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Background

The utilization of frozen-thawed embryo transfer (FET) cycles has been linked to heightened risks of adverse perinatal outcomes. However, the potential association between adverse perinatal outcomes and distinct endometrial preparation regimens remains unclear. Therefore, we aim to investigate the maternal and neonatal outcomes after hormone replacement treatment (HRT) cycles, natural cycles (NC) and HRT cycles with pretreatment using GnRHa (HRT + GnRHa) for ovulatory women undergoing FET cycles.





Methods

A large sample retrospective cohort study was carried out from 2016 to 2020. The data included a total of 5316 women who had singleton deliveries undergoing FET cycles and which were divided into three groups based on different endometrial preparation protocols: 4399 patients in HRT groups, 621 in GnRHa+HRT groups, 296 in NC groups. The outcomes consisted of maternal outcomes (cesarean section, hypertensive disorders of pregnancy (HDP), placenta previa, gestational diabetes mellitus (GDM));and neonatal outcomes (preterm birth, newborn birthweight, low birthweight, small for gestational age (SGA), macrosomia, large for gestational age (LGA), fetal malformation).





Results

After adjusting for a series of confounding variables, we found an increased risk of HDP (aOR=3.362; 95%CI, 1.059-10.675) and cesarean section (aOR=1.838; 95%CI, 1.333-2.535) in HRT cycles compared with NC, especially for ovulatory women under 35 years old. However, in all three groups, newborn birth weight was not significantly different. Meanwhile, perinatal outcomes did not differ significantly in terms of perinatal outcomes in HRT +GnRHa cycles compared with HRT cycles solely.





Conclusion

During FET cycles, singletons from HRT were related to higher risks of HDP and cesarean section, particularly for young women. GnRHa pretreatment didn’t bring any benefit to perinatal outcomes compared with HRT cycles alone. Therefore, the natural cycle may be a more appropriate and safer option for young ovulatory women.
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Introduction

Since a live birth following frozen-thawed embryo transfer (FET) was reported in 1984 firstly, FET has been increasingly applied in assisted reproductive field around the world (1, 2). Initially, this approach was designed for those ovarian hyper-responders to mitigate the hazards of ovarian hyperstimulation syndrome (OHSS), while also providing patients time for fertility preservation and preimplantation genetic testing (PGT) (3, 4). Previous studies made comparations between fresh embryo transfer (ET) and FET, with findings indicating a noteworthy rise in live birth rates (LBR) for FET, especially for high responders. However, FET carries an elevated risk of pre-eclampsia and large for gestational age (LGA) when considering the safety of FET (3, 5, 6). The underlying factors remain unclear and are worth noting.

Recent studies have examined the variance in perinatal outcomes among patients utilizing different endometrial preparation methods during FET cycles (7–10). These findings drew conflicting conclusions of the optimal endometrial preparation approach. In general, hormone replacement treatment (HRT) cycles and natural cycles (NC) are the most frequently employed endometrial regimens for women capable of ovulation during FET. In NC, ovulation occurs naturally, followed by the formation of corpus luteum (CL). In clinical practice, HRT cycles were commonly applied due to their convenience for patients and reduced monitoring requirements for embryo transfers (11). Additionally, HRT cycles can be conducted with or without downregulation induced by gonadotropin-releasing hormone agonist (GnRHa). It has been reported that pituitary suppression through GnRHa administration has a positive impact on patients with adenomyosis (12). However, few randomized controlled trials (RCTs) demonstrated that HRT pretreatment with GnRHa in FET didn’t bring benefit to women with better pregnancy outcomes (13, 14). Consequently, no clear answer has been found in the effect of GnRHa during FET cycles. As of yet, there exists no definitive answer regarding the impact of GnRHa on FET cycles. Furthermore, only a limited number of studies have investigated the influence of various endometrial preparation protocols on the outcomes of singleton neonates, with small sample sizes being a common limitation. What’s more, which endometrial preparation protocols in FET will bring superior perinatal outcomes for ovulatory women remains unclear.

Therefore, the objective of our study was to explore the effect of three different FET endometrial preparation protocols on maternal and neonatal outcomes. To achieve this, a large sample retrospective cohort study was conducted to compare maternal and neonatal outcomes of singleton deliveries after NC, HRT with or without GnRHa for ovulatory women in FET cycles.





Materials and methods




Study design and patients

The present study was a retrospective study carried out at the Reproductive Medical Center of Tongji Hospital. The study population comprised patients who underwent FET cycles utilizing three primary endometrial preparation protocols, namely NC, HRT cycles, and GnRHa+HRT cycles, and who delivered live-birth singletons from 2016 to 2020. The inclusion criteria were as follows: body mass index (BMI) < 28 kg/m2; maternal age ≤ 42 years; patients whose menstrual cycle is regular (defined as a cycle length between 21 days to 35 days); patients with a singleton birth. Our exclusion criteria were as follows: reduction of multifetal pregnancy; twin delivery with a stillbirth; vanishing twin syndrome (15); patients with congenital uterine malformations; polycystic ovary syndrome (PCOS); patients with chronic hypertension or diabetes mellitus prior to the current pregnancy; intrauterine adhesion (IUA); patients receiving oocytes donation or sperms donation. The present study adhered to rigorous data analysis procedures, we also excluded missing core data from the data analysis, such as unknown gestational week or unclear birthweight. The study obtained the approval of the institutional Review Board of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology (TJ-IRB20230394).





Endometrial preparation before embryo transfer

In our reproductive medicine center, NC, HRT with or without GnRHa cycles were applied to prepare endometrium in FET for ovulatory women according to patients’ condition and physicians’ preferences. In NC group, we measured thickness of endometrium by transvaginal ultrasound and serum progesterone to track follicular development on days 10-12 of menstrual cycle. The ovulation day was determined through analysis of serum luteinizing hormone (LH) level and progesterone level, as well as ultrasound monitoring. When the diameter of the dominant follicle reached 16 mm and serum LH > 20 IU/L with P < 1.0 ng/ml, daily transvaginal ultrasound was performed until ovulation occurred. If the LH level was < 20 IU/L, human chorionic gonadotropin (hCG) was used to trigger ovulation. Subsequently, we thawed and transferred the cleavage embryo three days after ovulation, while blastocyst embryo transfer was executed on the fifth day following ovulation. For luteal phase support, oral dydrogesterone (20 mg, Duphaston; Solvay Phar- maceuticals BV) was used one day after ovulation during natural cycles, a dosage of 40 mg/d dydrogesterone and 200 mg/d progesterone capsules (Utrogestan, Capsugel) were used when endometrial thickness reached 8 mm during HRT cycles. Luteal phase support sustained until 10 weeks of gestation. In HRT group, oral estradiol valerate (Progynova; Bayer Schering Pharma AG, Germany) was given 2 mg/day from cycles days 1 to 4, 4 mg/day from cycles days 5 to 8, 6 mg/day from cycles days 9 to 12. Likewise, we carried out ultrasound examination to measure patients’ ovulation and endometrial thickness from day 13. We adjusted the dose of estradiol dynamically according to patients’ endometrial development status. Once endometrial thickness was ≥ 8 mm, administration of 40 mg progesterone in the way of intramuscular injection was started and continued the next 3 days. FET was then conducted with the guidance of ultrasound on the 4th day of intramuscular progesterone for cleavage embryo, and on the 6th day for blastocyst. In GnRHa+HRT group, the cycles began with 3.75 mg of GnRHa including triptorelin and leuprorelin on day 2 of menstruation. After 28 days of down-regulation, patients conducted the HRT cycles which have been described above.

The overall procedure of embryo culture, vitrification as well as warming has been described previously (16).





Outcome measures

The present study incorporated outcome data pertaining to gestational weeks, delivery modes, newborn gender, birthweight, obstetric complications, and neonatal diseases, which were retrieved from an electronic medical record database through follow-up procedures.

A positive pregnancy test was confirmed by serum human chorionic gonadotropin (hCG) at two weeks after ET. Clinical pregnancy was defined as the presence of one or more gestational sacs with fetal heartbeat under the guidance of ultrasound. The definition of live birth was the delivery of at least one live newborn child after 24 gestational weeks.

The primary outcomes were maternal outcomes including cesarean section, hypertensive disorder of pregnancy (HDP), placenta previa, gestational diabetes mellitus (GDM). The definition of HDP was on the basis of the International Society for the Study of Hypertension in Pregnancy (ISSHP) (17), including preeclampsia and gestational hypertension. The diagnosis of GDM was according to the consensus described previously (18).

Other outcomes were neonatal outcomes including preterm birth (PTB), defined as gestational age < 37 weeks; very Preterm birth (very PTB), defined as live birth before 32 weeks of gestation (gestational age was calculated from the embryo transfer day to delivery day plus 17 days for cleavage-stage embryo transfer and 19 days for blastocyst transfer); fetal malformation; low birth wight (LBW), defined as birthweight < 2500 g; very low birth wight (very LBW), defined as birthweight < 1500 g; small for gestational age (SGA), defined as birthweight < 10th percentile; macrosomia, defined as birthweight > 4000 g; large for gestational age (LGA), defined as birthweight > 90th percentile; very SGA, defined as birthweight < 3rd percentile; very LGA, defined as birthweight > 97th percentile. SGA, very SGA, LGA and very LGA were defined according to the birthweight reference for Chinese population at different weeks of gestation (19).





Statistical analysis

In this study, all data analysis were undertaken by SPSS software version 26.0 (SPSS lnc.,Chicago, USA). Shapiro-Wilk test was utilized to measure the distribution of all continuous variables. We presented continuous variables in the form of Mean ± SD or median with interquartile range. Categorical variables were described in the form of frequency and percentage. The analysis of variance (ANOVA) or Kruskal-Wallis test were conducted to assess continuous variables when appropriate. Analysis of categorical variables were performed by Pearson’s chi-squared test or Fisher’s exact test. Bonferroni correction was applied to conduct multiple comparisons.

Using multivariate logistic regressions, we assessed the effect of three endometrium preparation regimens on perinatal outcomes. Covariates that may have an impact on the perinatal outcomes were included which comprised of maternal age at oocyte retrieval, body mass index (BMI), cause of infertility, infertility duration, ART procedure types, the level of FSH, number of transferred embryos, stage of embryo development, PGT treatment. We calculated unadjusted and adjusted odds ratios (ORs) with 95% confidence intervals (CI) to describe the overall association, P values were reported as well. It was considered statistically significant if the P value was less than 0.05.






Results




Baseline characteristics

During our study, a total of 5316 patients who met the inclusion and exclusion standards were enrolled. Among these, there were 4399 singletons in HRT group, 621 in HRT + GnRHa group, 296 in NC group. As shown in Table 1, the baseline characteristics of the patients were described. For patients’ characteristics, maternal age at oocyte retrieval, basal FSH, AFC, AMH, cause of infertility were significantly different (P<0.05) in three groups. For cycle characteristics, there were statistically significant differences in ovarian stimulation protocols, the number of oocytes retrieval and Metaphase II (MII) oocytes, the number of two pronuclei (2 PN) zygotes, dose and duration of gonadotropin, oocyte maturation rate, the rate of normal fertilization, endometrial thickness, the number and type of embryo transferred in these groups (P<0.05).


Table 1 | The general characteristics of women with singleton deliveries.







Perinatal outcome of singletons

The perinatal outcomes of ovulatory women with singletons who underwent three different endometrial protocols were described in Table 2. No significant differences were observed in patients’ gestational week, birthweight, PTB and very PTB among the three groups. The rate of cesarean delivery in NC group (80.1%) was significantly lower than that in HRT + GnRHa group (87.4%) or HRT group (86.9%). The incidence of HDP in HRT group (4.4%) was the highest, while NC group was 1.7% and GnRHa+HRT group was 2.6%. However, the differences were not statistically significant regarding the percentage of GDM, fetal malformation and placenta previa between these groups. Moreover, the incidences of adverse neonatal birthweight including LBW, macrosomia, very LBW, SGA, LGA, very SGA and very LGA demonstrated no significant difference in three groups.


Table 2 | Maternal and neonatal outcome of singletons based on endometrial preparation regimens.



Then, we conducted univariate logistic regression analysis of different endometrial protocols in Table 3. Furthermore, to compare the association between perinatal outcomes and endometrial preparation protocols, multivariable logistic regression analysis were performed (Table 4). After adjusting cofounding variables, we found that both HRT + GnRHa group (aOR=1.697; 95%CI, 1.153-2.497) and HRT group (aOR=1.734; 95%CI, 1.280-2.350) had a significantly increased risk of cesarean delivery in comparison with NC group. Moreover, singletons in HRT group had a higher risk of HDP than that in NC group (aOR=2.980; 95%CI, 1.210-7.335). No significant differences were detected between GnRHa+HRT group and HRT group.


Table 3 | Univariate logistic regression analysis of perinatal outcomes in different endometrial preparation regimens.




Table 4 | Adjusted ORs for perinatal outcomes in different endometrial preparation regimens by multivariate regression analysis.



What’s more, we performed sub-analysis based on maternal age to explore the influence of different FET cycle endometrial protocols on perinatal outcomes in women < 35 years old (Table 5) or ≥ 35 years old (Table S1). The findings of our study showed that the percentage of cesarean delivery was still significantly higher in HRT group (aOR=1.838; 95%CI, 1.333-2.535) and GnRHa+HRT group (aOR=1.737; 95%CI, 1.157-2.608) than that in NC group for women under 35 years old. There were significantly increased risks of HDP in HRT group than that in NC group (aOR=3.362; 95%CI, 1.059-10.675) among the young subpopulation. However, there were no significant differences between the obstetric and neonatal outcomes and different endometrial preparation protocols for women ≥ 35 years old.


Table 5 | Crude and adjusted ORs for perinatal outcomes in different endometrial preparation regimens of women under 35 years old.








Discussion

Our study aimed to examine the impact of three most frequently utilized endometrial preparation regimens on the perinatal outcomes in FET cycles. Our findings indicate that HRT cycles, with or without GnRHa pretreatment, were found to be prevalent to a higher incidence of HDP and cesarean section than that of natural cycles in ovulatory women. Sub-analysis of women < 35 years old showed consistent results while no significant differences were detected in terms of maternal and neonatal outcomes among three endometrial preparation protocols for women aged 35 years or older. Besides, compared with HRT cycles and NC cycles, women capable of ovulation didn’t benefit from HRT + GnRHa pretreatment when concerning perinatal outcomes of singletons.

HDP is recognized as the second leading cause of maternal and neonatal morbidity around the world. The prevalence of HDP has doubled from 6.0% to 12.0% between 2000 and 2018 (20). Pregnancy with HDP has a significant impact on newborns, potentially resulting in growth restriction and prematurity (4). Our study’s findings align with several recently published studies examining perinatal outcomes in FET cycles utilizing various endometrial preparation regimens (7, 8, 21–26). A cohort study in Denmark also demonstrated the risks of postpartum hemorrhage and HDP was significantly higher after artificial cycles in comparison to NC (true natural cycles and modified natural cycles) (7). In this regard, after adjusting for confounding variables, our findings confirmed the relationship between HDP and endometrial preparation by hormonal replacement. These results also emphasized the importance of corpus luteum (CL) in the gestational period. In HRT-FET cycles, exogenous estrogen (E2) and progesterone (P) were administered to promote endometrium development, which leads to the suppression of ovary, and thus ovulation doesn’t occur, and there is no CL. CL can generate not only E2 and P, but also vasoactive substances such as vascular endothelial growth factor (VEGF), relaxin (4, 11, 27, 28). These factors play a crucial role in enhancing maternal cardiovascular adaptability during early pregnancy by increasing blood flow. For instance, relaxin, secreted solely by the CL during early pregnancy, has the ability to regulate uterine artery compliance and increase uterine blood flow (27). Compared with NC cycles, HRT cycles are deficient in vasoactive and angiogenic regulatory substances, which may be one of the causes of higher blood pressure during pregnancy. According to a previous study, impaired carotid-femoral pulse wave velocity, indicative of reduced aortic compliance, can serve as a predictive marker for pre-eclampsia. However, the study revealed that pregnant patients who underwent HRT cycles exhibited more blunted carotid-femoral pulse wave velocities compared to those undergoing NC cycles (25).

Our study failed to demonstrate the difference in newborn birthweight across different FET regimens. Notably, significant differences were not detected in terms of LBW, macrosomia, SGA, very SGA, LGA and very LGA among various endometrial preparation protocols. Ginström Ernstad et al. reported there were no significant differences in the risks of SGA and LGA in natural, stimulated and artificial cycles (24), which was in accordance with our results to some extent. Another RCT study conducted in Netherlands showed women undergoing NC or HRT cycles didn’t affect the birthweight of newborns significantly (29). However, there are few available studies suggesting a higher incidence of LGA and macrosomia in HRT cycles (7, 9, 21). In HRT cycles, exogenous estrogen was applied to develop endometrium. Previous studies have demonstrated that the administration of supra-physiological levels of estrogen could potentially yield unfavorable consequences on perinatal outcomes (30, 31). In contrast, the duration of estrogen didn’t affect newborn birthweight in HRT-FET cycles (32). Gluckman PD et al. declared that newborns with abnormal birthweight were more likely to become obese and have adverse chronic diseases in the future (33). The results of our study aren’t able to approve the hypothesis that deficiency of hormonal stimulation leads to better neonatal outcomes concerning newborn birthweight. We speculated the potential explanations may due to the distinctive patients’ traits, as we focused on ovulatory women whose BMI < 28 kg/m2 and age ≤ 42 years old in order to be homogenous while other studies include both ovulatory and anovulatory patients.

It is noteworthy that the global incidence of cesarean section has significantly risen in recent years. The overall percentage of cesarean section in China was 54.9% (34). In the present study, there is an increased caesarean section rate in HRT cycles and HRT + GnRHa cycles than in NC cycles, which is consistent with prior research (35, 36). We assumed this result may be attributed to the higher incidence of obstetric complications such as HDP, which may increase the likelihood of caesarean section when delivering.

Another interesting result of our study is that higher risks of HDP and cesarean section in HRT cycles over NC cycles for young ovulatory women under the age of 35. Conversely, this trend was not observed in women aged 35 years or older. Our finding provides supportive evidence for selecting an appropriate endometrial preparation strategy for ovulatory women of varying age. For younger patients in FET, NC cycles may be a more suitable option to mitigate potential risks. As far as we know, previously published studies focused on the adverse perinatal and neonatal outcomes of artificial cycles for women undergoing FET regardless of their age (7, 21). Furthermore, the findings of our study assumed HRT cycles and HRT with GnRHa pretreatment may have adverse effects on young women, highlighting the importance of considering female age when selecting endometrial protocols. It can also provide evidences for clinical physicians in determining the optimal endometrial regimens based on patients’ characteristics.

In our study, we included NC cycles and HRT cycles to clarify the association between perinatal outcomes and endometrial preparation regimens, and further categorized HRT cycles into two groups:GnRHa+HRT and HRT alone, while previously published studies failed to divide HRT cycles into subgroups based on with GnRHa pretreatment or not (37–39). GnRHa pretreatment were mainly used to women with recurrent implantation failure (RIF), endometriosis (EMT) and adenomyosis. The administration of GnRHa can deregulate the pituitary gland and lead to hypogonadotropic-hypogonadal state, which can result in prolonged amenorrhea and reduced level of estradiol (40). Previous studies have attempted to investigate the potential benefits of GnRHa pretreatment in HRT cycles, but definitive conclusions have yet to be drawn. Only one RCT has reported that GnRHa pretreatment achieved better pregnancy outcomes with increased clinical pregnancy rates and live birth rates (41), while other findings held the idea that patients weren’t able to benefit from GnRHa pretreatment in HRT cycles (14, 42, 43). A multicenter study from China suggested that GnRHa+HRT had higher preeclampsia risk than HRT alone, possibly due to its stronger suppression of ovulation than in HRT cycles (44). However, studies mentioned above have primarily focused on pregnancy outcomes and specific population. Furthermore, compared with NC cycles and HRT cycles, whether GnRHa pretreatment in HRT cycles can improve perinatal outcomes for ovulatory women is equivocal. One RCT compared HRT with and without GnRHa administration previously for PCOS women, and drew the conclusion that GnRHa pretreatment in HRT not only added costs but also increased absolute cycles cancellation rates, however, provided no pregnancy-related benefits (13). Besides, several mechanism studies that have demonstrated GnRHa improved endometrium receptivity were conducted on animals (45, 46). At present study, we found GnRHa pretreatment in HRT cycles had no superiority over HRT cycles in perinatal outcomes.

The primary strength for this study lies in the large sample size of singleton deliveries and the integrity of baseline from a single-center. The center’s procedures for ovarian stimulation, IVF/ICSI regimens and conditions of laboratory enhance the reliability of our study. In addition, we conducted univariable and multivariable regression models to minimize the impact brought by bias. Moreover, we established strict inclusion and exclusion criteria to ensure homogeneity among the enrolled population, limiting it to individuals capable of ovulation and with regular menstruation. To mitigate the influence of maternal BMI on perinatal outcomes, restrictions were implemented. This was due to the higher likelihood of overweight women developing LGA and PTB, as previously reported (47). However, as the study was retrospective, there was no doubt that some inherent biases existed inevitably. For instance, the clinicians chose endometrial preparation regimens based on individual patient characteristics and personal preferences, leading to the imbalanced distribution of included patients across the three groups. Therefore, prospective studies are warranted to ascertain to ascertain the effect of endometrial preparation protocols in the near future.





Conclusion

In conclusion, our findings enhanced previous studies addressing that HRT cycles with or without GnRHa pretreatment are related to an increased risks of HDP and cesarean section, compared with NC cycles, especially for ovulatory women under 35 years old. There were no differences in infants’ birthweight including LBW, macrosomia, SGA, very SGA, LGA, very LGA among different FET endometrial preparation protocols. Additionally, our study also demonstrated that HRT with GnRHa pretreatment showed no advantages over HRT cycles on perinatal outcomes of ovulatory women.
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PTB, preterm birth; LBW, low birth weight; SGA, small for gestational age; LGA, large for gestational ages OR, odds ratio; HDP, hypertensive disorders of pregnancy; GDM, gestational diabetes mellitus.
!Adjusted for body mass index, cause of infertility, infertility duration, ART procedure types, the level of FSH, number of transferred embryos, stage of embryo development, PGT treatment.
*P<0.05.





OEBPS/Images/fendo.2023.1238887_cover.jpg
& frontiers | Frontiers in Endocrinology

‘Young women were associated with higher
risk of hypertensive disorders of pregnancy
and cesarean section from hormone
replaced cycles in frozen-thawed embryo
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