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Background: Progestin is an alternative to gonadotropin-releasing hormone (GnRH) analogues in the follicular phase to suppress the premature luteinizing hormone (LH) surge in women with polycystic ovary syndrome (PCOS). However, progestin-primed ovarian stimulation (PPOS) is always accompanied by increased pituitary suppression and gonadotropin consumption. Previous studies suggested that letrozole appeared to have the potential to reduce the total gonadotropin dose required for ovarian stimulation. A retrospective cohort study was performed to evaluate the efficacy of PPOS with or without letrozole in infertile women with PCOS.
Methods: This retrospective cohort study included 448 women with PCOS who underwent controlled ovarian stimulation (COS) with human menopausal gonadotropin (hMG) and medroxyprogesterone acetate (MPA) (n = 224) or hMG and MPA cotreatment with LE (n = 224) from January 2018 to March 2021 after propensity-score matching. The primary outcome measure was the hMG dose. The secondary outcomes were the durations of ovarian stimulation, the implantation rate, the number of oocytes retrieved and viable embryos, oocyte maturity and fertilization rates, the percentage of women with profound pituitary suppression (luteinizing hormone [LH] <1.0 IU/L on the trigger day).
Results: The hMG doses (1949.89 ± 725.03 IU vs 2017.41 ± 653.32 IU, p > 0.05) and durations of ovarian stimulation (9.03 ± 1.79 days vs 9.21 ± 2.18 days, p > 0.05) were similar between the two groups. The implantation rate was significantly higher in the study group (MPA + hMG + LE) than in the control group (MPA + hMG) (42.22 vs 34.69%, p < 0.05). The numbers of oocytes and embryos retrieved were similar between the two groups. Interestingly, letrozole cotreatment was associated with decreased oocyte maturity and fertilization rates in comparison with standard PPOS protocols even though mature and fertilized oocyte yields were comparable. Compared with those in the control group, the LH values on the trigger day were significantly higher in the study group, together with significantly reduced pituitary suppression.
Conclusion: Letrozole combined with PPOS cannot reduce hMG consumption in PCOS patients undergoing IVF treatment and shows no beneficial effect on cycle characteristics of COS. However, letrozole supplementation manifests as a superior implantation rate to that of the standard PPOS protocol in women with PCOS.
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INTRODUCTION
Polycystic ovary syndrome (PCOS) is a highly prevalent endocrine and reproductive disorder, and more than 80% of patients with anovulatory infertility suffer from PCOS (Balen et al., 2016). In vitro fertilization (IVF) serves as a third-line treatment for infertile PCOS patients who fail to respond to lifestyle modification or ovulation induction (OI) therapies (Thessaloniki, 2008). The conventional protocol for ovarian stimulation with exogenous gonadotropin (Gn) and gonadotropin-releasing hormone (GnRH) analogues can support multifollicular development and inhibit a premature luteinizing hormone (LH) surge. However, attaining consistent pituitary suppression is complex and carries a relatively high risk of ovarian hyperstimulation syndrome (OHSS) due to human chorionic gonadotropin (hCG) injection (Macklon et al., 2006). Compared with normal ovulatory women, patients with PCOS more frequently face problems such as OHSS, poor oocyte quality, fertilization failure and pregnancy complications (Qiao and Feng, 2011; Timmons et al., 2019).
Progestin-primed ovarian stimulation (PPOS), which administers medroxyprogesterone acetate (MPA) and human menopausal gonadotropin (hMG) from the early follicular phase, can effectively prevent the oestradiol (E2)-induced LH surge and thus serves as an alternative to conventional GnRH analogues (Kuang et al., 2015). Progestin can reduce the incidence of moderate or severe OHSS without adversely affecting clinical outcomes in patients with PCOS (Wang et al., 2016). Nevertheless, the use of MPA in the PPOS regimen tends to inhibit the pituitary in a more profound manner and therefore requires higher doses of gonadotropin (Gn) than the use of GnRH analogues in patients with PCOS (Wang et al., 2016). Thus, optimizing the PPOS protocol to make it more economical, efficient, and safer is an avenue we have been trying to explore.
Letrozole (LE) is a nonsteroidal, highly selective oral aromatase inhibitor (AI) that inhibits the synthesis of oestrogen and increases the secretion of endogenous gonadotropin by diminishing negative feedback to stimulate ovulation (Requena et al., 2008). Currently, letrozole is widely used as an adjunct for IVF cycles (Yang et al., 2021). Cotreatment with letrozole during ovarian stimulation for IVF could significantly reduce gonadotropin consumption in normal and poor ovarian responders without decreasing the number of retrieved oocytes, some even accompanied by increased pregnancy outcomes, while few studies have focused on the clinical characteristics of letrozole coadministration in PCOS patients treated for IVF (Bulow et al., 2022; Jiang et al., 2022). The endocrine and ovulation induction characteristics of PCOS patients are different from those of normal and poor ovarian responders. Hence, it remains unclear whether the letrozole combination is beneficial for women with PCOS treated with PPOS. The present retrospective cohort study was designed to investigate the effects of LE combined with the PPOS protocol on the characteristics of the oocyte pick-up cycle and frozen embryo transfer (FET) cycle in PCOS female patients.
MATERIALS AND METHODS
Study setting and patients
Women with PCOS who underwent IVF/ICSI cycles using PPOS (hMG + MPA) or PPOS cotreatment with letrozole (hMG + MPA + LE) from January 2018 to March 2021 were enrolled. This study was approved by the Ethics Committee (Institutional Review Board) of Shanghai Ninth People’s Hospital. Patients met the following criteria: 1. Between 20 and 40 years of age; 2. Basal follicle-stimulating hormone (FSH) level <10 mIU/ml; and 3. No more than one previous nonviable embryo cycle. The diagnosis of PCOS was made according to the 2003 Rotterdam consensus (Rotterdam, 2004) and the recent guidelines for PCOS 2018 (Teede et al., 2018), whereby at least two out of three of the following criteria were met: 1) oligo- and/or anovulation; 2) biochemical and/or clinical evidence of hyperandrogenism; or 3) polycystic ovarian morphology on ultrasound. Where both oligo- or anovulation and hyperandrogenism were present, ultrasound was not necessary for diagnosis. Once diagnosed, its assessment and management covered reproductive, metabolic, and psychological features. The following diseases were excluded: hyperandrogenism and ovulatory dysfunction of other aetiologies, including congenital adrenal hyperplasia, androgen-secreting tumours, hyperprolactinemia and thyroid disease. Women who were on medications for conditions such as diabetes and hypertension were also excluded. A flowchart of the study is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Flow chart of the study. IVF: In vitro fertilization; ICSI: Intracytoplastic sperm injection; FET: Frozen embryo transfer; LE: Letrozole; MPA: Medroxyprogesterone acetate; HMG: Meno-trophin for Injection.
Controlled ovarian stimulation
From menstrual cycle day 3 (MC3) to the trigger day, patients were administered 150–225 IU/d hMG (Anhui Fengyuan Pharmaceutical Co., China) via intramuscular injection and 4 mg/d MPA (Shanghai Xinyi Pharmaceutical Co., China) via oral administration. Letrozole (Jiangsu Hengrui Medicine Co., China) 2.5 mg/day was given from cycle day 3 onwards for only 5 days in the study group. The starting dose of hMG was 150 IU/day for patients with a high antral follicle count (>20) or slightly elevated basal FSH (7–10 mIU/ml), and a daily dose of 225 IU hMG was given to the other patients. For both groups, the hMG doses were adjusted depending on the number and size of the developing follicles on ultrasound as well as serum concentrations of sex hormones, including FSH, LH, oestradiol (E2) and progesterone (P4), administered beginning on MC8 and every 2–4 days thereafter. The final stage of oocyte maturation was triggered by the combination of 0.1 mg triptorelin (Decapeptyl; Ferring Pharmaceuticals, Germany) and 1000 IU hCG (Lizhu Pharmaceutical Trading Co., China) once the leading follicle exceeded 20 mm or at least three follicles exceeded 18 mm in diameter. Oocyte retrieval was performed 34–36 h after the trigger and guided by transvaginal ultrasound (TVS). All follicles with a diameter over 10 mm were aspirated (Kuang et al., 2015).
After oocyte retrieval, fertilization was carried out in vitro by either standard IVF or intracytoplasmic sperm injection (ICSI) according to the semen quality and previous fertilization conditions (Xu et al., 1998). Embryos were examined for the number or regularity of blastomeres and the degree of fragmentation. Top-quality embryos (including grade-1 and grade-2 6-cell embryos and above) were frozen by vitrification within 3 days after oocyte retrieval according to the criteria described by Cummins et al. (Cummins et al., 1986; Kuang et al., 2015). The non-top-quality embryos were placed in extended culture, and blastocysts with good morphology were also frozen on day 5 or 6 (Kuang et al., 2015).
Hormone measurement
Serum FSH, LH, E2 and P levels were measured on MC3, MC8, MC10-12, the trigger day and the day after trigger. Hormone concentrations were measured by means of chemiluminescence (Abbott Biologicals B.V, the Netherlands). The lower limits of sensitivity were as follows: FSH, 0.06 mIU/ml; LH, 0.09 mIU/ml; E2, 10 pg/ml; and P4 0.1 ng/ml. The upper limit for the E2 measurement was 5,000 pg/ml. If the E2 level on the trigger day or the next day was greater than the upper limit, it was recorded as 5,000 pg/ml without repeating the assay after sample dilution.
Endometrial preparation and frozen embryo transfer
Endometrial preparation and FET were arranged for the second cycle after oocyte retrieval as previously described (Kuang et al., 2014; Kuang et al., 2015). Mild stimulation with letrozole was first recommended for FET, while hormone replacement therapy (HRT) was conducted for those who failed to become pregnant with mild stimulation cycles or with a history of a thin endometrium (endometrial thickness ≤6 mm). In the mild stimulation cycle, women were administered letrozole 2.5/5 mg for 5 days beginning at MC3. When the dominant follicle was ≥17 mm in diameter with an endometrial lining >8 mm, an E2 level >150 pg/ml and a P4 level <1 ng/ml, a bolus of urinary hCG (5000 IU) was injected for ovulation triggering. Progesterone commenced 2 and 3 days later, followed by day 3 embryo transfer 4 and 5 days later or blastocyst transfer 6 and 7 days later via abdominal ultrasound guidance.
Women who failed pregnant in the first FET cycle routinely underwent hysteroscopy and endometrial curettage, the uterine growth would be removed if they have and send pathology. For patients with intrauterine adhesions, decomposition of adhesions or placement of intrauterine contraceptive ring (IUD) were given according to the severity. If patients have had hysteroscopy within 6 months, the hysteroscopic procedure would not be repeated.
Outcome measures
The primary outcome measure of this study was the hMG dose. The secondary measures included the durations of ovarian stimulation, the implantation rate in FET cycles, the number of oocytes retrieved, the number of viable embryos, profound LH suppression (a serum LH level less than 1 mIU/ml on the trigger day during ovarian stimulation (Liu et al., 2018). The oocyte retrieval rate was calculated as the total number of oocytes retrieved divided by the total number of follicles punctured; the mature oocyte rate was calculated as the total number of mature oocytes divided by the total number of oocytes retrieved; the fertilization rate was calculated as the total number of fertilized oocytes divided by the total number of mature oocytes; and the cleavage rate was calculated as the total number of cleaved embryos divided by the total number of fertilized oocytes. The clinical pregnancy rate, miscarriage rate, and ectopic pregnancy rate was recorded. The viable embryo rate per oocyte was defined as the number of viable embryos divided by the number of oocytes retrieved. The cycle cancellation rate was estimated based on the number of patients who had no viable embryos after complete oocyte retrieval. The implantation rate was calculated according to the number of gestational sacs divided by the number of embryos transferred. Clinical pregnancy was defined as the presence of at least one gestational sac with or without foetal heart activity on ultrasound examination at 4 weeks after FET, and the clinical pregnancy rate was the number of clinical pregnancies divided by the number of FET cycles. The miscarriage rate was the proportion of pregnancies that ended in spontaneous or therapeutic abortion.
Statistical analysis
A propensity score matching (PSM) model was established to balance differences in baseline characteristics between the two groups. To estimate the propensity score, we selected 10 covariates, namely, age; antral follicle count (AFC); basal levels of FSH, LH, E2 and P4; type of infertility (primary or secondary); infertility duration; previous IVF attempts (0, 1–2 or ≥3); and body mass index (BMI). Patients using MPA + hMG + LE were matched with the MPA + hMG group using the nearest-neighbour random matching algorithm at a ratio of 1:1. PSM was conducted using the R statistical programming language (version 4.0.3; R Foundation for Statistical Computing, Vienna, Austria).
The data were evaluated by Student’s t test for continuous variables with a normal distribution and the Mann–Whitney U test for continuous variables with a nonnormal distribution. These data are presented as the mean (standard deviation, SD). Pearson’s chi-square test or Fisher’s exact test was used for categorical variables (presented as %), as appropriate. Data analysis was performed with the Statistical Package for the Social Sciences (version 24, SPSS Inc.). Two-sided p < 0.05 was considered statistically significant.
RESULTS
Patient characteristics
Figure 1 shows a profile summary of the study. Briefly, a total of 2453 PCOS women who were candidates for assisted reproductive technology treatment from January 2018 to March 2021 were enrolled in this study, and 401 cycles were excluded as described in the Materials and Methods section. Of the remaining 2052 patients, 224 patients undergoing the MPA + hMG + LE protocol were matched with 224 patients who underwent the MPA + hMG protocol. All these patients completed oocyte retrieval cycles and succeeded in producing oocytes (range, 1–62), while 34 patients had no viable embryos. Among the remaining patients, 371 women completed FET cycles. No significant between-group differences were found in the postmatching analysis with regard to any baseline characteristics (all p > 0.05) (Table 1).
TABLE 1 | Baseline characteristics of women undergoing IVF/ICSI.
[image: Table 1]Ovarian stimulation, follicle development, and oocyte performance
The MPA + hMG + LE and MPA + hMG groups had comparable numbers of oocytes retrieved (17.5 ± 9.16 vs 16.8 ± 10.29, p > 0.05) and viable embryos (5.48 ± 3.25 vs 5.37 ± 4, p > 0.05). The hMG doses and durations of ovarian stimulation ((1949.89 ± 725.03 IU vs 2017.41 ± 653.32 IU and 9.03 ± 1.79 days vs 9.21 ± 2.18 days, respectively, p > 0.05) were similar between the two groups. The number of follicles with diameters larger than 10 or 14 mm on the trigger day was significantly higher in the study group (p < 0.01). To our surprise, there was a significantly lower mature oocyte rate (76.74 vs 83.77%, p < 0.01) and fertilization rate (79.23 vs 81.48%, p < 0.05) in the study group than in the control group. The rates of cycle cancellation for nonviable embryos did not differ between the two groups. No premature LH surge or moderate to severe OHSS was observed during the study (Table 2).
TABLE 2 | Cycle characteristics of COS in the two groups.
[image: Table 2]Hormone profiles during treatment
The endocrine dynamics of FSH, LH, E2 and P4 during ovarian stimulation are presented in Figure 2. The FSH level increased dramatically after hMG administration for 5 days and then remained stable until the trigger day. After the dual trigger, the FSH level increased dramatically to nearly 20 mIU/ml. No significant differences were observed in FSH levels at any time point between the two groups (Figure 2A).
[image: Figure 2]FIGURE 2 | The dynamic changes in hormones during ovarian stimulation in the two groups. (A). Serum FSH levels in the two groups during the COS; (B). Serum LH concentration in the two groups during the COS; (C). Serum E2 level between the two groups during the COS; (D). Serum P levels in the two groups during the COS. The solid green lines represent the study group (hMG + MPA + LE) and the dotted red lines represent the control group (hMG + MPA). The asterisks de-note significant changes in hormone levels at the indicated time points (*p < 0.05, **p < 0.01).
During the entire process of controlled ovarian stimulation (COS), LH in the two groups remained at a low level. However, there were differences in the change trend of LH between the two groups. LH in the control group showed a downwards trend. However, in the study group, LH remained basically unchanged in the first 5 days, followed by a downwards trend until the trigger day. The LH values were significantly higher in the study group than in the control group at each observation point during the COS (p < 0.01). In addition, significantly fewer patients experienced profound LH suppression in the study group (7.14%, 16/224) than in the control group (14.29%, 32/224, p < 0.05). None of the patients in either group experienced a premature LH surge (Figure 2B).
Serum E2 increased consistently with the development of multiple follicles and was significantly higher in the control group than in the study group at each observation point (p < 0.01) (Figure 2C).
In addition, the P level increased gradually during ovarian stimulation, especially on the day after trigger, in the two groups. On the trigger day and the day after, the p values in the study group were significantly higher than those in the control group (p < 0.01) (Figure 2D).
Pregnancy outcomes after FET cycles
In this study, 382 women completed a total of 574 FET cycles: 189 patients completed 280 FET cycles in the MPA + hMG + LE group, and 193 patients completed 294 FET cycles in the MPA + hMG group. By the end of the study, 252 women had completed one FET cycle, 83 women had completed two FET cycles, 35 women had completed three FET cycles, nine women had completed four FET cycles, three women had completed five FET cycles, and the remaining 32 women did not complete FET cycles for personal reasons. A total of 970 embryos were thawed, and the rate of viable frozen-thawed embryos was 100%. The implantation rate in the study group (42.14%, 201/477) was significantly higher than that in the control group (34.69%, 171/493) (p < 0.05). The clinical pregnancy rate, miscarriage rate and ectopic pregnancy rate were comparable between the two groups (p > 0.05). The live birth rate and neonatal status require further statistical analysis (Table 3). The implantation rate in Table 3 represented the overall implantation rate and included all FET cycles associated with the IVF cycle. Similar calculations were used for other pregnancy outcome rates in this study. To minimize the impact of recurrent implantation failure and hysteroscopic surgery, we also analysed the implantation rate of first FET cycle in patients who underwent IVF for the first time. These supplementary data showed that the implantation rate in LE cotreatment group was significantly higher than that in the control group (57.4 vs 43.5%, p < 0.05) (Supplementary Table S1). To elucidate the effect of different endometrial preparation protocols on implantation rates during FET cycles, we performed sub-analyses of implantation rates for different endometrial preparation protocols in both groups. Our result showed nonsignificant difference of implantation rate among three types of endometrial preparation protocols in the two groups (Supplementary Table S2).
TABLE 3 | Pregnancy outcomes of frozen-thawed embryos from the two groups.
[image: Table 3]DISCUSSION
This retrospective cohort study was an endeavour to evaluate the potential role of letrozole as an adjuvant drug to improve the cycle outcomes of the standard PPOS protocol in infertile women with PCOS. In our preliminary findings, implantation rates in the combined group were superior to those in the PPOS group. Compared with those for the PPOS protocol alone, the number of oocytes and embryos obtained with letrozole combined with PPOS was similar, while the rates of mature and fertilized oocytes were significantly decreased. To our surprise, Gn consumption in the letrozole coadministration group did not reach statistical significance compared with that in the PPOS group.
The use of aromatase inhibitors in IVF patients remains controversial (Garcia-Velasco, 2012), and the data for letrozole cotreatment in high responders were quite limited in assisted reproductive technology cycles (Bulow et al., 2022). Our research demonstrated a superior implantation rate through letrozole cotreatment with the PPOS protocol in PCOS patients. It is worth noting that the implantation rate contained all FET cycles associated with the IVF cycle, patients with more than three FET cycles were also included. Women who failed pregnant in the first FET cycle routinely underwent hysteroscopy and endometrial curettage. We also analysed the implantation rate of first FET cycle in patients who underwent IVF for the first time to minimize the impact of recurrent implantation failure and hysteroscopic surgery. The supplementary data showed that the implantation rate in LE cotreatment group was significantly higher than that in the control group. A previous study reported contrary results, showing that letrozole supplementation had a harmful effect on pregnancy outcomes in vitro fertilization cycles in expected high responders (Yang et al., 2019). The conflicting results are due mainly to the premature progesterone rise during the late follicular phase in the fresh embryo cycle (Yang et al., 2019). The “freeze all” strategy in our study reduced the exposure of gametes and the endometrium to supraphysiological levels of progesterone (Yang et al., 2019). Another reason was that letrozole promotes the selection of dominant follicles, and embryos obtained from dominant follicles may be associated with improved implantation potential (Giorgetti et al., 1995; Hugues et al., 2005; Mermillod et al., 2008; Rosen et al., 2008; Gomez-Leon et al., 2020). Letrozole coadministration increases the secretion of LH by inhibiting the synthesis of oestrogen (Requena et al., 2008). Higher LH levels could probably advance the dominant follicle selection and drive growth of the dominant follicle after the beginning of diameter deviation (Hugues et al., 2005; Gomez-Leon et al., 2020). These fully developed preovulatory-stage follicles are more likely to yield high-quality oocytes (Rosen et al., 2008) and thus viable embryos (Mermillod et al., 2008). Previous studies indicated that embryos created from oocytes originating from the lead follicular group may associate with improved implantation potential, as they have less fragmentation (Giorgetti et al., 1995; Rosen et al., 2008). In addition, Huirne’s investigation demonstrated that smaller changes in LH may also raise the implantation rate (Huirne et al., 2005). In the present study, the mean LH level of the letrozole combined with the PPOS regimen seemed more stable and appropriate than that in the PPOS protocol alone. Nevertheless, contrary studies demonstrated that LH suppression by PPOS was associated with a higher implantation rate for patients with PCOS than with a short protocol (Chen et al., 2021). Hence, the optimal LH level required for the PPOS protocol in PCOS patients is worth exploring.
Interestingly, letrozole cotreatment was associated with decreased oocyte maturity and fertilization rates in comparison with standard PPOS protocols even though mature and fertilized oocyte yields were comparable. Previous investigations of letrozole coadministration reported conflicting results on oocyte maturity rate and fertilization rate (Oktay et al., 2006; Quinn et al., 2017; Jiang et al., 2022). Our findings are in accordance with the study published by Quinn et al. (Quinn et al., 2017) reporting that letrozole use was associated with a decreased maturity rate compared to the standard GnRH antagonist protocol in breast cancer patients and compared to those undergoing fertility preservation. The oocyte maturity rate is one of the predictors of the fertilization rate (Jawed et al., 2016); thus, a lower oocyte maturity rate may be accompanied by lower oocyte fertilization rate. Oktay et al. (Oktay et al., 2006) suggested that letrozole-containing cycles should trigger lead follicles with larger diameters than those of the traditional criteria, thus achieving better results. In addition to requiring disparate trigger criteria, letrozole cotreatment affects oocyte development by changing the follicular endocrine microenvironment. As an aromatase inhibitor, letrozole coadministration results in decreased oestrogen levels and the accumulation of precursors such as progesterone, testosterone and 17α-progesterone (Requena et al., 2008; Goldrat et al., 2015; Yang et al., 2021). These changes in the endocrine microenvironment may decrease calcium oscillations, consequently inhibiting oocyte cytoplasmic maturation, with effects on meiotic maturation contributing to reduced oocyte capacitation (part of its maturation) and thus fertilizability (Moor et al., 1980; Fukui et al., 1982; Qiao and Feng, 2011) in women with PCOS undergoing PPOS treatment. Letrozole combined with PPOS had an increased number of follicles >10 mm or >14 mm on the trigger day, as letrozole increased local levels of ovarian androgen and the expression of FSH receptor and insulin-like growth factor in ovarian granulosa cells, thereby recruiting more antral follicles into development (Dunaif, 1997; Requena et al., 2008). However, lower oocyte maturity and fertilization rates may eventually lead to similar numbers of mature and fertilized oocytes.
The continuous supply of progestin in the PPOS protocol can lead to strong pituitary suppression, presented as a sustained low level of LH during COS (Kuang et al., 2015), which was also demonstrated by the present study. After combined letrozole treatment, the LH level remained steady in the first 5 days of treatment and then slowly declined until the trigger day. Thus, the mean LH levels in the study group were higher than those in the control group during the entire process of COS, releasing the pituitary from the deep inhibition of progestin. This may be related to the biological mechanism of letrozole, which can block oestrogen biosynthesis, thereby reducing negative oestrogenic feedback to the hypothalamic/pituitary axis and increasing the LH level (Garcia-Velasco, 2012). Nevertheless, although pituitary suppression in the PPOS protocol was significantly reduced after letrozole coadministration, there was no significant difference in Gn consumption, which was unexpected, as previous studies suggested that letrozole appeared to have the potential to reduce the total gonadotropin dose required for ovarian stimulation (Dunaif, 1997; Requena et al., 2008; Garcia-Velasco, 2012). Contrary to the situation of low responders with lower expression of FSH receptor in the granulosa cells (Cai et al., 2007), high responders had FSH receptor overexpression in their follicular granulosa cell population, and this might be the reason letrozole could not reduce the total gonadotropin dose needed for ovarian stimulation in hyperresponders (Yang et al., 2019). In addition, the sample size in our study may not have been large enough to make the difference statistically significant.
PCOS patients are more likely to experience OHSS during IVF (Tshzmachyan and Hambartsoumian, 2020). It is notable that none of these patients experienced moderate or severe OHSS, although the average number of oocytes retrieved was more than 15. The application of a dual trigger is one of the main contributory factors to OHSS, as hCG has a prolonged half-life and sustained luteotropic activity, and reducing the hCG dosage may help reduce the occurrence of OHSS (Lu et al., 2016). Another key strategy is that all viable embryos be cryopreserved after ovarian stimulation for later thawing and transfer (Massin, 2017). This freeze-all policy avoids the deleterious effects of the supraphysiological hormonal milieu during COS. Beyond that, letrozole co-administration is highly effective in preventing OHSS in PCOS patients (Tshzmachyan and Hambartsoumian, 2020). Consequently, complete avoidance of OHSS is made possible even in the high-risk PCOS population.
Limitations
In our study, there was a waiting period between oocyte retrieval and embryo transfer, as we used the freeze-all strategy, and 1,462 extra embryos were not transferred; therefore, we cannot show the complete pregnancy rate data. Moreover, some women were less than 3 months pregnant, and some had not yet given birth; thus, we cannot provide data on ongoing pregnancy and live birth rates. Additionally, this retrospective study may have potential unknown or unmeasured covariates, which may lead to incomplete or inexact matching and thus lower the robustness of the study findings. Furthermore, 80% of PCOS patients in China weigh in the normal range (Yang et al., 2022), so our data showed that women with PCOS were thinner than those in other studies, leading our conclusion may not apply to all types of PCOS patients. Prospective randomized controlled studies with larger sample sizes and basic research should be performed in the future.
CONCLUSION
Our study indicates that letrozole supplementation in the PPOS protocol recruited more antral follicles into the COS process, with lower mature and fertilized oocyte rates, but the fully developed oocytes had high-quality development potential, manifested as a superior implantation rate in women with PCOS. Although letrozole coadministration significantly reduced pituitary suppression compared with the PPOS protocol, Gn consumption showed no significant difference.
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