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Objective

This study aims to investigate the risk factors associated with cervical insufficiency (CI) in women with polycystic ovarian syndrome (PCOS) who have undergone in vitro fertilization and embryo transfer (IVF-ET) treatment.





Methods

This study included 746 women diagnosed with PCOS. These women successfully achieved pregnancy through IVF-ET between 2016 and 2023 and subsequently delivered at Peking University Third Hospital. Women were categorized into a study group and a control group based on the presence of CI. Additionally, stratified analyses were performed within each group according to whether fresh or frozen embryos were used for transfer, to investigate the clinical characteristics and risk factors associated with CI.





Results

In women with PCOS undergoing IVF-ET, BMI (OR=1.195, 95% CI: 1.043-1.290, P<0.001), AMH (OR=1.158, 95% CI: 1.092-1.227, P<0.001), frequency of hysteroscopy operations (OR=1.587, 95% CI: 1.202-2.094, P=0.001), prior gravidity (OR=1.956, 95% CI: 1.459-2.621, P<0.001), and occurrence of twin pregnancies (OR=3.028, 95% CI: 1.563-5.865, P=0.001) were found to be positively associated with the incidence of CI. The cut-off value of BMI and AMH were respectively 22.25kg/m2 and 9.965ng/ml. Different IVF-ET protocols and hysteroscopic operation within 6 months before pregnancy is not a risk factor for CI. Among women with PCOS undergoing fresh embryo transfer, elevated androstenedione levels (OR=3.250, 95% CI: 1.129-9.359, P=0.029) were identified as a risk factor for CI. In contrast, for women with PCOS undergoing frozen embryo transfer, multiple factors including BMI (OR=1.254, 95% CI: 1.134-1.388, P<0.001), AMH levels (OR=1.232, 95% CI: 1.144-1.327, P<0.001), frequency of hysteroscopy procedures (OR=1.603, 95% CI: 1.155-2.224, P=0.005) and prior gravidity (OR=2.423, 95% CI: 1.674-3.508, P<0.001), were associated with an increased risk of CI.





Conclusion

The study analysed risk factors for cervical insufficiency in women with PCOS who underwent IVF-ET treatment, such as BMI, AMH, frequency of hysteroscopy operations, prior gravidity, twin pregnancy. Providing a basis for the identification and prediction of people at high risk of cervical insufficiency.
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1 Introduction

Cervical insufficiency (CI) manifests as the flattening, thinning, dilation, and widening of the cervical canal before reaching full-term pregnancy, often resulting in miscarriage, stillbirth or preterm birth (1). With an incidence rate estimated at approximately 1%–3% (1, 2), CI stands as a significant contributor to miscarriage, still birth or preterm birth.

Polycystic ovarian syndrome (PCOS) is an endocrine disorder distinguished by hyperandrogenemia and insulin resistance. The prevalence of PCOS among Chinese women of childbearing age is approximately 5.6% (3). The Rotterdam criteria (4) serve as the internationally endorsed diagnostic framework for PCOS and are widely adopted globally. Clinical presentations of PCOS typically encompass irregular menstruation or amenorrhea, infertility, elevated androgen levels, and obesity.

In a previous study, it was observed that the incidence of CI is higher among women with PCOS compared to those without PCOS (5, 6). However, investigations into the specific risk factors associated with CI among women with PCOS have been limited. Comprehensive assessment of endocrine levels in patients undergoing IVF-ET before pregnancy offers valuable insights for analysis. Since different embryo transfer protocols may result in altered sex hormone levels, our study also focused on the effect of different embryo transfer protocols on the incidence of CI. Our research enables the earlier identification of women with PCOS at high risk of CI, thereby informing and enhancing their clinical management.




2 Materials and methods



2.1 Study cohort

In this retrospective observational study, data were extracted from the hospital’s electronic medical record system, with diagnoses confirmed by clinicians. Our cohort comprised 746 women diagnosed with PCOS who achieved pregnancy following IVF-ET treatment at Peking University Third Hospital and subsequently delivered there between 2016 and 2023.

In all the study populations, we excluded patients with a history of cervical surgery, such as cervical cold-knife conization(CKC), cervical loop electrosurgical excision procedure(LEEP), cervical excision, and congenital abnormal of cervix, unicornous uterus, didelphic uterus, bicornuate uterus, septate uterus,arcuate uterus.




2.2 Study endpoints

Currently, the diagnostic criteria (1, 2, 7) for CI primarily encompass medical history, physical examination, or ultrasonic evaluation during pregnancy, along with cervical function testing before pregnancy. Medical history assessment predominantly focuses on painless cervical dilatation or shortening in the second or third trimester, leading to miscarriage or preterm delivery. During pregnancy, apart from signs of infection, bleeding, or uterine contractions, CI should be considered if physical examination reveals cervical dilation, or if ultrasound indicates cervical length ≤25mm with progressive shortening before the 24th week of pregnancy. Pre-pregnancy cervical function testing involves the passage of a size 8 Hegar dilator through the cervical orifice without resistance.




2.3 Data collection

The data collected in this study encompassed various factors, including age; pre-pregnancy BMI (weight (kg)/height² (m²)); levels of hormones such as follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2), testosterone (T), androstenedione (A), and anti-Müllerian hormone (AMH); type of embryo transfer cycle(fresh or frozen); protocol for controlled ovarian stimulation or endometrial preparation, including ultralong GnRH (gonadotropin-releasing hormone) agonist, long GnRH agonist, short GnRH agonist, and GnRH agonist in fresh embryo cycles, as well as natural or artificial cycles in frozen embryo cycles; frequency of hysteroscopy operations and curettages (total number of such interventions performed during the pre-pregnancy period); whether the last hysteroscopy operation occurred less than six months from the last menstruation; previous gravidity and para; occurrence of twin pregnancies; pre-pregnancy hypertension; prepregnancy diabetes; and medical history. Because women with PCOS have irregular menstrual cycles, levels of hormones are tested at the initial appointment, which can be any day of the menstrual cycle.




2.4 Data analysis

All data were retrieved from the electronic medical record system of Peking University Third Hospital. Microsoft Excel 2020 was utilized for data management, while statistical analyses were conducted using Statistical Package for the Social Sciences version 27.0 (SPSS). Descriptive statistics were employed, with measurement data presented as mean ± standard deviation (x ± s) for normally distributed data and as median and quartile [M (P25, P75)] for non-normally distributed data, utilizing t-tests and rank sum tests, respectively, for inter-group comparisons. Categorical variables were expressed as sample number (%) and assessed using the chi-square test or Fisher exact probability method for inter-group comparisons.

Logistic regression was employed to analyze independent variables with CI as the outcome of interest. In the initial analysis, we conducted univariate logistic regression to evaluate the association between each potential risk factor and the risk of CI occurrence, setting the significance level at p < 0.05. Based on the univariate analysis results, we incorporated significant independent variables (p < 0.05) into a multivariate logistic regression model to further assess the independent effects of these factors while adjusting for potential confounders. To ensure model robustness, we employed forward stepwise selection for variable inclusion. All tests were two-sided, with a significance level set at P<0.05.





3 Results



3.1 Characteristics of the study population

Among the 746 PCOS cases undergoing IVF-ET, 57 were diagnosed with CI, resulting in an incidence rate of 7.6%, shown as Figure 1. Among them 24 women were diagnosed before pregnancy based on medical history with or without cervical function testing and 33 women were diagnosed during pregnancy, including 32 women based on ultrasonic evaluation and 1 woman based on physical examination. The diagnosis of CI in our study population is shown in Figure 2. In this study, a total of 228 women underwent fresh embryo transfer, among whom 19 were diagnosed with CI; 518 women underwent frozen embryo transfer, among whom 39 were diagnosed with CI. The specific distribution is shown in Figure 1.
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Figure 1 | This study included 746 women with PCOS who received IVF-ET treatment, of which 228 received fresh cycle embryo transfer and 518 received frozen cycle embryo transfer.
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Figure 2 | In women with PCOS who received IVF-ET treatment, 57 women were diagnosed as CI, among them 24 women were diagnosed before pregnancy based on medical history with or without cervical function testing and 33 women were diagnosed during pregnancy, including 32 women based on ultrasonic evaluation and one woman based on physical examination.



In the entire study population, the median age was 32 years, the median BMI was 24.80 kg/m², the median androstenedione level was 7.95 nmol/L, and the median AMH level was 6.46 ng/ml. Among the participants, 17.2% had androstenedione levels exceeding 2.53 nmol/L, 20.5% was twin pregnancy, 3.2% had prepregnancy diabetes, and 5.1% had prepregnancy hypertension.




3.2 Risk factors of CI in PCOS cases undergoing IVF-ET

In comparison to non-CI cases, those with CI exhibited significantly higher values in BMI (25.45 ± 3.81 vs. 24.70 (20.45, 25.40)), AMH (8.75 (4.66, 14.01) vs. 6.41 (4.08, 9.14)), frequency of hysteroscopy operations, frequency of curettages, the proportion of cases undergoing hysteroscopy operations within six months before pregnancy (22.8% vs. 16.0%), frequency of previous gravida, proportion of twin pregnancies (31.6% vs. 19.6%), and proportion of hypertension (14.0% vs. 4.4%). Refer to Table 1 for detailed comparisons.


Table 1 | Characteristics in women with PCOS with and without CI.



Univariate-factor analysis revealed that BMI, AMH, frequency of hysteroscopy operations, frequency of curettages, last hysteroscopy operation within 6 months before pregnancy, frequency of previous gravida, occurrence of twin pregnancies, and presence of hypertension exhibited positive correlations with CI, as illustrated in Table 2.


Table 2 | Univariate and multiple factor regression analysis of women with PCOS.



After adjusting for the factors with P < 0.05 in the above univariate analysis, multifactorial analysis revealed that BMI (OR=1.195, 95% CI: 1.043–1.290, P<0.001), AMH (OR=1.158, 95% CI: 1.092–1.227, P<0.001), frequency of hysteroscopy operations (OR=1.587, 95% CI: 1.202–2.094, P=0.001), frequency of previous gravida (OR=1.956, 95% CI: 1.459–2.621, P<0.001), and occurrence of twin pregnancies (OR=3.028, 95% CI: 1.563–5.865, P=0.001) demonstrated a positive correlation with CI. In women with PCOS underwent IVF-ET treatment, neither testosterone>2.53nmol/L nor androstenedione were associated with the incidence of CI, as depicted in Table 2.

We used the ROC curve to calculate the cut-off value of BMI and AMH levels in identifying CI. The cut-off value of BMI and AMH were respectively 22.25kg/m2 and 9.965ng/ml. The cuttoff value for BMI had a sensitivity of 82.5% and a specificity of 44.8% and a sensitivity of 45.6% and a specificity of 79.7% for the cuttoff value of AMH.




3.3 Risk factors of CI in PCOS cases undergoing different type of embryo transfer

In the study population undergoing frozen embryo transfer, several variables exhibited significant differences between CI and non-CI cases. Specifically, BMI (25.60 ± 3.73 vs. 22.30(20.30, 24.80)), AMH levels (11.38 ± 5.90 vs. 6.80(4.50, 14.11)), utilization of artificial cycle (97.4% vs. 81.8%), frequency of hysteroscopy operations, frequency of curettages, proportion of cases undergoing hysteroscopy operations within six months before pregnancy (20.5% vs. 15.7%), frequency of previous gravida, and prevalence of prepregnancy hypertension (20.5% vs. 5.4%) were higher in CI cases compared to non-CI cases, as illustrated in Table 3.


Table 3 | Characteristics in women with PCOS who underwent fresh and frozen embryo transfer.



Univariate-factor analysis revealed that BMI, AMH, utilization of natural cycle, frequency of hysteroscopy operations, last hysteroscopy operation within 6 months before pregnancy, and frequency of previous gravida exhibited a positive correlation with CI. Adjust for the confounding factors of the above variables using multivariate analysis, results revealed that BMI (OR=1.254, 95% CI: 1.134–1.388, P<0.001), AMH (OR=1.232, 95% CI: 1.144–1.327, P<0.001), frequency of hysteroscopy operations (OR=1.603, 95% CI: 1.155–2.224, P=0.005), and frequency of previous gravida (OR=2.423, 95% CI: 1.674–3.508, P<0.001) demonstrated a positive correlation with CI. But testosterone>2.53nmol/L and androstenedione were not risk factors of CI in women with PCOS underwent frozen embryo transfer, as depicted in Table 4.


Table 4 | Univariate and multiply factor regression analysis of women with PCOS underwent fresh and frozen embryo transfer.



The cut-off value of BMI and AMH were respectively 22.25kg/m2 and 9.965ng/ml. The cuttoff value for BMI had a sensitivity of 84.6% and a specificity of 48.9% and a sensitivity of 59.0% and a specificity of 75.6% for the cuttoff value of AMH.

In women with PCOS who undergoing fresh embryo transfers, testosterone>2.53nmol/L (33.3% vs.13.3%), frequency of previous gravida, and prevalence of prepregnancy diabetes (5.6% vs. 0.5%) were higher in CI cases compared to non-CI cases. But only testosterone>2.53nmol/L was positively associated with the incidence of CI and was an independent risk factor for CI (OR=3.250, 95% CI: 1.129–9.359, P=0.029), as depicted in Table 4.





4 Discussion

Previous studies have shown that women with PCOS have a higher risk of CI (5, 6). This study aims to explore which characteristics of women with PCOS are more likely to develop CI. The results showed that higher BMI, elevated AMH levels, increased frequency of hysteroscopic procedures, prior pregnancy history, and twin pregnancies are significant risk factors for CI in women with PCOS undergoing IVF-ET treatment.

Prior investigations have indicated that a BMI exceeding 30 kg/m² is associated with an increased risk of preterm delivery (8) and BMI > 23.9 kg/m² as a high-risk factor for CI (9). Additionally, a predictive model for CI has identified a BMI > 23.9 kg/m² as a high-risk factor for CI (9). Consistent with these findings, our research has reached similar conclusions, demonstrating a positive correlation between BMI and the incidence of CI. In our study, the proportion of BMI <24 kg/m2 (62.9%), BMI ≥24 and <28 kg/m2 (24.4%) and BMI >28 kg/m2 (12.7%) are similiar to previous study (10), so this part of the population is representative. Furthermore, utilizing BMI as a continuous variable, we observed that for every 1 kg/m² increase in BMI, the incidence of CI increased by a factor of 1.195. We calculated the cut-off value of BMI in predicting CI and found that it was 22.25 kg/m2 in women with PCOS underwent IVF-ET treatment. Possibly due to the rise in BMI, there’s an increase in abdominal pressure, subsequently augmenting the load on the cervix. In addition, obese patients possess distinct physiological and endocrine environments and are susceptible to complications (11), which may contribute to cervical shortening alongside elevated abdominal pressure. Consequently, in clinical practice, weight loss interventions may emerge as the most effective strategy for mitigating the risk of CI in obese PCOS patients.

The cervical remodeling process is characterized by a reduction in collagen content and an elevation in hyaluronic acid levels (12, 13). During the second to third trimesters of pregnancy, a correlation between androgen levels and cervical shortening has been found (14). Androgens may decrease collagen content, potentially contributing to CI (15). Our findings indicated that among women with PCOS undergoing IVF-ET, the proportion of individuals with high testosterone levels before pregnancy was notably elevated in CI cases. However, these differences did not reach statistical significance. But testosterone emerges as an independent risk factor for CI in women with PCOS who undergoing fresh cycle embryo transfer. We hypothesize two potential reasons for these observations: firstly, the limited sample size of fresh cycle embryo transfers may necessitate a larger population for more robust research outcomes. Secondly, despite the lower sensitivity of testosterone compared to androstenedione, the biological activity of free testosterone is considerably stronger (16), potentially leading to more pronounced biological effects and a heightened incidence of CI.

The level of AMH in women with PCOS exceeds that of women without PCOS (17). AMH levels surpassing the 75th percentile are linked to an elevated risk of preterm birth in PCOS patients (18). Given that CI is among the factors contributing to preterm birth, we investigated its potential relationship with CI. Our analysis revealed that in women with PCOS undergoing IVF-ET, AMH served as an independent risk factor for CI. To our knowledge, our study is the first to establish a correlation between AMH levels and CI. We also calculated the cut-off value of AMH in predicting CI and found that it was 9.965 ng/ml. AMH belongs to the transforming growth factor β (TGF-β) superfamily and exerts its effects through AMH receptors. Elevated AMH levels can significantly induce apoptosis in tissues derived from Müllerian tubes (19). AMH receptors has been detected in normal cervical tissues (20). AMH is also involved in extracellular matrix (ECM) formation via the TGF-β signaling pathway. Inhibition of the AMH-receptor binding increases free AMH levels in the serum, reduces the availability of active binding agents, thereby diminishing ECM formation or promoting apoptosis, ultimately leading to CI.

IVF-ET emerges as a potential risk factor for CI. Numerous studies have investigated the pregnancy outcomes associated with various transfer protocols during embryo transfer procedures (21). For instance, Shi Yuhua et al. (22) observed that compared to fresh cycle embryo transfer, frozen cycle embryo transfer reduces the risk of second-trimester pregnancy loss in women with PCOS. Conversely, Liu Y. et al. highlighted a high incidence of CI in cases undergoing frozen cycle embryo transfer (23). Our findings revealed that the incidence of CI in women with PCOS undergoing frozen cycle embryo transfer does not significantly differ from that in those undergoing fresh cycle embryo transfer. Additionally, there appears to be no correlation between different ovulation induction regimens and the incidence of CI in women with PCOS undergoing fresh cycle embryo transfer. Among women with PCOS undergoing frozen cycle embryo transfer, the incidence of CI is higher in artificial cycles compared to natural cycles. Furthermore, univariate analysis indicated an association between protocol of endometrial preparation and CI, although multivariate analysis did not identify it as an independent risk factor for CI.

Previous research has indicated that women who have undergone hysteroscopy within six months prior to pregnancy exhibit a heightened incidence of abortion or preterm delivery (24). In our study, we incorporated data on the number of uterine cavity operations, including hysteroscopy and curettage before pregnancy, as well as the timing of these procedures. Our findings revealed that the number of hysteroscopic surgeries independently contributes to the risk of CI. Additionally, the frequency of curettage correlates positively with the incidence of CI. While hysteroscopy or intrauterine operations performed within six months before pregnancy may increase the risk of CI, they do not emerge as independent risk factors. The mechanical dilation exerted by surgical instruments during hysteroscopy operations may account for why it is identified as an independent risk factor for CI. Currently, hysteroscopy procedures encompass both electrocautery and finer examination scopes, with the latter requiring less cervical dilation. We recommend that all hysteroscopic procedures performed prior to IVF-ET currently employ examination scopes as much as possible to mitigate their impact on cervical function.

In this study, we have for the first time explored the relationship between CI and AMH levels, various IVF-ET protocols, the frequency of hysteroscopy or curettage, and the interval before pregnancy. Our findings have uncovered novel risk factors, thus offering valuable insights for future clinical practice, aiming to furnish a theoretical foundation for the early diagnosis and management of CI in this population.

Considering the retrospective nature of this study, several limitations should be acknowledged. Firstly, the absence of specific data on hysteroscopic surgery poses a challenge in comprehensively assessing its impact on CI, necessitating further detailed research and discussion in this area. Secondly, the specificity of BMI cutoff value and the sensitivity of AMH cutoff value are low. And the relatively small sample size of fresh cycle embryo transfer may introduce bias in the results, warranting larger sample sizes for future research. Lastly, although this study focused on a population receiving IVF-ET, which underwent thorough physical examinations before treatment initiation, future research should explore high-risk factors for CI in other populations.




5 Conclusion

Our study conducted a comprehensive analysis of the risk factors associated with CI in PCOS patients undergoing IVF-ET treatment, examining five key aspects: basic demographics, pre-pregnancy endocrine profiles, embryo transfer protocols, history of hysteroscopic surgeries, and medical history/pregnancy-related details. Our findings revealed that high prepregnancy BMI, elevated prepregnancy AMH levels, frequency of hysteroscopy procedures, and occurrence of twin pregnancies and previous pregnancies were identified as independent risk factors for CI. Our study is the first to find a correlation between prepregnancy AMH and CI. Additionally, prepregnancy androgen levels, various IVF-ET protocols, the timing between hysteroscopy or intrauterine procedures and conception, and hypertension may also play contributory roles in CI development, necessitating further research for confirmation.





Data availability statement

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





Ethics statement

All participants provided informed consent prior to their involvement in the study. The research was conducted in compliance with the principles outlined in the Declaration of Helsinki, and the protocol received approval from the Ethics Committee of the Third Hospital of Peking University, People’s Republic of China (Approval No. M2024024).





Author contributions

XZ: Writing – original draft. SY: Writing – review & editing. XY: Writing – review & editing. RL: Writing – review & editing. YW: Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the National Key Research and Development Project of China (2021YFC2700601) and the Frontiers Medical Center, Tianfu Jincheng Laboratory Foundation (TFJC2023010001).





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. DaCosta, V, Wynter, S, Harriott, J, Christie, L, Frederick, J, and Frederick-Johnston, S. Laparoscopic cervicoisthmic cerclage for the treatment of cervical incompetence:case reports. West Indian Med J. (2011) 60:590–3.

2. Brown, R, Gagnon, R, and Delisle, MF. No. 373-cervical insufficiency and cervical cerclage. J Obstet Gynaecol Can. (2019) 41:233–47. doi: 10.1016/j.jogc.2018.08.009

3. Li, R, Zhang, Q, Yang, D, Li, S, Lu, S, Wu, X, et al. Prevalence of polycystic ovary syndrome in women in China: a large community-based study. Hum Reprod. (2013) 28:2562–9. doi: 10.1093/humrep/det262

4. ROTTERDAM ESHRE/ASRM-SPONSORED PCOS CONSENSUS WORKSHOP GROUP. Revised 2003 consensus on diagnostic criteria and long-term health risks related to polycystic ovary syndrome(PCOS). Hum Reprod. (2004) 19:41–7. doi: 10.1093/humrep/deh098

5. Wang, Y, Gu, X, Tao, L, and Zhao, Y. Co-morbidity of cervical incompetence with polycystic ovarian syndrome (PCOS) negatively impacts prognosis: A retrospective analysis of 178 patients. BMC Pregnancy Childbirth. (2016) 16:308. doi: 10.1186/s12884-016-1094-6

6. Feigenbaum, SL, Crites, Y, Hararah, MK, Yamamoto, MP, Yang, J, and Lo, JC. Prevalence of cervical insufficiency in polycystic ovarian syndrome. Hum Reprod. (2012) 27:2837–42. doi: 10.1093/humrep/des193

7. Guo, Y-l, and Wang, Y-q. Confusion in diagnosis and treatment of cervical insufficiency. Int Reprod Health/Fam Plan. (2018) 37:417–21. doi: 10.3969/j.issn.1674-1889.2018.05.017

8. Liu, B, Xu, G, Sun, Y, Du, Y, Gao, R, Snetselaar, LG, et al. Association between maternal pre-pregnancy obesity and preterm birth according to maternal age and race or ethnicity: a population-based study. Lancet Diabetes Endocrinol. (2019) 7:707–14. doi: 10.1016/S2213-8587(19)30193-7

9. Wu, Y, Liang, X, Cai, M, Gao, L, Lan, J, and Yang, X. Development and validation of a model for individualized prediction of cervical insufficiency risks in patients undergoing IVF/ICSI treatment. Reprod Biol Endocrinol. (2021) 19:6. doi: 10.1186/s12958-020-00693-x

10. He, Y, Lu, Y, Zhu, Q, Wang, Y, Lindheim, SR, Qi, J, et al. Influence of metabolic syndrome on female fertility and in vitro fertilization outcomes in PCOS women. Am J Obstet Gynecol. (2019) 221:138.e1–138.e12. doi: 10.1016/j.ajog.2019.03.011

11. Mission, JF, Marshall, NE, and Caughey, AB. Pregnancy risks associated with obesity. Obstet Gynecol Clin North Am. (2015) 42:335–53. doi: 10.1016/j.ogc.2015.01.008

12. Timmons, B, Akins, M, and Mahendroo, M. Cervical remodeling during pregnancy and parturition. Trends Endocrinol Metab. (2010) 21:353–61. doi: 10.1016/j.tem.2010.01.011

13. Sundtoft, I, Langhoff-Roos, J, Sandager, P, Sommer, S, and Uldbjerg, N. Cervical collagen is reduced in non-pregnant women with a history of cervical insufficiency and a short cervix. Acta Obstet Gynecol Scand. (2017) 96:984–90. doi: 10.1111/aogs.2017.96.issue-8

14. Shetelig Løvvik, T, Stridsklev, S, SM, C, Salvesen, Ø, and Vanky, E. Cervical length and androgens in pregnant women with polycystic ovary syndrome: has metformin any effect? J Clin Endocrinol Metab. (2016) 101:2325–31. doi: 10.1210/jc.2015-3498

15. Makieva, S, Saunders, PT, and Norman, JE. Androgens in pregnancy: roles in parturition. Hum Reprod Update. (2014) 20:542–59. doi: 10.1093/humupd/dmu008

16. Biffignandi, P, Massucchetti, C, and Molinatti, GM. Female hirsutism: pathophysiological considerations and therapeutic implications. Endocr Rev. (1984) 5:498–513. doi: 10.1210/edrv-5-4-498

17. Du, M, Zhang, J, Yu, X, and Guan, Y. Elevated anti-müllerian hormone is an independent risk factor for preterm birth among patients with overweight polycystic ovary syndrome. Front Endocrinol (Lausanne). (2021) 12:788000. doi: 10.3389/fendo.2021.788000

18. Hu, KL, Liu, FT, Xu, H, Li, R, and Qiao, J. High antimüllerian hormone levels are associated with preterm delivery in patients with polycystic ovary syndrome. Fertil Steril. (2020) 113:444–452.e1. doi: 10.1016/j.fertnstert.2019.09.039

19. Kim, SY, Moon, HM, Lee, MK, Chung, YJ, Song, JY, Cho, HH, et al. The expression of Müllerian inhibiting substance/anti-Müllerian hormone type II receptor in myoma and adenomyosis. Obstet Gynecol Sci. (2018) 61:127–34. doi: 10.5468/ogs.2018.61.1.127

20. Song, JY, Jo, HH, Kim, MR, Lew, YO, Ryu, KS, Cha, JH, et al. Expression of Müllerian inhibiting substance type II receptor and antiproliferative effects of MIS on human cervical cancer. Int J Oncol. (2012) 40:2013–21. doi: 10.3892/ijo.2012.1370

21. Wei, D, Liu, JY, Sun, Y, Shi, Y, Zhang, B, Liu, JQ, et al. Frozen versus fresh single blastocyst transfer in ovulatory women: a multicentre, randomised controlled trial. Lancet. (2019) 393:1310–8. doi: 10.1016/S0140-6736(18)32843-5

22. Shi, Y, Sun, Y, Hao, C, Zhang, H, Wei, D, Zhang, Y, et al. Transfer of fresh versus frozen embryos in ovulatory women. N Engl J Med. (2018) 378:126–36. doi: 10.1056/NEJMoa1705334

23. Liu, Y, Li, R, and Wang, Y. Clinical outcomes and placental pathological characteristics after fresh embryo transfer and frozen-thawed embryo transfer with different endometrial preparation protocols. Placenta. (2023) 131:65–70. doi: 10.1016/j.placenta.2022.11.011

24. Gökçe, A, Şükür, YE, Özmen, B, Sönmezer, M, Berker, B, Aytaç, R, et al. The association between operative hysteroscopy prior to assisted reproductive technology and cervical insufficiency in second trimester. Arch Gynecol Obstet. (2021) 303:1347–13. doi: 10.1007/s00404-020-05863-1




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 © 2025 Zhao, Ye, Yan, Li and Wang. 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-16-1498443-g002.jpg
Diagnose of Cl

Diagnosed Diagnosed
before pregnancy during pregnancy
(n=24) (n=33)

Diagnosed by medical history Diagnosed by Diagnosed by
with/without cervical function testing ultrasonic evaluation physical examination
(n=24) (n=32) (n=1)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Risk factors of cervical insufficiency in women with PCOS undergoing IVF-ET treatment: a case-control study

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study cohort

          



          		

            2.2 Study endpoints

          



          		

            2.3 Data collection

          



          		

            2.4 Data analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Characteristics of the study population

          



          		

            3.2 Risk factors of CI in PCOS cases undergoing IVF-ET

          



          		

            3.3 Risk factors of CI in PCOS cases undergoing different type of embryo transfer

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Univariate factor regression Multiply factor regression

95%Cl 95%Cl
OR

Down Up Down Up
Age, y 0.630 1.020 0.941 1.106
BMI, kg/ml <0.001 1.152 1.079 1.231 <0.001 1195 1.043 1.290
FSH, mIU/ml 0.613 0.975 0.885 1.075
E2, pmol/L 0.118 1.000 1.000 1.000
LH, mIU/ml 0.903 0.996 0.933 1.064
T>2.53, nmol/L 0.126 1.642 0.870 3.101
A, nmol/L 0.148 1.035 0.988 1.085
AMH, ng/ml <0.001 L119 1.061 1.181 <0.001 1158 1.092 1227
Embryo transfer cycle 0.862 0.950 0.531 1.699
Hysteroscopy operation, times <0.001 1.734 1.340 2.243 0.001 1.587 1.202 2.094
Curettage,times 0.029 1518 1.043 2.208
Hysteroscopy operation and curettage, times <0.001 1615 1.320 1.976
Eazol:l);::mscopy operation within 0.009 1572 iith 220
Gravidity, times <0.001 1.682 1.298 2.178 <0.001 1.956 1.459 2.621
Para, times 0.258 0.315 0.042 2.337
Twin pregnancy 0.034 1.894 1.051 3414 0.001 3.028 1.563 5.865
Diabetes 0.102 2525 | 0.833 7.655
Hypertension 0.003 3.586 1.561 8.242

BMI, body mass index; ESH, follicle stimulating hormone; LH, luteinizing hormone; E2, estradiol; T, testosterone; A, androstenedione; AMH anti-Millerian hormone.
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Fresh embryo transfer Frozen embryo transfer cycle

Univariate

factor regression Single factor regression Multiply factor regression

95%Cl 95%Cl 95%Cl
OR OR P OR

Down Up Down Up Down Up
Agey 0832 0984 0848 1142 0470 | 1036 0941 1141
BMI, kg/m? 0308 1063 0945 1196 | <0.001 1202 1108 1304 | <0001 1254 1134 1388
FSH, mIU/ml 0.955 0.996 0.857 1157 0.527 0.959 0.842 1.092
E2, pmol/L 0.789 0.999 0.995 1.004 0.116 1.000 1.000 1.000
LH, mIU/ml 0.876 0.987 0.843 3157 0.966 0.998 0.929 1.073
T>2.53, nmol/L 0.029 3.250 1.129 9.359 0.690 1.179 0.524 2.655
A, nmol/L 0538 1029 0939 1129 0180 | 1038 0983 1.096
AMH, ng/ml 0944 | 1005  0.879 L149 | <0.001 1163 1091 1239 | <0001 1232 L144 1327

Protocol of controlled ovarian stimulation (compared with short agonist)

Short agonist 0.278
Long agonist 0.225 0.143 0.006 3310
Ultralong agonist 0.169 | 0.111 0.005 2.550
GnRH agonist 0.070 | 0.073 0.004 1.243
Endometrial preparation plan (compared with artificial cycle) 0.037 0119 0.016 0.875
Hysteroscopy operation, times 0.142 1.613 0.853 3.050 <0.001 = 1.781 1.333 2.379 0.005 1.603 1.155 2224
Curettage,times 0.240 1.531 0.752 3.113 0.063 1523 0.978 2372
Last hysteroscopy operation within 6 months ~ 0.179 1.490 0.833 2.667 0.025 1619 1.064 2.464
Gravidity, times 0.091 1.535 0.935 2.523 <0.001 1776 1.304 2420 <0.001 = 2423 1.674 3.508
Para, times ! / / ! 0.331 0368 0.049 2.765
twin pregnancy 0.227 | 1.825 0.668 4.383 0.078 = 1.982 0.925 4.244
Diabetes 0.081 | 12.294 0.736 205.339 0.276 2018 0.570 7.141
Hypertension / / / ! <0.001 = 4.496 1.880 10.753

BMI, body mass index; FSH, follicle stimulating hormone; LH, luteinizing hormone; E2, estradiol; T, testosterone; A, androstenedione; AMH anti-Miillerian hormone.
In fresh cycle embryo transfer, all of CI patients have a previous delivery frequency of 0, and all of CI patients do not have chronic hypertension, so logistic regression analysis cannot show the
results of both.
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Fresh embryo transfer

Frozen embryo transfer

Cl (n=18) Non-ClI (n=2 Cl (n=39) Non-Cl (n=479)
Age,y 32.38 £ 2.68 32.00 (30.00,35.00) 0954 32.97 £ 3.39 32.00 (30.00,35.00) 0.407
BMI, kg/m* 2512 + 4.06 23.60 (21.23,26.70) 0322 2560 + 3.73 22.30 (20.30,24.80) <0.001
FSH, mIU/ml 6.16 (4.22,8.59) 6.42 (5.01,891) 0.685 5.85 (4.87,6.87) 5.93 (4.97,7.42) 0.664
E2, pmol/L 142,53 (100.55,171.25) 144.00 (112.68,176.63) 0.829 169.00 (129.50,307.00) 190.00 (127.50,457.50) 0.155
LH, mIU/ml 4.77 £ 285 4.15 (2.76,6.19) 0939 4.63 (2.82,6.49) 4.80 (2.89,7.34) 0.583
T, nmol/L
>2.53 6 (333%) 28 (13.3%) 8 (20.5%) 86 (18.0%)
0.022 0.690
<253 12 (66.7%) 182 (86.7%) 31 (79.5%) 393 (82.0%)
A, nmol/L 7.84 (6.73,11.95) 7.53 (5.45,11.20) 0265 1073 + 5.79 8.05 (5.71,12.70) 0.166
AMH, ng/ml 4.53 (2.65,6.54) 5.36 (3.31,7,54) 0440 1138 + 5.90 6.80 (4.50,14.11) <0.001
Protocol of controlled ovarian stimulation/Endometrial preparation plan
Short agonist 1 (5.6%) 1 (0.5%)
Long agonist 2(11.1%) 14 (6.7%)
0.124
Ultralong agonist 2 (11.1%) 18 (8.6%)
GnRH agonist 13 (72.2%) 177 (84.3%)
Artificial cycle 38 (97.4%) 392 (81.8%)
0.013
Natural cycle 1 (2.6%) 87 (18.2%)
Hysteroscopy operation, times
0 8 (44.4%) [ 124 (59.0%) 11 (28.2%) 246 (51.4%)
1 7 (38.9%) 74 (35.2%) 16 (41.0%) 193 (40.3%)
2 3 (16.7%) 9 (4.3%) 0.124 8 (20.5%) 30 (6.3%) <0.001
3 0 3 (1.4%) 2 (5.1%) 7 (1.5%)
24 NA. NA. 2 (5.1%) 3 (0.6%)
Curettage,times
0 13 (72.2%) 171 (81.4%) 24 (61.5%) 356 (74.3%)
1 4(222%) 31 (14.8%) 12 (30.8%) 96 (20.0%)
0.100 0.013
2 0 (0.00%) 7 (3.3%) 1 (2.6%) 24 (5.0%)
3 1 (5.6%) 1(0.5%) 2 (5.1%) 3 (0.6%)
Last hysteroscopy operation within 6 months from the last menstruation
<6months 5 (27.8%) 35 (16.7%) 8 (20.5%) 75 (15.7%)
>6months 5 (27.8%) 51 (24.3%) 0395 10 (51.3%) 158 (33.0%) 0.019
No operation 8 (44.4%) 124 (59.0%) 11 (28.2%) 246 (51.4%)
Gravidity, times
0 10 (55.6%) 158 (75.3%) 9 (23.1%) 286 (59.7%)
1 7 (38.9%) 35 (16.7%) 18 (46.2%) 128 (26.7%)
0.001 <0.001
2 0 (0.00%) 13 (6.2%) 10 (25.6%) 49 (10.2%)
=3 1 (5.6%) 4(1.9%) 2 (5.1%) 6 (3.3%)
Para, times 7
0 18 (100.0%) 205 (97.6%) 38 (97.4%) 447 (93.3%)
0508 0311
1 0 (0.00%) 5 (2.4%) 1 (2.6%) 32 (6.7%)
Twin pregnancy 8 (44.4%) 64 (30.5%) 0221 10 (25.6%) 71 (85.2%) 0.074
Diabetes 1 (5.6%) 1(0.5%) 0.027 3 (7.7%) 19 (4.0%) 0.267
Hypertension 0 (0.00%) 4(1.9%) 0555 8 (20.5%) 26 (5.4%) <0.001

BMI, body mass index; FSH, follicle stimulating hormone; LH, luteinizing hormone; E2, estradiol; T, testosterone; A, androstenedione; AMH anti-Miillerian hormone.
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Cl (n=57 689) p*
Agey 32 (30,35) 32.53 333 32 (30,35) 0.539
BMI, kg/m” 24.80 (20.60,25.00) 2545 + 3.81 24.70 (20.45,25.40) <0.001
FSH, mIU/ml 6.11 (4.99,7.62) 6.03 (4.81,7.35) 6.12 (4.99,7,64) 0.547
E2, pmol/L 167.00 (126.88,297.00) 157.00 (127.25,223.50) 167.50 (126.75,302.25) 0.209
LH, mIU/ml 4.56 (2.88,6.89) 4.29 (2.90,6.54) 4.56 (2.88,6.95) 0.679
T, nmol/Lnormal
>2.53 128 (17.2%) 14 (24.6%) 114 (16.5%)
0.123
<253 618 (82.8%) 43 (75.4%) 575 (83.5%)
A, nmol/L 7.95 (5.67,12.23) 1032 £ 5.26 7.91 (5.67,12.00) 0.087
AMH, ng/ml 6.46 (4.17,9.46) 8.75 (4.66,14.01) 6.41 (4.08,9.14) 0.004
Embryo transfer cycle
Fresh 228 (30.6%) 18 (31.6%) 210 (30.5%)
0.862
Frozen 518 (69.4%) 39 (68.4%) 479 (69.5%)
Hysteroscopy operation, times
0 | 389 (52.1%) 19 (33.3%) 370 (53.7%)
1 290 (38.9%) 23 (40.4%) 267 (38.8%)
2 50 (6.7%) 11 (19.3%) 39 (5.7%) <0.001
3 12 (1.6%) 2 (3.5%) 10 (1.5%)
24 5 (0.7%) 2 (1.8%) 3 (0.4%)
Curettage times
0 564 (75.6%) 37 (64.9%) 527 (76.3%)
1 143 (19.2%) 16 (28.1%) 127 (18.6%)
<0.001
2 32 (4.3%) 1(1.8%) 31 (4.5%)
3 7 (0.9%) 3 (5.3%) 4 (0.6%)
Last hysteroscopy operatién within 6 months from the last menstruation
<6months 123 (16.5%) 13 (22.8%) 110 (16.0%)
>6months 234 (31.4%) 25 (43.9%) 209 (53.7%) 0.013
No operation 389 (52.1%) 19 (33.3%) 370 (53.7%)
Gravidity, times
0 463 (62.1%) 19 (33.3%) 444 (64.4%)
1 188 (25.2%) 25 (43.9%) 163 (23.7%)
2 72 (9.7%) 10 (17.5%) 62 (9.0%) <0.001
3 18 (24%) 2 (3.5%) 16 (2.3%)
>4 5 (0.7%) 1(1.8%) 4 (0.6%)
Para, times
0 708 (96.8%) 56 (98.2%) 652 (94.6%)
0233
1 24 (3.2%) 1(1.8%) 37 (5.4%)
Twin pregnancy 153 (20.5%) 18 (31.6%) 135 (19.6%) 0.031
Diabetes 24 (3.2%) 4(7.0%) 20 (2.9%) 0.091
Hypertension 38 (5.1%) 8 (14.0%) 30 (4.4%) 0.001

BMI, body mass index; FSH, follicle stimulating hormone; LH, luteinizing hormone; E2, estradiol; T, testosterone; A, androstenedione; AMH anti-Miillerian hormone; p* value is the result

obtained from the statistical analysis of the CI group and the non-CI group.





