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Abstract Objective To investigate the correlation between different female body mass index (BMI)
values and key indicators of in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI)
treatment cycles, as well as their impact on obstetric outcomes. Methods A retrospective analysis
was conducted on data from patients who underwent IVF/ICSI treatment, with 19 834 cycles
included after propensity score matching to balance group differences. Based on the Chinese BMI
classification standards with extended categories, patients were stratified into five groups: severely
underweight (BMI<16), underweight (16.0<BMI<I18.5), normal weight (18.5<<BMI<24.0),
overweight (24.0 < BMI<28.0), and obese (BMI = 28.0). Baseline characteristics, ovarian
stimulation protocols, treatment processes, and assisted reproductive outcomes were compared
among the groups. Additionally, 75 delivered patients with complications were followed up to
analyze the association between BMI and pregnancy-related complications. Results No
statistically significant differences were observed among the five groups in baseline parameters
such as age, duration of infertility, or antral follicle count. Regarding ovarian stimulation protocols
and processes, a statistically significant difference was found in the number of IVF oocytes
retrieved (P<0.001), with the normal-weight group showing a significantly higher number than
both the overweight and obese groups. In terms of assisted reproductive outcomes, no significant
differences were observed in biochemical pregnancy rates or birth defect rates. However,
cumulative live birth rates differed significantly among the groups (P<0.05), which was
significantly higher in the overweight group than in the normal-weight group. Among the 75
followed-up patients, 25 were diagnosed with gestational hypertension, and 22 with gestational
diabetes mellitus, of whom overweight and obese individuals accounted for 60.00% and 45.40%
of the respective complications. Conclusion Female BMI is significantly associated with

IVF/ICSI outcomes. Pre-pregnancy body mass evaluation should be emphasized in patients with



extremely low body weight. Although the live birth rate of overweight and obese patients was
comparable to that of the normal-weight group, weight reduction prior to treatment is strongly
recommended to minimize risks of miscarriage, preterm birth, and pregnancy complications.
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TR AN 52K /G0 LR P BKS VEST Cin vitro fertilization/intracytoplasmic sperm  injection,
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1.2.1 {RHRIN K HLGP

A B B B AE RO 7 %, AFREEFIK TR PR Hih G5
7 F ORI R o AR I SR (R R 7 M AR 3 ORI 1A LA =18 mm,
2AEAZ1T mm B3 NESR=16 mm) , YT NGB EAE IR (human chorionic
gonadotropin, HCG) (5 & wAMHIZA R AR, #'5: 210802, 10000 1U) =30 (4
EBR TS 2 AT, #iE5: BA086042, 250 pg) » 36 h J&fE B 5] 5 Fdk47 2 B P,
SRS G0 BER AR (A AN 3% 3~6 h R HEAT IVE/ICST B2, BUOPY HIFUA% T i s i S #
WHIT, BRI AR 220 Fr (ff MRS A A, b5 371585, 10 mg/ik, 2 K/d) KWL Ak
BRI CIHTALIR R 2 A BR AR, dib'5: FB2402, 60 mg, 1iKk/d) B 3 (AR iE
ZeFElENE (JE[E Dendron Brands Limite A ], {5 : CA22142/E, 90 mg, 1 {k/d) ZNFH.
1.2.2 RAGHHE

PRANSERR NG G197 3~7 d, SEBFIARFR 1~2 MehkiG, fEREHEE A 5 T R &3&
BT E AR . BB BEAR G TR EES TSR
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HERR A AE S H ARSI 3, TR AIE B B % 07 o X T A SR 3
BLRFH E AR, B e A I B N, AN EA S 8 mm LA B, JF4A
PR Hb i Z2 0 B (22 RS A W], #ib'S: 371585, 10 mg/ik, 2 W/d) , FHEE R H it
AT IR RE R o 6 T-HEOR 5% 583 SR N T 39, BRIV #% 873 (hormone replacement therapy ,
HRT) & WE. B WA AN 3 RITIE HIRAMESRIRIT EEFH A7, #t5: 801A, 2~
3mg/i, 2 dd , HIEEE T MR EERS E RS 8 mm A LA B, 28T R AR SRE
BIT (FEREEEREAE) RIS HESLHEOR SR AE H AT IR iR fe 4 .
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1.3 S #r i B KR fabn it 55

PR A B AT O, ORFERS . ARER . ANRRER. AZRA . B IR
% (follicle stimulating hormone, FSH) . BEfA4pZ (luteinizing hormone, LH) XU SZ0R%K
(antral follicle count, AFC) %%; %4 B (277 = S o0 A, G325 77 20, BUOR 7 6.
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Hx100%:; AR R=T] B IR IGHU2PN  GIZLH100%:; It 53 I fif e =110 5 A fifa /2PN
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Hugeit i, AR BMI LA ZELL BURER A PSM P21 7] 22 57 J5 /] SPSS 27.0 #E4T
G . IEASTERIEE ] Kolmogorov-Smirnov B, Shapiro-Wilk #5596 . T 1IEAD AR
BYORL, AL XA HEATHIAR, B R R E 7 25 4 M HEAT S LI e ok TR IE A A A
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FIXTEE . H A% K Bonferroni 2. X T iH 8B KL, KM n (%) HEATHIER, A HECRH
R IR EL Fisher k&R I . P<0.05 N2 R4 Giit 27 Lo
2 4%
2.1 FHBEEREHSHT
BUHNIAFERS . AFER . AR AFREM, FSH. LH, XUEIIEH AFC 1%

BEGHFEE Y (P>0.05) . WE 1.



®1 FHBEREREIIH M (Ps, Prs), n (%) ]

Tab. 1  Analysis of baseline characteristics of patients in each group [ M (Pas, P7s), n (%) ]
underweight
Characteristic severely underweight group (n=24) normal weight group (n=9 049) overweight group (n=7 569) obese group (n=2 453) H/ 2 value P value
group (n=739)
Age (years) 32.00 (30.00, 35.50) 32.00 (29.00,35.00)  32.00 (30.00, 35.00) 32.00 (29.00, 36.00) 32.00 (29.00, 35.00) 7.124 0.129
Infertility duration (years)  4.13 (2.00, 6.13) 3.00 (2.00, 5.00) 3.00 (2.00, 5.00) 3.00 (1.83, 5.00) 3.00 (1.75, 5.00) 8.101 0.088
Infertility factors (%) 20.549 0.057
Female 33.30 (8/24) 49 (362/739) 51.50 (4 658/9 049) 51.20 (3 874/7 569) 51.90 (1 274/2 453)
Male 20.80 (5/24) 14.30 (106/739) 10.80 (980/9 049) 11.60 (879/7 569) 10.60 (260/2 453)
Combined 45.80 (11/24) 29.40 (217/739) 30.90 (2 796/9 049) 30.20 (2 285/7 569) 31.20 (765/2 453)
Unexplained 0 (0/24) 7.30 (54/739) 6.80 (615/9 049) 7.00 (531/7 569) 6.30 (154/2 453)
Infertility type (%) 9.097 0.059
Primary infertility 45.80 (11/24) 49.90 (369/739) 48.10 (4 353/9 049) 46.90 (3 553/7 569) 50.10 (1 230/2 453)
Secondary infertility 54.20 (13/24) 50.10 (370/739) 51.90 (4 696/9 049) 53.10 (4 016/7 569) 49.90 (1 223/2 453)
FSH (mIU/mL) 6.93 (6.28, 8.31) 6.60 (5.49, 7.94) 6.47 (5.42, 7.78) 6.47 (5.36, 7.88) 6.43 (5.31, 7.78) 8.111 0.088
LH (mlu/mL) 5.74 (2.38, 7.96) 4.95 (3.62, 6.74) 4.66 (3.32, 6.40) 4.60 (3.21, 6.77) 4.47 (3.06, 7.27) 8.481 0.075
AFC (n) 13.00 (10.00, 20.00) 14.00 (9.00, 20.00) 14.00 (9.00, 20.00) 14.00 (8.00, 22.00) 14.00 (9.00, 22.00) 8.341 0.080




2.2 ZEBERATT REIES T

FA B Z AR AR . 1ICSI MITERER ., ICSI RIS A ARG R 1 25 R B 4i it %8 X
(P>0.05) o FHBHEN T REERE GBS (*=74.658, P<0.001) , FHi#EHFIACIEA
T 28 BB 2 v TR AR S B LR E R 4 (P<0.05) , HLAEREAHZ G R Em T
FEEAL (P<0.05) o &[] IVF B FHZERA G E X (H=25.953, P<0.001) , )5
¥R, IEWARER TEEAMIEML (P<0.05) . %410 IVE MIL I, A TG R
BARE, BAWHLERZERLGITFEN, GEa0 e, WK BMI AEHRAHE
iK% . Gn &5f&E. Gn G EPMZERG G FRE L (P<0.001) , fw(k BMI 41 Gn &7 &
SEMTIEFH., EHEAMPEAE (P<0.001) , AEFEA Gn G 8] 22 & TRk BMI 4.
IEHH, BEH (P<0.05) , BEMARZERTIEFH (P<0.05) o &AM R A BT
BN RERERITFE L (P=83.034, P<0.001) , = LALAACRELA A AT I e ) B 3%
E WAL BMI 41, IE# 41 (P<0.05) , AEEZLH N TR ZE & FlEA (P<0.05) . I
®2.



*2

B BT R IGEFE ST [M (Pas, Prs), n (%) ]

Tab. 2 Analysis of ovarian stimulation protocols and processes in each group of patients

[M (P25, P75), n (%)]

underweight

Item severely underweight group normal weight group overweight group obese group H/y?value P value
group
Fertilization method 12.448 0.014
IVE (%) 75.00 (6/8) 59.80 (153/256) 68.00 (2 193/3 223) 65.60 (1 995/3 040) 70.40 (701/996)"
ICSI (%) 25.00 (2/8) 29.30 (75/256) 21.90 (705/3 223) 24.20 (737/3 040) 22.50 (224/996)"
Ovarian stimulation protocol 74.658 <0.001
Antagonist protocol (%) 50.00 (4/8) 51.30 (134/261) 57.40 (1 865/3 250) 61.00 (1 869/3 062)** 68.80 (688/1 000)"**
Long agonist protocol (%) 37.50 (3/8) 38.30 (100/261) 31.30 (1017/3 250) 25.70 (788/3 062)** 21.10 (211/1 000)*#4
Others (%) 12.50 (1/8) 10.30 (27/261) 11.30 (368/3 250) 13.20 (405/3 062) 10.10 (101/1 000)
2550.00 (2 012.50, 3
1893.75 (1 500.00, 2 400.00)  1800.00 (1 350.00, 2 325.00) 2 025.00 (1 500.00, 2 625.00)" 2 250.00 (1 800.00, 3 000.00)"*
Total Gn dose (1U) 300.00)"4 372.022 <0.001
10.00 (9.00, 11.00)™*
9.50 (8.00, 11.00) 10.00 (8.00, 11.00) 9.00 (8.00, 11.00) 10.00 (9.00, 11.00)*
Total duration of Gn use (days) 4 41.531 <0.001
IVF
Number of
8.00 (4.00, 10.00) 11.00 (7.00, 17.00) 11.00 (6.00, 16.00) 10.00 (5.00, 15.00)* 10.00 (5.00, 15.00)*
oocytes retrieved 25.953 <0.001
MII oocyte rate (%) 59.30 (32/54) 70.20 (1317/1877) 67.90 (17 966/26 458) 67.40 (14 989/22 236) 66.80 (5 146/7 703) 11.037 0.026
85.10 (4 381/5 146)**
2PN rate (%) 81.30 (26/32) 88.30 (1 163/1 317) 87.40 (15 706/17 966) 86.80 (13 007/14 989) 4 21.765 <0.001
Number of 2PN cleaved embryos 3.50 (2.00, 6.00) 6.00 (4.00, 10.00) 6.00 (3.00, 10.00) 5.00 (3.00, 9.00)" 5.00 (3.00, 8.00)™ 38.886 <0.001
Transferable embryo rate (%) 56.50 (13/23) 75.50 (863/1 143) 74.10 (11 328/15 281) 74.40 (9 428/12 666) 75.90 (3233/4262)  9.768 0.045
High-quality embryo rate (%) 52.20 (12/23) 65.40 (748/1 143) 63.80 (9 746/15 281) 62.70 (7 945/12 666) 63.80 (2 718/4262)  6.965 0.138




ICSI

Number of oocytes retrieved
MII oocyte rate (%)

2PN rate (%)

Number of 2PN

cleaved embryos
Transferable embryo rate (%)
High-quality embryo rate (%)

Number of embryos

transferred

Endometrial preparation protocol

Artificial cycle (%)

Natural cycle (%)

10.00 (6.00, 14.00)
70.00 (14/20)
50.00 (7/14)

2.50 (1.00, 4.00)

40.00 (2/5)
40.00 (2/5)

1.00 (L.00, 2.00)

81.30 (13/16)

18.80 (3/16)

9.00 (6.00, 14.00)
76.70 (914/1 191)
75.80 (693/914)

5.00 (2.00, 9.00)

66.90 (451/674)
54.60 (368/674)

1.00 (1.00, 2.00)

65.10 (311/478)

34.90 (167/478)

11.00 (6.00, 16.00)
77.20 (9 633/12 474)
72.40 (6 971/9 633)

5.00 (3.00, 9.00)

67.60 (4 584/6 786)
55.20 (3 744/6 786)

1.00 (1.00, 2.00)

68.50 (3 971/5 799)

31.50 (1 828/5 799)

8.00 (4.00, 15.00)*
78.20 (8 748/11 181)
71.80 (6 282/8 748)

4.00 (2.00, 9.00)*

66.00 (4 016/6 082)
52.90 (3 217/6 082)

1.00 (L.00, 2.00)

73.10 (3 293/4 507
26.90 (1 214/4 507y

9.00 (6.00, 15.00)
77.20 (2 598/3 365)
70.70 (1 838/2 598)*

5.00 (2.00, 8.00)

65.10 (1 159/1 780)
53.40 (950/1 780)

1.00 (1.00, 2.00)*

79.10 (1 150/1 453)"*

A

20.90 (303/1 453)#4

27.193
5.113
12.748

22.376

7.107
7.593

16.100
83.034

<0.001
0.276
0.013

<0.001
0.122
0.098

0.003
<0.001

*P<0.05 vs underweight group; *P<0.05 vs normal weight group; “P<0.05 vs overweight group.



2.3 HHBEIBER ST

FHRZ AR IGRIEIREE . HABE R 2 R A EE L (P>0.05) o %
MR ZRE R ERE L (FP=17.627, P=0.022) , H1, JEREAAEEIAG =% 8% mT
IERH (P<0.05) o SAM» R ERE R FR L (=21.534, P=0.008) , HHELH
R e m T IR A (P<0.05) , HHZEHA AR ELTIEFH (P<0.05) . &4IH
ERUGRIE IR F 2 T Giit 8 L (42=52.799, P<0.001) , AL f BARRIEIR R B 2%
ARG BMI HFIER 4 (P<0.05) o« FHMRBUE*RERB G FE L (=36.312,
P<0.001) , HEMARBUERZEEF S TIEFH (P<0.05) . Bk ) LA EREE BEE BMI 1Y
g . WK 3. S4h, MIRBERBEVI RN 75 B, SEORIA S M 25 4] GE E AR
JHEAL S 60.00%) « EUREIFREIRIG 22 B GEREAMEHEA S 45.40%) IR JLAEKZIR 5 4
(5% I RE 768 F R AR B4 43 531 i 60.00%. 45.40%. 60.00%)  #EURE I FIk 13 1 CHERE
215 53.80%) . WEGRAEIFITML 7 B GEELL L 66.70%)  MABEFHE 13 4] (WK BMI 414
7.60%, HEEZ N 61.50%)  EOKJL 3] GEEZ L 66.70%) .



Tab. 3 Analysis of assisted reproductive outcomes in each group of patients

£33 BHBEALR ST [M (Ps, Prs), n (%) ]

[M(st, P75), n (%)]

underweight

Indicator severely underweight group normal weight group overweight group obese group H/y2 value P value
group

Biochemical pregnancy rate 50.00 (9/18) 65.90 (373/566) 65.00 (4 318/6 646) 64.00 (3 358/5 244) 63.30 (1 056/1 667) 4.228 0.376

Clinical pregnancy rate 44.40 (8/18) 56.00 (317/566) 57.10 (3 793/6 646) 55.70 (2 922/5 244) 54.10 (902/1 667) 6.512 0.164

Abortion rate 17.627 0.022

Early abortion rate 37.50 (3/8) 12.60 (40/317) 14.00 (530/3 799) 13.80 (403/2 924) 13.40 (121/902)

Late abortion rate 0 (0/8) 2.50 (8/317) 3.10 (117/3 799) 4.20 (124/2 924) 5.30 (48/902)*

Live birth rate 27.80 (5/18) 47.50 (269/566) 47.40 (3 150/6 647) 45.60 (2 393/5 244) 44.00 (733/1 667) 10.574 0.032

Delivery type 21.534 0.008

Preterm birth rate 0 (0/5) 18.20 (49/269) 18.70 (588/3 152) 22.90 (549/2 397)* 20.10 (147/733)

Term birth rate 100.00 (5/5) 81.80 (220/269) 81.20 (2 560/3 152) 76.80 (1 841/2 397)* 79.80 (585/733)

Post-term birth rate 0 (0/5) 0 (0/269) 0.10 (4/3 152) 0.30 (7/2 397) 0.10 (1/733)

Cumulative clinical pregnancy rate (%)  46.70 (7/15) 67.80 (307/453) 69.50 (3 641/5 240) 75.80 (2 763/3 644)™ 73.40 (850/1 158) 52.799 <0.001

Cumulative live birth rate (%) 33.30 (5/15) 59.20 (268/453) 59.90 (3 140/5 240) 65.60 (2 389/3 644)* 62.90 (728/1 158) 36.312 <0.001

Birth defect rate (%) 0 (0/5) 0.70 (2/269) 0.80 (24/3 150) 0.80 (18/2 393) 1.00 (7/733) 2.027 0.913

Neonatal birth weight (g) 3300.00 (2 900.00, 3 300.00) 3 300.00 (3 000.00, 3550.00) 3 400.00 (3 100.00, 3 650.00)° 3 450.00 (3 200.00, 3 770.00)* 3 450.00 (3 200.00, 3 800.00)**  66.262 <0.001

“P<0.05 vs underweight group; *P<0.05 vs normal weight group.
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