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puberty , CPP) FF AR FHANME . 7535 : DEH 2022 45 4 H—2023 4F 5 H itz TN R 2ATE 2l R4 B JLRHAY 96 15 F s 4 &
GRS WA F L — Rkl RGN i S Al B AR A B R (luteinizing hormone , LH) . BR ¥ 51]3% 2 (follicle stimulating hormone,
FSH) M WK WO SR PRI 5 LH A FSH /K K i , TR Ash 7 T 20 2234 R ARG 25 A T2 Sh kA 8h45 %X (pulse index,
PO AIFH KR MR G R IR TE AN EATAE . TR IR R B (gonadotropin-releasing hormone , GnRH)
ARG RGP E S 2 ks 2o 25 43 AR CPP AL CPP A . 32 FHGE TR X M B A T i . 5 8R : OCPP AL LT 57
Ik P EAE TR CPP A, T K42 JR PR LH 1 B3 & THE CPPZH (P < 0.05) s QA KL Hr 4 B B, T2 2k P15 R R
LH 2R FSH, 75 K42 B2 RIS 42 L Fay 28 B O S 28 AR Lol LH (i 2 S A 56 (P < 0.05) , 5 1L FSH W1 G . 3 A1 56
(P>0.05); FEKAESRKLHJRIRFSH . FEBE Ri55E T AL IR AR LR LH EE ) 52 IEHE (P < 0.05) , Sifil
FSH IE{E TG 5 EHIDE (P > 0.05) 5 IR LH/K -5 R IR FSH, F R K AR M1 TG40 T8 2B IS R R il LH i\ FSH
WA 4 IEAH 22 (P < 0.05) ; @ROC fHZe /M 7B Sk PL. 15 K42 2R LH 2 Wi & 2 CPP 1 #H 28 F 1 £ (area under curve,
AUC)  FEAFE RS 43 3N 0.915.76% .90% ,0.945 .95% .88%,0.925 .91% .84%, i T E FKPI. TE K12 BIR LHE A2
Wiz 2 CPP I, H AUC , R FR R BE 205018 0.974 .98% .90% A T H—F4845 . 8518 : FHEK PL.FE KR SRR LHEG
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Diagnosis of central precocious puberty in girls with Doppler uterine artery imaging and
pelvic ultrasound assisted by morning urinary gonadotropin level
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[Abstract] Objective: To investigate the application value of Doppler uterine artery imaging and pelvic ultrasound combined with
morning urine gonadotropin in the preliminary diagnosis of central precocious puberty (CPP) in girls. Methods: A total of 96
precocious girls admitted to the Department of Pediatrics, Huai” an Clinical College, Xuzhou Medical University from April 2022 to
May 2023 were recruited as the study objects. General data were collected, serum basic luteinizing hormone (LH) , follicle stimulating
hormone (FSH) , and estradiol levels were examined morning urine LH and FSH were determined, and bone age was detected. At the

same time, pelvic Doppler ultrasonography was performed to evaluate the uterine artery pulse index (PI) , long diameter, transverse
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diameter and anteroposterior diameter of uterine, uterine volume, and ovarian volume. The girls were divided into the non-CPP group
and the CPP group according to the results of GnRH stimulation test. Statistical software was used to analyze and integrate relevant
data. Results: D The level of the uterine artery Pl in the CPP group was significantly lower than that in the non-CPP group , while
uterine long diameter as well as the level of morning urine LH in the CPP group were significantly higher than those in the non-CPP
group (P < 0.05). @Correlation analysis showed that uterine artery PI was negatively correlated with morning urine LH , morning urine
FSH, long diameter, transverse diameter, anteroposterior diameter of uterine, uterine volume , ovarian volume , and serum LH peak value
(P < 0.05), but had no significant correlation with serum FSH peak value (P > 0.05). Uterine long diameter was positively correlated
with morning urine LH , morning urine FSH , uterine transverse diameter, anteroposterior diameter, uterine volume , ovarian volume, and
serum LH peak value(P < 0.05) ,but had no significant correlation with serum FSH peak value (P > 0.05). Morning urine LH level was
positively correlated with morning urine FSH, uterine long diameter, transverse diameter, anteroposterior diameter, uterine volume,
ovarian volume, serum LH peak and FSH peak (P < 0.05). @ The area under curve (AUC) , sensitivity and specificity of ROC curve
when uterine artery PI, uterine long diameter, and morning urine LH were used for diagnosing CPP in girls were 0.915,76% , 90% ;
0.945, 95% , 88% ; 0.925, 91% , 84% , respectively. When uterine artery PI, uterine long diameter, and morning urine LH were
combined in the diagnosis of CPP in girls, the AUC, sensitivity and specificity were 0.974, 98% and 90% , respectively, which was
better than used alone. Conclusion: The combined determination of uterine artery PI, uterine long diameter and morning urine LH
display the highest efficacy in the diagnosis of CPP in girls, and has the advantages of safety, non-invasive and convenient, which is
suitable for clinical application.

[Key words] precocious puberty ; girl ; urinary gonadotropin ; uterine artery pulsation index ; pelvic ultrasound
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WAL FE Sk PLFEIRKR MR e FE
R BN A A S KRG CPP 2 56T B R It
P, XS AT BE CPP B LT 02 P B R R ER 25
¥ (gonadotropin - releasing hormone agonist, GnRHa)
PRI RIVR 8 M A HE B T T S ik b (5 B b
W 2.5 pe/kg, e KA H L 100 pg, #LA% 0.1 mg
IKEF I, M W 2528w FEED 43 5SS 0,15,
30.60.90 min R I, G2 A 27 S0 % 1 LH #
FSH 7K, M4 38 A i 56 25 2R (LH 14 {=5.0 U/L
1 LGN CPP 4 ) 25 4 BB LG PRAFAE , 4 1 28
L5k CPP AL ANAE CPP 4,
122 &BER B SEHT T hHARSE

H 28 36 = 1) 75 1S T A 4 28 M A s e 75
AL o I R B P AN B9 L0 K AR T AR RS
(RSN TNIPNANYSE Y= iF2 /N = R T
HABL AR (em’) =K A2 (em) x5 42 (em) X B J5 12
(em)x0.523 3, LK ERREBEELL T H
Bk A7 5 b R 6 MR S AT £ 3 T
i, ARG 22 3 A Fa 0 1 B A — 300 75 3h ik
TATIE o G I A A T A B ik PLERCEAI (A
1.2.3 R LH . FSH M

W 37 1 R LR PR B IO 0 3kt B R 24 3 Bk
K, FHERTHESS B2 B , 75 GnRHa 38 % 1R 56 Ai7 B3 BUk
HRIRZY S mL T4 g i — MR, S Rk
A4 CHRAVKA . 3 000 t/min N &0 10 min, I
IEWAET-80 CUKFE . s fb2 & AT I PR

LH FSH /K-,
13 %it$5ik

K HI SPSS 26.0 B BEATGEI o0 b o RE PEBERE
FBPECE 733 (0 (%) 130K, WBCR IR S . X T
SE T GORE, SEAT IE AR, A5 IEAS A0 1AL
P AR bREZE (3 + )RR, HHOC I3 HTR ] Pearson
AHIC AT, AL REAS 8] FE A ¢ A 6 5 R R IE S A
ARG LA A8 (U 53880 [ M (Pas, Pas) J3678 , AHIG
53 M FH Spearman AHIC 73 , IZHFEAS ] LR H]
Mann-Whitney #6545 . 23 il 32 1 A EFFIE (receiver
operating characteristic, ROC) A bootstrap it
Bt 26 T 1 FH (area under curve, AUC) [ 95% B A5
X[ . Logistic 70 MIHR . —F8 bR 5B G R b5
TEZ W4 2 CPP TR Lo P <0.05 B2 RA 51T

2 # B

2.1 — G R TR

g4 A 96 il 1 21 A 4K HE GnRHa 3U& 1
Y945 el PRARFAE 53 R 9E CPP 4 (n=50) Fll CPP 41
(n=46) . WL FHEFR B& AE T FEK
(EN YN (ISR ey = £V ANIE Ry SN (|05 B 2
{BL M0 FSH JERHE ME—F L) ) GnRHa 3K J5 1 LH
WA {E \ FSH W AF [H] Hb 303 A B & 25 57 (P < 0.05) , &
HAGH (body mass index, BMI) [ 25 5 oS8 117 &
X (P>0.05,%1),

%1 dECPP AL CPP HEIL—ARBHILLE
Table 1 Comparison of general data between the non-CPP group and the CPP group

I Rk 4 CPP 41 (n=50) CPP#(n=46) K g P1E

P (S 7 £5) 7.36 + 0.89 7.99 +0.82 1=3.57 <0.01
B (em,x +5) 130.19 +5.15 134.16 £9.19 1=2.64 <0.01
R (kg,x +s) 28.46 +3.91 31.77 +7.67 1=2.70 <0.01
BMI(kg/m’,X + 5) 16.52 + 2.08 17.41 +2.33 1=1.96 0.053
B (% 2 xs) 8.24 + 1.15 974 £ 1.17 1=6.33 <0.01
FEKA(mm,x +s) 20.71 +3.89 32.00 +5.98 1=11.05 <0.01
FE R (mm,x £ 5) 17.10 + 3.39 19.26 + 3.94 1=2.89 <0.01
FERERE (mm, % £ 5) 8.34 +2.21 11.60 + 4.40 1=4.63 <0.01

BB em’, M(Pas, Pss) ] 1.55(0.90,2.01) 3.19(2.65,5.06) 7=6.32 <0.01
LA [em®, M(Pas, Ps) ] 1.57(1.12,2.04) 2.20(1.43,3.28) 7=3.29 <0.01
1 LH FEAf{E=0.3 U/L[n(%) ] 13(26.00) 38(82.61) x'=30.83 <0.01
1l FSH FERBE [ U/L, M(Pas, Prs) ] 2.24(1.63,3.16) 3.73(2.74,5.08) 7=4.32 <0.01
ILHE — EE (=5 pg/mL[n(%) ] 3(6.00) 27(58.70) X'=30.97 <0.01
I LH WA (U/L,x = 5) 3.60 + 0.82 19.80 + 11.08 1=10.30 <0.01
1Ml FSHUE (UL, + 5) 12.98 + 4.51 15.14 + 4.80 1=2.27 <0.05
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P AL L 2 BT B BK PR IR LH R IR

FSH /K E¥ e B #5% (P <0.05), CPPHT&
zh ik PT B AKX T4F CPP 41 ; CPP 4H /Y /2 JK LH . FSH
K T AE CPPA (52 2) .

FR2 WALXETERNEKPLRRLHMRRFSHR L

Table 2 Comparison of uterine artery PI, morning urine LH and FSH between two groups [ M(Pss,Pss) |
ELELA 3k CPP 41 (n=50) CPP41(n=46) AL PiH
T E Bk P 5.82(4.88,6.90) 3.35(3.00,3.97) -7.01 <0.01
Sk LH(U/L) 0.58(0.35,0.97) 3.16(2.00,6.00) 7.16 <0.01
JRIRFSH(U/L) 3.41(1.53,9.06) 7.72(4.75,15.20) 4.28 <0.01

23 AEAF R Gn,GnRHa g & X3 £ Gn 4]
#4948 & M
& R Bos : O FH ik Pl 5 R
LH RJRFSH., 75 K12 R Biak  FE A,
G HLZSAR I LH (R 2 ARG (P < 0.05) , 51l FSH
(BTG i A (P > 0.05); @ FE KRS RIR LH,
JRIRFSH , FEBE TG 12

4 ,—'—»*

'E'T%\' /\\gﬂ%’/ﬁ"

K LH W R 35 5 TEARSC (P < 0.05) , 55 1fl FSH I
TeRFEMI(P > 0.05); @/RK LH 5 R FSH T 5
kﬁ%ﬁﬁh\ HIE#E B AR IR SRR DL S i LH

UE(H | FSH W4 2 IEAH G (P < 0.05) ; RIKFSH 5
FERAZ BEE . T E AR LH 5 EAH
K(P<0.05), 5FE it ONE A FSHIE(E )
T EMFK(P>0.05,K1),

1.0
Ea=94ll 1.000
0.8
)= 8M30-0.625 1.000
0.6
fRPK FSH 0457
-0.4
TR kA 0434
F0.2
TEr AR [0.273 0.223 0.200 0.342
-0
FEAER 0368 0.252 . 0.237
F-0.2
TE R B 595 0.363 . 8
i -0.4
DR 0.381 0.092 [0.465 0.028 0492 0.491 B

-0.6
-0.8

FSH I4(H [0.133 0251 0.108 0.107 0.039 -0.018 0.036 0.044 0218
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Figure 1 Correlation analysis of pelvic ultrasound , morning urine Gn, and serum peak Gn after GnRHa stimulation

2.4 3 —F5ARxT 4 & CPP 4 Wi 1A ik

ROC Hﬂéﬁéﬁﬁttiﬁ%ﬁﬁjﬁﬂm TEKR B
7 iR T E AR INEA RIRLH RIK FSH
TEIZ Wi 2 % CPP E’Jﬁ‘{*a‘,,n%ir?”ﬁ?mmm ¥
B MR LH ¥ BAA B S ) AUC, X CPP 2
Wi (A . Horb, 78 sh ik PR B 14 57
I, FERKAERARENRBUE(R3),
25 FTEFHMPLTF T RKEZRE K LH 69 B4 n
JH & CPP ih & P e 2 e A7

PA GnRHa 3 A& i 56 45 2 W7 2 75 CPP o A

i, L E Sk PL 5 K& JRIR LH Y B A8 &,
AT Z £ Logistic —JuFIHHT (e 4) . HRAEF
AREAY A T Bk PLL T K AR R LH = I bR
(A ] 77 e - Y=—0.874xT & Bl ik PI+0.308x -5
F2+0.575% 5 JR LH-5.074 , LAiZ 0113 )7 B AE N2
CPP XA 3545, FE LABR G 4845 Y #E47T ROC 44
Br(E 2), HAUC, RBEE ¢ 5 5 53 1 0.974
98% .90% , P T H.— 4845 o W k 3738 LB HiE
(k=10) RHZA RIS T4, 129 AUC AFHER
R ANF, 4350554 0.85.0.78 ,0.82 F10.81, FE R
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Table 3 Threshold values, sensitivity , and specificity of multiple indicators for the diagnosis of CPP in girls

15F5R AUC 95%CI Il 1 RAPE (%) FERIE (%)

T EEk P 0.915 0.858~0.972 4.15 76 90
FTHEEKRZ 0.945 0.900~0.990 23.5 95 88
TERRZ 0.652 0.542~0.762 18.51 52 74
FEEEE 0.739 0.645~0.833 8.20 80 56

B 0.875 0.802~0.948 2.29 83 84
O ELA R 0.695 0.589~0.801 2.61 41 94
JRIRLH 0.925 0.870~0.980 1.30 91 84
S PR FSH 0.763 0.656~0.852 5.43 72 74

REARXT RLAF . 25 b, FE Bk PL B KAt JRIRLH
3 TR ARG 12 W CPP AL RE B ELPEREAHXT R4

R4 FEDKPLFERKERRRLHE Logistic @372
BEER
Table 4 Logistic regression equation fitting results of uter-
ine artery PI, uterine length diameter, and morn-
ing urine LH

EST VRS

FrfEi  Waldy PfH ORfH

FEBhkPL  -0.874 0.350 6.230 0.013 0.417
FEkit 0.308 0.099 9.691 0.002 1.361
JRJRLH 0.575 0.289 3.961 0.047 1.776
— TEBKPI
— FEk
— JRIKLH
2 — FEAREM
= AR
= — BRI Y
g
™ 40+
20~
0 - T T T

20 40 6IO 80 l(I)O

1455 BE (%)

B2 FEKPLFEKEZE. FEFR.IMEFA.REKLH
REXA R Y 2B % E CPPEYROC B 2k

Figure 2 ROC curves of uterine artery PI, uterine length
diameter, uterine volume, fovarian volume,
morning urine LH, and joint index Y for the di-

agnosis of CPP in girls
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AR e tOE LAY [51] 108
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BB A O T B, 1 H R AR R AT R
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PER S B A T2 M E . SR
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— 1 2023 4 1) Z2 G2 0] B3 By 2R g A 10 BB 55, %F
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Jik PT, 45 5 b 7R S 5P L ) 8 Sk PG A
2.5~4.6, RELE K T7%~94% , F 5 N 85%~100% ,
HER 2R 79%~98%"" . 5 BUAHTT , ABFFE & 3 CPP
HLEFEINKPLEZEMTIECPPA., #—H
KoM s T sh ik PLS RIR LH JRJR FSH. F5
K2 B AR e AR ORI LH 1
E DG, 51l FSHIB(ETC B E A5G, &3k
PI T2 Wi & # CPP ) AUC 24 0.915, Hitge Ad: 115 7
(B R 4.15 , RAUE KR5S 5351 16%F1 96% , HATH
= 2 W B . 3R I8 3 bk PLIN 22 2 CPP 12 Wi
PRAET — R0 S, B PE e AR SR
ANFEWFFEAS B T8 Sk PLZ W 2R 5 i AHE
AN, 3K AT RES DL A 56 R i SR IR A
AT, CPPIZWIAREANE] B9 G2 110 J e 7 2
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CPPIZWi S5IRYF I8 h , LA M . T
B 3.4~4.0 em, BRE AT 1~3 mL, $& 75 H F
KB, AMEN CPP 51E % Lo 3 45 512 Wi i 4l Bh ki
Z—" 2021 4EXF 13 WA 5T 1) 2 4t 151 8RN Meta 43
BrZ i, A CPP Y 2L 2812 Fl O 51 75 B ] g 1
K, FEREART 3.20 em & [X 43 CPP FIHE CPP (7]
SEFRAE IS 19.62, AUC 1 0.820, Z<HF
FREER BN, 5AECPPAM L, CPP 4 F 5 K A% B
7 HTE AR TR NN LA R W . g
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IS, FERAEEA LM AUC, REUE K
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Z 1 AR Z IR IR Gn K5 1L Gn /K-
HA BEME", FfiZg Tanner 4303 & | IR
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2 PR Gn 22 T RE RN CPP WIS I HT . AHIFSY
KB, CPP 414 R IR Gn 7K-F- B & 5 TE CPP &t
., T2 ROC 2 & B, R K LH 2 Wi £
CPP ) AUC “H 0.925, fe i FHE 4 1.30 U/L, HR
WUE R 91% , 55 57 1 84% , A T IR IR FSH, Ji & 12 Wi
2 3 CPP [ AUC, R BB FE 55 52 23 51 0.763
72% . T4% o — A 50 Hr o |, = IR LH K
5 1fil. GnRHa 1% % X 5 LH 058 77 76 . 2 1E A5 ¢
(r=0.667,P < 0.05) . X ELF57 45 5 5 BE A 92 45
A —E2, Lee 55290 5 FEHLIR LH K, Fefd:
lIf FE A 0.71 U/L, 12 W7 CPP 114 2 S0 AR 53 B 43
1k 65.4%F1 63.6% , R = PR LH R FH F1EAlk %
# CPP HLREALIR LH R RCR AL, sbah , AR A
FAFHPRIK LH S fE IR T EAA S, FIESA
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INEIZNE RS E w5
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AR AR RO PERE . SR ST SR e B

I JEIF Z 05T, 4 GnRHa 5795 B A TR 17 ,

LAk — 25 ik HAE 4 25 CPP 2 W AT (BT i)

e PRIEFH A

(&% k]

(1] e LR R e N s e AU 4, iR L
PR g b 2. PR PETE R 2GS 5iRy7 £ 3t
W(2022) [T ). o )LRHGE, 2023,61(1) : 16-22

(2] wHAREE 2 LR e N s A AR 41, b e L
P G g B 2 A 2. AR PEPE R G2 B 53R YT 35 R
(2015)[J]. s LRI, 2015,53(6) : 412-418

[3] LIUYF,YUTT,LIX Q,et al. Prevalence of precocious
puberty among Chinese children: a school population -
based study[ J]. Endocrine,2021,72(2) : 573-581

[4] BRAUNER E V,BUSCH A S, ECKERT-LIND C, et al.
Trends in the incidence of central precocious puberty and
normal variant puberty among children in Denmark , 1998
t0 2017[J . JAMA Netw Open,2020,3(10) : 2015665

[5] PEINKHOFER M, BOSSINI B, PENCO A, et al. Reduc-
tion in pediatric growth hormone deficiency and increase
in central precocious puberty diagnoses during COVID
19 pandemics[ﬂ. Ttal J Pediatr,2022,48(1) :49-55

(6] W V. RV R A 7E LB A PR R b iy
I AW E LT ). SARBT T S B A, 2021,5(20) «
56-57

[7] CHEUICHE A V,MORO C, LUCENA I, et al. Accuracy

of doppler assessment of the uterine arteries for the diag-



HA3E 10
2023410

ZE AW, AR W 25 23855 T sl DR (G RD B R 7 4 B R IR R R IR B K12
Wi e B TP AP R ] B R EERR R AR (F AR BR2A ), 2023,43(10) : 1385-1391

<1391 -

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

nosis of pubertal onset in girls: a scoping review [J]. Sci
Rep,2023,13(1):5791-5799

VRIRIE, £ 08, IR JRIRIRS A BT
BERAR PR R R KA 22 2 AR v R 2
AR LD ). Bt BERR A (A AR BR AR , 2022, 42
(11):1572-1577

KIMY J,KWON A,JUNG M K, et al. Incidence and pre-
valence of central precocious puberty in Korea: an epide-
miologic study based on a national database [J]. ] Pedi-
atr,2019,208:221-228

YANG H,GE A, XIE H, et al. Effects of ambient air pol-
lution on precocious puberty: a case-crossover analysis in
Nanjing,China[J]. J Clin Med,2022,12(1):1-12
MAIONE L,BOUVATTIER C,KAISER U B. Central pre-
cocious puberty : recent advances in understanding the ae-
tiology and in the clinical approach[J]. Clin Endocrinol,
2021,95(4) :542-555

SORIANO-GUILLEN L, ARGENTE J. Central precocious
puberty, functional and tumor-related [ J]. Best Pract Res
Clin Endocrinol Metab,2019,33(3):101262-101283
CHEUICHE A V,DA S L,ESCOTT G M, et al. Accuracy
of Doppler assessment of the uterine arteries in healthy
girls for the diagnosis of pubertal onset [J]. Endocrine,
2022,76(1):172-178

NGUYEN N N,HUYNH L B P,DO M D, et al. Diagnostic
accuracy of female pelvic ultrasonography in differentiat-
ing precocious puberty from premature thelarche: a sys-
tematic review and meta - analysis [J]. Front Endocrinol
(Lausanne ) ,2021,12:735875

RIFKIND A B,KULIN H E,ROSS G T. Follicle-stimulat-
ing hormone (FSH) and luteninizing hormone (LH) in the
urine of prepubertal children[]]. J Clin Investig, 1967,46
(12):1925-1931

[16]

[17]

[18]

[19]

[20]

[21]

[22]

APTER D,BUTZOW T L, LAUGHLIN G A, et al. Gonad-
otropin-releasing hormone pulse generator activity during
pubertal transition in girls: pulsatile and diurnal patterns
of circulating gonadotropins[] 1. J Clin Endocrinol Metab,
1993,76(4) :940-949
YAO Y,MAO S,YUAN K, et al. First morning voided uri-
nary gonadotropins in children: verification of method per-
formance and establishment of reference intervals []].
Clin Chem Lab Med,2022,60(9) : 1416-1425
ZHAN S, HUANG K, WU W, et al. The use of morning
urinary gonadotropins and sex hormones in the manage-
ment of early puberty in Chinese girls[J]. J Clin Endocri-
nol Metab,2021,106(11) :e4520-e4530
ZUNG A,BURUNDUKOV E,ULMAN M, et al. The diag-
nostic value of first - voided urinary LH compared with
GNRH -stimulated gonadotropins in differentiating slowly
progressive from rapidly progressive precocious puberty
in girls[ ] ]. Eur J Endocrinol 2014, 170(5) : 749-758
YUCE O, BIDECI A, CELIK N, et al. Diagnostic value of
urinary luteinizing hormone levels in the monitoring of
precocious puberty treatment[ J |. Arch Endocrinol Metab,
2020,64(2):121-127
LEESY, KIMJ M, KIMY M, et al. Single random mea-
surement of urinary gonadotropin concentration for screen-
ing and monitoring girls with central precocious puberty
[J]. Ann Pediatr Endocrinol Metab, 2021,26(3) : 178—
184
TRIPATHY M, BALIARSINHA A K, CHOUDHURY A
K, et al. The role of urinary LH and FSH in the diagnosis
of pubertal disorders [J]. Indian J Endocrinol Metab,
2021,25(2):110-120

(W BEH]  2023-07-02

(REHE H F)



