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R LH R EAR K XA . 5k B 70 4 911 R I3 507 07 R T
IVF-ET ff) NOR A7 . ARFESELAL LH (bLH) ZKSF. FEH7IEINH LH KLU A2
BEEPEIRHER (hCG) VESS H LH /K-FHEAT /04, M4 bLH /KPR 220 A2 41 (n=391)
A B2 41 (n=391) , IRARFEHUFIZARANH LH /K-P-Ks 85779 A3 41 (n=600) 1 B3 #4 (n=311),
R4 hCG VES H LH KPR EE A A4 A (n=225) . B4 4 (n=227) . C4 4 (n=23D)
DA (n=228) , WS EFHMIGREAE. COH 457 AT IRS /. 458 O bLH K
SFAIEDY NOR ANZE & B 22 45 R AR AR, 24 bLH=4.51 IU/L I, FTRAS AL A SE gk
. @ eI AES, LH=5 WW/IL BEiniEsen), mReA AT BaEdgRas R © Rk
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Abstract Objective To investigate the effects of luteinizing hormone (LH) levels on in vitro
fertilization and embryo transfer (IVF-ET) outcomes in an infertile population with normal
ovarian reserve (NOR) undergoing controlled ovarian hyperstimulation (COH) with an
gonadotropin-releasing hormone antagonist protocol, and to explore the reasonable level intervals
of LH during the follicular phase. Methods A retrospective analysis was conducted on 911 NOR
infertility patients undergoing IVF-ET treated with an antagonist protocol. Patients were grouped
based on baseline LH (bLH) levels, LH levels on the day of antagonist addition, and LH levels on
the day of human chorionic gonadotropin (hCG) injection. According to bLH levels, patients were
divided into Group A (n=391) and Group B2 (n=391). Based on LH levels on the day of
antagonist addition, patients were divided into Group A3 (n=600) and Group B3 (n=311).
According to LH levels on the day of hCG injection, patients were classified into Group A4
(n=225), Group B4 (n=227), Group C4 (n=231), and Group D4 (n=228). The clinical
characteristics, COH outcomes, and pregnancy outcomes of patients in each group were compared.
Results O The bLH level could be used as a predictor of assisted reproduction outcomes in an
infertile population with NOR, and going for assisted reproduction at bLH=4.51 IU/L was more
favorable for the development of pregnancy outcomes; 2@ Addition of antagonist at LH=5 IU/L
on the day of antagonist addition improved pregnancy outcome ;@ On the day of hCG injection,
there was no statistically significant difference in pregnancy outcomes among the four groups; @
Analyses using generalized linear models revealed that basal follicle-stimulating hormone (bFSH),
basal estradiol (bE2), Gn days, Gn volume and 2PN affected the number of good quality embryos.
Conclusion In an infertile population with NOR using an gonadotropin-releasing hormone
antagonist, bLH and an gonadotropin-releasing hormone antagonist addition day LH levels may
influence IVVF outcomes. LH levels should be controlled at 5 IU/L and above on antagonist
addition days, and bLH levels should be controlled at 4.51 IU/L and above.
Key words an gonadotropin-releasing hormone antagonist protocol; luteinizing hormone; in vitro
fertilization and embryo transfer; normal ovarian reserve population; infertility; pregnancy
outcome
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AR, ANHUECA RN & ZRERAL S, Aot RN R REAZERN R AR CIX
16.7%. FEERANZRE —HEARFEHE Cin vitro fertilization and embryo transfer, IVF-ET) $AR[
HoE KR, Fh kL HESR Ccontrolled ovarian hyperstimulation, COH) 1£Jy IVF iR fE gt 45
PR, HO7 RIEFAWRAL . AR IR RS Z #5177 (gonadotropin-releasing hormone
antagonist, GnRH-A) 77 & H B G %, & & B L M IR 3 B T80 = sl 7
(gonadotropin-releasing hormone agonist, GnRH-a) 5%, F#ikil N4 0 5k G4
(ESHREDEFE N IVF AR B I 1) COH J7 R4, GnRH-A 77 %8 /2 U S fif # T A% IE % (normal
ovarian reserve, NOR) AHEH FIHIMEARIN T 2, HARIAE TALHRN AL, OF BLId i Rl 3z

.
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&1 Covarian hyperstimulation syndrome, OHSS) &4 REAK. EIT R ahR. JFREd
W BRI B, AR S A R, (RS R4 E (luteinizing hormone, LH) 7K
AR R IR GRS SR K SRR R 2 — . B WA AU IR CLH Va7 E A, AP
LH % T BE I 8 T BRI AR TR R4 R o 2508 I [ 2041 % F GnRH-A 77 A HE
BEfY) NOR 3 Bkl MKHEEAN LH (basal LH, bLH) /K°F. HEHUIAIIH LH /KPR A
2RV (human chorionic gonadotropin, hCG) JE4 H LH /KF#4T404H, H#
F A BE TG IRRHE . (R HESS SR DA SRS R, E MRS & B LH ZKF XA
1 MRS
11 BHEX S

[BIBE S HT 2015 4F 7 H—2022 4F 12 H AR 22 BB RL R 5 — M Ja I e A B o 0o N FH
PURIJT AT COH JH-%2 IVF-ET #9719 NOR RNAE B . P9I © ik 21~35 &
@ NOR: HiHi#h &= (anti-MUlerian hormone, AMH) : 1.0~4.0 ug/L; SE5Piit%k (antral
follicle count, AFC) : 6~15 />; {257z (follicle-stimulating hormone, FSH) <10 IU/L;
@ RILWTT A WAL 7 5 5 R B S0 5 @ VAT A ) b AR A VA VR O -7 B ik B 5
® FEETERIAIT I GE SCHEEN R B R SRR, BURBBHEE &S, ZAHS
0 o HERRbRAE: JeOUARRRIRE . RRIMERT NAMThRR R (I FDIRIRZD
FEFATE LSRRI . T N ADEBURIVE . B B R . BTRETBAE (55
WA RERE BRHORE BAS ), LA 7 B i i oAt ™ A S RS 2 o e INTF S AR UEI B T 5 R
JL 011 il JUF 911 BIHHAT T EIAREAE, 141 Bl o IRFEAER B FE e e, 770 27 IR B
TR R R RR RS A
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KAV LR bLH K70y 4 4, 735009 AL 41 (LH<<3.28 IU/L) . B1 4 (3.28 IU/L
<LH<4511U/L) . C14l (451 IU/L<LH<5.98IU/L) f1 D14 (LH=5981U/L) , 4
TR BB E AR5 % (body mass index, BMD) Z 54 Gt & X (P<<0.05) . %J&
F| BMI Z R A REFMA P [ B, COH 457 ik gt R, dE—35R M 10 1 Wi v 43 UTRD
(propensity score matching, PSM) , EL BMI AihAs &, ¥ 83 758 A2 4 (bLH<4.51 1U/L)
A B2 40 (bLH=4.51 IU/L) , XJULECHGEIJE ) 782 5] NOR AAE B #1752 tr. ©
2 REAE I R R BRI LH W8T BB (L.2~5 1U/L) , KEHURIAR I HE LH KSE5r
A3 4 (LH<5 IU/L) M B34 (LH=5 1U/L) o k4, RAN 5 hCG 4 H LH
KPR 44, 4358 A4 (LH<1.36 IU/L) « B4 41 (1.36 IU/L<LH<2.28IU/L) . C4
41 (228 IU/IL <LH<3.831U/L) 1 D441l (LH=3.831U/L) . A7 REZHERIKSE
WHLZE G2k (Y5 : 201602700 , B ST IR FEIEAEAH O HE B AR AE o
1.3 ImRERHE

{EFFIR \VF-ET BiZe0i, i B se ARG mm it Ak i . IR 48—
BRI, WA R FE A N5 R CRARER . SCRRRE . BRLRAL, A3E 7 %
PAJe BMIZ5) , BEAR s DL R R AT 5 B . WGBSR IR, ZhaS il R PR grid sk
TALBE IR SEL,  F0 N R R A 1 B Y 5 = JEA T BB V7

SR AT B E T A SRS 3~5 K. SHIRES kAT AT H AHE FSH. LH.
i ¥ Cestradiol, E,) F1%:f{ (progesterone, P) .

14 GnhRH-A 5%

P N 3R H GnRH-A RE 7 AT (EHEN . T H &A% 2~3 RIF AR
PR % (gonadotropin, Gn) , GIFEEAL FSH (r-FSH)  CR44ZS, EEZR A, ftdE
5. S20181008) EJRIEME FSH (FHHI %, o ENTERHIZ5 AR, #t#ESCS: H20052130) ,
Eah Gn FIEARYE & FRE . BMIF AFC i€ . S HINEEAX 11~12 mm i, THaG%
N GnRH-A (BSERINJE s v, Hi LB &5 22 1R A W], f#t#ESC S : H20160574; BCE ML,
78 % Baxter Oncology GmbH /A ], #t#EC5: H20140476) 0.25~0.50 mg, H:|aJ4RE IR
KRB A S ML SR KRR 24 24 20— BRI HAE2 =18 mm i), vE44+ hCG 10 000 1U
BREA hCG (33, Hi LB =4, t#ESCS: S20130091) 250 IU 5 KB, hCG 15+
36~38 h JEATHEF 51 T N A ME F RN AR . Bk 7 AR IVE, TH2H§)5 18~20 h
ML FERZ SN, HIUERZ (two pronuclei, 2PN) W IEH 5245 .
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RANEFREE 5 REUE 6 RIRTFREM G AT IRIBIT 53, VPRS2 Gardner ZEIRVE 43 b
#E.

1.6 FERRRSIEAE RIS

SRAFFEINJG HAT HT O A VR RS A, FEAELJS 5 AT 3 AR A SO, E AR 5 3 A SRR B
W12 . BEVIASRBE SO RIIEIRSE S, BLE A M.

1.7 WEHERR

@© ImpkFEFR: . AZRER. A58, BMIL bFSH. bEz. AFC. @ COH 4if5:
Gn K¥. Gn &. GnRH-A {ffifAl. GnRH-A ff &, #EPFAHINH LH. #EHmming
P. HEHURIAINH E2v hCG S H LH. hCG 4 H P. hCG 41 H Eo. 3ROPEL. 2PN %4,
IEH SRR RBIRIGE (R Z. WA IRIG S TR EIG % . ® RS )R: HCG
BHYERE . IGARIEIRSE . WF=3. =% RIMEE,

FE I 5256 = B I I 2 RS 3 IR IR | 0BT e 2 S5 AR (N SSHl B A T B
A S50 2 i 4% 4 3L 20180 K5 IR ASAE 5 58 14 K, [ B-hCG /K~F=5 IU/L
WA B-hCG PHME. MERRFEA)E SR 28 K, AT & sy WA B, MIVUCHIGIRIESR. W™
T SCHIEIRAN AL 24 T 1E3 o 35778 SUNIEIR=24 J, &/ —NE A AR Er L )L
HAE . BRANE R 1 3R T A3 0 e SO — RER 5 1 GRS — A R R I 24 TS L, R
fifs SRR AR Z B o0 W% — R b 5. THE AR : hCG B3 =hCG PR E %y
TR JE A K <1009 11 PAC T 80 2 = I AR 400 4 Jo 11 K0/ R 4 A A 25000% s 1 AR P R = E 4R
7 FE WK AR R A R A % 0 K0<L00% s 375 77 28 = 3 77 43 060 BT K 1 %
x100%. AN R FE 1 B k43 0 SR E SE B SE BRI NBE R B, AR AN
Y JE 9 B A3 % = — VR HR O 5 1 G RAS 43 060 1 S5 O A T B 40.00%

1.8 Giit2gabsE

& BRI EER X £ s £oR8, FEESDA T EEHFERAL M (Ps, Prs)
T, SPREIRL n(%) R . IR LEBCR 5 ZE 0T BOIREAS t K556 Kruskal-Wallis H
4% . Mann-Whitney U #3080~ 7058, KA 1:1 PSM, BL BMI TSR, X ICEC R )
782 {5l NOR ANt SR AT GE it 220 HT o SR SCER PRSI 53 A 5 i) A0 SR i 50 1 A
JSiH SPSS 27.0 #4748 112440, P<<0.05 N7 RA L EE Lo

2 &R

2.1 X} bLH Ko HPI e R



Z A e ULAS, 3Lt 782 B NOR AZEBE M A . AN bLH /K-FIX Al COH
SE AT IRSS SR L B oR: B2 LAISREP %, 2PN % TR IRIRECL & nT R IR fG %2 T A2
Mo 1EH R RR i R R i 1) b, B2 441 hCG FHMEZR =T A2 4 (3 P<
0.05, W& 1. £2) .

22 INOR BhZ N\ i) 1 23 VL AL B /G BIAS [F) bLH 7K~ X TR] K AH S H8 43 L8 [n=391,
X+s, M(Pas, P75)]
Tab.1 Comparison of ovulation induction outcomes in NOR group according to the basal LH
level after propensity score matching [n=391, X=*s, M(P2s, P7s)]

Item Group A2 Group B2 P value
Duration of Gn stimulation (d) 9.80+1.87 9.5541.52 0.036
Total dosage of Gn
. 1941.414676.02 1769.894543.78 <0.001
administered (1U)
Number of collected oocytes 12.00(8.00,17.00) 14.00(9.00,20.00) <0.001
Number of 2PN 7.00(4.00,10.00) 8.00(5.00,12.00) <0.001
Number of high-quality
4.00(2.00,6.00) 5.00(3.00,7.00) <0.001
embryos
Number of transferable
5.00(2.00,7.00) 5.00(3.00,8.00) 0.001
embryos

K 2 NOR B Z A BE a1 9P 73 ILEC R Th J5 AR R bLH 7K X TRl Ry SR 45 ) L 8 [n=391,
M(P2s, P7s)]
Tab.2 Comparison of pregnancy outcomes in NOR group according to the basal LH level
after propensity score matching [n=391, n(%), M(Pzs, P7s)]

Item Group A2 Group B2 P value
Whole-embryo freezing 324 332
Embryo transfer 67 59
Outcome of fresh embryo pregnancy (n=67) (n=59)
B-hCG positivity rate 25(37.3) 30(50.8) 0.011
Clinical pregnancy rate 24(35.8) 26(44.1) 0.064
Miscarriage rate 5(20.8) 2(7.7) 0.181
Live birth rate 35(52.2) 24(40.7) 0.729
Outcome of frozen embryo pregnancy (n=324) (n=332)
B-hCG positivity rate 223(68.8) 234(70.5) 0.302
Clinical pregnancy rate 207(63.9) 220(66.3) 0.249
Miscarriage rate 25(12.1) 26(11.8) 0.394
Live birth rate 179(55.2) 193(58.1) 0.238
Cumulative live birth rate 214(53.4) 217(57.0) 0.313

2.2 MHEBFIGEMNE LH KFEH R R
5 A3 HAHLEL, B3 411 GnRH-A i & . Gn K& LA Gn &4/ (1 P<<0.05, % 3);



IR, B3 HAEFEHAININE E2v PIKT-LAK hCG VES H Exv P KPR & (3 P<<0.05) :
Ubsh, B3 411t GnRH-A I [a] . SREREL. 2PN % tRFIERGE L K v A IR G At 2
T A4 (¥ P<0.05, £ 3) . EFHVUCRAFEEH R ENEE T, B3 411 hCG Mtk
HULREFE R T A3 4L (3 P<<0.05, £ 4) .

& 3 NOR BhB ABRBIANGINE AF LH K FXEMERIERHIELE[X £, M(Pas,

P7s)]

Tab.3 Comparison of clinical data and ovulation induction outcomes in NOR group

according to the LH level on the antagonist addition day [ X £ S, M(P2s, P7s)]

Item Group A3 (n=611) Group B3 (n=300) P value
Duration of Gn stimulation (d) 9.8041.60 9.3441.83 <0.001
Total dosage of Gn
. 1902.58+610.88 1742.214623.13 <0.001
administered (1U)
Duration of GnRH-A
. . 4.22+1.29 4.43+1.10 <0.001
stimulation (d)
Total dosage of GhnRH-A
. 1.1840.32 1.1340.32 0.012
administered (mg)
E» on the antagonist day
3212.15+2 855.25 5 877.45%3 375.36 <0.001
(pmol/L)
LH on the antagonist day
2.51+.11 12.0748.30 <0.001
(IU/L)
P on the antagonist day
2.67H.72 3.9533.80 <0.001
(nmol/L)
E, on the hCG day (pmol/L) 12 007.0148 560.49 14 270.0244 838.36  <0.001
LH on the hCG day (IU/L) 2.6142.38 4.0843.82 <0.001
P on the hCG day (nmol/L) 4.4342.43 5.66143.47 <0.001
Number of collected oocytes 12.00(8.00,17.00) 15.00(11.00,21.00) <0.001
Number of 2PN 7.00(4.00,10.00) 8.50(5.00,12.75) <0.001
Number of high-quality
4.00(2.00,6.00) 5.00(3.00,8.00) <0.001
embryos
Number of transferable
5.00(3.00,7.00) 6.00(3.00,9.00) <0.001

embryos

2.3 #8# hCG H LH K44

4 BRI IRES /) 2 e i giit e X (P>0.05) .
2.4 NOR NEiE B340 B R R B i ml BR

KA SRR, DM R IRECA AR &, FEAIN LR . ARER . L0057 BMI,
AFC. bFSH. bE>. Gn K#{. Gn . GnRH-A i i [H]. GnRH-A ffi I & DL & 2PN %% [H]
EoME, @RER, bFSH. bEx. Gn K. Gn & LUK 2PN XL IR AG K o 2 74 4t

¥ E L (P<0.05) .



# 4 NOR BhB ABEREFIGRINH AR LH /KFX BIEGRSS B K L8 [n=391, n(%), M(P2s,
P7s)]
Tab.4 Comparison of pregnancy outcomes in NOR group according to the LH level on the
antagonist addition day [n=391, n(%0), M(P2s, P7s)]

Item Group A3 (n=611) Group B3 (n=300) P value
Ovulation induction cycle
n=611 n=300
outcome
Whole-embryo freezing 497 273
Embryo transfer 114 27
Outcome of fresh embryo
(n=114) (n=27)
pregnancy
B-hCG positivity rate (%) 66(57.9) 22(81.5) 0.023
Clinical pregnancy rate (%) 61(53.5) 20(74.1) 0.052
Miscarriage rate (%) 8(13.1) 1(5.0) 0.316
Live birth rate (%) 52(45.6) 19(70.4) 0.021
Outcome of frozen embryo
(n=497) (n=273)
pregnancy
B-hCG positivity rate (%) 339(68.2) 192(70.3) 0.543
Clinical pregnancy rate (%) 316(63.6) 180(65.9) 0.514
Miscarriage rate (%) 40(12.7) 21(11.7) 0.746
Live birth rate (%) 273(54.9) 157(57.5) 0.490
Cumulative live birth rate (%) 473(77.4) 255(85.0) 0.007

3R

GnRH-A J7 1 ¥ 55 Z GnRH-A JBil 5 GnRH SZASEth4i &, A 2l & M
JEME LH U, (HIX PR SN LH /KPR, MTisEmsRopEd®. oh, GnRH-A it
e BEL TG A5 R 5 P B A DG 52 4, T S0 2 9 RS2 AR iR 5 R T8, At 7o)k
ISR INH B LH KPR FAAE P $) R 1E % Lot A 4S8 O TR S AR . AT 70 45 1L
/N, KA 1:1PSM P BMI 52l a, bLH=4.51 IU/L AR T ek HEup 4h 5 S5 i grat =
$27R bLH ZKCFRIMEJy NOR ANZE H 3 Bh 20 45 ) (M B S b o [, 39T bLH #5 =i NOR
ANZE B LR PSR 7 20 R B Gn [ &, DA MG I 555 SR R AE 36 ) OHSS
(A KU o DA FAIAR AN B LH ACE A NOR AU B 1 Hi AT L L, 453 &
N B3 AMIZRINEL. 2PN #. nIREMGEL RBIRAG R LK R ihiE e T A3 A
P IR IE RS HER B i RS G R A i) 8 b, B3 41A hCG FHE R 53 R B . X
SEgE BLR, FEPURIAINE LH KPR T A S A I R ZS JRAHSG . th T A3 ARE A 4K
N, ZEER MY AR — B IRIE,

AT R TR, FEREPFRMNA LH ACPT R, FSPR s, BSHsn



INH MR &, IR RS WA BT . Xu et all®g i, i #46H GnRH-A 7 [
ik LH 7K~F, SE B WA E, BRI 75 WA K B W IRA 2V, & TTRE
JRIGE R . BEAETF AR, MR Eo /KFEhA V% GnRH-A NI L, 7T R B T4
Hob B W2 SRR IG R AN R, 5 SCE B, 5% 0.25 mo/d
HHEE, BEHEIN 0.125 mg GnRH-A {E#R 73 3 T RESRAG L AF Ml PR &zt BRIk, itk
fEHEIN I R I O I YR ES /R, GnRH-A A7 B X [ 7 5 ik SBIR AR AT

A EHE, LHAGT FReim T LR T R R4 5= E AN FIRE . Luo et al™!]
IR, AR LH 7K 55 U0 JE 3 R SRR A 3 7 SR I B DG, 7€ COM b A i & 4
FEANE LH RT3 o e A A A AL 2, FRR AR VR T I LL . Mao et alltAiE— B3,
FEARAEE R INE A LH (r-LHD W] REAE URMEME K P, T B IR, ik
T S AR SS Jy . Wang et allSLE S50y, TERSHURIT Rl r-LH 5 r-FSH BCE R, RR6S
KR E LA, BERERBUE R, SRR RS SR, IF BRI
OHSS KA F A MIIUHE R . IR, ABF AR RINENE LH 84, Aok R 2
RELIERTORE, B DIR AN 78 ME LH 2 50 B T SCs i R A ) -

AWK AR 4 SR, 3ERE Eov Gn K3, Gn B LUK 2PN 5 115Uk
FEBAEAE M NE . SRR Y5, Wi GnRH-A B E, i 436.8~658.6
pg/mL; ¥ GnRH-A I I E, #id 894.4 pg/mL, MIGEIEFSAE I R ISR B ¥ £ B T
B. DR, iR B R RO R R MR R R A, IR IR IGE Ep KT, HiE 4R HE B
YO, DASCGE AT R4S

R TAFAE— T R, (BN EBIER T, (XN D REEFEREAR G, T REAFELE FE
i BARAW LRI NCG H LH /Ko 4l aEiRg: /L4t 2 % 5, HE A KM S
hCG H LH /KPR AZRE B4 4 Y4l 5 B BTN . o F A 7006 RALBRF NOR R
TR R, ARRATTRHE— IR TCANE) G 55 S LH KPR 4R 45 5 (¥ 3 ) o

Zi b, XPTNORAZUELF, HbLHAEHRA I H LH/K- A e 5 IVEEh 22 45 JRidH 5% .
bLHZK-F AT AE NORANZLAE (635 Bh 28 25 J=y (O T b5, fEbLH>4.51 TU/LIN 3E47 % Bh £ 5
YT AT RESE A A TUEARG R Ao MEARHERE Rk, LH>S TU/LE RIS i i g 4 =
A BT o A RSP T RACHEIN RLZ 45 G DFSHL bE2y bLHZKSFL5E 5 FEGn g ff 2k
&, SRR NGRS BUARIAIE L. Ak, bFSH. bEz. GnREL. Gni L K& 2PNETR
MR RSB E R R, RN R PR R

I

&

=t
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