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Introduction

Abnormal placental development can lead to adverse outcomes for both mother and fetus. The effect of different types of endometrium preparation regimens of frozen-thawed cycles on the placental development features associated with the perinatal outcomes remains unclear. Hence, we conducted a retrospective cohort study to assess the impact of specific endometrial preparation regimens on placenta-mediated pregnancy complications in singleton live births.





Methods

A retrospective cohort study was conducted evaluating data of all singleton live births both conceived naturally or by in vitro fertilization (IVF) therapy from 2018 to 2020 at our hospital. Two exposed groups of frozen-thawed embryo transfer (FET) were created by the endometrium preparation regimen as the modified natural cycles (mNC) and the programmed cycles. The nonexposed group was the singleton pregnancies conceived naturally. The obstetrical and perinatal outcomes were compared among the three groups using multivariate analysis to adjust the results for determinants potentially associated with the abnormal placental development.





Results

A total of 2186 pregnant women with singleton live births were included in our final analysis and were divided into three groups as naturally conceived group (n=1334), mNC-FETs group (n=217) and programmed-FETs group(n=635). After adjusting for maternal age and parity, no significant difference was observed on the risk of placental disorders between mNC-FET cycles and natural conceived pregnancies (aOR 1.16; 95%CI 1.31-7.01), while programmed-FET cycles were associated with a higher occurrence of placental disorders (aOR 5.36; 95%CI 3.63-8.05). Using the mNC-FET group as a reference and adjusting for confounders such as maternal age, parity, endometrial thickness, and number of embryos transferred, we found that the main manifestation of abnormal placentation in programmed FET cycles was abnormal placental attachment, including placental adhesion and placenta increta (aOR 2.50, 95%CI 1.36-4.90). The dysfunction of placentation in programmed-FET cycles was independently associated with the type of infertility, the total dose of Femostone and thinner endometrium. Additionally, placental disorders in the programmed-FET group were associated with higher rate of preeclampsia, postpartum hemorrhage and Cesarean section.





Conclusion

Our retrospective study revealed that the programmed-FET has a substantial impact on placental development, resulting in a higher incidence of preeclampsia, postpartum hemorrhage and Cesarean section. These findings have significant implications on clinical decision-making.
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Introduction

With the improvements in cryo-techniques, the cycles of frozen embryo transfers (FETs) have increased dramatically since 1983. FETs are beneficial not only for reducing the rate of ovarian hyperstimulation syndrome (OHSS), but also for allowing time for preimplantation genetics testing and facilitating fertility preservation (1).

Although the pregnancy rates after cryothawing and fresh embryo transfer are similar, the effect of embryo cryopreservation on obstetric and neonatal outcomes is still under debate. It has been reported that compared to fresh embryo transfer, FET has been shown to result in lower rates of low birth weight and premature birth, but higher rates of hypertensive disorders during pregnancy, induced labor, cesarean section, and lower Apgar scores of the newborns (2–4).

Despite the cyro-technique itself, the different endometrial preparation protocols used for FETs in daily practice are crucial to the outcome of newborns. There are three commonly used endometrial preparation regimens for FETs, natural cycles, modified natural cycles (mNC) and programmed cycles. The different endometrial preparation programs will result in different endometrial environments and changes in implantation and placental formation (5). Placental data add to the understanding of intrauterine processes and a comprehensive assessment of placental histopathological patterns may shed light on the potential causes of different pregnancy outcomes in different endometrial preparation regimens of FET pregnancies. Recently, it has been reported that embryo vitrification has a significant effect on the placental histopathology pattern and is associated with a higher prevalence of dysfunctional labor (6). Meanwhile, there is a higher rate of anatomic and vascular placental pathology of pregnancies arising from frozen embryo transfers than those from fresh transfers (7). However, only a few studies have evaluated the impact of different endometrial preparation protocols of FET on placental development and perinatal outcomes (6, 8, 9).

The aim of our study is to assess the effects of different endometrial preparation regimens of FETs on the incidence of placental disorders and the perinatal outcomes of single birth.





Materials and methods




Study design and patients

This was a retrospective study that evaluated data of all singleton live births, both conceived naturally or through in vitro fertilization (IVF) therapy, at Suzhou Municipal Hospital and the Center for Reproduction and Genetics at Suzhou Municipal Hospital, Jiangsu Province, from January 2018 to December 2020. The study protocol was approved by the institutional review board of the hospital. Data were collected from medical records, including baseline characteristics, treatment-related information and reproductive outcomes reported up to live birth. Multiple pregnancy and fresh cycles of IVF were excluded.





Endometrium preparation before embryo transfer

In our center, there are mainly two endometrial preparation programs based on patient preference or the discretion of physician, the mNC-FET and programmed-FET.

mNC-FET refers to a modified natural cycle, as a dose of human chorionic gonadotropin (c) trigger is given based on ultrasonic measurements of the dominant follicle and luteal support was also administered. The day of ovulation was confirmed by transvaginal ultrasound. Luteal phase support started on the day after ovulation with oral dydrogesterone (Duphaston; Abbott, OLST, Netherlands) at a dose of 30mg three times daily. Cleavage-stage embryo or blastocyst-stage embryo were thawed and transferred on day 3 or 5 after ovulation.

For patients in programmed-FET group, oral estradiol valerate (Progynova; Bayer Schering Pharma AG, Germany; at a dose of 2-3mg twice a day) was given on the second or third day of menstrual cycle, after confirming that patients were in the early proliferative phase for menstrual cycle. When the endometrial thickness reached at least 7 mm, vaginal progesterone gel at a dose of 90 mg once daily or micronized progesterone at a dose of 400 mg twice daily combined with oral dydrogesterone at a dose of 30 mg three times daily was added. If the thickness of the endometrium could not meet 7 mm, the dose of oral estradiol valerate was increased to 8 mg or by adding of one or two vaginal 17-βestradiol tablets (Femoston; Duphaston; Abbott, OLST, Netherlands, brick red tablets containing 2mg estradiol). FET was scheduled for 4 days for cleavage-stage embryos and 6 days for blastocyst-stage embryos from the starting of progesterone.





Placental examination

Macroscopic placental examinations were performed for all deliveries in accordance with the institutional protocol employed during the study period. The evaluation of placental morphology and structure included assessment of placental size and weight, umbilical cord, fetal and maternal surfaces, and placental parenchyma. Any abnormalities detected were documented. The main placental disorders found in our study are shown in Figure 1.




Figure 1 | Classification of placental developmental abnormalities.







Study outcomes

We obtained information on obstetric complications from the medical records and defined diagnoses according to the International Classification of Diseases and Related Health Problems (ICD), 10th revision (ICD-10). Hypertensive disorders in pregnancy were defined as the O13–15 code (pregnancy-induced hypertension, preeclampsia, and eclampsia); preeclampsia, O14; PPROM, O420; placenta previa, O44; placental abruption, O45; induction of labor, O61; postpartum hemorrhage (PPH), O72 with bleeding > 500 mL; and CS, O82. Preeclampsia was defined as gestational hypertension combined with proteinuria and/or organ dysfunction. Intrahepatic cholestasis of pregnancy was defined as O26. Gestational diabetes was defined as O24.9. All diagnoses were allocated by medical doctors. Perinatal outcomes evaluated were child’s sex, gestational age (post-term birth [> 42 weeks], preterm birth [PTB; <37 weeks]), birth weight (low birthweight <2500g, high birthweight>4000g)), small gestational age (SGA), and large gestational age (LGA), which were defined as <–2 standard deviation and >+2 standard deviation difference from the expected sex-specific birth weight for the given gestational age, respectively. In all groups gestational age was calculated based on a first-trimester ultrasonography scan.





Statistical analysis

Our main comparison was programmed-FET versus mNC-FET. In addition, we also compared the programmed-FET group, mNC-FET group to the natural conceiving group. All statistical analyses were performed with IBM SPSS Statistics (version 25.0) or the free software computing environment R (version 4.1.0). Data distributions were evaluated with the Shapiro-Wilk test. Normally distributed data were expressed as mean ± standard deviation (SD) and non-normally distributed data were expressed as median (interquartile range). A nonparametric test (Kruskal-Wallis test) was used to compare the rank means between multiple groups of skewed distributions. After the Kruskal-Wallis test, if the differences were statistically significant, the rank sum test for multiple comparisons was continued to be completed. Categorical information was expressed as the number of cases (as a percentage of the total) and assessed by Pearson’s chi-square test or Fisher’s exact probability method. Univariate logistic regression analysis was used to determine the various factors affecting placental development and multivariate logistic regression analysis was used to adjust for confounding factors to investigate the effect of relevant factors on abnormal placental development during hormone replacement cycles. P-value < 0.05 was considered statistically significant.






Results




Baseline characteristics

A total of 2,186 patients who met the inclusion and exclusion criteria were included in this analysis. Of these, 1334 were conceived naturally, 217 were conceived through mNC-FET cycles and 635 were through programmed-FET cycles, respectively (Figure 2). The baseline characteristics were shown in Table 1. The maternal and paternal ages were differed among the 3 groups, with the youngest in the naturally conceived group and oldest in the modified natural cycle group.




Figure 2 | Flowchart of patients’ selection process.




Table 1 | Demographic, clinical and IVF treatment characteristics.







Maternal and neonatal outcomes

The maternal and neonatal outcomes were categorized by the type of conception and the type of endometrial preparation protocols (Table 2). There were no statistically significant differences in the rates of intrahepatic cholestasis of pregnancy, fetal intrauterine growth restriction, and the Apgar score among the three groups. Compared to naturally conceiving group, the rates of gestational diabetes, preeclampsia, Cesarean section, premature birth and postpartum hemorrhage were significantly higher in the FET groups. Furthermore, the incidences of preeclampsia and postpartum hemorrhage were highest in the programmed FET group with statistically significance. The rates of low birth weight and high birth weight were both increased in the programmed-FET group.


Table 2 | Obstetric and perinatal outcomes.







Placental disorders in natural conceived group and in the FET groups with different endometrium preparation regimens

The prevalence of abnormal placental thickness and intraplacental hematoma (such as placental lakes, placental hemangioma and placental abruption) was similar among the three groups. After adjusting for maternal age and parity, the prevalence of abnormal placental morphology, including sail-shaped placenta, multilobed placenta, racket placenta and accessory placenta, the incidence of abnormal placental position, including placenta previa and low-lying placenta, the incidence of abnormal placental attachment including placental adhesion and placenta increta, were similar between mNC-FET cycles and naturally conceived group. However, programmed-FET group was associated with a higher occurrence of abnormal placental morphology (aOR 5.27; 95%CI 2.00-16.44), abnormal placental position (aOR 3.84; 95%CI 1.82-5.82) and abnormal placental attachment (aOR 8.67; 95%CI 5.24-14.98) compared to natural conceived group. Overall, no significant difference was observed in the risk of placental disorders between mNC-FET cycles and natural conceived pregnancies (aOR 1.16; 95%CI 1.31-7.01), while programmed-FET cycles were associated with a higher occurrence of placental disorders (aOR 5.36; 95%CI 3.63-8.05) (Table 3).


Table 3 | Unadjusted and adjusted odd ratios of placental developmental abnormalities in different cycles of frozen embryo transfer.



We then focused on the dysfunction of placentation in programmed cycles (Table 4). Using the mNC-FET group as a reference and adjusting for confounders such as maternal age, parity, endometrial thickness, and number of embryos transferred, we found that abnormal placentation in programmed cycles mainly manifested as abnormal placental attachment, including placental adhesion and placenta increta (aOR 2.50, 95%CI 1.36-4.90). Additionally, this dysfunction of placentation in programmed cycles was independently associated with the type of infertility, the total dose of Femostone, and endometrial thickness.


Table 4 | Unadjusted and adjusted odd ratios of significant placental pathology results.







Factors associated with abnormal placental phenotypes in programmed cycles

Since the incidence of placental disorders was higher in the programmed-FET group, we further analyzed the related factors (Table 5). Using univariate logistic regression analysis, we found that secondary infertility, older age, the addition of Femostone, the total dose of Femostone, and the thinner endometrium were correlated with the abnormal placental development. After analyzing these factors by multivariate logistic regression, the secondary infertility, the total dose of Femostone and thinner endometrium were still related to the prevalence of placental disorders.


Table 5 | Logistic regression analysis of factors associated with abnormal placental development in hormone replacement cycles.








Association of different placental changes with the perinatal outcomes in programmed-FET cycles

In order to study the abnormal placental development on the incidence of maternal and neonatal complications, we divided the programmed FET group based on whether placental disorders had occurred (Table 6). Data revealed that, placental disorders in the programmed-FET group were associated with higher rate of preeclampsia, postpartum hemorrhage and Cesarean section, but were not related to the occurrence of gestational diabetes, premature birth, low birth weight or high birth weight.


Table 6 | Association of abnormal placental development with the occurrence of perinatal complications in programmed cycles.








Discussion

Our retrospective cohort study aimed to investigate the effect of different endometrial preparation protocols of FET on the placental development pattern in singleton live births. The placenta develops from the outer trophoblastic layer following the differentiation of the embryo and is more susceptible to epigenetic regulatory changes caused by environmental interventions and influences during assisted reproductive technology. Placenta not only regulates the development of the fetus, but also dysplasia of placenta will lead to poor maternal and perinatal outcomes as well as long-term health risks later in life, including neurodevelopmental disorders, tumors, and adult metabolic syndrome (10, 11). There is sufficient evidence that ART may be related to changes in placental morphology and structure, growth dynamics, imprinted and non imprinted genes, and other aspects that regulate placental formation (12, 13). Several studies have shown that the incidence of placenta previa in ART is significantly higher than in natural pregnancy (14). In addition, the placental weight of ART pregnancies is significantly larger, and the ratio of placental weight to birth weight is also higher (15). Some observations indicate that increased placental thickness during pregnancy obtained through ART leads to a higher incidence of hematoma (9). But few studies focus the different FET protocols on placentation. As a result, it is very meaningful to investigate the association between different intrauterous environment created by different endometrial preparation protocols on the placental changes and intrauterine fetal development.

When maternal age and parity did not take into consideration, the odds ratios of abnormal placental morphology, abnormal placental position and abnormal placental attachment were considerably higher from mNC-FET and programmed-FET groups compared to naturally conceived ones. However, after adjustment of maternal age and parity, the difference of abnormal placental disorder rate was more obvious only in the programmed-FET group compared to the spontaneously conceived pregnancies. Therefore, we speculated that part of the defective placental formation may be related to advanced maternal age.

Then we focus on the dysfunction of placentation in programmed cycles. Using mNC-FET group as reference and adjusting the cofounders like maternal age, parity, endometrium thickness, number of embryo transferred, we found that the abnormal placentation of programmed cycles mainly lied in abnormal placental attachment including placental adhesion and placental increta (aOR 2.50, 95%CI 1.36-4.90). Additionally, this dysfunction of placentation of programmed-FET cycles was independently associated with the infertility type, the total dose of Femostone and the endometrium thickness.

Infertility is often multifactorial, especially for primary infertility, with both male and female factors and a combination of genetic causes, environmental impacts and underlying disruption of hormonal and endocrine homeostasis. The etiology of primary infertility is different from secondary infertility, with a higher rate of unexplained infertility, ovulatory dysfunction, male factor and least common etiologies of tubal factor (16). Therefore, we speculate that the complicated causes behind primary infertility may be the reason related to placental development disorders. Secondly, in our study, we found that addition of Fenmotone was associated with an increased incidence of placental abnormalities. In our center, when the endometrium cannot meet 7mm using routine dosage of Progynova, we will add Femoston, which in turn resulted a higher cumulative estrogen dose and duration. This has been attributed to reduced endometrial thickness (17), but high-dose estrogen alone may also affect obstetric outcomes and placental findings. Recently published data also showed a similar phenomenon that the higher estrogen dose administered resulted in a higher rate of bilobated placentas, accessory lobes, accelerated villous maturation (18). Exposure to high estradiol concentrations may change the gene expression involved in endometrial remodeling (19). In vivo studies have shown that the placental junction region undergoes excessive growth and the ratio of fetus to placenta is low during superovulation, which may be related to decreased oxygenation and consequent placental dysfunction (20). However, research addressing this correlation in programmed cycles is still rare.

Abnormal placentation in the programmed-FET group is a cause of increased risk of preeclampsia, cesarean section, and postpartum hemorrhage. The link between programmed cycles and hypertensive disorders has gained a lot of attention during recent years (21). Programmed cycles lack corpus luteum, which produces several vasoactive molecules like relaxin, prorenin and other unknown molecules that contribute to the global changes that occur in early pregnancy and serve to reduce the risk of hypertensive disorders later in pregnancy (22, 23). At the same time, the prematurely elevated level of estradiol in programmed cycles may suppress the trophoblastic invasion of spiral arteries which may attribute to the increased risk of hypertensive disorders (24). Abnormal placentation, especially the increased rate of placental attachment, may be the result of a combination of the above factors, and is the origin of the complications of the obstetrical complications of postpartum hemorrhage and higher rate of cesarean section.




Strengths and limitations

The study’s strengths lie in its novel approach to assess the placental morphology and structure to explore the effectiveness of different endometrial preparation protocol of FET cycles. The consistency of our study can also be assured as it was conducted in a single center, and placental analyses were carried out by the same pathologist blinded to patient background data. Additionally, multiple pregnancy was excluded, because multiple pregnancy only was reported as a risk factor for maternal and neonatal complications.

One limitation of our study is that it is a retrospective study, which may introduce biases and confounding factors. Although we adjusted for potential confounders, such as maternal age, parity, endometrium thickness, and number of embryos transferred, there may still be residual confounding factors that we did not measure or adjust for. In addition, the sample size of our study is relatively small, which may limit the generalizability of our findings. Further studies with larger sample sizes and prospective designs are needed to confirm our results. Moreover, according to the “developmental origins of health and disease” (DOHaD) hypothesis and the Barker hypothesis, placental dysplasia leads to poor perinatal outcomes as well as long-term health risks later in life (25, 26). It is necessary to perform a more rigorous assessment of placental function and also a follow-up on ART offspring after childbirth.






Conclusion

In conclusion, our study suggests that programmed cycles of FET are associated with an increased risk of abnormal placental attachment, which may lead to obstetric complications such as preeclampsia, postpartum hemorrhage, and a higher rate of cesarean section. The high total dose of estrogen may also contribute to the abnormal placental development pattern in programmed cycles. Clinicians should be aware of these risks when counseling patients about their options for endometrial preparation for FET cycles. Further studies are needed to explore the underlying mechanisms and potential interventions to reduce the risk of abnormal placentation in programmed cycles.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving human participants were reviewed and approved by Reproductive Medicine Ethics Committee of Suzhou Municipal Hospital. The patients/participants provided their written informed consent to participate in this study.





Author contributions

HL and QM supervised the entire study, including the procedures, design interpretation of the study data, and revisions of the article. FW: collected the data, drafted the manuscript and reviewed the manuscript. QW: collected the data, data analysis and drafted the article. YS: assessed the placenta. JD: collected the data. All authors contributed to the article and approved the submitted version.





Funding

This study was supported by The National Key Research and Development Program of China(2022YFC2702901), Suzhou key clinical diseases funding (LCZX202109), Gusu School, Nanjing Medical University (GSKY20212226 and GSKY20220401), and Project of Maternal and Child Health of Jiangsu Province (F201913).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Roque, M, Haahr, T, Geber, S, Esteves, SC, and Humaidan, P. Fresh versus elective frozen embryo transfer in IVF/ICSI cycles: a systematic review and meta-analysis of reproductive outcomes. Hum Reprod Update (2018) 25(1):2–14. doi: 10.1093/humupd/dmy033

2. Fan, L, Li, N, Liu, X, Li, X, Cai, H, Pan, D, et al. Hormone replacement treatment regimen is associated with a higher risk of hypertensive disorders of pregnancy in women undergoing frozen-thawed embryo transfer. Front Endocrinol (2023) 14:1133978. doi: 10.3389/fendo.2023.1133978

3. Zhou, R, Zhang, X, Huang, L, Wang, S, Li, L, Dong, M, et al. The impact of different cycle regimens on birthweight of singletons in frozen-thawed embryo transfer cycles of ovulatory women. Fertil Steril (2022) 117(3):573–82. doi: 10.1016/j.fertnstert.2021.09.033

4. Takeshima, K, Ezoe, K, Onogi, S, Kawasaki, N, Hayashi, H, Kuroda, T, et al. Endometrial preparation and maternal and obstetrical outcomes after frozen blastocyst transfer. AJOG Global Rep (2022) 2(4):100081. doi: 10.1016/j.xagr.2022.100081

5. Wang, Y, Chen, Q, and Wang, Y. Effects of different endometrial preparation regimens during IVF on incidence of ischemic placental disease for FET cycles. J Clin Med (2022) 11(21):6506. doi: 10.3390/jcm11216506

6. Volodarsky-Perel, A, Ton Nu, TN, Orvieto, R, Mashiach, R, Machado-Gedeon, A, Cui, Y, et al. The impact of embryo vitrification on placental histopathology features and perinatal outcome in singleton live births. Hum Reprod (2022) 37(10):2482–91. doi: 10.1093/humrep/deac167

7. Sacha, CR, Harris, AL, James, K, Basnet, K, Freret, TS, Yeh, J, et al. Placental pathology in live births conceived with in vitro fertilization after fresh and frozen embryo transfer. Am J Obstet Gynecol (2020) 222(4):360.e1–.e16. doi: 10.1016/j.ajog.2019.09.047

8. Pereira, N, Petrini, AC, Lekovich, JP, Schattman, GL, and Rosenwaks, Z. Comparison of perinatal outcomes following fresh and frozen-thawed blastocyst transfer. Int J Gynecol Obstet (2016) 135(1):96–100. doi: 10.1016/j.ijgo.2016.04.007

9. Joy, J, Gannon, C, McClure, N, and Cooke, I. Is assisted reproduction associated with abnormal placentation? Pediatr Dev Pathol Off J Soc Pediatr Pathol Paediatric Pathol Soc (2012) 15(4):306–14. doi: 10.2350/11-11-1115-OA.1

10. Lesseur, C, and Chen, J. Adverse maternal metabolic intrauterine environment and placental epigenetics: implications for fetal metabolic programming. Curr Environ Health Rep (2018) 5(4):531–43. doi: 10.1007/s40572-018-0217-9

11. Fall, CHD, and Kumaran, K. Metabolic programming in early life in humans. philosophical transactions of the royal society of London series b. Biol Sci (2019) 374(1770):20180123. doi: 10.1098/rstb.2018.0123

12. Manna, C, Lacconi, V, Rizzo, G, De Lorenzo, A, and Massimiani, M. Placental dysfunction in assisted reproductive pregnancies: perinatal, neonatal and adult life outcomes. Int J Mol Sci (2022) 23(2). doi: 10.3390/ijms23020659

13. Ganer Herman, H, Mizrachi, Y, Farhadian, Y, Shevach Alon, A, Gluck, O, Bar, J, et al. Placental disorders of pregnancy in subsequent IVF pregnancies - a sibling cohort. Reprod BioMed Online (2021) 42(3):620–6. doi: 10.1016/j.rbmo.2020.11.018

14. Tao, Y, Kuang, Y, and Wang, N. Risks of placenta previa and hypertensive disorders of pregnancy are associated with endometrial preparation methods in frozen-thawed embryo transfers. Front Med (2021) 8:646220. doi: 10.3389/fmed.2021.646220

15. Haavaldsen, C, Tanbo, T, and Eskild, A. Placental weight in singleton pregnancies with and without assisted reproductive technology: a population study of 536,567 pregnancies. Hum Reprod (2012) 27(2):576–82. doi: 10.1093/humrep/der428

16. Sadecki, E, Weaver, A, Zhao, Y, Stewart, EA, and Ainsworth, AJ. Fertility trends and comparisons in a historical cohort of US women with primary infertility. Reprod Health (2022) 19(1):13. doi: 10.1186/s12978-021-01313-6

17. Ganer Herman, H, Farhadian, Y, Shevach Alon, A, Mizrachi, Y, Ariel, D, Raziel, A, et al. Complications of the third stage of labor in in vitro fertilization pregnancies: an additional expression of abnormal placentation? Fertil Steril (2021) 115(4):1007–13. doi: 10.1016/j.fertnstert.2020.10.004

18. Ganer Herman, H, Volodarsky-Perel, A, Nu, TNT, Machado-Gedeon, A, Cui, Y, Shaul, J, et al. The effect of oestrogen dose and duration in programmed frozen cycles on obstetric outcomes and placental findings. Reprod BioMed Online (2023) 46(4):760-6. doi: 10.1016/j.rbmo.2023.01.003

19. Senapati, S, Wang, F, Ord, T, Coutifaris, C, Feng, R, and Mainigi, M. Superovulation alters the expression of endometrial genes critical to tissue remodeling and placentation. J Assisted Reprod Genet (2018) 35(10):1799–808. doi: 10.1007/s10815-018-1244-z

20. Pereira, N, Reichman, DE, Goldschlag, DE, Lekovich, JP, and Rosenwaks, Z. Impact of elevated peak serum estradiol levels during controlled ovarian hyperstimulation on the birth weight of term singletons from fresh IVF-ET cycles. J Assisted Reprod Genet (2015) 32(4):527–32. doi: 10.1007/s10815-015-0434-1

21. Bortoletto, P, Prabhu, M, and Baker, VL. Association between programmed frozen embryo transfer and hypertensive disorders of pregnancy. Fertil Steril (2022) 118(5):839–48. doi: 10.1016/j.fertnstert.2022.07.025

22. Verdonk, K, Visser, W, Van Den Meiracker, AH, and Danser, AH. The renin-angiotensin-aldosterone system in pre-eclampsia: the delicate balance between good and bad. Clin Sci (London Engl 1979) (2014) 126(8):537–44. doi: 10.1042/CS20130455

23. Verdonk, K, Saleh, L, Lankhorst, S, Smilde, JE, van Ingen, MM, Garrelds, IM, et al. Association studies suggest a key role for endothelin-1 in the pathogenesis of preeclampsia and the accompanying renin-angiotensin-aldosterone system suppression. Hypertension (Dallas Tex 1979) (2015) 65(6):1316–23. doi: 10.1161/HYPERTENSIONAHA.115.05267

24. Bonagura, TW, Babischkin, JS, Aberdeen, GW, Pepe, GJ, and Albrecht, ED. Prematurely elevating estradiol in early baboon pregnancy suppresses uterine artery remodeling and expression of extravillous placental vascular endothelial growth factor and α1β1 and α5β1 integrins. Endocrinology (2012) 153(6):2897–906. doi: 10.1210/en.2012-1141

25. Barker, DJ. The developmental origins of chronic adult disease. Acta Paediatrica (Oslo Norway 1992) Suppl (2004) 93(446):26–33. doi: 10.1111/j.1651-2227.2004.tb00236.x

26. Bhattacharya, A, Freedman, AN, Avula, V, Harris, R, Liu, W, Pan, C, et al. Placental genomics mediates genetic associations with complex health traits and disease. Nat Commun (2022) 13(1):706. doi: 10.1038/s41467-022-28365-x




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Wang, Wang, Song, Ding, Li and Meng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-14-1202044-g002.jpg
I I

I I






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Programmed frozen embryo transfer cycles are associated with a higher risk of abnormal placental development: a retrospective cohort study of singleton live births

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study design and patients

          



          		

            Endometrium preparation before embryo transfer

          



          		

            Placental examination

          



          		

            Study outcomes

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline characteristics

          



          		

            Maternal and neonatal outcomes

          



          		

            Placental disorders in natural conceived group and in the FET groups with different endometrium preparation regimens

          



          		

            Factors associated with abnormal placental phenotypes in programmed cycles

          



          		

            Association of different placental changes with the perinatal outcomes in programmed-FET cycles

          



        



        



        		

          Discussion

        

          		

            Strengths and limitations

          



        



        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
normal placental d without abnormal placental development

Variss ==
Gesttons dibets 21050 156289) om0
Prcdampsia s 562 ssie oo
Premtue birth 1oL s667) 6 oo
Cesren section s3663) 356679) Bsis oo
Posparum hemorage 05 @iy sam ool
Low b weight 6 1965) 10 os
High binh weight 0 s60104) ows o

Categorkldata was expresed s he b of cases a8 peceage o h ).
- vdee 005 wae ccasidered scaticay sgnifct





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Frozen embryo wansfes

Naturaly conceived Modifed naturalcyde Programmedeyde

Varibles (0=1339 I (n=635)

Matemal complications during pregnancy (n (%)

 Gostatona dbetes @0 @or 190 G830 oo

< Prescimpia nan say e <001
abepatic cholostass of pregncy 500 san san 16

« el ncutrine growh esticion 500 000 509 0z

Gstions ek of delvery (veck) 09 o o <aon

Detverymode (n () <ao0

+Vagnl devery s 2020 156093

 Cosrean section 920369 125 676) 9 07)

Prematur bieth e (r(4) 56 o o Gy <aon

Pospartum hemorhage 1 () 067 1066 55050 <o

Neonataloutcomes

[re— 0o 0o 0o oses

< A (men sore) 0o 0o 0o osns

i weight (9 3560 620 3350 600) s150 589 <aon

Lo b weght (v () By 567) B0y oo

 igh birth wcight (8 () a1 e @y oos

Sk data were presenied s media (vith intrquarile range).

(Ctcgorkldita s expresd s the e of cases (s 8 pecenag of h ttl).

Pl <005 wascomilered sl signifian.

Sigifcany difien rom the pturly concived grosp.

~Sinicanty il from he aturaly conceivedgroupsnd sl e groop.
i o s S Ve i i tieion:






OEBPS/Images/table4.jpg
Programmed versus modified natural cycle of endometrium preparati

unadjusted
Variables OR (95%CI)
Abnormal placentl morphology 060 026137)
Abnormal placentl thickness 100099100,
Abnorml placenalpositon 101 (02241
Abnormal placentl atachment 310 0152.629)
Inteapiacental hemtoma 100 (100-101)
Abnormal placentl development 1630103257

L bt o coseram awe: il BUAT (oot kot smave of b v tmnfor.

o

oms

o098

o001

0575

0%

adjusted

OR (95%C)

054 022:130)
NA

065 029:151)

250 (136:490)
N

137 086222)

o165

0985

0291

0005

0957

0192





OEBPS/Images/table3.jpg
Naturally conceived Frozen embryo transfers

Reference group Modified natural cycle Programmed cycle

(n=1334) (0=217) (n=635)

unadjusted adjusted unadjusted adjusted

b
ORGSNCH  valie  OR(GSSCH value  OR(G55CI)

vl | ORESNCD | value

Abnormal placentl 1439 (139 435 (414 860 236 527 200,

morphology wa) won  esy  ous | zs) oo dew) oo

Abnormal phacental

thickness / o0 ' 096 f / ' '

Abnormal placentl 33903 383 303 s 8108

position 859 oo 720 o 6 o 8) | <0

Abnormal placentl 28128, 253 208 80532 867 (521

atachment o) oo a7y oms ms) o0 e | <00l
126 030- 051 (007.

Intapacental hemstoma 10099100 1000 ' o s ot 24 o

Abnormal placenal 119 @51 L6031 680 a71- 536363

devclopment 69 w0 zon  omy ey s 509 <00l

| dputod for: meternd age, parity.





OEBPS/Images/fendo.2023.1202044_cover.jpg
& frontiers | Frontiers in Endocrinology

Programmed frozen embryo transfer cycles
are associated with a higher risk of
abnormal placental development: a

retrospective cohort study of singleton live

births





OEBPS/Images/fendo-14-1202044-g001.jpg
e r———— o

Intaplacenal hematoma [—





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table1.jpg
Frozen embryo transfers

ed natural cycle Programmed cyde  Pvalue
Variables 17) (0=635)
Matmat age (ear) ) 1169 0261 <avor
Pucna g ) 0264 269 nae0 <o
Matmal Bt /) w500) ns09° nsan- <o
Pariy (0 () <omr
< s83.737) 91530 556023
 igh oder 391 283) 360669 w07
Dursion of ity (m) 0070 so@0 <o
Type ofnerly
« pimary ey w2616 61673
 secondry infrlity 105 450 m
Couseof ety o1
e w05 B
< mle = s
< mies n 09
- weplined B “©
bAMH (gt) 3662 19639 osss
otalams il coun 167 5® oo
BT () 9700 000 o0
Embry sge s e o3
JRE— o w507
blasooyt 19 7) 0 @3
No.ofenbryes tnsiered <ot
< angh 155 @2) 008
 double 64) 55 @03)
<uile san 046

L by s .

AMH s Ml homone

Ex seum el
BT, endomcrl tickcss.

Sk data were presenid s median (wihintrquarile range).

(Ctcgorkaldita was cxpresd s the e of coses (s 3 pecensg of h tt).
Pl <005 was comsiered satstcal signifiant

Sy dife o the sy consivd gy

<Signiicany difleen from he acurally concevedgroup snd sl e roop.
- Sy o Spona gty






OEBPS/Images/table5.jpg
Univariate logistic regression analysis

Variables or
Prmary nfectly s 02067 <ot
Ageyear) 108 Lo wor

B G 057 I
AN rgint) 0ss ase
Progyon trestment o7 02

ot dose of rogynvatn) ' o100 o
Additonof Femoston trsment 22 156377 <on-
Total dose of emoston(mg) 10 L1102 <on-
ENT () o asast <o
Prvions corean sction o o102 o

BV by s ndes.
AMH,ani-Molleian hormore.
T, cndomeral thickness.

Multivariate logistic regres

Variables adjoR 95%C1
Primary infetlity 053 033085 oo
Agetyers) 1os 039111 o
“Totl dose o Femoston(mg) Lo 100102 o
EMT (mm) 036 075099 o

ENT, endometral ticknss.

P <005 was considerd sty sgnfcant

abnormal placental development  without abnormal placental development P
Additon of Femoston trstment e 5 <001
No addition of Femoston trstment | n=lS | 46 2
EMTS mm w0 2 7 000t
EMIT3 mm nesyt 70 61

BT, endomersl thicknes.
- <005 was considored ssuticaly gaifcant





