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Estrogen - supplemented luteal support on fresh embryo transfer outcomes in DOR
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[Abstract] Objective: To investigate whether adding estrogen for luteal support on pregnancy outcomes of fresh embryo transfer
cycles using clomiphene citrate (CC) minimal - stimulation protocol in individuals with diminished ovarian reserve. Methods: A
retrospective analysis was conducted on the pregnancy outcomes of CC minimal-stimulation protocol for fresh embryo transfer cycles at
the Reproductive Medicine Center of the First Affiliated Hospital of Nanjing Medical University from January 2018 to December 2024.
A total of 1 778 cycles were included, with adding or not adding estrogen luteal support. Baseline characteristics and pregnancy
outcomes were compared between the two groups. Univariate and multivariate retrospective analyses were performed to identify factors

influencing clinical pregnancy in the CC minimal-stimulation protocol for fresh embryo transfer cycles. The optimal cutoff value for the
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receiver operating characteristic (ROC) curve was calculated, and subgroup analysis was conducted based on this value. Results: 826
cases were adding estrogen group and 952 cases were not adding estrogen group. There were no significant differences in baseline
characteristics such as female age, male age, female anti- Miillerian hormone CAMH) , fertilization method, total CC dose, human
chorionic gonadotropin (hCG) daily estradiol and progesterone levels, number of transferred embryos, and trigeer medication between
the two groups. The estrogen luteal support group had a slightly lower female body mass index (BMD) (P=0.002) , lower luteinizing
hormone (LH) levels on hCG day (P < 0.001) , thinner endometrium on hCG day (P < 0.001), and a higher proportion of transferred
blastocysts (P < 0.001). However, there were no statistically significant differences in pregnancy outcomes between the two groups.
Logistic regression analysis of factors related to clinical pregnancy showed that female age and endometrial thickness on hCG day were
independent influencing factors. The older the female age, the lower the clinical pregnancy rate, and the thicker the endometrium on
hCG day, the higher the clinical pregnancy rate. The optimal cutoff value for endometrial thickness was determined to be 7.15 mm
based on the area under the ROC curve. In the subgroup of patients with endometrial thickness of 7.2 mm or above on hCG day, the
estrogen addition group had higher rate of embryo implantation rate (P=0.015) and live birth rate (P=0.038) compared to the group
without estrogen addition group. Conclusions: Using CC minimal-stimulation protocol for fresh embryo transfer cycles in individuals

with diminished ovarian reserve, adding estrogen to luteal support in patients with endometrial thickness of 7.2 mm or more on hCG day

may lead to better pregnancy outcomes.
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Table 1 Comparison of baseline characteristics between the two groups
Adding estrogen(n=826) Not adding estrogen(n=952) 17/ P
Female age(years,x + s) 36.99 +5.41 36.77 +5.28 -0.862 0.389
Male age(years,x = s) 38.41 +6.53 38.09 = 6.47 -1.040 0.298
Female BMI(kg/m’, x + s) 2253 £2.73 22.93 +2.80 3.050 0.002
AMH[ng/mL, M(P,s, P>5) ] 0.94(0.47,1.8D 0.99(0.49,2.12> -1.583 0.114
Fertilization method[n(%) ] 2.751 0.106
IVF 762(92.25) 897(94.22)
ICSI 64(7.75) 55(5.78)
Clomiphene doselmg, M(Pas, Pss) ] 150(150,200) 150(150,225) -1.188 0.235
Gonadotropin use[n(%) ] 0.178 0.677
Yes 711(86.08) 826(86.76)
No 115(13.92) 126(13.24)
Trigger drug[n(%) ] 2.001 0.164
Diphereline 730(88.38) 861(90.44)
hCG 96(11.62) 91(9.56)
E: on hCG day(pmol/L, % + s) 225224 +1227.17 2300.10 =1 611.07 0.692 0.489
LH on hCG day[IU/L, M(Pss, P35) ] 6.01(4.52,8.40) 6.97(4.83,10.62) -5.667  <0.001
P on hCG day[nmol/L, M(Pss, P35 ] 1.71(1.06,2.55) 1.61(1.04,2.49) -1.240 0.215
Endometrial thickness on hCG day (mm,x £ s) 6.12 +1.28 8.94 +1.79 37.77  <0.001
Types of transferred embryos[n(%) ] 13.08  <0.001
Cleavage embryo 700(84.75) 862(90.55)
Blastocyst 112(13.56) 79(8.30)
Number of transferred embryos[n(%) ] 1.786 0.187
One 694(84.02) 777(81.62)
Two 132(15.98) 175(18.38)
*2 BARSHMAEIRES
Table 2 Univariate analysis of pregnancy outcomes between the two groups
Pregnancy outcome Adding estrogen(n=826) Not adding estrogen(n=952) vz P
Biochemical pregnancy 27.36(226/826) 29.10(277/952) 0.657 0.429
Embryo implantation 20.67(198/958) 21.65(244/1 127) 0.299 0.591
Clinical pregnancy 23.24(192/826) 24.58(234/952) 0.433 0.540
Ectopic pregnancy 1.33(3/226) 2.53(7/277 0.407 0.523
Abortion 21.88(42/192) 23.93(56/234) 0.252 0.645
Live birth 17.31(143/826) 17.75(169/952) 0.059 0.851
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Table 3 Factors associated with clinical pregnancy: logistic regression analysis
Variable B SE OR 95%CI P
Female age -0.123 0.019 0.885 0.853-0.918 <0.001
Male age 0.015 0.016 1.015 0.984-1.046 0.347
Female BMIT 0.011 0.021 1.011 0.970-1.054 0.596
AMH 0.009 0.029 1.009 0.953-1.067 0.765
Clomiphene dose 0.005 0.005 1.005 0.995-1.014 0.349
Endometrial thickness on hCG day 0.083 0.037 1.086 1.011-1.167 0.024
Types of transferred embryos 0.094 0.169 1.098 0.778-1.530 0.580
Luteal support 0.216 0.158 1.241 0.911-1.691 0.171

WE W 2K 2 1] AN AFALE A7 36 (P=0.875) J AR 38 HAE
(& 4), W hCG H W FE JE R 2 2% A5 1
ES

FEAEAR I AR A2 HAE K H Logistic [B V35347
R I AP R A B i A A R
2R, hCG H R B 5 3R SCRF 7 R B

%4 Logistic )35 ThCC HRREESHERIFARMREER

Table 4 Logistic regression analysis of the interaction between endometrial thickness on hCG day and luteal phase support

Multiplicative interaction Additive interaction

OR  95% CI P RERI(95% CI) AP(95% CD SI(95% CID
0.574 0.384-0.865 0.008 - - -
Luteal support 0.692 0.469-1.030 0.069 - - -
thickness on hCG day by Luteal support 0.946 0.463-1.857 0.875 0.110(=0.297-0.516) 0.292(-0.809-1.393) 0.851(0.297-1.404)

Variable

Endometrial thickness on hCG day
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Figure 2 Area under the ROC curve
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PP (15.07% vs. 11.21%, P=0.294) 248 kr 35
guit g2 R, ARG FE 2 2 I & B #5 (P=0.099,
#5). hCG H W JEE=7.2 mm W20 G I M &
Y n=149, NI IIMERL 2 4 n=845) : IS I Z 4L
WG R A8 % (31.95% vs. 22.88% , P=0.015) FliF% 7=
(27.52% v5.19.76% , P=0.038) & 2% 1= T A~ 7 Jn e 1
FH, ZR AU FE G RIRERE LTS
i # (33.56% vs. 25.80% , P=0.057) ; “E 4k 4T Ik &
(36.24% vs. 30.18% , P=0.150) « 7 £i7. 4T 4 Z& (0 vs.
2.35% , P=0.595) J i 7= %R (16.00% vs. 24.31% , P=
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0.263) L4 it 2¢Z 7 (£ 6). $#R7ERCC HNEE
fE=7.2 mm ABER I IIMER R rT 3 — b s Al 5
TG 7 5 S ELAN I = R A e i PR
2,62 #ma I FEES EGLESAT

FZ LT TS 35 B N T4y AR (<35 % A AT
35 % 41D, ELIAS A 4 4 7 41 P 5 A Sl o 1 o 35
RN AEURES R IREm o 2 7 HE# <35 & WA (A
MEV ER 2 n=316, AU IIMERZR 4 n=366) : PHZH 71 E
TLIF IR 2 (40.82% vs. 41.26%, P=0.938) LG R %

(30.85% vs. 31.42%, P=0.880) - IIfii K 4 4% % (36.39%
vs. 36.61% , P=1.000) « it /= % (13.04% vs. 17.16% »
P=0.384) i 72 % (29.75% vs. 28.96% , P=0.866) 1]
EZRTGHERNL(ED . LIHFER>35 % WA
IIHER R 2H n=510, A A IMEEZR 4 n=586) : PHZH %
T YR 45 &) T b CE AR R 28 L RGP 28 1ifs R ek
PR AR AU IE RO LU, 2 I TSt
TR L (PH>0.05, £ 8) o HEIR L5 R K3 1A
SCRFES ISR B3R 25 0N T 2 E B E F

#£5 hCG HAMET.2 mm LT ARG RITIRE B2

Table 5 Clinical pregnancy outcomes in women with endometrial thickness <7.2 mm on hCG day (%)
Pregnancy outcome Adding estrogen(n=677) Not adding estrogen(n=107) X P
Biochemical pregnancy 25.41Q172/677) 20.56(22/107) 1.165 0.335
Embryo implantation 18.25(144/789) 11.90(15/126) 3.048 0.099
Clinical pregnancy 20.97(142/677) 14.95(16/107) 2.082 0.194
Ectopic pregnancy 2.11(3/142) 6.25(1/16) 0.747 0.350
Abortion 23.94(34/142) 18.75(3/16) 0.024 0.765
Live birth 15.07(102/677) 11.21(12/107> 1.103 0.294
6 hCG HME7.2 mm & LLEARFRYIG R ETIRES B o3 4

Table 6 Clinical pregnancy outcomes in women with endometrial thickness =7.2 mm on hCG day (%)
Pregnancy outcome Adding estrogen(n=149) Not adding estrogen(n=845) X P
Biochemical pregnancy 36.24(54/149) 30.18(255/845) 2.174 0.150
Embryo implantation 31.95(54/169) 22.88(229/1 001) 6.494 0.015
Clinical pregnancy 33.56(50/149) 25.80(218/845) 3.872 0.057
Ectopic pregnancy 000/54> 2.35(6/255) 0.355 0.595
Abortion 16.00(8/50) 24.31(53/218) 1.598 0.263
Live birth 27.52(41/149) 19.76(167/845) 4.602 0.038
RT THFIRISLRUT ABIGKREIRE /D
Table 7 Clinical pregnancy outcomes in women aged <35 years
Pregnancy outcome Adding estrogen(n=316) Not adding estrogen(n=366) X P
Biochemical pregnancy 40.82(129/316) 41.26(151/366) 0.013 0.938
Embryo implantation 30.85(120/389) 31.42(137/436) 0.032 0.880
Clinical pregnancy 36.39(115/316) 36.61(134/366) 0.004 1.000
Ectopic pregnancy 2.33(3/129) 3.31(5/15D 0.018 0.730
Abortion 13.04(15/115) 17.16(23/134) 0.813 0.384
Live birth 29.75(94/316) 28.96(106/366) 0.050 0.866
x8 LTHEU ST UL ABMIGKEIRE BT
Table 8 Clinical pregnancy outcomes in women aged >35 years
Pregnancy outcome Adding estrogen(n=510) Not adding estrogen(n=586) X P
Biochemical pregnancy 19.02(97/5100 21.50(126/586) 1.037 0.329
Embryo implantation 13.71(78/569) 15.48(107/691) 0.786 0.380
Clinical pregnancy 15.10(77/510) 17.06(100/586) 0.779 0.411
Ectopic pregnancy 000/97> 1.59(2/126) 1.547 0.506
Abortion 35.06027/77) 33.00(33/100) 0.083 0.873
Live birth 9.61(49/510) 10.75(63/586) 0.388 0.550
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DOR &35 R YR 280 U1 i & N R, IVF-ET
Bl 28 i ) 26 0 2B AR T B, o AR B R 2 40
S W AR M A1 CC AUt B 58 7 8 LT B £
SRR A AT P s R D O B B R LR A
HE RS AR S 3, EOBCA DOR B3 L e (i HE IR 56
WU H CC I PUMER R AR vl Re 4 7 B IR
B, RIS 1% 77 22 HARIR IR0/, R 5 58 O 26
K BRI e A 2 S BUNRL4E i R & & 2%, i3
— 35 T ] A M 2R K TR BT, OUER TR 2R
A RESL ML IR RS A 25 R . 454 2025 4FE TR [H £ by
RCT ilF S 6 JI A5 16 75 7 J5 AN TVE B B
FEEAR AN, DL R AR BRI BR VA VR B FHAS T 4R
B A B SI PR, PR A CC BRI 8 7 5 8 R R AL 11 B
SRR I, X 20 DOR B3 e PR &5 7 A L2
=X

TR SRR IVF-ET J& AR BT, 59 5300035
T BB T B0 AR T e AN A T UE SE 2 B FRIG
UEUR DN 2, #h R R AR N AR SRR I SR Al T 2
CIA AT AR (B AR 2R A E RS R
W FMEE R, AN .. AR Z RET
GnRH-a &7 a7 %, SR M EAJE . Cakar
SEUE RS DU T A R LA M R S 2R T
OB U IR 45 ), 1H Kastora 251" [ W 2% Meta 43 T &
TIE S kb 70 ME VR 10 3 R AR, Li ST 4R AN AR
hCG R 075 38 2 02 35 R BRI N B, A 7e i
WEARRIEER . iR U0 5 R Al fE1E
TAEMEHEG J7 1 N 23 WA IR B A7 AE 22 57, T 5%
CC TR R W R M, B AT 3 T AR S 72 4R
XA TR O R R

AW FCIE XS 1778 /> CCURI T R IR
L& S AT [ B 23 A, 5 50 B 7 I PR S R )
SEECIR R 2R (L R AT hCG H IR ) . o,
LI FRE RGN 2, IR IR PR 11.5%, X 5 RE
AR 5T P AR 2 B A B 4 R A O TR 2R 1 45 e
— R T DOR B3 A S AH 2% 1 B9 T i
T B B R B s AR FH s T hCG 1 A I JE A4
T 1 mm, I PRAE YRI5 8.6%, 3 —FAESL T FE W
FRL 25 52 1 7E VR G 45 R HP ) DR B A P o A 938
it ROC #2853 BT 5 hCG H PR FE 7.15 mm ATl
DI PR A W% 1 B AR BT B, 5 Deger 252743 17 Y
JIE R FE =T mm I U 005 2R 85 35 T s I 45 R AR AT, Il
PRANB AL AR B HLFE T AR

FEAEAR NHE B84 SCRFUS INME R ok B
F U IRSE S, (B hCG H A I E FF=7.2 mm [
S ZH H W I B3R AH 1 I S R AR R (31.95% ws.
22.88%, P=0.015) 3% 7 . (27.52% vs. 19.76% , P=
0.038) i 2 =y T AN I ME R 20, IR IR AR R A1 5
LTt v s #4 (33.56% vs. 25.80% , P=0.057) ; Ifi /£
hCG H A B8 B B <7.2 mm FR S 2H rp, 9 2H 4% T00 4T 4
diR eI R E R RS RN, CCHUil
WO B IRFE R, MES R AP 7R 3R 28 B BRI A
JE SR FEARME , 75 PA— € B 5 N IR R A AT EE .

X — LG0T A CLR P 5 T A RE : — U7 T, B AR
FOAME R K 5 T8 N AR 2 R 2 DA e,
Parisi 5" R 7T UF 58, BERCER AT a4 7
b R 2 2R I A PR A PR AR DG 4311
Rk, R 3t 75 W IR F AL N 2 52 IR A s Marti-Garcia
R I, T N AR R SR S AR
P A R B G A PR I DG . CCIORNTT v,
CC MPUMERL R AE F 5 B0k 40 i 25 O 3L [F) 5 B0 4k
WIS R A R, ETENROKE 2 —E)EE
(=7.2 mm) I FTHE T, b 7a MEBCER P IR A X — B,
P AE 2 38 3R LA, T O3 1 IR 52 1 s T
27 N R (<72 mm) I, R B A REC 2™
R, B D 70 IR M DL A 75 2 MR R
MRS BN B E IR A 59— 7 10, AW 58 A s e
A I 3 2 P R P S T AN I M S R
[(6.12+1.28)mm vs. (8.94+1.79)mm, P < 0.001], H.
% 1 E A HE A5 56 755 (13.56% vs. 8.30%, P < 0.001),
P I R 52 B A = AR v e B AL 1) T A P I SR AR
FEAR G T 2 AR R S A SRR, I M R
A 22 7] Be 5 OB AR N B oS e T 2R 1R 3R A
e, 120 20 drd o 2y JE HERR T N B FE IR %
TER, SRS HERDAR R 1 SR A 78 () S PR 8UR

AW I R I, B 5 S 22 7 BMIL AMH 7K
P CC A B8 HE I iR I8 28 A6 1) A i R U U 1 Ak <7
MR R . A, AN IIMERER 2 1K 2 7 BMIT B AR
FAGINME B R A, (P 2 3 4T 1E % BMI i,
H 2 RE 5 M A $2 7% BMI A ST AE T, 356 W 76 A KT
FUNFEH, BMIGHEGREE &) 1R 52 e A FR 5 170 7% 18 22 1
Fb A3 1 22 S AR P2 AR OS2 ), BT e S BRI R A B
TN IR 5 & () 97 1A 0%, P B IR A IR T 0 E
A HE T BRI B e g it — 5L
FF TR IR R & DOR H3 CC Ui & i
R A A 25 JR) A0 TO0II 1R 25 B 465 18, SR I PR XSS D7 Aik
LT S%,
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AW FEE UUE SE, DOR 34T CC Rl &
i JEFE AN, hCG H RS FE=7.2 mm (B AE 3
A SR S ITME SRR T R S IR IR A AR RS A
X R I PR ] 5 A4 A B SRR SR g 4 it T
PEUELE R4 o R 5L, AT S hCG H A B R
JEXT & BEAT 20 2 X =72 mm [ DOR 8%,
HEFFAE A TR Rl b 7o R HE — % (2 mg/dDAE Y
PR SRR T %8 MRAG IR GRZE5 Ry 5 TR N JBE<7.2 mm
R, AR S i T E NIRRT T AR R A e
MR -

AR FEATIAAAE — E (1) SR BR M, ASHIE 78 B vt
[ JE5T A A B 9 AN Rk A A S8 5 O AT S G A
IF) 2 A= P I PR R 58 22 S Cart 030 3% 68 DG V7 A 241
IR - A R TR RN =S BVEAPS N E YL
WA 73 kAT 7 RAE, AT GV e e HERR IR AR R &=
FIFP0 o H, AHIE T A I 2 A S L 7 o i 2 7K
A AL, ToVE AN S MERCR R A A A
BERIEARBRE , R RERE— 2 T ME K 5 4T
OR 45 R A O HE , RIR T MEBLR AN R ) & L 258
KT 25 J5) IR M), To ik i B F 2477 58 TRl ik =
X SRR I A RS U5 25t , ME LA TPl 207 2
2z tt. tehh, WA M hCG H WIR=7.2 mm [#)
TS INE T30 3R 2R A AN B /D (n=149) , 7 RE R 1
Giit ks dae, o eI R IBHIEE R,
KEEAREIIE

SR A FC A WAL AR TR 25 8T
Z 0 BT BE PR BN B KEE, PP R 42 I hCG H N B
JEFE 43 )2 BENL, 3E— 25 00 F W2 Hb 78 A Rt A
o2 A 5 ARSI A A LV M R L SR, W
POE V- ) B TG [, O AR R R R K
I KRR R A A 585 R B3 HOXAL0 5+ 5
W IS SZPEAR G701 R BE, 23 T il 2 TR 48 7R
HAE P s A KB 1y ] T8, PP AR %07 S0t B I
G5 JRRIFEIR , gl R FH A4 B 4 T AR E 8 SCHF o

gi b, AR FTEE R, P L i a5 D R JkiR A
FEAT CCRURIBUTT S B IR F HEL N, hCG H Py JIE JE 2
7.2 mm S VL bR SR AR S AR SR A INME R, AT
PAFEARRIIEIREE 7 1450 AR L4 DOR &
2R SRS OB RS, A B T S e IR A
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