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ABSTRACT 

 
OBJECTIVE - Some studies have suggested that patients with polycystic ovary syndrome 

(PCOS) are at high risk of miscarriage. However, this still remains controversial. Several 

potential factors might explain this association: obesity, hyperinsulinemia and 

hyperandrogenism. Artificial and stimulated cycles appear to be comparable for endometrial 

preparation in frozen-thawed embryo transfer (FET) in PCOS patients. Only a few studies 

have assessed miscarriage rates specifically in PCOS. We have evaluated the impact of 

endometrial preparation on FET outcomes in anovulatory PCOS patients. 

METHODS – A retrospective cohort study was conducted at the Lille University Hospital, 

including 255 FET cycles in 134 PCOS patients between January 2011 and December 2017. 

PCOS was defined by the presence of at least two of the three Rotterdam’s criteria. Patients 

were under 35 years old. Two endometrial preparation protocol were studied: stimulated cycle 

(gonadotropins on the second day of the cycle and luteal phase support including natural 

progesterone 600 mg/day) and artificial cycle (6 mg oral estradiol valerate and 800 mg 

micronized vaginal progesterone daily). 

RESULTS - 137 FET were performed under stimulated cycle and 118 FET under artificial 

cycle. Early pregnancy rates (30% versus 37.3%, p = NS), miscarriage rates (22% versus 

25%, p = NS) and live birth rates (23.4% versus 26.3%, p = NS) were similar.  

CONCLUSIONS - In anovulatory PCOS women, the type of endometrial preparation does 

not influence FET outcomes, specifically regarding the miscarriage rate.  
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INTRODUCTION 

 

Since the first frozen-thawed embryo transfer (FET) in 1983 [1], embryo cryopreservation has 

become a common practice in assisted reproductive technology (ART). According to the 

ESHRE report published in 2020, FET is the second most widely used technique in ART after 

in vitro fertilization with intracytoplasmic sperm microinjection (IVF-ICSI) [2]. 

Many studies have compared the pregnancy outcomes after fresh embryo transfer versus 

frozen-thawed embryo transfer (FET) and found similar pregnancy rates in both groups [3–6]. 

Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting 5 to 20% of the 

female population [7]. 

Patients with PCOS are at high risk of ovarian hyperstimulation syndrome (OHSS) and a 

freeze-all strategy with the use of FET reduces that risk.  

In order to maximize the chances of pregnancy during a frozen-thawed embryo transfer 

(FET), the embryonic development and endometrial growth must be synchronized. Several 

methods are available for endometrial preparation. The artificial cycle is the most commonly 

used. The other two endometrial preparation protocols used are stimulated cycle and natural 

spontaneous cycle. However, the natural cycle can only be used in patients with regular 

menstruations. Although, the advantage of one treatment over the other remains controversial. 

Many studies have not found any significant difference between artificial and stimulated cycle 



 

 

[8–13]. Two recent reviews concluded that there is no consistent evidence to support the 

benefit of using one treatment over the other [14,15].  

Most of studies have been focused on patients with regular normo-ovulatory cycles and few 

of them have specifically evaluated these methods in anovulatory PCOS patients. However, in 

patients with cycle disorders, only stimulated and artificial cycles can be performed. A meta-

analysis recently published has specifically focused its attention on the endometrial 

preparation protocols for FET in PCOS patients and found no difference between artificial 

and stimulated cycles [16].  

Some studies have suggested that PCOS is associated with a higher rate of early spontaneous 

miscarriage [17–21]. This association could be explained by insulin resistance and sometimes 

high BMI [22–24] and hyperandrogenism. However, this association still remains 

controversial [25]. A meta-analysis including 9 studies found no difference in terms of early 

spontaneous miscarriage rates between PCOS and non-PCOS patients [26]. 

 

The objective of this study was to evaluate the miscarriage rate following different type of 

endometrial preparation protocol in anovulatory PCOS patients. 

 

MATERIEL AND METHODS 

Subjects 

This is a retrospective study from prospectively collected datas of the French national ART 

registery named “JFIV” performed in the Reproductive Medicine Department of Lille 

University Hospital on 134 PCOS patients. As this study was retrospective and without 

intervention, the opinion of the Ethics Committee on the study was not required. All patients 

had given prior consent for the use of their clinical, hormonal and ultrasound datas. On 

December 16, 2019, the Institutional Review Board of the Lille University Hospital gave 



 

 

unrestricted approval for the anonymous use of all patients’ clinical, hormonal and ultrasound 

records (reference DEC20150715-0002). 255 FET cycles were performed in patients between 

January 2011 and December 2017. Patients were between 18 and 35 years old. PCOS was 

diagnosed on the revised Rotterdam criteria, which require the presence of at least two of the 

following three conditions [27] : 

- Oligo and/or anovulation. 

- Clinical and/or biochemical hyperandrogenism. 

- Polycystic ovarian morphology (PCOM). 

Oligomenorrhea was defined by the presence of an average cycle length of more than 35 days 

and included women with amenorrhea. Clinical hyperandrogenism was defined by the 

presence of hirsutism (modified Ferriman-Gallwey score over 6) and/or acne located in more 

than two areas. Biochemical hyperandrogenism was defined as a serum total testosterone 

level > 0.39 ng/ml and/or a serum androstenedione level > 1,75 ng/ml in our center. 

Polycystic ovarian morphology (PCOM) was defined by the presence of at least 19 follicles 

measuring 2 to 9 mm and/or ovarian volume ≥10 mL and/or ovarian surface area ≥ 5.5 cm2, 

on at least one of the two ovaries. In addition, the AMH assay was used to replace the 

follicular count to define the PCOM with a threshold of 35 pmol/L or about 5 ng/mL [28,29]. 

Women with congenital adrenal hyperplasia, Cushing syndrome, androgen secreting tumor or 

hyperprolactinemia were excluded.  The threshold of 12 follicles, initially described in the 

Rotterdam Consensus, was readjusted to 19 follicles of less than 9 mm in 2011 due to an 

improvement in the ultrasound performance (use of a General Electric Voluson E8 with high 

frequency endovaginal probe of 5 to 9 MHz) [29].  Patients with PCOS phenotype C 

(Hyperandrogenism + PCOM) were excluded from our study. In this study, we also excluded: 

patients with endometriosis at all stages, presence of one or two persistent hydrosalpinges, 

ICSI with use of surgical sperm or cryopreserved sperm and use of gamete donation. 



 

 

Assay 

The biological assessment included: estradiol, LH and FSH assays (ABBOTT's Automate 

Architect), AMH (Beckman Coulter Immunotech's second-generation AMH-EIA 

immunoenzyme kit (Villepinte, France)) [29], total testosterone, Δ4-androstenedione (by 

radioimmunoassay (RIA) and then from June 2013, by using liquid chromatography coupled 

to mass spectrometry (LC-MS / MS), 17-hydroxyprogesterone, SDHEA, SHBG, 

prolactinemia, fasting glucose and insulinemia. 

 

Ultrasonographic (U/S) examination 

The U/S examination was performed on the same day as the blood sampling, between day 2 

and 5 at baseline, using a Voluson E8 Expert (General Electric Systems, VELIZY, France) 

and a 5-9 MHz transvaginal transducter as previously described. For each ovary, the total 

number of follicles smaller than 9 mm in diameter was counted by slow and continuous 

scanning of the entire ovary. Experienced sonographers performed all the ultrasounds. 

Patients were excluded from the analysis when transvaginal ultrasound was not possible.  

Endometrial preparation 

The choice of treatment was made in consultation with the referring doctor of the couple. 

Stimulated cycle Patients were given injections of gonadotropins (FSH or HMG) on the 

second day of their cycle triggered by the sequential treatment of dydrogesterone. The starting 

dose, usually 50 to 75 IU / day, was determined according to the age of the patient, her Body 

Mass Index (BMI) and ovarian reserve. Ultrasound and hormone assays (estradiol, LH +/- 

progesterone) were performed between day 8 and day 10, and then repeated until the follicle 

reached 16 to 20 mm with a concordant hormone biology and a minimum endometrial 

thickness of 7 mm. Subcutaneous injection of recombinant hCG was then carried out in order 

to trigger final oocyte maturation (Ovitrelle®, Choriogonadotropin alpha, 250 μg, Merck 



 

 

Serono, Lyon, France) and FET was performed 5 days later. Patients received luteal phase 

support beginning on the day of transfer. This treatment was based on the administration of 

vaginal progesterone (Progestan Gé®, progesterone, 200mg, Besins International: 200 mg in 

the morning and 400 mg in the evening) until the pregnancy test was performed. If positive, 

vaginal progesterone was continued until the first ultrasound was performed around 4-5 

weeks of pregnancy. 

Artificial cycle Oral or percutaneous natural estradiol treatment was started the first day of the 

cycle (Provames®, estradiol, Sanofi-Aventis, France, 2mg, three times a day or Vivelledot ®, 

estradiol, 75 μg / 24h: 2 patches, beginning the 1st day of the cycle and changed every 3 days, 

Novartis Pharma SA). Percutaneous administration of estrogens is preferred in cases of 

thromboembolic risk factors. Ultrasonography was performed at least 12 days after the start of 

testrogen treatment, and renewed if the endometrial thickness had not reached 7 mm during 

the first control. When the endometrium thickness reached at least 7 mm, treatment with 

vaginal progesterone was started (Progestan Gé®, Progesterone, 200 mg, 2 in the morning 

and 2 in the evening, Sanofi-Aventis, France) and frozen-thawed embryo transfer was planned 

on the fourth day of progesterone administration for cleaved-stage embryos. The treatment 

was continued until the pregnancy test was performed. If found positive, the treatment was 

continued until 12 weeks of pregnancy. None of the patients had received a previous 

gonadotropic desensitization with GnRH agonist. 

Techniques for freezing and thawing embryos 

All the embryos were of good quality and contained between 4 and 5 blastomeres (at D2) and 

between 6 and 9 blastomeres (at D3) with less than 20% of cytoplasmic fragmentation. 

Embryos were cryopreserved according to a slow freezing protocol, using the Embryo 

Freezing Pack Kit (Origio, Målov, Denmark) according to the manufacturer's 

recommendations. Embryos were then packaged in straws (CryoBioSystem®) individually 



 

 

and frozen according to a temperature descent program on an automatic freezing device 

(Planer Kryo560-16, United Kingdom). Embryos were thawed one day before transfer, except 

for the D3 embryos who were thawed the same day of embryo transfer. The embryonic 

survival (presence of at least 50% of intact blastomeres) was evaluated immediately after 

thawing. Any embryo whose survival was <50% was not transferred. Subsequently, the 

embryo(s) that were chosen to be transferred were placed in an oven at 37 °C in a culture 

medium (Global, JCD, La Mulatiere, France) until the time of transfer. The embryonic 

quality was evaluated on the day of the transfer. The recovery rate, defined as the number of 

embryos transferred to the number of thawed embryos, was measured for each cycle. 

The number of embryos transferred was determined with the couple, taking into account the 

woman's age, her history of medically assisted reproduction and any medical 

contraindications to twin pregnancies. 

Transfer technique of embryos 

A transfer test was performed in advance to measure the uterine height and ensure the 

feasibility of transfer. Embryo transfer was performed with the Elliocath® Angled Catheter 

(Ellios BioTek Laboratory, Paris, France). The catheter containing the embryo(s) was 

introduced into the uterine cavity and the embryo(s) were deposited at 1.5 - 2 cm from the 

uterine fundus with ultrasound guidance. Subsequently, the catheter was immediately 

examined under the microscope to ensure that the embryo did not accidentally remain in the 

catheter. 

FET Outcomes  

A pregnancy test was performed by assaying plasma quantitative hCG fourteen days post 

transfer. A pregnancy was defined by hCG level higher than 100 mIU / mL. Ongoing 

pregnancy was defined as the pregnancy that progressed beyond 12 weeks of amenorrhea. 

Live birth rate was defined as the birth of a child born alive beyond 24 weeks of amenorrhea 



 

 

(SA). A spontaneous miscarriage was defined by the non-evolution of a pregnancy before 24 

SA; early if the miscarriage occured before 12 SA and late if it occured between 12 and 24 

SA. Biochemical pregnancies with hCG levels that never exceeded 100 mIU / mL were 

excluded from pregnancies and miscarriages. 

 

Statistical Analysis 

Quantitative values are expressed as a median with the 5th and 95th percentiles. The 

nonparametric Mann-Whitney test was used to compare the quantitative variables. The Chi-

squared test was performed to compare the qualitative variables. These are represented as 

percentages with numbers. The differences were considered statistically significant when the 

p value was less than 0.05. 

 
 

RESULTS 

 
54% of transfers (n = 137) were performed using a stimulated cycle and 46% (n = 118) under 

artificial cycle. 

The clinical characteristics of PCOS patients in each subgroup are shown in Table 1. 

Patients were comparable in terms of age at time of thawing, BMI, presence or absence of 

smoking, presence of tubal infertility and rank of IVF attempt. Male infertility rate (51% 

versus 67%, p <0.05) was significantly lower in the artificial cycle group than in the 

stimulated cycle group. 

The characteristics of FET cycles such as endometrial thickness, embryo recovery rate and 

number of embryos transferred were comparable between the two groups. 

Miscarriage rate (22% versus 25%, p = NS) was no significantly different between the 

stimulated group and the artificial one. 

Other FET outcomes (implantation rate, early pregnancy rate, ongoing pregnancy rate and 



 

 

live birth rate shown in Table 2) are not significantly different between the two groups. An 

ectopic pregnancy and therapeutic interruption of pregnancy occurred in the artificial cycle 

group. 

 

 

DISCUSSION 

In this study, we did not find any statistically significant difference concerning miscarriage 

rates between the two protocols studied, i.e., stimulated cycle and artificial cycle after FET in 

anovulatory PCOS patients. This result is similar to a randomized study that had compared 

stimulated cycle and artificial cycle in patients with PCOS. Indeed, in this study [30], no 

difference was found between these two protocols in 576 PCOS patients who underwent a 

first cycle of FET. Clinical pregnancy rate, miscarriage rate and live birth rate were similar. 

However, patients with PCOS of phenotype C (normo-ovulatory PCOS) were also included 

and the threshold of 12 follicles (present on at least one of the two ovaries) was used to define 

PCOM, despite the use of a 6.5 MHz endovaginal probe.  

A meta-analysis published in 2021 compared stimulated cycle and artificial cycle in PCOS 

patients and didn’t find any difference in term of pregnancy outcomes between mild 

stimulation and AC groups [16].  

In a retrospective study including 1926 FET cycles, Hatoum et al. compared the live birth and 

miscarriage rates between stimulated cycle and artificial cycle (normal or dysovulatory 

patients) [31]. They found a significantly higher rate of live birth and a significantly lower 

rate of early miscarriages (which included biochemical pregnancies and clinical pregnancies) 

in the stimulated group. However, luteal phase support in the artificial cycle consisted of 

administration of only 200 mg vaginal micronized progesterone 2 to 3 times daily; which is 

possibly insufficient, as published recently [32,33]. This increase of miscarriage rate after 

artificial cycle has been reported in several studies [10,13,31,34–38] without necessarily 



 

 

being associated with a decrease of live birth rate [13,36]. NC seems to be associated with 

better pregnancy outcomes [37–40] and/or be associated with less pregnancy complications 

than AC [41,42] as confirmed in recent meta-analysis and reviews [40,43] but obviously it’s 

not possible to use it in anovulatory PCOS patients. Recently, a multicenter French cohort 

study showed higher early pregnancy rates with AC compared with natural cycle or 

stimulated cycle [44]. However in this study, ovulation disorders were significantly higher in 

AC group. 

Indeed, most of these studies did not discriminate anovulatory from normo-ovulatory patients 

[10,31,36,44], which may induce a bias towards PCOS patients for whom the artificial cycle 

is currently used. Finally, most of them compared the artificial cycle with the spontaneous 

cycle and not with the stimulated one. 

In the study by Wright et al., 199 FET cycles were randomized and no significant difference 

was found between stimulated and artificial cycle in normo-ovulatory and anovulatory 

patients [45]. More recently, a Cochrane published in 2020 suggested that stimulated cycle 

may improve pregnancy outcomes compared to artificial cycle but there is low-quality 

evidence [46]. Likewise, higher LBR were reported with stimulated cycle compared to 

artificial cycle in a recent meta-analysis but the authors concluded that there is very-low 

quality of evidence [40,47]. Again, these studies were not specifically dedicated to PCOS 

patients. 

It is important to define which type of endometrial preparation for FET is better in PCOS 

patients. Indeed, several recent studies have shown that PCOS patients might have 

significantly higher live birth rates in FET than in fresh embryo transfer. Two recent meta-

analysis studies published in 2019, including 5265 and 5379 patients respectively [4,48], have 

shown a significant increase in live birth rate in FET in "higher-responder" patients in general. 

In a study by Wei et al. involving 3665 patients from two multicenter randomized trials, when 



 

 

supra-physiologic levels of estradiol (> 3000 pg / ml) were noted on the day of triggering 

and/or the oocyte count on oocyte retrieval exceeded 16, live birth rates were found to be 

significantly higher and miscarriage rates to be significantly lower (11.6% versus 26.3%, OR: 

0.37 (0.23-0.57)) in FET than in fresh embryo transfer but only in PCOS patients [49]. This 

suggests that factors present in PCOS patients may induce an increased susceptibility to high 

levels of estradiol and high numbers of oocytes in these patients. In fact, several studies 

suggest a possible alteration of the endometrial receptivity in PCOS patients [50,51]. The 

endometrial overexpression of the estrogen receptor (ERα) in PCOS patients, which is 

normally inhibited by increase of progesterone levels, is mentioned in some studies [52]. 

Estradiol would inhibit the expression of several endometrial factors involved in implantation 

[51]. Endometrial resistance to progesterone [53,54] and endometrial overexpression of 

androgen receptors are also mentioned [55]. However, a loss of inhibition of the expression of 

estrogen and androgen receptors during the implantation window, associated with a 

concomitant decrease in the expression of important endometrial proteins such as glycodelin 

and integrin αvβ3, could lead to an increase of miscarriage rate in PCOS patients [56].  

In a multicentric study in PCOS patients, 1508 patients were randomly subjected to fresh 

embryo transfer or FET in a first IVF cycle [57]. The live birth rate was significantly higher 

related to a significantly lower miscarriage rate (22% versus 32.7%, p <0.001) in the FET 

group. In the latest recommendations from the international guidelines for the management of 

PCOS [58,59], it is recommended to consider the use of a freeze-all strategy for PCOS 

patients who underwent IVF or ICSI. 

The potential impact of PCOS on early spontaneous miscarriage is not a recent finding. Balen 

et al. [60] found a higher early miscarriage rate close to 40% in patients with PCOS who had 

a pregnancy after in vitro fertilization in a retrospective study evaluating 1,060 pregnancies. 



 

 

The miscarriage rate during the spontaneous pregnancy in general population is about 10 to 

16% [61,62]. This seems to be higher in the ART population with a miscarriage rate close to 

29% in a study by Farr et al. [63] which was mostly correlated with the age of the patients 

during the ART trial.  

A meta-analysis published in 2006 did not find any difference between PCOS and non-PCOS 

patients in term of miscarriage rate [26]. However, this association is still widely studied. 

Several studies have found a higher level of miscarriage rate in PCOS population [18,20,60], 

independent of the BMI [21] and the risk of embryonic aneuploidy [19]. But these studies are 

mostly retrospective and potentially present a bias. In a study analyzing 8058 embryo 

transfers (fresh or frozen-thawed), the miscarriage rate was significantly higher in the PCOS 

group but the endometrial preparation protocols were different according to the group of 

patients [18]. Non-PCOS patients had a spontaneous cycle while PCOS patients had received 

artificial cycle. 

However, the independent effect of PCOS on the miscarriage rate is still debated [62,64] 

because of confounding factors known to increase miscarriages such as high BMI (obesity), 

insulin resistance [24] and hyperandrogenism [65], which are frequently found in PCOS 

patients and could explain the risk of miscarriages [24,66,67]. In case of hyperandrogenism, 

testosterone has a negative influence on the uterine expression of HOXA-10, which is 

essential for endometrial receptivity [68,69]. Low levels of HOXA-10 have been found in 

patients with repeated implantation failure and recurrent miscarriages [68].  

In 2012, the Amsterdam consensus [70] did not recognize an increase of miscarriages in 

PCOS patients in a context of spontaneous pregnancy. Recently, the ESHRE [71] recognized 

a possible association between PCOS and the risk of miscarriage. Nevertheless, PCOS is not 

considered as a significant risk factor for recurrent miscarriages. 

 



 

 

Finally, there is insufficient data on early miscarriages rates in studies that evaluated 

endometrial preparation methods. Many of these studies do not mention this association 

[9,11,72]. In addition, the definition of early spontaneous miscarriage is very different from 

one study to another, making their interpretations difficult. Some studies define miscarriage 

only when the diagnosis of clinical pregnancy has been previously established by the presence 

of a least one gestational sac and at least one embryo with cardiac activity [13,30], whereas 

the others define a miscarriage by just the presence of a positive hCG level [32]. Prospective 

randomized studies are needed to ensure the equivalence in terms of efficacy of both 

treatments in anovulatory PCOS patients. 

To conclude, in anovulatory PCOS patients, the method of endometrial preparation for FET 

does not appear to have any impact on miscarriage rate and live birth rate. The association 

between PCOS and early spontaneous miscarriage remains controversial. In the literature, it 

still remains unclear whether PCOS is considered to be a risk factor for miscarriages, 

regardless of the confounding factors that are often associated with PCOS such as android 

obesity and insulin resistance. 
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TABLE 1: Clinical characteristics of patients and FET. 

 

 

PCOS 

 

STIMULATED CYCLE  

(n= 137) 

 

ARTIFICIAL CYCLE 

(n= 118) 

 

P 

 

Age 

(years) 

 

31 

[26-35] 

 

30 

[25-35] 

 

NS 

 

BMI 

(kg/m2) 

 

23 

[18-32] 

 

23 

[18-31] 

 

NS 

 

Smoking 

 

12%  

(n=16) 

 

15.3%  

(n=17) 

 

 

NS 

 

Etiology : 

 

Tubal 

 

Male 

 

 

9 % 

(n=13) 

67 % 

(n=92) 

 

 

 

17.8 % 

(n=21) 

51 % 

(n=60) 

 

 

NS 

 

p=0.02 

 

 

 

 

Rank of IVF attempt 

 

 

 

1 

[1-3] 

 

 

 

1 

[1-3] 

 

 

 

NS 

Type : 

 

IVF 

 

ICSI 

 

 

 

34.3 % 

(n=47) 

65.7 % 

(n=90) 

 

 

49.3% 

(n=58) 

50.8 % 

(n=60) 

 

 

p=0.03 

 

 

Endometrium thickness 

(mm) 

 

9 

[7-12] 

 

9 

[7-12] 

 

 

NS 



 

 

 

Embryo recovery rate 

(number of embryos 

transferred / number of 

frozen-thawed embryos) 

 

 

79.3 % 

 

 

 

79.7% 

 

 

NS 

 

Number of embryos 

transferred 

-1 

 

-2 

 

 

 

57.6 % 

(n=79) 

42.4 % 

(n=58) 

 

 

 

 

63.6 % 

(n=75) 

36.4 % 

(n=43) 

 

 

 

 

 

 

NS 

NS = non significant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

TABLE 2: FET outcomes in PCOS anovulatory patients. 

 

 

 

PCOS 

 

 

 

 

STIMULATED CYCLE 

 (n=137) 

 

 

ARTIFICIAL CYCLE 

(n=118) 

 

 

p 

 

 

Implantation rate 

 

 

 

 

23 % 

 

 

26 % 

 

 

NS 

 

 

Early pregnancy rate 

 

 

 

 

30 % 

(n= 41) 

 

 

 

37.3 % 

(n=44) 

 

 

NS 

 

 

Ongoing pregnancy rate 

 

 

 

 

23.4 % 

(n= 32) 

 

 

27 % 

(n= 32) 

 

 

NS 

 

 

Miscarriage rate 

 

 

22 % 

(n=9) 

 

 

 

25 % 

(n=11) 

 

 

NS 

 

 

Live birth rate 

 

 

 

23.4 % 

(n=32) 

 

 

26.3 % 

(n=31) 

 

 

 

NS 




