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[ Abstract] Objective The main purpose of this study is to compare the embryo development and clinical
outcomes of women in different age groups undergoing in vitro fertilization (IVF) processes using gonadotrophin-
releasing hormone (GnRH) antagonist protocol, GnRH agonist long protocol, and early follicular phase protocol. We aim
to provide reliable reference for future clinical treatments. Methods We conducted a detailed analysis of patients who
underwent treatment between January 2021 and February 2023. 1) In the overall patient population, we comprehensively
compared the basic characteristics, the embryo development, and the clinical outcomes of patients treated with three
different ovarian stimulation protocols, including the GnRH antagonist protocol group (n=4173), the agonist long
protocol group (n=2410), and the early follicular phase long protocol group (n=341). 2) We divided the overall
population into three age groups, one group for patients under 30 years old (n=2576), one for patients aged 30-35 (n=
3249), and one for patients older than 35 years old (1=1099). Then, we compared the three stimulation protocols based
on the group division. We separately compared the embryo development and clinical outcomes of patients using the three
stimulation protocols in the under 30 years old, the 30-35 years old, and the over 35 years old age groups. With this
analysis, we aimed to explore the response of different age groups to different stimulation protocols and their impact on
the success rate of IVF. Results 1) In the overall population, we found that the average number of oocytes retrieved in
the GnRH agonist long protocol group was significantly higher than that in the GnRH antagonist protocol group
([13.85+7.162] vs. [13.36+7.862], P=0.0224), as well as the early follicular phase long protocol group ([13.85+7.162] vs.
[11.86+6.802], P<0.000 1). Patients in the GnRH antagonist protocol group not only had a significantly lower starting dose
of gonadotrophin (Gn) compared to the other two groups (P<0.05) but also had a significantly lower number of days of
Gn use (P<0.05). The blastocyst formation rate in the GnRH antagonist protocol group was the highest among the three
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groups, significantly higher compared to the GnRH agonist long protocol group (64.91% vs. 62.35%, P<0.0001) and the
early follicular phase long protocol group (64.91% vs. 61.18%, P=0.000 1). However, there were no significant differences
in the clinical pregnancy rates or the live birth rates among the three groups treated with different ovarian stimulation
protocols (P>0.05). 2) In the <30 age group, the blastocyst formation rate in the GnRH antagonist protocol group was the
highest among the three groups, significantly higher compared to the GnRH agonist long protocol group (66.12% vs.
63.33%, P<0.0001) and the early follicular phase long protocol group (66.12% vs. 62.13%, P=0.0094). In the 30-35 age
group, the blastocyst formation rate in the GnRH antagonist protocol group was the highest among the three groups,
significantly higher compared to the GnRH agonist long protocol group (64.88% vs. 62.93%, P=0.000 9) and the early
follicular phase long protocol group (64.88% vs. 60.39%, P=0.0011). In the >35 age group, the blastocyst formation rate in
the GnRH antagonist protocol group was significantly higher than that in the GnRH agonist long protocol group (59.83%
vs. 56.51%, P=0.0093), while there was no significant difference compared to that of the early follicular phase long
protocol group (P>0.05). In the three age groups, we found that there were no significant differences in clinical pregnancy
rate, live birth rate, and neonatal outcome indicators (fetal weight and Apgar score) among the three stimulation protocols
(antagonist protocol, GnRH agonist long protocol, and early follicular phase long protocol) (P>0.05). The findings showed
no significant differences between clinical and neonatal outcomes in patients of all ages, regardless of the ovarian
stimulation protocol, suggesting that the three ovarian stimulation protocols have similar therapeutic effects in patients of
different ages. The results of this study have important implications for the selection of an appropriate ovarian stimulation
protocol and the prediction of treatment outcomes. Conclusion In the younger than 30 and 30-35 age groups, the
GnRH antagonist protocol showed a more significant advantage over the GnRH agonist long protocol and the early
follicular phase long protocol. This suggests that for younger and middle-aged patients, the antagonist protocol may lead
to better outcomes during ovarian stimulation. In the older than 35 age group, while the antagonist protocol still
outperformed the GnRH agonist long protocol, there was no significant difference compared to the early follicular phase
long protocol. This may imply that with increasing age, the early follicular phase long protocol may have effects similar to
the antagonist protocol to some extent. The advantages of the antagonist protocol lie in its ability to reduce stimulation
duration and the dosage of GnRH, while enhancing patient compliance with treatment. This means that patients may find
it easier to accept and adhere to this treatment protocol, thereby improving treatment success rates. Particularly for older
patients, the use of the antagonist protocol may significantly increase the blastocyst formation rate, which is crucial for
improving the success rates. Although there were no significant differences in the clinical outcomes of patients treated
with the three protocols in each age group, further research is still needed to validate these findings. Future multicenter
studies and increased sample sizes may help comprehensively assess the efficacy of different stimulation protocols.
Additionally, prospective studies are needed to further validate these findings and determine the optimal treatment
strategies.
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Table 1 General characteristics of patients in the three groups of ovarian stimulation protocols in the total population

Long-term protocol in early

Index GnRH-ant group (A) GnRH-a group (B) follicular phase group (C) P (Avs.B) P(Avs.C) P(Bvs.C)
Total cycle/n 4173 2410 341 / / /
Female age/yr. 31.310+4.711 31.390+4.166 31.330+4.039 0.7169 0.9956 0.960 1
Duration of infertility/year 3.087+2.273 3.219+2.403 3.046+2.382 0.0894 0.9445 0.4015
BMI/(kg/m”) 22.730+2.965 22.190+2.850 22.040+2.778 <0.0001 <0.0001 0.7056
Basic FSH/(IU/L) 7.183+2.854 7.199+2.460 6.777+2.327 0.969 1 0.0130 0.0137
Basic LH/(IU/L) 5.652+4.188 4.930+3.048 4.750%3.051 <0.0001 <0.0001 0.6698
Basic E2/(pmol/L) 133.60+69.49 132.90+63.75 130.20+64.17 0.9219 0.6620 0.7925
AMH/(ng/mL) 3.520+2.765 3.457+2.513 3.003+1.742 0.9789 0.6730 0.760 1
AFC/number 15.237.268 14.45+5.754 12.96+6.686 0.0011 <0.0001 0.0122
Gn doses/IU 20204862 258741001 2774+1029 <0.0001 <0.0001 0.0008
Gn times/d 9.426+1.870 11.780+1.736 11.560+2.229 <0.0001 <0.0001 0.0920

BMI: body mass index; FSH: follicle-stimulating hormone; LH: luteinizing hormone; E2: estradiol; AMH: anti-Miillerian hormone; AFC: antral faollicle

counting; Gn: gonadotropin.
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Table 2 Embryo development and clinical outcomes of patients with different ovarian stimulation protocols in the total population
Index GnRH-ant group (A) GnRH-a group (B) Long-term protocol in early P p p
follicular phase group (C) (Avs.B)  (Avs.C) (Bvs.C)
Total cycle/n 4173 2410 341 / / /
Retrieved oocytes/number 13.360+7.862 13.850+7.162 11.860+6.802 0.0224 0.0001 <0.0001
Fertilization rate 78.61% (42 564/54 148) 79.65% (26287/3303) 77.02% (3197/4151) 0.0002 0.0168 <0.0001
Cleavage rate 97.74% (41 602/42 564) 97.92% (25739/26287) 97.84% (3128/3197) 0.1337 0.757 4 0.7934
High-quality embryo rate 52.31% (18465/35296) 49.75% (10972/22053) 47.68% (1282/2689) <0.0001 <0.0001 0.0431
Blastocyst formation rate 64.91% (22910/35296) 62.35% (13749/22053) 61.18% (1645/2689) <0.0001 0.0001 0.2374
High-quality blastocyst rate 53.58% (18911/35296) 50.81% (11205/22053) 48.57% (1306/2689) <0.0001 <0.0001 0.0288
Fresh transferred cycles 259 132 28 / / /
Clinical pregnancy rate 60.09% (417/694) 60.40% (273/452) 64.89% (61/94) 0.2497 0.1506 0.4854
Live birth rate 51.44 % (357/694) 51.99% (235/452) 57.45% (54/94) 0.8563 0.3222 0.3646
Abortion rate 13.67% (57/417) 13.55% (37/273) 11.48 % (7/61) 0.4974 0.4436 0.8345
Neonatal body mass/g 3183+615.7 3205+477.9 3149+690.7 0.8711 0.8949 0.7541
Apgar score 9.991+0.1000 9.995+0.0700 9.963+0.2722 0.9052 0.2878 0.1760
%3 <305 ABEHSHMEHARIRE B RIGHKER
Table 3 Embryo development and clinical outcomes of three ovarian stimulation protocols in women under 30 years old
Index GnRH-ant group (A) GnRH-a group (B) Long-term protocol in early P P P
follicular phase group (C) (Avs.B)  (Avs.C) (Bvs.C)
Total cycle/n 1610 850 116 / / /
Female age/yr. 26.720+2.036 26.880+1.951 26.950+2.004 0.1621 0.4787 0.9430
BMI/(kg/m’) 22.280+2.952 21.980:+2.983 21.820+2.823 00536 02356 0.8429
Basic FSH/(IU/L) 6.839+2.196 7.053+2.024 6.646+2.263 0.0903 0.6660 0.1858
Basic E2/(pmol/L) 143.90+£73.10 137.40+65.23 143.00+63.78 0.1665 0.9932 0.7789
Retrieved oocytes/number 15.260+8.370 15.430+7.275 13.840+7.006 0.8809 0.1560 0.1148
Fertilization rate 78.37% (19247/24559) 79.18% (9668/12210) 77.20% (1229/1592) 0.0746 0.2723 0.0722
Cleavage rate 97.63% (18850/19247) 97.76% (9476/9668) 98.10% (1209/1229) 0.6914 0.3479 0.4435
High-quality embryo rate 53.84% (8584/15944) 50.85% (4051/7966) 48.99% (511/1043) <0.0001 0.0026 0.2630
Blastocyst formation rate 66.12% (10542/15944) 63.33% (5045/7966) 62.13% (648/1043) <0.0001 0.0094 0.4527
High-quality blastocyst rate 55.28% (8814/15944) 52.44% (4177/7966) 50.05% (522/1043) <0.0001 0.0010 0.1472
Fresh transferred cycles 259 132 28 / / /
Clinical pregnancy rate 67.57% (175/259) 65.91% (87/132) 71.43% (20/28) 0.7347 0.8319 0.6622
Live birth rate 58.69% (152/259) 59.85% (79/132) 53.57% (15/28) 09134 0.6878 0.6731
Abortion rate 8.57% (15/175) 8.05% (7/87) 10.00% (2/20) >0.9999 0.6879 0.6741
Neonatal body mass/g 3273+613.1 3198+466.2 3199+560.3 0.6320 0.8615 >0.9999
Apgar score 9.910+0.2876 9.927+0.2609 9.792+0.4149 0.6106 0.9801 0.2044

BMI: body mass index; FSH: follicle-stimulating hormone; E2: estradiol.
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Table4 Embryo development and clinical outcomes in three groups of patients aged 30-35 years with different ovarian stimulation protocols

Index GnRH-ant group (A) GnRH-a group (B) Lf(z)rlll%;xelzr:lppgaf;t: ;ililrfae(acr;y (A \Z B) (A v}; C) (B v}s). C)
Total cycle/n 1881 1193 175 / / /

Female age/yr. 32.060+1.619 32.150£1.593 32.140+1.677 0.2253 0.8096 0.9945
BMI/(kg/m’) 22.070+2.407 22.080+2.730 21.7202.530 09987  0.1712  0.1902
Basic FSH/(IU/L) 7.250£2.715 7.197+2.142 6.826+2.168 0.7827 0.1161 0.1990
Basic E2/(pmol/L) 137.70£70.99 136.10+66.76 134.40£70.71 0.7715 0.8067 0.9467
Retrieved oocytes/number 12.68+7.535 14.18+7.146 11.96+6.821 <0.0001 0.4283 0.0006
Fertilization rate 78.97% (18830/23 846) 79.98 (13519/16 904) 77.08% (1604/2081) 0.0134 0.044 1 0.0022
Cleavage rate 97.61% (18380/18830)  97.87% (13231/13519) 97.44% (1563/1604) 0.1310 0.6708 0.2767
High-quality embryo rate 52.55% (8225/15653) 50.66% (5868/11583) 47.36% (636/1343) 0.0021 0.0003 0.0228
Blastocyst formation rate 64.88% (10155/15653) 62.93% (7289/11583) 60.39% (811/1343) 0.0009 0.0011 0.0692
High -quality blastocyst rate 53.70% (8406/15653) 51.43% (5957/11583) 47.88% (643/1343) 0.0002 <0.0001 0.0142
Fresh transferred cycles 316 241 47 / / /

Clinical pregnancy rate 58.86% (186/316) 61.83% (149/241) 65.96% (31/47) 0.4862 0.426 1 0.6254
Live birth rate 47.78% (151/316) 49.38% (119/241) 57.45% (27/47) 0.7326 0.2736 0.3414
Abortion rate 15.59% (29/186) 14.09% (21/149) 12.90% (4/31) 0.7589 >0.9999 >0.9999
Neonatal body mass/g 3110+607.4 3247+543.5 3241+543.5 0.1390 0.5103 0.9987
Apgar score 9.866+0.3417 9.87540.3315 9.906+0.296 1 0.9553 0.7980 0.8743

BMI: body mass index; FSH: follicle-stimulating hormone; E2: estradiol.
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Table 5 Embryo development and clinical outcomes in three groups of patients over 35 years old with different ovarian stimulation protocols

Index GuRH-antgroup (A)  GrRHagowp(®)  [PIEMESOO A L w0 BwO)
Total cycle/n 682 367 50 / / /

Female age/yr. 38.140+1.799 37.940+2.058 38.330+2.331 0.1749 0.7674 0.3676
BMI/(kg/m’) 22.940+2.410 22.810+2.723 22.820+2.566 0.5299 0.9210 0.9989
Basic FSH/(IU/L) 7.590+2.167 7.383+2.097 7.178+3.050 0.1658 0.3098 0.7630
Basic E2/(pmol/L) 145.90+71.44 152.30+71.62 151.50£73.92 0.2651 0.8494 0.9970
Retrieved oocytes/number 8.433+6.335 10.630+6.015 9.775+6.694 <0.0001 0.3254 0.6302
Fertilization rate 78.12% (4487/5743)  79.71% (3100/3 889) 76.15% (364/478) 0.0638 0.3287 0.0727
Cleavage rate 97.44% (4372/4487)  97.81% (3032/3 100) 97.80% (356/364) 0.3229 0.8619 >0.9999
High-quality embryo rate 44.77% (1656/3699)  42.05% (1053/2504) 44.55% (135/303) 0.0346 0.9522 0.4237
Blastocyst formation rate 59.83% (2213/3699)  56.51% (1415/2504) 61.39% (186/303) 0.0093 0.6259 0.1103
High-quality blastocyst rate 45.72% (1691/3699)  42.77% (1071/2504) 46.53% (141/303) 0.0235 0.8105 0.2197
Fresh transferred cycles 119 79 19 / / /

Clinical pregnancy rate 47.06% (56/119) 46.84% (37/79) 52.63% (10/19) >0.9999 0.8054 0.7990
Live birth rate 36.13% (43/119) 34.18% (27/79) 47.37% (9/19) 0.8795 0.4453 0.3009
Abortion rate 23.21% (13/56) 24.32% (9/37) 10.0% (1/10) >0.9999 0.6754 0.6645
Neonatal body mass/g 3110.0+607.4 3247.04543.5 3241.0+713.2 0.1390 0.5103 0.9987
Apgar score 9.855+0.404 5 9.929+0.2623 9.727+0.467 1 0.6744 0.5634 0.2939

BMI: body mass index; FSH: follicle-stimulating hormone; E2: estradiol.
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