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Abstract
[bookmark: OLE_LINK3]Purpose: To provide an updated and comprehensive assessment of euploid embryo rates in polycystic ovarian syndrome (PCOS) women compared with non-PCOS counterparts undergoing preimplantation genetic testing for aneuploidy (PGT-A), and to evaluate early spontaneous miscarriage (ESM) rates across different PCOS phenotypes following single vitrified euploid blastocyst transfer cycles. 
Methods: This retrospective cohort study (2017–2023) included women with PCOS and non-PCOS controls. Two cohorts were analyzed: first PGT-A cycles and first single vitrified euploid blastocyst transfers. ESM and euploidy rates were assessed, and regression analyses were performed to identify factors associated with miscarriage. 
Results: In the PCOS group, a total of 1,274 blastocysts were biopsied, of which 580 were euploid, yielding a euploidy rate of 45.53% (580/1,274), which was significantly higher than the 39.86% (1,935/4,854) observed in non-PCOS women (P < 0.001). Additionally, 345 PCOS and 1,650 non-PCOS frozen-thawed embryo transfer cycles involving the first single vitrified euploid blastocyst were included in the analysis. ESM rates were 14.48% (21/145) in the polycystic ovarian morphology (PCOM)+ ovulation disorder (OD) subgroup, 18.75% (6/32) in the PCOM+ Hyperandrogenism (HA) subgroup, and 31.70% (13/41) in the PCOM+OD+HA subgroup. After adjusting for covariates, the PCOM+OD+HA phenotype remained an independent risk factor for ESM (adjusted OR: 2.164; 95% CI: 1.209–6.247; P = 0.036). 
Conclusion: The high ESM rate observed in PCOS patients may be attributable to their endocrine abnormalities. These findings suggest that non-genetic, environmental factors—rather than genetic factors—warrant greater attention in future strategies aimed at reducing ESM in this population.  
Keywords: polycystic ovary syndrome; early spontaneous miscarriage; preimplantation genetic testing for aneuploidy; euploidy blastocyst

Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting 5–10% of women of reproductive age[1, 2]. With the rapid development of assisted reproductive technology, in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI) has become a more effective choice for infertile PCOS women if ovulation induction treatment has failed or there are coexisting tubal or male infertility factors. However, accumulating evidence demonstrates that women with PCOS after IVF treatment are at particular increased risk of early spontaneous miscarriage (ESM) [3-5]. 
Miscarriage may result from both genetic and non-genetic factors. Similar to natural conception, the most common cause of ESM after IVF is genetic, particularly chromosomal abnormalities, which account for at least 50% of clinically recognized pregnancy losses [6]. However, little is known whether PCOS results in increased rate of aneuploidy embryos. In 2007, a study with 74 PCOS and 100 controls showed that women with PCOS are not associated with higher risk for embryonic aneuploidy in the course of IVF treatment [7]. Another more recent secondary analysis of a multicenter, randomized controlled trial from China involving 190 PCOS also demonstrated that the risk of aneuploid and mosaic embryos did not increase in PCOS women [8]. These findings suggest that maternal factors such as endometrial, endocrine, or immune dysfunction may underlie the elevated ESM risk in PCOS, consistent with our previous study showing increased ESM in single vitrified euploid blastocyst transfers among PCOS women [9]. 
PCOS is a heterogeneous condition, with patients exhibiting different combinations of ovulatory dysfunction (OD), hyperandrogenism (HA), and polycystic ovarian morphology (PCOM) [10]. Phenotype-specific evaluation is important, as prior cohort studies and meta-analyses indicate that hyperandrogenic PCOS phenotypes have significantly lower cumulative live birth rates compared to normo-androgenic counterparts [11, 12]. Moreover, phenotypes combining OD and PCOM, particularly OD+HA+PCOM, are associated with higher risks of miscarriage, ectopic pregnancy, and preterm birth [13]. 
Despite these findings, few studies have comprehensively examined both genetic and non-genetic contributions of PCOS to ESM in large, single-center cohorts. Whether PCOS independently increases ESM through higher rates of aneuploid embryos remains controversial. If not, it is critical to determine which PCOS features or phenotypes contribute most to ESM in cycles transferring euploid embryos. Accordingly, the present study aimed to: (1) provide an updated, comprehensive comparison of euploid embryo rates between PCOS and non-PCOS women undergoing preimplantation genetic testing for aneuploidy (PGT-A), and (2) compare ESM rates across PCOS phenotypes defined by Rotterdam criteria in single vitrified euploid blastocyst transfer cycles.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Materials and Methods
Study Population
All patient data were obtained from Reproductive Medicine Center, the First Affiliated Hospital of Zhengzhou University. Data were extracted from the Clinical Reproductive Medicine Management System/Electronic Medical Record Cohort Database (CCRM/EMRCD). This study was approved by the Ethics Review Committee of the hospital (Approval No. 2023-KY-1049), and the requirement for informed consent was waived due to its retrospective nature. 
The diagnosis of PCOS was based on the Rotterdam criteria. Ovulation dysfunction was diagnosed based on the presence of oligo-/amenorrhea (menstrual cycle > 35 days). Hyperandrogenism was defined as a testosterone (T) level > 0.48 ng/mL, consistent with our laboratory reference ranges, and/or clinical manifestations such as hirsutism. At treatment initiation, hirsutism was assessed using the Ferriman–Gallwey scoring system (≥ 6 for Asian women) and/or the presence of severe acne or alopecia. Polycystic ovarian morphology (PCOM) was defined as the presence of ≥ 12 antral follicles (2–9 mm in diameter) or an ovarian volume > 10 cm³ [14]. The non-PCOS group comprised women without any features of PCOS, including PCOM, menstrual cycles > 35 days, or hyperandrogenism.
[bookmark: _Hlk156573707][bookmark: _Hlk233396967][bookmark: _Hlk167124002]Two cohorts were included in this study: 1. Fresh ovarian stimulation cycle: couples with normal chromosome karyotype undergoing their first PGT-A cycles. Exclusion criteria were: (1) chromosomal heteromorphisms; (2) preimplantation genetic testing for monogenic disorders; and (3) missing key clinical data. Indications for PGT-A mainly include recurrent spontaneous abortion, recurrent implantation failure, and advanced maternal age. 2. Frozen-thawed embryo transfer cycle: patients undergoing first single vitrified euploidy blastocyst transfer. Patients undergoing their first single vitrified euploid blastocyst transfer. Embryos derived from all PGT cycles (for aneuploidy, chromosomal rearrangements, or monogenic disorders) were included. Exclusion criteria were uterine anomalies or pathologies identified by routine hysteroscopy prior to transfer, or thin endometrium (< 7 mm on the day of progesterone administration).
Study Protocols
Ovarian stimulation protocols and laboratory procedures have been previously described in detail [15]. ICSI is the standard fertilization method for PGT-A cycles in our center. Protocols for endometrial preparation, luteal phase support, and embryo transfer follow-up were published in our earlier work [9]. 
The primary outcome was the ESM rate. Clinical pregnancy was defined as the presence of one or more intrauterine gestational sacs on ultrasound 5–6 weeks after embryo transfer. ESM was defined as pregnancy loss before 12 gestational weeks. ESM rate was calculated as the number of ESM cycles divided by the number of clinical pregnancy cycles.
Statistical analysis
Continuous variables were tested for normality. Baseline characteristics were expressed as mean ± SD or median (25th, 75th percentile). Student’s t-test or Mann–Whitney U test was used for two-group comparisons depending on data distribution. For three or more groups, normally distributed variables were analyzed using one-way analysis of variance (ANOVA), and non-normally distributed variables were analyzed using the Kruskal–Wallis test. Post hoc analysis was performed using Dunnett’s t-test. Categorical variables were expressed as counts and percentages and compared using the Chi-squared test. Bonferroni correction was applied for multiple comparisons. 
To account for the correlation among multiple biopsied blastocysts originating from the same patient, generalized estimating equation (GEE) models with an exchangeable correlation structure and robust standard errors were used to identify factors associated with blastocyst euploidy. The dependent variable was the euploidy status of each biopsied blastocyst (1 = euploid, 0 = non‑euploid). A binomial distribution with a logit link function was specified.. Univariate and multivariate logistic regression were used to examine potential predictors of ESM. All analyses were conducted using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA). A two-sided P < 0.05 was considered statistically significant.
Results
The flow chart of this study was briefly presented in Figure 1. From January 2017 to December 2023, a total of 1646 first PGT-A cycles were included. Ten cycles were excluded due to no oocyte retrieval, and 387 were excluded due to the absence of blastocysts for biopsy. Ultimately, 169 PCOS cycles and 1,080 non-PCOS cycles were included. 
As shown in Table 1, baseline characteristics differed significantly between groups. PCOS patients were younger, had a higher number of retrieved oocytes, and more blastocysts available for biopsy. In the PCOS group, 1,274 blastocysts were biopsied, of which 580 were euploid, yielding a euploidy rate of 45.53% (580/1274). This was significantly higher than the rate in the non-PCOS group, 39.86% (1935/4854) (P < 0.001). 
Multiple linear regression was used to assess factors influencing euploidy rate (Table 2). Female age was negatively associated with euploidy rate [Regression coefficient: -0.018, 95% confidence interval (CI): -0.023 to -0.013; P = 0.000], whereas PCOS status was not associated (Regression coefficient: -0.007, 95% CI: -0.083 to 0.069; P = 0.858). As illustrated in Figure 2, euploidy rates declined significantly with increasing maternal age in both PCOS and non-PCOS groups. When stratified by age (≤ 28, 29–32, 33–37, and ≥ 38 years), PCOS patients consistently had slightly higher euploidy rates, but differences did not reach statistical significance (P > 0.05 for all comparisons). 
Between January 2017 and June 2023, 345 PCOS and 1,650 non-PCOS FET cycles involving the first single vitrified euploid blastocyst transfer were analyzed. As shown in Supplemental Table 1, baseline characteristics were not fully comparable between groups. The ESM rate was significantly higher in PCOS patients compared with controls [18.34% (40/218) vs. 12.38% (125/1010); P = 0.019]. Multivariate logistic regression confirmed PCOS as an independent risk factor for ESM after adjusting for covariates (Supplemental Table 2).
ESM rates further varied by PCOS phenotype. As presented in Table 3, baseline parameters, particularly serum testosterone levels, differed across phenotypes. ESM rates were 14.48% (21/145) in the PCOM+OD group, 18.75% (6/32) in the PCOM+HA group, and 31.70% (13/41) in the PCOM+OD+HA group, significantly higher than in non-PCOS controls. The PCOM+OD+HA phenotype showed the highest risk (Figure 3; Supplemental Table 3). 
Univariate and multivariate logistic regression analyses were performed to identify predictors of ESM within PCOS patients (Table 4). Female age, AMH levels, and BMI were not associated with ESM. However, transfer of day 6 blastocysts (vs. day 5) increased ESM risk (OR = 2.060; P = 0.048). Importantly, the PCOM+OD+HA phenotype was an independent risk factor for ESM after adjustment for age, BMI, AMH, and day of transfer. 
Discussion
In this study, we comprehensively examined the association between PCOS and ESM in women undergoing IVF/ICSI treatment. Among couples with normal karyotypes undergoing PGT-A, the euploidy rate per oocyte retrieval cycle in PCOS women was 45.53%, higher than in non-PCOS patients. Multiple linear regression confirmed that female age, but not PCOS status, significantly influenced euploid embryo rate. However, in frozen-thawed transfer cycles with single euploid blastocysts, PCOS was associated with a significantly increased risk of ESM. Notably, the PCOM+OD+HA phenotype exhibited the highest ESM rate even after adjusting for age and other covariates. To our knowledge, this is the first study evaluating both genetic and non-genetic contributions of PCOS to ESM within a single cohort. 
PCOS is the most prevalent and complex endocrine–metabolic disorder affecting reproductive-aged women worldwide. Its clinical manifestations—hyperandrogenism, ovulatory dysfunction, and polycystic ovarian morphology—range from mild menstrual irregularities to severe disturbances in reproductive and metabolic function. Despite ongoing research, the underlying mechanisms linking PCOS to increased miscarriage risk remain poorly understood. Evidence from prior studies, including our own, consistently indicates that PCOS is associated with elevated miscarriage rates following conception [9, 16, 17]. 
The higher miscarriage rate observed in PCOS patients represents only a superficial phenomenon; the deeper causative mechanisms warrant further investigation. Miscarriage arises from both genetic factors and non-genetic factors, such as autoimmune disorders, metabolic disturbances, and endometrial dysfunction. Given the complex metabolic profile of PCOS, a key question arises: is the elevated ESM rate in PCOS patients due to increased formation of aneuploid embryos, or does the abnormal metabolic environment in PCOS contribute to miscarriage after embryo implantation?
To answer the first question, several other studies, including data from our center, have detected the status of chromosome aberration in chorion villi from spontaneous abortion following assisted reproductive technology in PCOS patients [18, 19]. However, results are conflicting. The first study including 174 women undergoing preimplantation genetic diagnosis in 2007 found that PCOS did not increase the risk for embryonic aneuploidy in the course of in vitro fertilization treatment [7]. In 2016, Zhou et al reported the aneuploidy rate of abortuses in 100 patients (32 with PCOS and 68 without PCOS) who had experienced clinical spontaneous abortion after IVF/ICSI treatment [19]. In the PCOS group, 28.1% of abortuses demonstrated aneuploidy, which was significantly lower than in the non-PCOS group (72.1%). On the contrary, data from our center showed that chromosomal aberrations were more frequent in conceptuses from PCOS patients compared with controls (61.3% vs. 47.8%), which implied that women with PCOS were at an increased risk of miscarrying a chromosomally aberrant embryo/fetus compared with non-PCOS controls [18]. These discrepancies highlight the need to consider the effects of PCOS on meiotic processes and suggest a potential role for novel therapeutics targeting meiotic regulation [20]. 
In line with prior studies, our current data from couples with normal karyotypes undergoing PGT-A demonstrated that euploidy rates from blastocyst biopsies in PCOS women were comparable to, or slightly higher than, those in non-PCOS controls. Female age remained a significant predictor of aneuploidy, consistent with established knowledge [21]. The apparent discrepancy with our earlier study may be attributed to differences in sample size and patient selection; the previous study evaluated 328 women with first-trimester miscarriage, whereas the current analysis assessed 6,128 biopsied blastocysts. Additionally, prior evaluations of chorionic villi were limited to patients who returned to the center, potentially introducing selection bias [18]. 
Collectively, these results support the conclusion that female age is the most critical factor influencing embryo euploidy in IVF/ICSI, and that PCOS itself does not significantly increase the likelihood of producing aneuploid embryos. Therefore, we hypothesize that the elevated miscarriage rate in PCOS is primarily attributable to metabolic and endocrine disturbances, such as hyperinsulinemia, inflammation, and insulin resistance.  
To further explore this hypothesis, we examined ESM rates in PCOS patients across different phenotypes after frozen-thawed euploid blastocyst transfer. Consistent with our previous findings, the overall ESM rate in PCOS patients was 18.34%, significantly higher than that in non-PCOS controls [9]. PCOS patients were categorized into four phenotypes: PCOM+OD, PCOM+HA, OD+HA, and PCOM+OD+HA. As anticipated, the highest ESM rate was observed in the PCOM+OD+HA group. 
Understanding PCOS phenotypes is essential for elucidating their impact on ESM after IVF/ICSI. Hyperandrogenism, for example, plays a significant role in metabolic dysregulation in PCOS and may contribute to miscarriage risk. A recent systematic review of 9,556 PCOS women demonstrated the pivotal role of hyperandrogenism in adverse metabolic outcomes [22]. In addition, HA could also contribute to further risk of miscarriage [12]. In 2022, Wang et al included 8903 to explore the impact of different PCOS phenotypes on frozen thawed embryo transfer outcomes. Data showed that PCOS phenotypes A (PCOM+OD+HA) and D (PCOM+OD) were associated with an elevated risk of abortion [23]. These findings collectively indicate that ESM incidence varies across PCOS phenotypes. 
Given the complexity and heterogeneity of PCOS, diagnosis and phenotype classification remain challenging. As a retrospective study, data on insulin resistance and diabetes mellitus were not uniformly available, and information on insulin-sensitizing medication use was not systematically captured. Future prospective studies with large sample size and standardized metabolic screening are needed to better evaluate these factors. Also, Phenotype grouping criteria may differ from other studies. Nevertheless, the primary objective of this study was to demonstrate that ESM rates differ among PCOS subtypes, rather than to definitively identify the phenotype with the highest ESM risk. The elevated ESM in the PCOM+OD+HA subgroup likely reflects the cumulative effect of all three adverse diagnostic factors. Our study could not determine the relative contribution of each individual factor to ESM. 
A major strength of this study is the concurrent evaluation of blastocyst euploidy and ESM rates in PCOS patients within a single-center cohort, minimizing heterogeneity in diagnosis, embryo culture, and PGT-A assessment. Limitations include potential differences in oocyte quality compared with naturally ovulating women, the influence of male factors on embryo euploidy, incomplete metabolic data, and the very small sample size for some phenotypes (e.g., only two patients in the OD+HA subgroup). It should also be acknowledged that the lack of information on certain reproductive and lifestyle risk factors precluded adjustment for potential confounders, and these unmeasured variables might partially account for the miscarriage risk differences observed across groups. Furthermore, as an observational study, mechanistic explanations for the effects of hyperandrogenism, ovulatory dysfunction, or metabolic abnormalities on miscarriage remain to be elucidated. 
Conclusion
This study evaluated couples with normal karyotypes undergoing PGT-A and women undergoing frozen-thawed single euploid blastocyst transfer, aiming to determine whether increased miscarriage risk in PCOS arises from higher rates of aneuploid embryos or from abnormal endocrine environments. Our findings indicate that the elevated early spontaneous miscarriage rate in PCOS patients following IVF/ICSI is likely due to endocrine and metabolic dysfunction rather than genetic factors. Non-genetic, environmental factors deserve focused attention in future strategies to reduce ESM in this population.
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Table 1. Baseline characteristics and euploidy embryo rate in PCOS and control patients undergoing PGT-A
	
	Non-PCOS
	PCOS
	P

	No. of cycles
	1080
	169
	

	Female age (years)
	34.35 ± 4.81
	31.37 ± 4.14
	< 0.001a

	BMI (Kg/m2)
	22.92 ± 2.87
	23.80 ± 3.25
	< 0.001a

	Duration of infertility (years)
	2 (1, 4)
	2 (1, 3)
	0.816b

	No. of previous abortion
	2 (1, 3)
	2 (1, 3)
	0.757b

	Indications for PGT-A
	
	
	< 0.001c

	Recurrent spontaneous abortion
	60.19% (650/1080)
	50.89% (86/169)
	

	 Recurrent implantation failure
	14.63% (158/1080)
	41.42% (70/169)
	

	 Others (Advanced maternal age, etc)
	25.19% (272/1080)
	7.69% (13/169)
	

	Other existed diagnosis 
	
	
	0.706b

	 Tubal, endometriosis and pelvic
	43.7% (472/1080)
	40.83% (69/169)
	

	 Male factor
	18.61% (201/1080)
	17.75% (30/169)
	

	 Uterine factors
	14.44% (156/1080)
	17.75% (30/169)
	

	 Complex factors
	23.24% (251/1080)
	23.67% (40/169)
	

	Basal FSH level (mIU/mL)
	6.68 ± 2.23
	5.65 ± 1.66
	< 0.001a

	Basal T (ng/mL)
	0.25 (0.17, 0.35)
	0.42 (0.29, 0.57)
	< 0.001

	AMH (ng/mL)
	2.89 ± 2.10
	6.33 ± 3.20
	< 0.001a

	AFC
	12 (8, 17)
	24 (21, 28)
	< 0.001b

	No. of oocytes retrieved
	13 (8, 18)
	20 (15, 24)
	< 0.001b

	No. of Mature oocytes
	10 (7, 15)
	17 (12, 21)
	< 0.001b

	Fertilization rate*
	79.02% (9688/12260)
	81.14% (2340/2884)
	0.007c

	Blastocyst formation rate*
	62.63% (4854/7750)
	66.01% (1274/1930)
	0.006c

	No. of blastocysts biopsied
	4 (2, 6)
	[bookmark: _Hlk233206657]7 (4, 10)
	< 0.001b

	[bookmark: _Hlk233206875][bookmark: _Hlk233206866]No. of euploid embryos
	1 (0, 3)
	[bookmark: _Hlk233206898]3 (1, 4)
	< 0.001b

	Rate of no euploid embryos cycle
	31.11% (336/1080)
	9.47% (16/169)
	< 0.001c

	Euploidy rate per cycle 
	39.86% (1935/4854)
	45.53% (580/1274)
	< 0.001c


[bookmark: _Hlk233206595][bookmark: _Hlk233206649]Note: Data were presented as means ± SD, median (25th,75th percentile) or n/N. 
a Student’s t-test. b Mann-Whitney U test. c Chi-squared test.
PCOS, polycystic ovary syndrome; PGT-A, preimplantation genetic testing for aneuploidy; BMI, body mass index; FSH, follicle stimulation hormone; T, testosterone; AMH, anti-Müllerian hormone; AFC, antral follicle count. 
[bookmark: _Hlk233875801]* Fertilization rate = Total number of 2Pronucleus/ Total number of Mature oocytes; 
Blastocyst formation rate = Total number of blastocyst/ Total number of high-quality cleavage embryos on day 3



Table 2. Generalized estimating equation (GEE) analysis of factors associated with blastocyst euploidy
	Parameters
	Regression coefficient (β)
	OR (Exp β)	
	95% CI
	P

	
	
	
	Lower
	Upper
	

	Female age (years)
	−0.056
	0.946
	-0.082
	-0.030
	<0.001

	Duration of infertility (years)
	0.003
	1.003
	-0.005
	0.011
	0.465

	No. of previous abortion
	0.005
	1.005
	-0.011
	0.021
	0.54

	BMI (Kg/m2)
	−0.002
	0.998
	-0.009
	0.005
	0.578

	Basal FSH level (mIU/mL)
	−0.002
	0.998
	-0.012
	0.008
	0.696

	Basal T (ng/mL)
	0.032
	1.033
	-0.072
	0.136
	0.547

	AMH (ng/mL)
	−0.003
	0.997
	-0.014
	0.008
	0.588

	AFC
	0.005
	1.005
	-0.001
	0.011
	0.105

	PCOS (Yes or No)
	−0.010
	0.99
	-0.088
	0.068
	0.802


Note: GEE with exchangeable correlation structure and robust standard errors was used to account for within-patient correlations among multiple biopsied blastocysts from the same patient. The dependent variable was blastocyst euploidy status (1 = euploid, 0 = non-euploid). OR = odds ratio; CI = confidence interval; BMI = body mass index; FSH = follicle-stimulating hormone; T = testosterone; AMH = anti-Müllerian hormone; AFC = antral follicle count; PCOS = polycystic ovary syndrome.
Table 3. Baseline characteristics and pregnancy outcomes in PCOS women transferred with single vitrified euploid blastocyst according to PCOS phenotypes
	[bookmark: _Hlk167125741]
	[bookmark: _Hlk167125733]PCOM+OD
	PCOM+HA
	OD+HA
	PCOM+OD+HA
	P

	No. of cycles (%)
	230 (66.67)
	48 (13.91)
	2 (0.58)
	65 (18.84)
	

	Female age (years)
	30 (27, 33)
	29 (27, 33)
	32 (31, /)
	29 (27, 32)
	0.299a

	BMI (Kg/m2)
	23.40 (21.47, 26.05)
	25.05 (22.07, 27.45)
	22.23 (20.70, /)
	25.30 (22.55, 27.30)
	0.075a

	Duration of infertility (years)
	3 (2, 5)
	2 (1, 3)
	4 (2, /)
	3 (2, 5)
	0.067a

	No. of previous abortion
	1 (0, 2)
	1 (0, 2)
	2 (1, /)
	1 (0, 2)
	0.151a

	Basal FSH level (mIU/mL)
	5.81 (4.90, 6.70)
	5.71 (4.06, 6.58)
	6.6 (5.1, /)
	5.67 (4.25, 6.40)
	0.275a

	[bookmark: _Hlk167125409]Basal T (ng/mL)
	0.31 (0.20, 0.40) 
	0.57 (0.52, 0.69) #
	0.55 (0.49, /) 
	0.60 (0.52, 0.72) #
	<0.001a

	AMH (ng/mL)
	5.64 (4.02, 7.67) &
	5.12 (3.76, 7.03) &
	6.15 (5.22, /)
	8.57 (6.21, 13.14)
	<0.001a

	AFC
	24 (22, 28)
	24 (20, 26)
	18 (14, /)
	24 (24, 28)
	0.082a

	Fasting plasma glucose (mmol/L)
	4.99 (4.68, 5.29)
	4.96 (4.67, 5.30)
	4.85 (4.60, /)
	4.95 (4.48, 5.21)
	0.330a

	Endometrial thickness at embryo transfer (mm) 
	9.00 (8.87, 11.00)
	9.00 (9.00, 11.00)
	10.00 (10.00, /)
	9.00 (8.00, 11.00)
	0.761a

	Day of embryo development at transfer
	
	
	
	
	0.550b

	  5
	67.39% (155/230)
	77.08% (37/48)
	50.00% (1/2)
	67.69% (44/65)
	

	  6
	32.61% (75/230)
	22.92% (11/48)
	50.00% (1/2)
	32.31% (21/65)
	

	Clinical pregnancy rate
	63.04% (145/230)
	66.67% (32/48)
	0.00% (0/2)
	63.08% (41/65)
	0.298b

	[bookmark: _Hlk167125490]Early spontaneous miscarriage rate
	14.48% (21/145) &
	18.75% (6/32)
	/
	31.70% (13/41)
	0.042b




Note: Data were presented as median (25th,75th percentile) or n/N. 
a Mann-Whitney U test. b Chi-squared test. # Compared with Group: PCOM+OD. & Compared with Group: PCOM+OD+HA. P < 0.05. The OD+HA phenotype subgroup was excluded from the phenotypic comparison because the sample size (n = 2 cycles) was insufficient for meaningful statistical analysis.
PCOS, polycystic ovary syndrome; BMI, body mass index; FSH, follicle stimulation hormone; T, testosterone; AMH, anti-Müllerian hormone; AFC, antral follicle count; PCOM, polycystic ovarian morphology; OD, ovulation dysfunction; HA, hyperandrogenism.  




Table 4. Logistic regression analysis of risk factors for early spontaneous miscarriage (ESM) in PCOS patients 
	
	
	Univariate
	
	Multivariate

	Variable
	ESM rate
	OR (95%CI)
	P
	
	Adjusted OR (95%CI)
	P

	Female age
	
	0.994 (0.911-1.084)
	0.884
	
	0.979 (0.890-1.077)
	0.663

	BMI 
	
	1.086 (0.988-1.193)
	0.088
	
	1.079 (0.978-1.190) 
	0.128

	AMH
	
	1.016 (0.936-1.102)
	0.706
	
	0.967 (0.875-1.068)
	0.508

	PCOM
	
	
	
	
	
	

	  No
	/
	/
	/
	
	/
	/

	  Yes
	18.35% (40/218)
	/
	/
	
	/
	/

	OD
	
	
	
	
	
	

	  No
	18.75% (6/32)
	Reference
	0.145
	
	/
	/

	  Yes
	18.28% (34/186)
	0.791 (0.521-1.854)
	
	
	/
	/

	HA
	
	
	
	
	
	

	  No
	15.17% (22/145)
	Reference
	0.068
	
	/
	/

	  Yes
	24.66% (18/73)
	1.820 (0.896-3.696)
	
	
	/
	/

	Day of embryo development at transfer
	
	
	0.048
	
	
	0.042

	  5
	15.34% (25/163)
	Reference
	
	
	Reference
	

	  6
	27.27% (15/55)
	2.060 (1.034-4.298)
	
	
	2.122 (1.045-4.682)
	

	PCOS phenotypes
	
	
	
	
	
	

	  PCOM+OD
	14.48% (21/145)
	Reference
	
	
	Reference
	

	  PCOM+HA
	18.75% (6/32)
	1.362 (0.507-3.703)
	0.215
	
	1.484 (0.621-3.825)
	0.319

	  PCOM+OD+HA
	31.70% (13/41)
	2.023 (1.127-6.070)
	0.040
	
	2.164 (1.209-6.247)
	0.036


Note: PCOS, polycystic ovarian syndrome; BMI, body mass index; T, testosterone; AMH, anti-Müllerian hormone; PCOM, polycystic ovarian morphology; OD, ovulation dysfunction; HA, hyperandrogenism; OR, odds ratio; CI, confidence interval.  
Figure legends
Figure 1. Flow chart of this study. 
[bookmark: _GoBack][image: ]
PGT-A; SR; M, Preimplantation genetic testing for aneuploidy; Structural Rearrangement; Monogenic gene disorderPGT-A, Preimplantation genetic testing for aneuploidy; PCOS, polycystic ovarian syndrome; ESM, early spontaneous miscarriage; PCOM, polycystic ovarian morphology; OD, ovulation disorder; HA, hyperandrogenism 


Figure 2. Euploidy rate in PCOS and non-PCOS:
[image: ]
≤ 28 years old: 51.09% (140/274) vs. 49.47% (325/657); P = 0.651; 
29-32 years old: 46.31% (257/555) vs. 45.53% (851/1869); P = 0.748; 
33-37 years old: 43.37% (170/392) vs. 39.39% (568/1442); P = 0.154;  
≥ 38 years old: 24.53% (13/53) vs. 21.56% (191/886); P = 0.610)  
Figure 3. Early spontaneous miscarriage rate in different PCOS phenotypes 
[image: ]
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