MINXZZH®R (EFH) 2024, 55 (3) :724—730
J Sichuan Univ ( Med Sci) doi: 10.12182/20240560102

S ZRE-ERRBEEEE TR EIHRERNBRERSH
FER2, 2% B B OB OB BAR, HRE

LAkl & BE B A5 R0 (M 510000); 2. RZET AR ERE A5 Rt (ZR5E 523000);
3. HRENRERE A EE2ERE (77 510000)

[HE] BH  HIMARINZ K- (in vitro fertilization-embryo transfer, IVF-ET) 834 & 4 X B E IR 4k
(recurrent pregnancy loss, RPL) (G R E . F7iE  ARBFFER A [RIBUHR BXF B30T, 99 A20124F1 H-20214E3 H 7EH 1
KFIMRANZE SR BEHEATIVE-ETH S E AT IR R G B FAE T 5141, PR S AN E MATIVF-ETIRYT a2 a BRAL . fER)R
— R E 2128 T E R ZFHRTS CRAERE 2 IE AR L, HeRPIZE 4 I RARAE K S 30 28 AR SCHR AR, FR AT &R
2 K Elogistic [FI AR 447 n] BEFZ MRPLAYTEZE B MG N 25 . SR LR P Ha B A6 06010 12 6L 52 (total testosterone, TT) /K-
SRp&ERBRINEE R, BR SXTIRAM L, RPLAAAERY | 781550 8 L (waist-to-hip ratio, WHR) #1411, 2%
A G L(P<0.05) . RPLALAYTT/K A0 AL FFAIK (P=0.022) , PRZELIAISLAE BRI R . #EARLE S L M s, &
B MFLE KT BRI R K 22 B G H L (P>0.05) . 5% BRZ A L, RPLAH 423 5 JBR 5% £ (fasting insulin,
FINS ) /K- K 5 Z AR BRSPS ORI T 55 (P<0.001),, 2 1R] 25 I MK - 22 088124 2 L (P>0.05) . RPL4]
) EF A A 3 R R A 20/ EL A L AR K S e R ZH T (P<0.01) o ZE IR ILAL IR 25, il =358 (LLfE b
(odds ratio, OR)=1.91, 95%& 1% X [fi] (confidence interval, CI): 1.06 ~ 3.43], WHR>0.8(OR=2.30, 95%CI: 1.26 ~ 4.19) .
FINS>10 mU/L(OR=4.50, 95%CI: 1.30 ~ 15.56) &3 TR PL K KBS (P<0.05) . TTK (0T} & AR RPLAY & 955 KUK
(OR=0.59, 95%Cl: 0.38 ~ 0.93, P=0.023) , RMHEFFRI LM, TTS BRI IREURAFAEL A KK R (Pyea=0.003)
it EEZIVE-ETH A, St TTACEIREIT. WHRFA ) K FINS/K V- FH & ERPLI G R 3 .

[X8A) REERER S BELDEEE ERE

Analysis of Risk Factors for Recurrent Pregnancy Loss in Patients Undergoing in vitro Fertilization-Embryo Transfer
CAO Yacongl’z, LI Yimings, PAN Pingl, DU Taol, YANG Dongzil, ZHAO Xiaomiao™®. 1. Reproductive Center, Sun Yat-sen
Memorial Hospital of Sun Yat-Sen University, Guangzhou 510000, China; 2. Department of Reproductive Immunology,
Dongguan Maternal and Child Health Hospital, Dongguan 523000, China; 3. Reproductive Center of Guangdong Provincial
People’s Hospital, Guangzhou 510000, China
A Corresponding author, E-mail: zhaoxmiao@163.com

[ Abstract]  Objective Recurrent pregnancy loss (RPL) presents a formidable challenge for individuals
undergoing in vitro fertilization-embryo transfer (IVF-ET), forming both a clinical dilemma and a focal point for
scientific inquiry. This study endeavors to investigate the intricate interplay between clinical features, such as age, body
mass index (BMI), and waist-to-hip ratio (WHR), and routine laboratory parameters, including sex hormones, blood
composition, liver and thyroid functions, thyroid antibodies, and coagulation indicators, in RPL patients undergoing IVF-
ET. By meticulously analyzing these variables, we aim to uncover the latent risk factors predisposing individuals to RPL.
Identifying potential factors such as advanced maternal age, obesity, and insulin resistance will provide clinicians with
vital insights and empirical evidence to strengthen preventive strategies aimed at reducing miscarriage recurrence.
Methods This retrospective case-controlled study included RPL patients who underwent IVF-ET treatment at Sun Yat-
sen Memorial Hospital, Sun Yat-sen University, between January 2012 and March 2021 as the case cohort, compared with
women receiving assisted reproductive treatment due to male infertility as the control cohort. The fasting peripheral blood
was collected 5 days before the first menstrual cycle at least 12 weeks after the last abortion. The clinical characteristics and
relevant laboratory indexes of the two groups were compared. Employing both univariate and multivariate logistic
regression analyses, we sought to unearth potential high-risk factors underlying RPL. Additionally, a linear trend analysis
was conducted to assess the linear relationship between total testosterone (TT) levels and the number of miscarriages.
Results In contrast to the control cohort, the RPL cohort exhibited significant increases in age, BMI, and WHR
(P<0.05). Notably, TT levels were markedly lower in the RPL cohort (P=0.022), while no significant differences were
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observed between the two groups concerning basal follicle-stimulating hormone, luteinizing hormone, estradiol,
progesterone, prolactin levels, and anti-Miillerian hormone levels (P>0.05). Moreover, fasting insulin (FINS) levels and
HOMA-IR index were notably elevated in the RPL cohort relative to the control cohort (P<0.001), although no significant
differences were observed in fasting blood glucose levels (P>0.05). Furthermore, the neutrophil (NEU) count and NEU-
to-lymphocyte ratio were notably higher in the RPL cohort (P<0.01). Univariate logistic regression analysis identified
several factors, including age=35 years old, BMI=25 kg/m’, WHR>0.8, FINS>10 mU/L, HOMA-IR>2.14, NEU
count>6.3x10° L™, and an elevated NEU/lymphocyte ratio (NLR), as significantly increasing the risk of RPL (P<0.05).
Although TT levels were within the normal range for both cohorts, higher TT levels were associated with a diminished
RPL risk (odds ratio [OR]=0.67, 95% confidence interval [CI]: 0.510-0.890, P=0.005). After adjustments for confounding
factors, age=35 years old (OR=1.91, 95% CI: 1.06-3.43), WHR>0.8 (OR=2.30, 95% CI: 1.26-4.19), and FINS>10 mU/L
(OR=4.50, 95% CI: 1.30-15.56) emerged as potent risk factors for RPL (P<0.05). Conversely, higher TT levels were
associated with a reduced RPL risk (OR=0.59, 95% CI: 0.38-0.93, P=0.023). Furthermore, the linear trend analysis
unveiled a discernible linear association between TT levels and the number of miscarriages (P,.,,=0.003), indicating a
declining trend in TT levels with escalating miscarriage occurrences. Conclusion In patients undergoing IVF-ET,
advanced maternal age, lower TT levels, increased WHR, and elevated FINS levels emerged as potent risk factors for RPL.

These findings provide clinicians with valuable insights and facilitate the identification of patients who are at high risks

and the formulation of preventive strategies to reduce the recurrence of miscarriages.
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Table 1 Clinical and laboratory characteristics of the study subjects

Clinical and laboratory characteristic RPL group (n=265) Control group (n=197) Statistic’ P

Agelyr. 34(31,37) 33 (31, 36) —2.546 0.011
BMI/(kg/m?) 22.0(20.2, 24.1) 21.1 (20.0, 23.0) —251 0.012
WHR 0.82 (0.78, 0.86) 0.80 (0.76, 0.84) —3.38 0.001
TT/(nmol/L) 1.26 (0.78, 1.65) 1.37 (0.88, 1.76) 2283 0.022
E2/(pg/mL) 39.00 (27.00, 54.00) 41.00 (27.75, 60.50) 1.039 0.299
P/(ng/mL) 0.70 (0.50, 0.85) 0.63 (0.45, 0.95) —0.337 0.736
AMH/(ng/mL) 3.24 (1.68, 6.37) 3.89(2.29,7.31) 1.173 0.241
FSH/(mIU/mL) 7.50 (6.40, 9.30) 7.29 (6.19, 8.62) —1.455 0.146
LH/(mIU/mL) 4.10 (3.10, 5.50) 4.16 (3.17, 5.48) 0.156 0.876
PRL/(ng/mL) 12.40 (9.50, 16.60) 12.25 (9.81,17.83) 0.726 0.468
FPG/(mmol/L) 5.00 (4.70, 5.30) 5.00 (4.73, 5.20) —0.119 0.906
FINS/(mIU/L) 11.16 (7.96, 14.68) 8.84 (5.88, 12.05) —4.668 <0.001
HOMA-IR 2.52(1.77, 3.30) 1.95 (1.30, 2.76) —4.339 <0.001
TSH/(mU/L) 1.78 (1.21,2.34) 2.15(0.89, 2.51) 0.366 0.714
Anti-TPO/(IU/mL) 34.00 (28.00, 78.50) 47.50 (42.25, 59.00) 0.961 0.337
Anti-TG/(IU/mL) 24.0 (15.0, 50.0) 24.0 (19.5, 25.5) —0.587 0.557
AST/(U/L) 17 (15, 22) 18 (16, 20) 0.321 0.748
ALT/(U/L) 14.0 (9.0, 20.5) 13.0 (10.0, 17.0) —0.86 0.390
GGT/(U/L) 17.0 (13.0, 23.0) 15.5 (13.0, 19.0) —1.305 0.192
WBC/x10° L™ 6.60 (5.45, 8.55) 6.80 (6.10, 8.25) 0.303 0.762
NEU/x10’ L™ 426 (3.25,5.84) 3.78 (2.83, 4.80) —3.149 0.002
LYM/x10°L™" 1.85 (1.60, 2.30) 1.96 (1.62, 2.36) 0.991 0.322
NLR 2.26 (1.58, 3.20) 1.77 (1.40, 2.33) —4.002 <0.001
FIB/(g/L) 2.76 (2.37, 3.19) 2.77 (2.47, 3.36) 0.779 0.436
D-dimer/(mg/L) 0.25 (0.17, 0.42) 0.24 (0.17, 0.42) 0.476 0.634

RPL: recurrent pregnancy loss; BMI: body mass index; WHR: waist-to-hip ratio; TT: total testosterone; E2: estradiol; P: progesterone; AMH: anti-Miillerian

hormone; FSH: follicle stimulating hormone; LH: luteinizing hodi; PRL: prolactin; FPG: fasting blood glucose; FINS: fasting insulin; HOMA-IR: homeostatic

model of insulin resistance index; TSH: thyroid-stimulating hormone; Anti-TPO: antithyroid peroxidase; Anti-TG: anti-thyroglobulin; AST: aspartate

aminotransferase; ALT: alanine aminotransferase; GGT: glutamyl transferase; WBC: white blood cell count; NEU: neutrophil count; LYM: lymphocyte

count; NLR: neutrophil/lymphocyte ratio; FIB: fibrinogen. = SPSS 26.0 was used for data analysis, and Wilcox test was used for comparison between the two

groups. The data are presented as median (P,;, P;;).
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stimulating hormone, FSH) , ##&E i & (luteinizing
hormone, LH) , iff —J(estradiol, E2) , Z2fifil(progesterone,
P). WFLZE (prolactin, PRL) /K &t AMH/K -2 R IE 481 T
2 Yo HXIR4 M e, RPLALAYFINS/KF- X HOMA-
IRFF 5 (P< 0.001), Pi41 A FPG/KF-22 5 o 4e ¢ 3 X
RPLZH 1) H P s 200 355 K% rh R 40 /K 2 40 H:K
(neutrophil/lymphocyte ratio, NLR) 7K -1 2H 22 8] 2% 5
AgiterE L (P<0.01),
22 REFIRE KRG E R R EKlogisticE 354
LA Flogisticlml 44387 &L (£2), 4Ei#y =354
BMI=25 kg/m’, WHR> 0.8, FINS>10 mU/L, HOMA-
IR>2.14. NEU> 6.3x10° L™"', NLRF+ = 2 B4 IMRPLAY XUG:
(P<0.05) . J4ERPLZ FIXT HRZH AT T/K - 76 1E 3 5
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Table 2 Univariate logistic regression analysis for recurrent pregnancy

loss

Variate B SE z P OR (95% CI)
Age

<35yr. 1 (Ref)

=35yr. 0.518 0.188 2.754  0.006 1.68 (1.16-2.43)
BMI

<25 kg/m2 1 (Ref)

=25 kg/mz 0.810  0.247 3.276  0.001 2.25(1.38-3.65)
WHR

<038 1 (Ref)

>0.8 0.609 0.187 3.263  0.001 1.84(1.28-2.65)
TT —0.396 0.141 —2.804 0.005 0.67 (0.51-0.89)
FINS

<10 mU/L 1 (Ref)

>10 mU/L 0.942  0.208 4.541 <0.001 2.57(1.71-3.85)
HOMA-IR

<2.14 1 (Ref)

>2.14 0.891 0.212 4201 <0.001 2.44(1.61-3.69)
NEU

<63x10°L”" 1 (Ref)

>6.3x10° L™ 1.170  0.364 3.216  0.001 3.22(1.58-6.57)
NLR 0.429 0.107 4.006 <0.001 1.54(1.24-1.89)

B: partial regression coefficient; SE: standard error; OR: odds ratio; CI:
confidence interval. The other abbreviations are explained in the note to
Table 1.

P, AHTT /K (8 7 e 23 B AR RP LAY & 9 KU [ L AH B
(o0dds ratio, OR)=0.67, 95% & 15 X [A] (confidence interval,
CD): 0.51 ~ 0.89, P=0.005]
2.3 REFIRERERERH S EXKlogisticEl 3947
Z N Rlogisticlnl 45341 & L (R3), TERHE AL R
J&, 4 =35% . WHR> 0.8, FINS> 10 mU/L&: 84 i
RPLI A (P< 0.05) . TTAKF-1FH = 23 FEARRPLIY &9
XU (OR=0.59, 95%CTI: 0.38 ~ 0.93, P=0.023) ,

*3 REERERK S EElogisticE T35 47

Table 3 Multivariate logistic regression analysis for recurrent

pregnancy loss

Variate B SE z P OR (95% CI)
Age

<35yr. 1 (Ref)

=35yr. 0.647  0.298 2.168 0.030 1.91 (1.06-3.43)
BMI

<25 kg/m’ 1 (Ref)

=25 kg/mz 0.314  0.401 0.782 0.434 1.37 (0.62-3.00)
WHR

<0.8 1 (Ref)

>0.8 0.832  0.307 2.713 0.007 2.30 (1.26-4.19)
TT —0.521 0229 —2.272 0.023 0.59 (0.38-0.93)
FINS

<10 mU/L 1 (Ref)

>10 mU/L 1.504 0.633 2.376 0.018 4.50 (1.30-15.56)
HOMA-IR

<2.14 1 (Ref)

>2.14 —0.545 0.628 —0.867 0.386 0.58 (0.17-1.99)
NLR 0.285 0.161 1.773 0.076 1.33(0.97-1.82)
NEU

<6.3x10° L7 1 (Ref)

>6.3x10" L™ 0.648 0596  1.086 0.277 1.91(0.59-6.15)

All abbreviations are explained in the note to Table 1 and Table 2.

24 TIKESHEFRBHXER

XPU = BT A3 21, R K Az ik F ARG R 197461,
H AR 20K 1 1835, AR 3K 601, F AR U™ I
B= a4k ig2241, FR4 TTRFE (nmol/L) 4351k (H 7 4L
(P9 43fifEfiE) ). 1.37(0.88, 1.76), 1.30(0.78, 1.67),
1.25(0.80, 1.65), 1.17(0.67, 1.38), 44 |8 TT/K 1) L4 22
S TG it 75 X (H=6.783, P=0.079), &R ML
Pk B EL), TTS A SR BB A7 AR L AR ¢
(Pyne=0.003), B JiL ™ A 1 i, TT B T R
e,
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Fig 1 Trend relationship between total testosterone levels and the times
of spontaneous abortion

The data are presented as median (P,s, P;5).
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