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Background

Polycystic ovary syndrome (PCOS) not only increases fertility challenges for women of reproductive age, but also leads to increased complications during pregnancy and even affects the birth weight of newborns. Also, hyperandrogenemia is associated with lower pregnancy rates and lower live birth rates and may even play a role in preterm delivery and pre-eclampsia in patients with PCOS. However, it is still controversial whether PCOS patients are treated with androgen-lowering therapy before pregnancy.



Objective

To assess the effect of anti-androgen therapy prior to ovulation induction on maternal and infant pregnancy outcomes in patients with PCOS.



Methods

Prospective cohort study.



Results

A total of 296 patients with PCOS were enrolled in the study. The prevalence of adverse pregnancy outcomes, and neonatal complications was lower in DRSP(with drospirenone ethinyl estradiol tablets (II) pretreatment) group than in NO-DRSP(without drospirenone ethinyl estradiol tablets (II) pretreatment) groups (DRSP vs. NO-DRSP: adverse pregnancy outcomes, 12.16% vs. 27.03%, P=0.001; neonatal complications, 17.16% vs. 36.67%, P<0.001). No significant difference was found in maternal complications. Further subgroup analysis revealed that PCOS with pretreatment decreased the risk of preterm delivery (2.99% vs. 10.00%; Adjusted RR, 3.80; 95% CI, 1.19-12.13), pregnancy loss (9.46% vs. 18.92%; Adjusted RR, 2.07; 95% CI, 1.08-3.96), low birth weight (0.75% vs 7.50%; Adjusted RR, 12.08; 95% CI, 1.50-97.31), fetal malformations(1.49% vs. 8.33%; Adjusted RR, 5.63; 95% CI, 1.20-26.33).There were no significant differences in the incidence of DM and PIH as pregnancy complications between the two groups (P>0.05).



Conclusion

Our findings suggest that preconception androgen-lowering therapy in patients with PCOS improves pregnancy outcomes and reduces neonatal complications.
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Introduction

Polycystic ovary syndrome (PCOS), the most common complex and heterogeneous endocrine disorder in premenopausal women, has a prevalence of approximately 8%-13% based on foreign studies (1). A survey conducted in 2020, which included 28,739 participants, reported an updated prevalence estimate of 7.8% for PCOS in China (2).

Most women with PCOS experience corresponding problems, such as anovulation, irregular menstruation, and infertility, all of which can lead to a reduced quality of life (3), and an increased incidence of depression and anxiety (4). Therefore, a growing number of studies has focused on PCOS treatment (5) in recent years. Lifestyle changes, including diet, exercise, and behavioral changes, are the first-line treatment recommended for women with PCOS. However, these measures alone have been reported to be ineffective in reducing weight or treating symptoms associated with PCOS (6). Medications are the second-line treatment, and can help to improve pregnancy rates by adjusting hormone levels and improving insulin resistance. In addition to pharmacological interventions, assisted reproductive technologies can also improve pregnancy rates in PCOS patients (7).

PCOS has not only been shown to increase the reproductive burden in women of reproductive age, but it has also been reported to be a risk factor for increased complication rates during pregnancy (8). Complications PCOS patients may experience in early pregnancy include emesis, miscarriage (9). Further risks include gestational diabetes, pre-eclampsia, gestational hypertension, preterm delivery, perinatal fetal death, and increased risk of neonatal intensive care hospitalization (10, 11). With regard to neonatal birth weight, the offspring of PCOS patients have an increased risk of low birthweight babies and oversized babies (11). Despite emerging evidence that PCOS is an unfavorable risk factor for some pregnancies and perinatal outcomes, no guidelines or pharmacological strategies exist for the treatment of PCOS in pregnancy.

Further analysis of some studies has shown that hyperandrogenemia may contribute to ovulatory drug resistance, lower pregnancy rates, and lower live birth rates in patients with PCOS (12), and even play an important role in preterm delivery and preeclampsia (13). The potential impact of hyperandrogenemia on ovulation and pregnancy in PCOS patients suggests that anti-androgen pretreatment may also help to improve fertility in PCOS patients.

Combined Oral Contraceptive (COC) is a class of oral contraceptives that combines estrogen and progestin, and has been used as a first-line treatment for improving hyperandrogenemia and regulating menstrual cycle in PCOS patients of reproductive or adolescent age. Oral COC not only regulates menstrual cycle and reduces androgens in patients with PCOS, but also suppresses hirsutism, treats acne, and prevents endometrial lesions (8). However, controversy persists among researchers as to whether COC should be used before ovulation induction, and whether preconception use of COC improves pregnancy outcomes in patients with PCOS. Palomba et al. reported that COC pretreatment before ovulation induction increased ovulation and pregnancy rates (14), Pan et al. showed that continuous preconception COC interventions not only increased pregnancy rates (14) but also reduced the incidence of small-for-gestational age (15). While a retrospective study by Li et al. found that PCOS patients treated with ethinyl estradiol cyproterone tablets to reduce androgen therapy, followed by ovulation induction, reduced the risk of gestational diabetes mellitus, gestational hypertension-related disorders, and preterm delivery during pregnancy in PCOS patients (16). A randomized controlled trial study by Lergo et al. found that pregnancy rates increased, but live birth rates did not improve in PCOS patients after COC preconception intervention (17). The lack of high-quality evidence on antiandrogen preconception therapy means the effect of COC preconception intervention on pregnancy outcomes in PCOS patients has remained unknown. Consequently, clinicians lack sufficient evidence to convince infertile PCOS patients to spend time and effort to undergo COC preconception treatment before pregnancy, and clinicians continue to disagree on whether to give COC treatment before ovulation promotion and assisted reproductive technology in actual clinical practice.

This study was conducted to settle the aforementioned debate by determining the effect of preconception androgen-lowering treatment intervention on pregnancy outcomes and pregnancy complications in patients with PCOS through a prospective cohort study, and to investigate the need for preconception COC treatment in patients with PCOS. Finally, this study investigates the factors that contribute to adverse pregnancy outcomes in PCOS patients and further help clinicians to recommend possible treatment strategies to prevent adverse pregnancy outcomes in PCOS patients.



Materials and methods


Study setting and participants

This is a prospective cohort study with a study population of patients aged 20-35 years with PCOS and fertility needs, who visited the Guangdong Provincial Maternal and Child Health Hospital from September 2019 to April 2022. The study was conducted with the approval of the Ethics Committee of Guangdong Maternal and Child Health Hospital and was successfully registered with the China Clinical Trials Registry (ChiCTR2100052703). All participants gave informed consent prior to enrolling in the study.

Inclusion criteria: (i) meeting the 2003 Rotterdam PCOS diagnostic criteria (2); (ii) PCOS patients aged 20-35 years; (iii) meeting the diagnostic criteria for hyperandrogenemia: elevated total testosterone hormone levels or elevated androstenedione levels (laboratory-defined hyperandrogenemia as total testosterone >1.97 nmol/L and/or androstenedione >10.8 nmol/L).

Exclusion criteria: (1) severe reproductive tract abnormalities; (2) other endocrine disorders, such as diabetes mellitus, thyroid dysfunction and hyperprolactinemia; (3) other systemic diseases, such as cardiovascular, hepatic and renal diseases; (4) malignant tumors; (5) mental challenges that could prevent compliance with treatment or follow-up; (6) the use of any hormones or drugs affecting endocrine and glucolipid metabolism in the 3 months before or during the study period.



Study cohort

All patients with confirmed PCOS and fertility needs had basic endocrine and glucolipid metabolism examinations on days 3-5 of their menstrual cycle. Anthropometric examinations were performed under the supervision of a professional physician at the time of enrollment. After enrollment, patients in both groups underwent lifestyle modifications under the guidance of professional physicians. Modifications included reducing sugar and fat intake, abstaining from smoking, abstaining from alcohol, and engaging in strengthening exercises. Our exposure factors were 3 consecutive oral cycles of drospirenone and ethinylestradiol tablets (II)(DRSP/EE(II)) before pregnancy in patients with PCOS. Subjects were divided into DRSP group and NO-DRSP group according to whether they voluntarily took DRSP drugs for preconception pretreatment or not. The DRSP group started on the 1st day of the menstrual cycle in the order indicated by the arrows, and 28 consecutive days of oral intake was considered to be 1 complete cycle. Basal endocrine and glucolipid metabolism were rechecked across 3 cycles of treatment. Pregnancy was induced after ovulation immediately after discontinuation of the drug. In the NO-DRSP group, ovulation is induced directly under basic lifestyle guidance. No additional treatment to lower androgen levels was received. Patients were followed up on and monitored for their maternal status, pregnancy complications, delivery and neonatal status.



Data collection and outcomes

Demographics: age, ethnicity, previous maternal history, height, weight, body mass index (BMI), hip circumference, waist circumference, waist-to-hip ratio (WHR).

Clinical characteristics: All subjects were enrolled with fasting blood sampling for basal endocrine tests, including follicle stimulating hormone (FSH), luteinizing hormone (LH), LH/FSH, estradiol (E2), progesterone (P), serum prolactin (PRL), anti-Müllerian hormone (AMH) on days 3-5 of their menstrual cycles; androgenic parameters: total testosterone (T), androstenedione (AND), dehydroepiandrosterone sulfate (DHEA-S), sex hormone binding globulin (SHBG), free androgen index (FAI); glucose and lipid metabolism indicators: fasting blood glucose (FPG), fasting insulin (FINS), triglycerides (TCH), total cholesterol (TG), low density lipoprotein (LDL), and high density lipoprotein (HDL).

Primary outcome: An adverse pregnancy outcome is a composite indicator that refers to the occurrence of one or more outcomes, such as abortion or preterm labor, during the follow-up window.

Secondary outcomes: Pregnancy complications (gestational diabetes, hypertensive disorders in pregnancy), and neonatal complications (low birthweight babies, oversized babies, neonatal malformations, neonatal referral treatment).



Statistical analysis

In our study, our main primary outcome was adverse pregnancy outcome, and the DRSP group was designed as a 1:1 cohort study with the NO-DRSP group. The incidence of adverse pregnancy outcomes in the NO-DRSP group was expected to be approximately 39.7%, while the incidence of adverse pregnancy outcomes in the DRSP group was anticipated to be approximately 24.3%. Based on statistical formulae, 143 cases each in the DRSP group and NO-DRSP group were calculated; the follow-up loss rate stayed at about 10%, and the sample size was expanded to 160 cases each in both groups.

Statistical analysis was performed using SPSS 22.0 and GraphPad Prism 8 for graphs. Normality tests were performed on both data sets. Continuous variables that conformed to a normal distribution were expressed as ± SD. Data that did not conform to a normal distribution were expressed as median and quartiles, and categorical variables were expressed as frequencies and percentages. During baseline data collection, missing values were interpolated using single values, where the mean was used for normal continuous variable data, the median for skewed continuous variables, and the plural for categorical variables. Continuous variables were statistically analyzed via t-test, while categorical variables were statistically analyzed using Chi-square test or Fisher’s exact probability method. The significance level was determined using a two-sided α = 0.05, when P < 0.05 differences were statistically significant.




Results


Patient characteristics

As shown in Figure 1A, a total of 320 pregnant women with PCOS were initially included in our study. During follow-up, three cases were lost in the exposed group, including two cases who requested to withdraw from the study, and one case involving contact error. Four cases were lost in the non-exposed group, including two cases who terminated their pregnancies due to personal factors, and two others who requested to withdraw from the study. A total of 296 patients were included in the final statistical analysis, including 148 patients with PCOS who had undergone pharmacological intervention with drospirenone and ethinyl estradiol tablets (II), and 148 patients with PCOS who had not undergone pharmacological intervention. The clinical and demographic characteristics of the patients are listed in Table 1. The results of age, BMI, glucose, lipids, and sex hormone water (P > 0.05) at baseline examination were similar in both groups. Overall, the two groups were well matched at the baseline examination.




Figure 1 | Flow chart of patient registration and follow-up.




Table 1 | Baseline Characteristics of participants.





Adverse pregnancy outcomes

In our study, no postpartum hemorrhage, neonatal asphyxia, or neonatal death events were reported during follow-ups with either group of PCOS patients. As shown in Table 2 and Figure 2A, among 296 subjects, a total of 58 PCOS patients had adverse pregnancy outcome events, including 18 in the DRSP group, and 40 in the NO-DRSP group. The incidence of adverse pregnancy outcomes was significantly lower in PCOS patients treated with DRSP before pregnancy compared to those who were not treated with DRSP, (12.16% vs. 27.03%, Adjusted RR, 2.35; 95% CI, 1.34-4.14). In Table 2 and Figure 2B, further subgroup analysis of adverse pregnancy outcomes showed a significant reduction in the incidence of preterm delivery and pregnancy loss in the DRSP group compared with the NO-DRSP group, with a 7.01% reduction in incidence of preterm delivery (2.99% vs. 10.00%; Adjusted RR, 3.80; 95% CI, 1.19-12.13) and a 9.46% reduction in incidence of pregnancy loss (9.46% vs. 18.92%; Adjusted RR, 2.07; 95% CI, 1.08-3.96).


Table 2 | Comparison of pregnancy outcomes between two groups. (VS. DRSP).






Figure 2 | Primary and secondary outcomes in patients with polycystic ovary syndrome (PCOS).





Neonatal complications

A total of 254 newborns were included in our study: 134 in the DRSP group and 120 in the NO-DRSP group. As shown in Table 2 and Figure 2C there was a significant difference in the incidence of neonatal complications in the offspring of PCOS patients in the DRSP group (17.16% vs. 36.67%, Adjusted RR, 2.46; 95% CI, 1.51-4.01), where the risk of low birthweight infants was significantly lower in PCOS patients treated with DRSP before pregnancy compared to the control group (0.75% vs. 7.50%; Adjusted RR, 12.08. 95% CI, 1.50-97.31). The risk of congenital malformations in the offspring of PCOS patients treated with DRSP before pregnancy was also significantly lower than in the control group (1.49% vs. 8.33%; Adjusted RR, 5.63; 95% CI, 1.20-26.33). The incidence of gigantism in the offspring and neonatal treatment referral was similar in both groups of PCOS patients.



Maternal complications

In Table 2 and Figure 2D, we counted the PCOS patients with severe gestational complications like gestational diabetes mellitus and gestational hypertension-related disorders among the 120 live births in the NO-DRSP group and 134 live births in the DRSP group. Overall, there was no significant difference in the incidence of pregnancy complications in PCOS patients in the DRSP group compared with the NO-DRSP group (19.40% vs. 25.00%; Adjusted RR, 1.06; 95% CI, 0.61-1.85), where the incidence of gestational diabetes mellitus and gestational hypertension-related disorders in the DRSP group compared with the NO-DRSP group were not significantly lower (P >0.05).



Subgroup analysis

We performed a further subgroup analysis of factors influencing total adverse pregnancy outcomes and found that the incidence of adverse pregnancy outcomes was significantly reduced by 14.79% in patients with PCOS less than 30 years of age after preconception androgen-lowering therapy. Pre-pregnancy androgen-lowering therapy significantly reduced the incidence of adverse pregnancy outcomes in both primipara and multipara women, but the effect was more pronounced in the multipara women. The findings also showed that PCOS patients with BMI <25 had a significantly lower incidence of adverse pregnancy outcomes after preconception androgen reduction therapy. When the preconception HOMA-IR of the PCOS population was ≥2.69, the risk of adverse pregnancy outcome after preconception androgen-lowering therapy was significantly lower than that of the PCOS population with HOMA-IR <2.69. These results are available in Table 3.


Table 3 | Comparison of total adverse pregnancy outcomes between the two groups in different subgroups (vs. DRSP).






Discussion

Our study is a prospective cohort study that included 296 patients with PCOS tracked to pregnancy outcomes. The findings suggest that preconception standardized androgen-lowering therapy with DRSP/EE(II) may not only significantly reduce the incidence of adverse pregnancy outcomes in patients with PCOS, but also benefit the offspring of pregnant women with PCOS by reducing the risk of neonatal complications, although no significant benefit was observed in terms of complications during pregnancy in the study.

Further subgroup analysis of adverse pregnancy outcomes revealed that the incidence of pregnancy loss and preterm delivery were significantly lower in PCOS patients who had used preconceptional androgen-lowering therapy with COC, and that age, BMI, number of births, and preconceptional HOMA-IR were influential factors in the relationship between preconceptional androgen-lowering therapy and adverse pregnancy outcomes in PCOS patients. These findings may be related to the interaction between hyperandrogenemia and insulin resistance as key factors in the pathogenesis of PCOS (18–20), in line with Naver et al.’s cohort analysis, which found that pregnant PCOS patients diagnosed with hyperandrogenemia had a nearly 2-fold increased risk of preterm delivery and preeclampsia (21).

Other literature has also suggested PCOS-related risks in pregnancy. A large cohort study conducted in Sweden by Fornes et al. showed that PCOS patients were at higher risk for miscarriage, preterm birth, and low birthweight babies (22). McDonnell R et al. suggested that polycystic ovary syndrome additionally increases the risk of ectopic pregnancy in women with PCOS (23). Further studies have reported a potential association with embryonic exposure to a hyperandrogenic environment in early pregnancy, which leads to abnormal embryonic development (24), affects placental function, and interferes with normal placental implantation and other causes of early pregnancy loss (25). Our study found that preconception COC treatment significantly reduced the incidence of miscarriage and congenital malformations in the offspring of PCOS patients, probably due to the effective reduction of androgens associated with the regulated use of COC. Early pregnancy loss is associated with endometrial growth in early pregnancy as well, and studies have found high expression of androgen receptors and estrogen receptors in hyperandrogenemic patients with PCOS (25), resulting in an endometrial environment that is not conducive to embryo implantation or placenta formation. Hyperandrogenemia in pregnant women with PCOS can additionally cause a series of changes in the placenta by affecting the function of intravascular trophoblast cells, thereby causing vasculopathy, inflammation, and abnormal chorionic villus development, which can lead to preterm labor and preeclampsia (26). Other relevant studies have shown that the coexistence of hyperandrogenemia with insulin resistance and/or hyperinsulinemia may increase the risk of adverse pregnancy outcomes such as miscarriage, fetal growth abnormalities, GDM, gestational hypertension, preterm delivery and postpartum hemorrhage in women with PCOS (24, 27).

While Li et al. found that the incidence of gestational hypertension-related disorders incidence was significantly reduced after preconception pretreatment with COC in patients with PCOS, GDM (16), our results to-date have not indicated a significant benefit of preconception androgen reduction therapy in pregnant women with PCOS in terms of the occurrence of gestational hypertension or gestational diabetes mellitus during pregnancy. The inconsistency between our findings and those of Li et al. may be related to differences in the inclusion and exclusion criteria of the study population. For example, Li et al. did not exclude multiple pregnancies, and recruited PCOS patients aged 20-40 years, whereas the inclusion criteria for our study specified an age range of 20-35 years and excluded PCOS patients who had experienced multiple pregnancies. Our deeper analysis of factors influencing adverse pregnancy outcomes in both groups of PCOS patients suggested that the occurrence of adverse pregnancy outcomes in PCOS patients was related to age and BMI. Therefore, a randomized controlled study with a large sample is still needed at a later stage to further determine the effect of preconception COC pharmacological intervention on pregnancy complications.

Our findings not only confirm that preconception COC intervention significantly reduces the risk of low birth weight infants in the offspring of PCOS patients, but also demonstrate that preconception intervention does not increase the incidence of congenital malformations in the offspring. The main types of congenital malformations we observed were developmental abnormalities of the nervous system, musculoskeletal system, and urogenital tract system, while other types of developmental abnormalities were not observed in our study. A higher rate of neonatal transfer in PCOS patients compared to the general population has been associated with preterm birth, hypoglycemia, jaundice and respiratory distress syndrome (28). Although our study found that preconception intervention with DRSP/EE(II) though did not significantly reduce the neonatal transfer rate, there may be a diversity of reasons for neonatal referrals. Increased neonatal perinatal mortality has also been reported in pregnant women with polycystic ovary syndrome compared to those without (29, 30). Currently, there have been no reports of neonatal mortality in our study or other studies on preconception interventions for COC.

Based on various reports of the effects of androgens on pregnancy outcomes and our findings suggesting beneficial effects of preconception COC with androgen-lowering therapy, we believe that preconception administration of standardized androgen-lowering therapy should be a standard of care for patients with PCOS.


Strengths and limitations

A strength of our study is that it is the first prospective cohort study that examines the effect of preconceptional hypoandrogenic therapy on pregnancy outcomes in patients with PCOS. Our study not only followed subjects until the conclusion of their pregnancies and focused on the effect of preconceptional androgen lowering therapy on pregnancy outcome in PCOS patients, but also further stratified analysis and corrected for other influencing factors that may affect adverse pregnancy outcomes. Our study can thus provide evidence-based medical guidance on whether to treat PCOS patients with preconception androgen-lowering therapy with COC, and provide clinicians with possible treatment strategies to reduce adverse pregnancy outcomes in PCOS patients.

However, our study does have some limitations. First, our study was a single-center prospective study. Further multi-center randomized controlled trial validation studies are needed in the future. Furthermore, our study had a short follow-up period for PCOS offspring and only assessed the effect of preconceptional hypoandrogenic treatment with COC drugs on congenital malformations in offspring; it could not clarify the effect of drugs on offspring growth or reproductive health. Some findings were inconsistent with the results after correcting for possible interactions, and the sample size should be expanded for future validation.




Conclusions

Our study confirms that preconception anti-androgen therapy in patients with polycystic ovary syndrome is effective in reducing both the incidence of adverse pregnancy outcomes as well as the incidence of neonatal complications in the offspring of patients with PCOS. Based on the results of our study, which was a prospective cohort study with strict case-selection criteria, we conclude that preconception androgen-lowering therapy with COC medications in patients with PCOS would be beneficial for pregnancy outcomes and offspring outcomes, thus supporting the standardization of preconception androgen-lowering therapy as a treatment for patients with PCOS.
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