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{H=5U/L; LHUEAE/AE B 1A M ER (follicle-stimulating
hormone, FSH)I¥{E>0.6).
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tropin-releasing hormone agonist, GnRHa)iA¥7 5; 4k%&
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1.2 MREA iS5

1 IR UG B R A6 3. O TR 4R R A (P 1]
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b R AR, 2R E DR A B R BT PRt k. fiff
FRIRIRSAE SR B BRIk, SR = 4G A 25 T
HR4E GRE (Magnetization Prepared Rapid Acquisition
GRE, MPREG)/FHNHATE 43 HEH3D-TIWIKHE AR
4, HMSEANT: TR/TE=1900 ms/2.52 ms; 25
=1 mm; JZ%{=176; FOV=256 mmx256 mm; L&
=1 mmx1 mmx1 mm; FA=9°. LRS54, FIE
SRAEH HLAN MREUS, 40 TIWIL. T2WI. DWI fl T2-
FLAIR.
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FI FFreeSurferfi 4 (i 4<7.3.2, ‘B J7 P3ifi: http://
surfer.nmr.mgh.harvard.edu/)frecon-all T, 7EA %S
[B] X 285 ¥ AL 4R B A% (structural magnetic resonance ima-
ging, sMRDFHEIFATENRE . 2 B 23R
M EE SrEIAARR . BE)E, FRATNE R EIER
PEIT aparctBiH i 344G X ARFUE S, DAL
KRR 2 )2 N KB (subcortical gray matter
volumes, SGMV). &A1 Fi {4 FH(white matter volumes,
WMV). iz A&F (ventricle volume, VV). K SAAFH
(total cerebral volumes, TCV)L) f & & i #(total surface
area, TSA)IX 7S AN RIRTE 2R & FE 5.
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Table 1 Demographic information of ICPP girls and healthy subjects
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1.4 Hiilonbr
141 LB K

H T PHEICPPALE M R Z R 5 IEH AT ILE
B G L 25 5, ZE40 Gt br i
W BT T HREARAG R, R T ES B B % (false
discovery rate, FDR), &A1 H T FDRZ & LA IE )
2, WOE BEMKENP<0.05. Sladkx—abr, e T
TCPPALJ LT 14 i 505 45 5 86 55 L A ol A7 A b 38 25 S
SE I
1.42  EJESH

FHmgevia e RN 2 (generalized  ad-
ditive model, GAM)IHE, XFICPPL 5 ¥ #i2 [Al7E B &
ZE SRR G X HEAT T A 5307, R FHLHAIFSHI®
FEA K3 e W (B K ST A T A8 o, X6 R A
FRUR JEAAAE A T I, (] ESPHE A7 4 i AR Ry B AR
a2 DAJE A HAL.

L5 itk i ih etz il

N T A ARARICPP L B Rk A 7 B, ASBIESET
BT 9644 filt FRES IR A I 2 S AGRU oR H JIOG T 45 Ml v
TEPRIEEIE, JERHIGAMIT AR T BEAEIEE LAY K
FHEALC BN, 25, HICPPATEAL YL,

o ) B 2 e P IR TS i e L L A LG B2 o,
DU AE 47 15 T PP H O MZE R A S k.

2 R

21 ANOEER

Zo 0] A B T S o M B AN B, B Zl48
ZICPPLL #E V) J2 9644 FH T8 1E B A3k 5 %5007 A e B
) G 25 R i H IR s G B R AT 5T (3R D).
2.2 Al B Ry DX R 2R R 7 S

RITREAR R, KIS RSB,

FEAC B (P 45 i e AL PR A (AF) B (cm) A (kg)
ICPP 48 7.86+0.84 136.50+8.04 32.57+6.09
A HEBL A 96 46.49+15.08 163.20+12.08 65.13£13.55
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ICPPA ZN AR bR/ NTIEH K F L, FEK
PAEICPPLHAYGMV . TCV LA K4 [a B3R . Ak
MRz AMIRERR 22 el i 2 TR s [l Bz
2 B Sk S By R R AR TR Z o B N TR
FLFDRAZIE, P<0.05)(32).
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R IR B i . RN, TR FDRT A8 AL IE ),
ICPPZH 4 3 LH . FSHELRIME 3518 & i o 518 5 i X
R Z 54 S B 35 R G124 Bk (P>0.05).
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7N TICPPAL FfATIE AR AL AR B2 )2 K BRI AR R,
ICPPALUTA W ENTIE W & & LE M K X AR, Hpf
A5 Al T 2R KD T2.5%~50% ) H AL X [a] Y (&1 1), Gx Lk
S5 IR TE 2 s UK K, ICPPAL R 2 & B IR ILAH
BT RIS IE H JLEE A7 76 B S i I 4L,
3 Wie

AHFFE B UCR G R 7%, KFEThruEtendy
WARAEZL, XTCPPLL 3 1Y 4 ik S SRl i Bz SRR LA 7
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G K SRR R A AR R D, BYE R TRBLE R
Mgk, WER T HEBE WS rTRE S THE R &

£2 2MEREBKFEICPPLESER AT LENMIARES

KEPGL, FEORMWE RIEREARA 5. b T 8 4w
TR TEM R SRR R Z MR AR, Ffilidt—
AT T I A8, A B, I BRI R
JRLHAIFSH/K - 5TCPP £ L X ARFR 2 (8] A7 75 i 2 1Y
BRI, X —Z5 AR ERIRA ], MR AR ke
(] AR 2R P RE T S 0 &2 2% ) A W~ L, A —
HRAIZIFIRR.
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BORZRG T — KPR T A P e pm A
BRI 1E, BRI S G — B R s AR K b e
AAE PR AR sg X LE PRI, NI S A 2B 5T
AR ARG NIKE bR s i 3, & e iR e
e IR L | AN B R R e A
IR €7t S R A TR N L S BT R =4 & U R B -3
BUREASSN ET RO e B TSR, O HLAEAS [ (B Ak
T HZ W AA G LR, — ik
ARERT 1000905, LIS E G il A N
I, IR ARG P12 ) 15 B 2 R B2 e A1
WEEXT TREA R AR, X S5 i — U0 AR5
IFFIBTTE R T2 BT ROREA ™, JE R T BT L.
HOR, O EA B T Z AR R IR, Arififl
Ab R R T DA T e B N I E SR, ik
TREAEHAUT B2 BSOS SVERTSE. Besh, A
ik PR AL RO AT B TS B2 i A . s el
fH R RIEIRZS T A A A, Lo ez

Table 2 Differences in brain volume comparison between ICPP girls and typically developing children in global and regional measurements

BFEEFXI RFRZ 5 B (A Epr i %) el P{H(FDRAZIE)
GMV -0.30+0.58 -3.60 0.008
TCV ~0.49+0.39 -8.83 <0.001
i el AR R 2 —0.40£0.72 -3.81 0.005
SMI T e —0.32+0.71 -3.20 0.020
HMIMERT Bz )2 ~0.29+0.75 -2.74 0.040
rp e A] 2 —0.40+0.66 -4.23 0.002
e R —0.32+0.73 -3.08 0.021
i [l S e 2 —0.35+0.76 -3.13 0.003
Syt Rz —0.38+0.87 -2.93 0.027
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Figure 1 (Color online) Demonstration of brain volume development curves with age in ICPP girls and normative model. The results showed that the
developmental curves with age generated from the original centile of GMV, TCV, and the original centile of caudal frontal middle gyrus, lateral occipital
gyrus, lateral orbitofrontal gyrus, precentral cortex, postcentral gyrus, rostral middle frontal gyrus, and insular gyrus cortical volumes of the ICPP group
were in the normative model interval of 2.5%-50%. All trajectories are plotted as a function of log-scaled age (x axis) and y axes are scaled in units of

the corresponding brain volumes (10000 mm’)

FApw I 2 Wr . 0T USRS PR SRR A .
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WMV, YoshiiZs A % BRICPPL A7 AL i - /=

JEAH L IE F 0T R AL . SR, _FIRICPP AR LA AN

ZERFEARARRT T 15 5 6 HR SE B  f  Aka F, X— R

S5 SRR T PRI A DUAHASE, W5 B &

BARERIAEZ DT Tk . SR, ASCIHEF AN A

%, BITA REAR N A BRESL N5 & 31, ICPPA £

2 B R S X AR BN IE R KB )LE, AR

TR R B I BIE G TR, K, Uil T
SRR R F, ICPPJLE AN & B AR G L4,
I, A AT AT e G A A R AT Sk R K Y R
TR0 g b FRATRBTIESS FAB R T HPGRR RS 30
FE & B AR T R E LS, A ERAFICPPAE LAY
10 2 B S BRI T R B R AR

3.3 LH. FSHK-SICPP& ik & HEFE Z A7
ES AR LA

JAE R SE X ICPP YA B R B S N4 b ML
AT BRI, TR0 AR AR P i 4 F
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(B I AT = SE 53 O REFUERE. Park ¥ AP % 3
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Mgt 225, KBAA 5 & 2R I GMV 5 FSHIE
HACF 2 HARSE, $R AT g HA fEHPGHIgMS 5, XF
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LN RINEOL0 e o DY) 1 S 1L ket 0L
WEHRE. Hak, S5 TREWTEE 1 RIBR, AN 5T K REAf
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A normative modelling approach based on brain charts to
explore cortical development patterns in girls with idiopathic
central precocious puberty
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Idiopathic central precocious puberty (ICPP) arises from premature activation of the hypothalamic-pituitary-gonadal
(HPG) axis, encompassing intricate neurobiological mechanisms. Previous neuroimaging studies have identified structural
abnormalities in the cerebral cortex of children with ICPP, yet comprehensively mapping their brain development trajectory
remains challenging due to variable assessment techniques and individual differences. To overcome this, a normative
modeling approach based on human brain charts provides a common frame of reference for the study of various
neurodevelopmental conditions. This approach ensures stable detection of brain morphological variations in neurological
and psychiatric conditions, providing a solid basis for further investigations. In this study, a total of 56 ICPP girls were
recruited as observation subjects, as well as 100 healthy subjects who collected data under the same equipment for the
construction of normative curves. The main objective of the study was to explore the changes in cortical volume and
developmental trajectories in children with ICPP, facilitating a comprehensive understanding of their neuroanatomical
changes. Preprocessing of structural image data was performed using the Connection Group Computing System (CCS),
followed by reconstruction with FreeSurfer software. Anatomical structures of 34 critical brain regions were extracted
based on aprac templates, along with measurements of overall gray matter volume (GMV), subcortical gray matter volume
(sGMV), overall white matter volume (WMYV), ventricular volume (VV), cerebral volume (TCV), and surface arca (TSA)
volumes. To reduce the impact of site effects, normality correction was applied using imaging data from 100 healthy
subjects. Subsequently, percentile for each brain region metric were calculated using a large-scale dataset (120,000
subjects) and then converted to standardized scores (Z-scores) to identify differences between the ICPP group and the
normative model. The results of the study revealed that ICPP girls exhibited notably reduced total brain volume (TCV),
gray matter volume (GMV), and numerous local cortical volumes compared to typically developing peers. Furthermore,
their brain volume development trajectories lagged behind the normative age-related curves. This contrasts sharply with the
earlier onset of accelerated physical development observed in ICPP children, indicating a significant delay in brain
maturation among this population. In order to further investigate the effects of hormones on cortical volume, we conducted
regression analyses of the levels of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) in the ICPP group
with the volumes of brain regions showing differences. Ultimately, no significant association between sex hormones and
brain region volumes was found. In summary, the normative modeling approach based on brain chats provides a powerful
tool to accurately quantify the neurodevelopmental differences between individuals and helps us to gain a deeper
understanding of the impact of hormone-related developmental disorders on brain developmental patterns. However, the
influence of sex hormones on brain development may be more complex and requires further research to reveal its
underlying mechanisms.

brain charts, normative model, central precocious puberty, cortical volume
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