Y., Tian, L. and Wang, X. (2025) Brain Structural Changes in Girls with Idiopathic Central Precocious Puberty:
A Voxel-Based Morphometry and Surface-Based Morphometry Analysis. Frontiers in Endocrinology, 16, Article I1D:
1643660. https://doi.org/10.3389/fend0.2025.1643660

Yu, W, Lu, Y., Chen, T., Xia, Y., Tang, J., Hussein, N.M., et al. (2023) Frequency-Dependent Alterations in Regional
Homogeneity Associated with Puberty Hormones in Girls with Central Precocious Puberty: A Resting-State fMRI Study.
Journal of Affective Disorders, 332, 176-184. https://doi.org/10.1016/j.jad.2023.03.051

Yang, D., Zhang, W., Zhu, Y., Liu, P., Tao, B., Fu, Y., et al. (2019) Initiation of the Hypothalamic-Pituitary-Gonadal
Axis in Young Girls Undergoing Central Precocious Puberty Exerts Remodeling Effects on the Prefrontal Cortex. Fron-
tiers in Psychiatry, 10, Article ID: 332. https://doi.org/10.3389/fpsyt.2019.00332

Fan, X.-R., Wang, Y.-S., Chang, D., et al. (2023) A Longitudinal Resource for Population Neuroscience of School-Age
Children and Adolescents in China. Scientific Data, 10, Article 545.

Yan, C., Wang, X., Zuo, X. and Zang, Y. (2016) DPABI: Data Processing & Analysis for (Resting-State) Brain Imaging.
Neuroinformatics, 14, 339-351. https://doi.org/10.1007/s12021-016-9299-4

Yan, C., Craddock, R.C., Zuo, X., Zang, Y. and Milham, M.P. (2013) Standardizing the Intrinsic Brain: Towards Robust
Measurement of Inter-Individual Variation in 1000 Functional Connectomes. Neurolmage, 80, 246-262.
https://doi.org/10.1016/j.neuroimage.2013.04.081

Jenkinson, M., Bannister, P., Brady, M. and Smith, S. (2002) Improved Optimization for the Robust and Accurate Linear
Registration and Motion Correction of Brain Images. Neurolmage, 17, 825-841. https://doi.org/10.1006/nimg.2002.1132

Fortin, J., Cullen, N., Sheline, Y.1., Taylor, W.D., Aselcioglu, I., Cook, P.A., et al. (2018) Harmonization of Cortical
Thickness Measurements across Scanners and Sites. Neurolmage, 167, 104-120.
https://doi.org/10.1016/j.neuroimage.2017.11.024

Mu, S., Wu, H., Zhang, J. and Chang, C. (2022) Structural Brain Changes and Associated Symptoms of ADHD Subtypes
in Children. Cerebral Cortex, 32, 1152-1158. https://doi.org/10.1093/cercor/bhab276

Ravagnani Salto, A.B., Azank, F., Voltolini, M.C., Fogaca Doretto, V., de Giusti, C., Jackowski, A.P., et al. (2025)
Machine Learning for Anxiety Diagnosis Using Structural MRI Does Not Generalize to Unseen Data: Results from a
Large Developmental Cohort. International Review of Psychiatry, 37, 719-730.
https://doi.org/10.1080/09540261.2025.2548278

Xiao, X., Liu, J., Guo, L., Xue, K., Wang, S., Liu, F., et al. (2026) Mitigating Inter-Scanner Heterogeneity in Brain MRI
Data: Assessing Its Impact on Association Analyses and the Effectiveness of Combat Harmonization in Multi-Site Neu-
roimaging Studies. Neurolmage, 325, Article 121642. https://doi.org/10.1016/j.neuroimage.2025.121642

Bhattacharyya, K. (2017) James Wenceslaus Papez, His Circuit, and Emotion. Annals of Indian Academy of Neurology,
20, 207-210. https://doi.org/10.4103/aian.aian_487_16

DOI: 10.12677/acm.2026.1652048 2392 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1652048
https://doi.org/10.1016/j.ajp.2021.102617
https://doi.org/10.1001/jamanetworkopen.2025.16679
https://doi.org/10.1016/j.brainres.2016.08.042
https://doi.org/10.1111/j.1365-2826.2010.02021.x
https://doi.org/10.1159/000362328
https://doi.org/10.1016/j.brainres.2010.06.038
https://doi.org/10.1016/j.tins.2021.08.005
https://doi.org/10.1016/j.psyneuen.2016.11.029
https://doi.org/10.1007/s11682-024-00954-y
https://doi.org/10.3389/fendo.2025.1643660
https://doi.org/10.1016/j.jad.2023.03.051
https://doi.org/10.3389/fpsyt.2019.00332
https://doi.org/10.1007/s12021-016-9299-4
https://doi.org/10.1016/j.neuroimage.2013.04.081
https://doi.org/10.1006/nimg.2002.1132
https://doi.org/10.1016/j.neuroimage.2017.11.024
https://doi.org/10.1093/cercor/bhab276
https://doi.org/10.1080/09540261.2025.2548278
https://doi.org/10.1016/j.neuroimage.2025.121642
https://doi.org/10.4103/aian.aian_487_16

R, £

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

Kamali, A., Milosavljevic, S., Gandhi, A., Lano, K.R., Shobeiri, P., Sherbaf, F.G., et al. (2023) The Cortico-Limbo-
Thalamo-Cortical Circuits: An Update to the Original Papez Circuit of the Human Limbic System. Brain Topography,
36, 371-389. https://doi.org/10.1007/s10548-023-00955-y

Liu, J., Chen, L., Chang, H., Rudoler, J., Al-Zughoul, A.B., Kang, J.B., et al. (2023) Replicable Patterns of Memory
Impairments in Children with Autism and Their Links to Hyperconnected Brain Circuits. Biological Psychiatry: Cogni-
tive Neuroscience and Neuroimaging, 8, 1113-1123. https://doi.org/10.1016/j.bpsc.2023.05.002

Hashimoto, T., Yokota, S., Matsuzaki, Y. and Kawashima, R. (2021) Intrinsic Hippocampal Functional Connectivity
Underlying Rigid Memory in Children and Adolescents with Autism Spectrum Disorder: A Case-Control Study. Autism,
25, 1901-1912. https://doi.org/10.1177/13623613211004058

Wu, X., Xu, K., Li, T., Wang, L., Fu, Y., Ma, Z., et al. (2024) Abnormal Intrinsic Functional Hubs and Connectivity in
Patients with Post-Stroke Depression. Annals of Clinical and Translational Neurology, 11, 1852-1867.
https://doi.org/10.1002/acn3.52091

Fanelli, G., Robinson, J., Fabbri, C., Bralten, J., Mota, N.R., Arenella, M., et al. (2025) Shared Genetics and Causal
Relationship between Sociability and the Brain’s Default Mode Network. Psychological Medicine, 55, e157.
https://doi.org/10.1017/s0033291725000832

Aron, A.R., Monsell, S., Sahakian, B.J. and Robbins, T.W. (2004) A Componential Analysis of Task-Switching Deficits
Associated with Lesions of Left and Right Frontal Cortex. Brain, 127, 1561-1573. https://doi.org/10.1093/brain/awh169

Schilling, C., Kiihn, S., Romanowski, A., Schubert, F., Kathmann, N. and Gallinat, J. (2012) Cortical Thickness Corre-
lates with Impulsiveness in Healthy Adults. Neurolmage, 59, 824-830.
https://doi.org/10.1016/j.neuroimage.2011.07.058

Pfurtscheller, G., Rassler, B., Porta, A., Schwarz, G., Kaminski, M., Pfurtscheller, K., et al. (2025) Modulation of Amygdala
and Hippocampus during Anxiety by Heart and Middle Frontal Gyrus. Cardiovascular Research, 121, 535-536.
https://doi.org/10.1093/cvr/cvaf007

Tian, Y., Cai, W., He, C., Xu, G., Song, G., Chen, K., et al. (2025) Study on the Changes of Brain Function in Adolescents
with Pain-Depression Comorbidity Based on Rs-fMRI. Depression and Anxiety, 2025, Article ID: 7986150.
https://doi.org/10.1155/da/7986150

Luo, Q., Xu, Q., Liao, J., Zhu, L., Liang, X., Lin, X., et al. (2025) Regional and Interregional Brain Functional Abnor-
malities in Major Depressive Disorder with Childhood Maltreatment. BMC Psychiatry, 25, Article No. 1163.
https://doi.org/10.1186/512888-025-07556-y

Yuan, H., Xu, B., Wang, Y., Ou, Y., Qiu, Y., Teng, Z., et al. (2025) Identifying Bipolar Disorder and Predicting Its
Therapeutic Response of Cognitive Impairment. Journal of Affective Disorders, 391, Article 119991.
https://doi.org/10.1016/j.jad.2025.119991

Orlov, N.D., Giampietro, V., O’Daly, O., Lam, S., Barker, G.J., Rubia, K., et al. (2018) Real-Time fMRI Neurofeedback
to Down-Regulate Superior Temporal Gyrus Activity in Patients with Schizophrenia and Auditory Hallucinations: A
Proof-of-Concept Study. Translational Psychiatry, 8, Article No. 46. https://doi.org/10.1038/s41398-017-0067-5

Marrero, H., Yagual, S.N., Garcia-Marco, E., Gdmez, E., Beltran, D., Diaz, J.M,, et al. (2020) Enhancing Memaory for
Relationship Actions by Transcranial Direct Current Stimulation of the Superior Temporal Sulcus. Brain Sciences, 10,
Acrticle 497. https://doi.org/10.3390/brainsci10080497

O’Connell, K., Marsh, A.A., Edwards, D.F., Dromerick, A.W. and Seydell-Greenwald, A. (2022) Emotion Recognition
Impairments and Social Well-Being Following Right-Hemisphere Stroke. Neuropsychological Rehabilitation, 32, 1337-
1355. https://doi.org/10.1080/09602011.2021.1888756

Frazier, 1., Lin, T., Liu, P., Skarsten, S., Feifel, D. and Ebner, N.C. (2021) Age and Intranasal Oxytocin Effects on Trust-
Related Decisions after Breach of Trust: Behavioral and Brain Evidence. Psychology and Aging, 36, 10-21.
https://doi.org/10.1037/pag0000545

Gold, B.P., Pearce, M.T., MclIntosh, A.R., Chang, C., Dagher, A. and Zatorre, R.J. (2023) Auditory and Reward Struc-
tures Reflect the Pleasure of Musical Expectancies during Naturalistic Listening. Frontiers in Neuroscience, 17, Article
1209398. https://doi.org/10.3389/fnins.2023.1209398

Balgova, E., Diveica, V., Walbrin, J. and Binney, R.J. (2022) The Role of the Ventrolateral Anterior Temporal Lobes in
Social Cognition. Human Brain Mapping, 43, 4589-4608. https://doi.org/10.1002/hbm.25976

Sedgewick, F., Hill, V. and Pellicano, E. (2018) ‘It’s Different for Girls’: Gender Differences in the Friendships and
Conflict of Autistic and Neurotypical Adolescents. Autism, 23, 1119-1132. https://doi.org/10.1177/1362361318794930

Banaszkiewicz, A., Bola, L., Matuszewski, J., Szczepanik, M., Kossowski, B., Mostowski, P., et al. (2021) The Role of
the Superior Parietal Lobule in Lexical Processing of Sign Language: Insights from fMRI and TMS. Cortex, 135, 240-
254, https://doi.org/10.1016/j.cortex.2020.10.025

Chu, C., Gao, G. and Huang, W. (2007) A Study on Co-Localization of FSH and Its Receptor in Rat Hippocampus.

DOI: 10.12677/acm.2026.1652048 2393 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1652048
https://doi.org/10.1007/s10548-023-00955-y
https://doi.org/10.1016/j.bpsc.2023.05.002
https://doi.org/10.1177/13623613211004058
https://doi.org/10.1002/acn3.52091
https://doi.org/10.1017/s0033291725000832
https://doi.org/10.1093/brain/awh169
https://doi.org/10.1016/j.neuroimage.2011.07.058
https://doi.org/10.1093/cvr/cvaf007
https://doi.org/10.1155/da/7986150
https://doi.org/10.1186/s12888-025-07556-y
https://doi.org/10.1016/j.jad.2025.119991
https://doi.org/10.1038/s41398-017-0067-5
https://doi.org/10.3390/brainsci10080497
https://doi.org/10.1080/09602011.2021.1888756
https://doi.org/10.1037/pag0000545
https://doi.org/10.3389/fnins.2023.1209398
https://doi.org/10.1002/hbm.25976
https://doi.org/10.1177/1362361318794930
https://doi.org/10.1016/j.cortex.2020.10.025

R, £

[45]

[46]

[47]

[48]

[49]

[50]

Journal of Molecular Histology, 39, 49-55. https://doi.org/10.1007/s10735-007-9125-2

Chu, C., Zhou, J., Zhao, Y., Liu, C., Chang, P., Zhou, Q., et al. (2013) Expression of FSH and Its Co-Localization with
FSH Receptor and GnRH Receptor in Rat Cerebellar Cortex. Journal of Molecular Histology, 44, 19-26.
https://doi.ora/10.1007/s10735-012-9449-4

Lu, W., Guo, W., Hou, K., Zhao, H., Shi, L., Dong, K., et al. (2018) Grey Matter Differences Associated with Age and
Sex Hormone Levels between Premenopausal and Perimenopausal Women: A Voxel-Based Morphometry Study. Jour-
nal of Neuroendocrinology, 30, €12655. https://doi.org/10.1111/jne.12655

Rizor, E.J., Babenko, V., Dundon, N.M., Beverly-Aylwin, R., Stump, A., Hayes, M., et al. (2024) Menstrual Cycle-
Driven Hormone Concentrations Co-Fluctuate with White and Gray Matter Architecture Changes across the Whole
Brain. Human Brain Mapping, 45, €26785. https://doi.org/10.1002/hbm.26785

Brouwer, R.M., Koenis, M.M.G., Schnack, H.G., van Baal, G.C., van Soelen, I.L.C., Boomsma, D.I., et al. (2015) Lon-
gitudinal Development of Hormone Levels and Grey Matter Density in 9 and 12-Year-Old Twins. Behavior Genetics,
45, 313-323. https://doi.org/10.1007/s10519-015-9708-8

Gracia-Tabuenca, Z., Moreno, M.B., Barrios, F.A. and Alcauter, S. (2021) Development of the Brain Functional Con-
nectome Follows Puberty-Dependent Nonlinear Trajectories. Neurolmage, 229, Article 117769.
https://doi.org/10.1016/j.neuroimage.2021.117769

van Duijvenvoorde, A.C.K., Westhoff, B., de Vos, F., Wierenga, L.M. and Crone, E.A. (2019) A Three-Wave Longitu-
dinal Study of Subcortical-Cortical Resting-State Connectivity in Adolescence: Testing Age- and Puberty-Related Changes.
Human Brain Mapping, 40, 3769-3783. https://doi.org/10.1002/hbm.24630

DOI: 10.12677/acm.2026.1652048 2394 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1652048
https://doi.org/10.1007/s10735-007-9125-2
https://doi.org/10.1007/s10735-012-9449-4
https://doi.org/10.1111/jne.12655
https://doi.org/10.1002/hbm.26785
https://doi.org/10.1007/s10519-015-9708-8
https://doi.org/10.1016/j.neuroimage.2021.117769
https://doi.org/10.1002/hbm.24630

	基于rs-fMRI探究中枢性性早熟女童海马全脑功能连接的异常改变
	摘  要
	关键词
	Abnormal Whole-Brain Functional Connectivity of the Hippocampus in Girls with Central Precocious Puberty: A rs-fMRI Study
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 一般资料
	2.2. MRI数据采集方案
	2.3. rs-fMRI数据处理
	2.4. 协调程序
	2.5. 种子点的选择及全脑FC的计算
	2.6. 统计学分析

	3. 结果
	3.1. 一般统计学资料
	3.2. CPP组与TD组以海马为种子点的全脑FC组间差异
	3.2.1. 以左侧海马为种子点的全脑FC组间差异
	3.2.2. 以右侧海马为种子点的全脑FC组间差异

	3.3. 相关分析结果

	4. 讨论
	5. 局限性
	6. 结论
	声  明
	利益冲突
	作者贡献
	参考文献

