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Purpose: It is well known that androgen excess impairs oocyte quality, endometrial receptivity and even embryo invasion to some 
extent. Free androgen index (FAI) is strongly recommended to evaluate active androgen. Previous studies have showed conflicting 
conclusions on the effect of hyperandrogenism on the pregnancy outcomes in patients with polycystic ovary syndrome (PCOS). This 
study aims to analyze the influence of hyperandrogenemia based on FAI on frozen embryo transfer (FET) outcomes in patients with 
PCOS.
Patients and Methods: Patients diagnosed with PCOS who underwent their first FET between January 2017 and April 2022 were 
stratified into two cohorts using FAI, a highly recommended parameter: PCOS with hyperandrogenemia (n=73) and PCOS without 
hyperandrogenemia (n=255). Basic and infertility characteristics were analyzed using Student’s t-test or chi-square (χ2) statistics. 
Logistic regression analysis was performed to verify whether FAI was helpful in predicting pregnancy outcomes in women with 
PCOS.
Results: Body mass index (BMI), total gonadotropin (Gn), basal serum follicle-stimulating hormone (bFSH), basal serum testosterone 
(bT), sex hormone binding globulin (SHBG), and FAI were significantly different between the two groups. (P=0.005, P<0.001, 
P<0.001, P<0.001, and P<0.001, respectively). However, clinical pregnancies, abortions, and live births did not differ significantly. 
Further regression analyses showed that FAI was not related to clinical pregnancy, abortion, or live birth rates (adjusted odds ratio 
(OR)=0.978, 95% confidence interval (CI)=0.911–1.050, P=0.539; adjusted OR=1.033, 95% CI=0.914–1.168, P=0.604; and adjusted 
OR=0.976, 95% CI=0.911–1.047, P=0.499, respectively).
Conclusion: FAI was not associated with pregnancy outcomes in patients with PCOS; that is, it did not reflect any negative effects of 
hyperandrogenemia on pregnancy outcomes in patients with PCOS and was not an informative clinical parameter. Therefore, more 
attention should be paid to the factors that influence the accuracy of FAI in reflecting androgen levels in vivo, and further discussion is 
needed.
Keywords: FAI, Hyperandrogenemia, PCOS, Pregnancy, FET

Introduction
Polycystic ovary syndrome (PCOS) is one of the most common endocrinopathies, affecting 8%-13% of reproductive- 
aged women1 and accounting for almost 70% of anovulatory infertility cases.2 It is diagnosed based on the 2003 
Rotterdam criteria that generate four phenotypes: hyperandrogenism, ovulatory dysfunction, and polycystic ovarian 
morphology (Phenotype A); hyperandrogenism and ovulatory dysfunction (Phenotype B); hyperandrogenism and 
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polycystic ovarian morphology (Phenotype C); and ovulatory dysfunction and polycystic ovarian morphology 
(Phenotype D).3

Androgen excess is one of the three basic criteria for diagnosing PCOS, underlining its indispensability. It not only 
affects oocyte quality and endometrial receptivity but also leads to metabolic disorders, which, in turn, further elevate 
androgen levels, resulting in a vicious cycle.4,5 This led us to hypothesize that pregnancy outcomes may be reduced in 
PCOS patients with hyperandrogenism (phenotypes A, B, and C). However, pregnancy outcomes in patients with PCOS 
with different phenotypes during assisted reproductive techniques treatment have been controversial.

Ramezanali et al reported no significant differences in clinical pregnancy, abortion, and live birth rates between 386 
women with PCOS and 350 women without PCOS. However, patients with PCOS and clinical/biochemical hyperandrogen-
ism had a significantly lower implantation rate than patients without PCOS. After adjusting for age and body mass index 
(BMI), PCOS phenotypes A and B were associated with decreased clinical pregnancy rates, while this association was not 
observed in phenotype C.6 The data from our center suggested that PCOS was an independent risk factor for significantly 
lower clinical pregnancy and live birth rates as well as higher early miscarriage rates in PCOS patients with phenotypes A, B, 
C, and D.7 Wang et al studied 1887 women with PCOS and 7016 controls and found that phenotypes A and D were associated 
with an increased risk of miscarriage after adjusting for confounding factors. However, when comparing PCOS patients with 
different phenotypes and patients in the control group, the clinical pregnancy rate of phenotype A was significantly higher 
than that of the control group and phenotype D, while the live birth rate was not statistically different among the groups.8 

Another study did not observe any differences in pregnancy outcomes with different phenotypes after FET.9

It is well known that PCOS is a highly heterogeneous disorder. The cutoff level for hyperandrogenemia has been 
inconsistent in the aforementioned studies, leading to conflicting results. Currently, the free androgen index (FAI) is 
highly recommended as an indicator of active androgen in vivo even from the latest 2023 International Evidence-based 
Guideline;10 however, it has not been used widely in identifying hyperandrogenemia.11,12 Up to now, cutoff value of 
hyperandrogenemia based on FAI has not yet reached a consensus internationally. The assay of SHBG is not routinely 
carried on or approved in some hospitals or doctors do not take it into consideration when it is available. Furthermore, we 
found that data on FAI especially on PCOS Chinese populations are limited.13,14 Therefore, in our study, we aim to 
analyze the influence of hyperandrogenemia based on FAI on FET outcomes in Chinese patients with PCOS.

Materials and Methods
Study Design and Patients
This retrospective study included patients who underwent their first FET between January 2017 and April 2022 at the 
Reproductive Medicine Center of the First Affiliated Hospital of Sun Yat-sen University and were diagnosed with PCOS 
based on the 2003 Rotterdam criteria with at least two of the following items: oligoovulation and/or anovulation, clinical 
or chemical hyperandrogenism, and polycystic ovary morphology (PCOM). The exclusion criteria were as follows: (1) 
age <18 years or >40 years; (2) other endocrine secretion diseases, including thyroid disease, hyperprolactinemia, adrenal 
hyperplasia, and androgen-secreting tumor; (3) intrauterine adhesion or thin endometrium (endometrial thickness less 
than 7 mm); (4) submucosal myoma; endometrial carcinoma or atypical endometrial hyperplasia; (5) endometrial 
hyperplasia; (6) uterine malformations, including saddle uterus, arcuate uterus, double uterus, etc.; (7) endometriosis; 
(8) recurrent abortion (spontaneous abortion with the same sexual partner for two or more consecutive pregnancies); (9) 
repeated implantation failure (two or more instances of high-quality blastocyst or three or more instances of cleavage- 
stage embryo transfer without pregnancy); (10) adverse pregnancy history, such as fetal malformation; (11) systemic 
diseases, such as systemic lupus erythematosus, connective tissue disease, Sjogren’s syndrome, etc.; (12) incomplete data 
records or unavailable results of the first FET; and (13) absence of viable embryo formation. This study was approved by 
the Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University [approval no. Ethics (2020) no. 422–1]. 
All patients provided written informed consent to participate in the study. PCOS patients were divided into two groups 
based on FAI: hyperandrogenemia (HA-PCOS; FAI > 6) and non-hyperandrogenemia (NHA-PCOS; FAI < 6). The FAI 
threshold of 6 was determined by a large-scale national epidemiological survey conducted by the Center for Reproductive 

https://doi.org/10.2147/IJWH.S465541                                                                                                                                                                                                                                

DovePress                                                                                                                                     

International Journal of Women’s Health 2024:16 1350

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Medicine of Peking University Third Hospital in 2017, which included data from women aged 19–45 years in 10 out of 
30 provinces in mainland China [FAI =testosterone (nmol/L)/ sex hormone-binding globulin (nmol/L) × 100].

Controlled Ovarian Stimulation and in vitro Fertilization
The controlled ovarian stimulation (COS) protocol, drug dosage, and maintenance days were determined by a professor 
at our center according to the patient’s age, ovarian reserve, and BMI. Oocytes were retrieved by ultrasound-guided 
transvaginal puncture 34–36 hours after intramuscular injection of human chorionic gonadotropin. The retrieved oocytes 
were fertilized by standard insemination or intracytoplasmic sperm injection (ICSI).

Frozen Embryo Transfer Protocol
Only the first cycle of frozen-thawed embryo transfer was included in this study, and the best-quality embryos were 
selected. The patient’s endometrial preparation protocol was determined by a physician at our center according to the 
patient’s menstrual cycle and history, including hormone replacement therapy and ovulation induction cycle. The luteal 
support protocol used intramuscular progesterone or oral Duphaston and vaginal Crinone according to patient and 
physician preferences. No more than three embryos were transferred.

Outcome Parameters
Clinical pregnancy, the main outcome, was defined as the presence of one or two gestational sacs and a fetal heartbeat in 
the uterine cavity on transvaginal ultrasound five weeks after embryo transfer. A live birth was defined as the delivery of 
a viable newborn after 28 weeks of gestation. An ectopic pregnancy was defined as the presence of a gestational sac 
outside the uterine cavity. Early miscarriage was defined as pregnancy loss after a clinical pregnancy was visible on 
pelvic ultrasonography before 12 weeks of gestation. Late miscarriage was defined as pregnancy loss between 13 and 28 
weeks of gestation.

Statistical Analysis
The Statistical Package for the Social Sciences (SPSS ver. 26.0; IBM Corporation, Armonk, NY, USA) was used for statistical 
analyses. Numerical data conforming to a normal distribution were presented as mean ±standard deviation (xþ s) and compared 
using Student’s t-test. Non-normally distributed data were presented as median (interquartile range [IQR]) and compared using 
the Mann–Whitney U-test. Categorical variables were presented as number (percentage) (n%) and analyzed using the chi-square 
test or Fisher exact probability test. Bivariate and multivariable logistic regression analysis were all performed to verify whether 
FAI was helpful in predicting pregnancy outcomes in women with PCOS. Some common cofounders,15 female age, BMI, 
embryo stage at transfer, and endometrial preparation were included to multiple regression analysis. P<0.05 was considered 
statistically significant.

Result
Study Population
A total of 692 PCOS patients underwent in vitro fertilization (IVF)/ICSI at our hospital between January 2017 and April 2022. 
After rigorous screening, 364 patients were excluded for the following reasons: 316 patients did not undergo the SHBG test at our 
center, 27 patients lacked verified information regarding their menstrual characteristics or PCOM, one patient had incomplete 
FET records, seven were still pregnant, three had congenital uterine malformation, three had endometriosis, one had cervical 
insufficiency, two had intrauterine adhesion, one had endometrial complex hyperplasia, one had repeated implantation failure, 
one had recurrent abortion, and one had an abnormal female chromosome karyotype. Finally, 328 patients were included in this 
study. Based on the FAI, they were divided into two groups: 73 patients in the HA-PCOS group and 255 patients in the NHA- 
PCOS group (Figure 1).
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Baseline Characteristics
In terms of the baseline characteristics, the HA-PCOS group had a significantly lower basal serum follicle-stimulating 
hormone level (bFSH) and a significantly higher BMI compared to the NHA-PCOS group. Moreover, FAI and basal 
testosterone (bT) were significantly higher and SHBG was significantly lower in the HA-PCOS group. Other baseline 
characteristics, including female age, duration of infertility, indication combined with PCOS, type of infertility, previous 
spontaneous miscarriage, manual miscarriage, ectopic pregnancy, and basal luteinizing hormone (bLH) and basal 
estradiol (bE2) levels, were comparable between the two groups (Table 1).

Ovarian Stimulation and FET Characteristics
Among the ovarian stimulation and FET characteristics, a high FAI level was associated with a high Gn dose. Although the 
NHA-PCOS group tended to transfer a greater number of good-quality embryos, this difference was not statistically 
significant. There were no significant differences in the remaining ovarian stimulation or FET characteristics (Tables 2 and 3).

patients diagnosed with PCOS from 
January 2017 to April 2022 n=692

PCOS included n=328

Excluded:

no records of SHBG detected in 

our hospital 316 cases;

couldn’t verify menstrual 

characteristics or PCOM 27cases;

incomplete FET records 1case;

still pregnant 7case;

congenital uterine malformation 

3cases;

endometriosis 3cases;

cervical insufficiency 1case;

intrauterine adhesion 2cases;

endometrial complex 

hyperplasia1case;

repeated implantation failure 

1case;

recurrent abortion 1case;

abnormal female chromosome 

karyotype 1case

HA-PCOS n=73 NHA-PCOS n=255

Figure 1 Flowchart of patient recruitment.
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Reproductive Outcomes of FET
All the assessed reproductive outcomes were from the first FET cycle. In the logistic regression analysis, FAI 
was not associated with the outcomes of clinical pregnancy, miscarriage, or live birth. However, an increase in 
FAI appeared to cause a decline in the clinical pregnancy and live birth rates (adjusted odds ratio [aOR]=0.978, 
95% confidence interval [CI] (0.911, 1.050) and aOR=0.976, 95% CI (0.911, 1.047), respectively) and an 

Table 1 Baseline Characteristics and Hormonal Profile Between Groups

Characteristic HA-PCOS 
(n=73)

NHA-PCOS 
(n=255)

P value

Age (year) 30(28, 31) 29(27, 32) 0.777

Duration of infertility (year) 3(2, 5) 3(2, 5) 0.260

Indication combined with PCOS 0.542
PCOS only 24 (32.9%) 88 (34.5%)

PCOS + tubal factor 26 (35.6%) 106 (41.6%)

PCOS + male factor 19 (26%) 52 (20.4%)
PCOS + other 4 (5.5%) 9 (3.5%)

Type of infertility 0.483
Primary infertility 49(67.1%) 182(71.4%)

Secondary infertility 24(32.9) 73(28.6%)

Previous spontaneous miscarriage 8(11.0%) 27(10.6%) 0.982
Previous manual miscarriage 11(15.1%) 26(10.2%) 0.246

Previous ectopic pregnancy 6(8.2%) 17(6.7%) 0.647

bFSH (IU/L) 4.65(3.93, 5.22) 4.98(4.40, 5.82) 0.005*
bLH (IU/L) 6.18(4.81, 8.25) 6.19(3.87, 9.38) 0.77

bE2 (pg/mL) 32(24, 43) 34(25, 47) 0.119

bT (ng/mL) 0.55(0.49, 0.67) 0.44(0.35, 0.56) <0.001*
SHBG (nmol/l) 20.90(15.50, 28.20) 58.20(40.50, 93.65) <0.001*

FAI 8.54(6.94, 11.57) 2.73(1.63, 4.02) <0.001*

BMI (kg/cm2) 24.81±2.83b 21.51(19.86, 23.81) <0.001*

Note: *Indicate significant difference (P<0.05). 
Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by the square of height in 
meters).

Table 2 Ovarian Stimulation Characteristics Between Groups

Characteristic HA-PCOS 
(n=73)

NHA-PCOS 
(n=255)

P value

Fertility method 0.206

IVF 49 188

ICSI 20 62
IVF+ICSI 4 5

COS protocol 0.943
Antagonist protocol 66 225

Long protocol 6 23

Other 1 7
Total Gn (IU) 1500(1200, 1925) 1212(1050, 1530) <0.001*

Days of Gn use 9(8, 10) 8(8, 10) 0.148

Oocytes retrieved 23(16, 32) 21(16, 29) 0.381
Normal fertilized oocytes 12(10, 22) 13(10, 19) 0.901

Number of viable embryos 7(1, 10) 7(4, 11) 0.931

Number of top-quality embryos of D3 5(2, 9) 5(3, 9) 0.798
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increase in the miscarriage rate (aOR=1.029, 95% CI (0.911, 1.161)); nevertheless, the differences were not 
statistically significant (Tables 4 and 5). One patient in the NHA-PCOS group was diagnosed with an ectopic 
pregnancy (Table 4).

Table 3 Characteristics in the First FET Cycle Between Groups

Characteristic HA-PCOA 
(n=73)

NHA-PCOS 
(n=255)

P value

Year of FET 0.128

2017–2019 29(39.7%) 127(49.8%)

2020–2022 44(60.3%) 128(50.2%)
Endometrial preparation 0.349

Hormone therapy 60 194

Mild stimulation 11 42
Other 2 19

Endometrial thickness(mm) 9.6(8.8, 10.8) 9(8.3, 10) 0.105
E2 level at the time of FET 114(90, 159) 125(93.5, 186) 0.218

Number of embryos transferred 0.131

1 55(75.3%) 212(83.1%)
2 18(24.7%) 43(16.9%)

Embryo stage at transfer 0.489

Day 3 13(17.8%) 37(14.5%)
Day 5/6 60(82.2%) 218(83.5%)

Number of top-quality embryo 72(78.3%) 255(85.6%) 0.096

Embryo frozen days 91(73, 119) 90(72, 125) 0.735

Note: Number of transferred embryos: HA-PCOS=92; NHA-PCOS=298.

Table 4 Reproductive Outcomes in the First FET Cycle Between Groups

Characteristic HA-PCOS  
(n=73)

NHA-PCOS  
(n=255)

P value

Implantation 46 (50.0%) 166 (55.7%) 0.337

Clinical pregnancy 44 (60.3%) 162 (63.5%) 0.612

Miscarriage 8 (17.8%) 25 (15.4%) 0.704
Early miscarriage 7 (15.9%) 22 (13.6%) 0.736

Late miscarriage 1 (2.2%) 3 (3.1%) 1.000

Ectopic pregnancy 0 (0.0%) 1 (0.4%) 1.000
Live birth 36 (80%) 136 (84%) 0.532

Table 5 Logistic Regression of FAI as a Continuous Variable on Pregnancy 
Outcomes

Parameters OR(95% CI) P value aOR(95% CI) P value

Clinical pregnancy 0.975(0.916, 1.039) 0.436 0.978(0.911, 1.050) 0.539

Miscarriage 1.065(0.958, 1.185) 0.244 1.033(0.914, 1.168) 0.604
Early miscarriage 1.062(0.956, 1.180) 0.260 1.029(0.911, 1.161) 0.650

Late miscarriage 0.980(0.719, 1.337) 0.900 0.931(0.653, 1.326) 0.692

Live birth 0.964(0.906, 1.025) 0.242 0.976(0.911, 1.047) 0.499

Note: Analyses were adjusted for female age, BMI, embryo stage at transfer, and endometrial 
preparation. 
Abbreviations: OR, Odds Ratio; aOR, adjusted Odds Ratio; CI, Confidence Interval.
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Discussion
In a rigorously defined cohort of patients with PCOS, our research did not find a significant association between FAI and 
reproductive outcomes such as clinical pregnancy, miscarriage, and live birth. Given that the gold-standard tests for 
measuring androgen levels, such as equilibrium dialysis and liquid chromatography–tandem mass spectrometry techni-
ques, are time-consuming methodologies and require sophisticated equipment, FAI is recognized as a relatively accurate 
and informative parameter for assessing hyperandrogenemia according to the Rotterdam consensus11 and is also highly 
recommended in China. However, in most studies, hyperandrogenemia depended on total testosterone levels. Therefore, 
we chose FAI, a superior indicator of androgen activity, to analyze whether hyperandrogenemia affects fertility outcomes 
in patients with PCOS.

In addition, our findings hold clinical significance. The results demonstrated that bFSH levels in the HA-PCOS group 
were lower than those in the other group, which is consistent with the recognition that there is a hypothalamic-pituitary- 
ovarian axis dysfunction in PCOS patients.16–18 Besides, bLH levels and LH/FSH ratios are similar in the two groups, 
which is contrary to many studies showing that women with PCOS had elevated serum LH concentrations and LH/FSH 
ratios that could be caused by androgen.19–21 However, a clinical study also found that LH levels were lower in obese or 
overweight patients with PCOS than in patients within a healthy BMI range.22 This is in line with the findings of this 
study that show that the BMI of the HA-PCOS group was significantly higher than that of the NHA-PCOS group. 
Hyperandrogenism, the main hallmark of PCOS, plays a pivotal pathogenic role in metabolic dysfunction.23 Most studies 
have demonstrated that total and free testosterone levels are positively correlated with abdominal fat accumulation in 
women with PCOS. Testosterone facilitates visceral fat accumulation by inhibiting lipolysis and promoting lipogenesis.24 

Higher BMI observed in the HA-PCOS group implies that higher Gn doses based on body weight are required to achieve 
a therapeutic effect.25,26 However, higher Gn doses are associated with an increased risk of ovarian hyperstimulation 
syndrome, a severe complication that should be avoided during COS. In addition, women in the HA-PCOS group not 
only suffered from psychological stress caused by infertility but also received increased doses of drugs, which inevitably 
increased the economic burden. Therefore, PCOS patients with hyperandrogenism should be paid more attention.

Our results seem to indicate that FAI had no clinical predictive value for reproductive outcomes in women with PCOS 
undergoing FET, which was in accordance with the results of a previous study9 but not with those of another study that 
showed that patients with PCOS and androgen excess undergoing IVF/ICSI-ET had a lower live birth rate and a higher 
abortion rate.27 However, another study also showed similar clinical pregnancy and live birth rates in different 
phenotypes,28 indicating that androgen excess did not influence the outcomes, while their hyperandrogenemia depended 
on total testosterone. In contrast to previous reports showing that a lower FAI in PCOS patients with ovulation induction 
had a higher chance of pregnancy or live birth,29,30 clinical pregnancy or live birth in our patients did not seem to be 
related to the FAI level. This might be attributed to the differences as follows. Firstly, subjects were not the same. They 
investigated PCOS not responding to clomiphene citrate treatment or oligomenorrhea/amenorrhea was necessary as 
diagnostic criteria for PCOS. Secondly, endometrium preparations were inconsistent. Thirdly, others’ studies contained 
multiple treatment cycles, ours only included the first cycles in order to reduce confounding factors.

Androgen excess is one of the three fundamental diagnostic criteria for PCOS and plays an indispensable role in its 
pathophysiology. It not only harms follicular development and oocyte quality but also influences endometrial receptivity, 
which is detrimental to the development of embryos and the success of live births.

Hyperandrogenism may affect oocytes directly or indirectly through granulosa and theca cells via multiple signaling 
pathways. An anti-apoptotic protein of the heat shock protein (HSP) family, HSP27, is significantly reduced in the 
oocytes of women with PCOS.31 Studies have shown that excessive androgens activate ER stress in granulosa and 
cumulus cells;32,33 change autophagy-related markers;34 and disturb mitochondrial function35 and many metabolic 
pathways,36 impairing oocyte maturation, follicle formation, and ovulation. In a prenatally androgenized animal 
model, elevated testosterone altered the expression of a series of genes encoding for extracellular matrix components 
and their signaling pathways37 in adult ovaries or reduced the expression of CYP17A138 in theca cells.

Regarding endometrial receptivity, increasing evidence supports that androgen receptor (AR) in the endometrium is 
regulated throughout the menstrual cycle and during pregnancy, suggesting its important role in embryo implantation, 
pregnancy maintenance, and disease incidence.39 Reduced expression of HOXA-10, a receptivity marker, can also be 
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detected in the endometrium of PCOS patients. It has been shown that testosterone downregulates the expression of 
HOXA-10 through the AR pathway40 and decreases the levels of PRL, IGFBP-1, and other decidualization-related 
markers.41 Lee et al found that abnormal glucose metabolism was also detected in the endometrium of patients with 
PCOS and that both hyperinsulinemia and high androgen levels could lead to abnormal glucose metabolism, suggesting 
that high androgen levels are not conducive to the establishment of a normal pregnancy.42

Interestingly, this study did not observe any negative effects of hyperandrogenemia on pregnancy outcomes. Several 
factors may contribute to these findings and are worthy of attention: First, there are performance issues with regard to the 
precision and accuracy of the immunoassay of serum testosterone; therefore, rapid improvements in or simplification of 
equilibrium dialysis and liquid chromatography–tandem mass spectrometry technique for accurate clinical application is 
crucial. Second, the level of serum testosterone can be reduced by some medications, such as the contraceptive pill 
Diane-35, antidiabetics metformin, liraglutide,43 or traditional Chinese medicine. For example, several studies have 
shown that metformin lowers testosterone levels in women with PCOS independently as well as in a manner dependent 
on insulin sensitivity.44–46 Caution should be undertaken as SHBG concentrations can be easily and dramatically altered, 
which has a significant impact on FAI. Pathologies such as hyperinsulinemia, obesity, and metabolic syndrome can 
change SHBG levels.47–49 Even resistance training50 or time-restricted feeding increases SHBG.51 Some studies have 
shown that vitamin D supplementation might have an effect on FAI,52 although the evidence is inconclusive. Most 
patients trying to conceive often consume vitamin D, which might make us notice this kind of situation. Since this was 
a retrospective study, the menstrual cycle phase during which the blood was collected or the fasting status was unclear, 
which may affect FAI. It is recommended that specimens be collected during the early follicular phase53 as androgen 
levels fluctuate throughout the menstrual cycle.54 Therefore, it is important to thoroughly inquire and record patient 
history and collect blood samples when appropriate. In addition, it is possible, although unlikely, that this study included 
a small proportion of non-PCOS infertile patients who only had a short period of irregular menstruation and may contain 
unknown or more complex infertility factors that interfered with the results.

Strength and Limitation of the Study
The strength of this study lies in the use of a highly recognized parameter to reflect serum-free testosterone (FAI) and an 
appropriate FAI threshold to reflect the hyperandrogenemia has not yet been determined so far and the value of FAI in 
predicting infertility outcomes remains controversial. The limitation of this study is its retrospective design; therefore, 
confounding bias cannot be completely excluded, and clinical hyperandrogenism cannot be included. Although patients 
with PCOS were rigorously selected, the sample size was insufficient, decreasing the generalizability of our conclusions 
and limiting analysis of other critical metabolic parameters. Further studies are needed to determine the extent to which 
androgen levels require interventions in patients with PCOS.

Conclusion
In a word, FAI did not accurately reflect the potential negative effects of hyperandrogenemia on pregnancy outcomes in 
PCOS patients. Factors that influence the accuracy of FAI should be paid more attention. Further studies are needed to 
determine the extent to which androgen levels require interventions in patients with PCOS.

Abbreviations
PCOS, Polycystic ovary syndrome; FAI, Free androgen index; FET, Frozen embryo transfer; BMI, Body mass index; 
COS, Controlled ovarian stimulation; IVF, In vitro fertilization; ICSI, Intracytoplasmic sperm injection; bFSH, Basal 
serum follicle-stimulating hormone; bLH, Basal serum luteinizing hormone; bE2, Basal serum estradiol; bT, Basal serum 
testosterone; HA, Hyperandrogenemia; NHA, Non- hyperandrogenemia; SHBG, Sex hormone binding globulin; Gn, 
Gonadotropin; HSP, Heat shock protein; AR, Androgen receptor.

Data Sharing Statement
The data that support the finding of this study are available on request from the corresponding author.

https://doi.org/10.2147/IJWH.S465541                                                                                                                                                                                                                                

DovePress                                                                                                                                     

International Journal of Women’s Health 2024:16 1356

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ethics Approval and Consent to Participate
The present study received approval from the Institutional Review Board of the First Affiliated Hospital of Sun Yat-sen 
University [approval no. Ethics (2020) no. 422-1]. All procedures were carried out in accordance with the relevant 
guidelines and regulations. Furthermore, informed consent was obtained from all participants before the study. This study 
complies with the Declaration of Helsinki.

Author Contributions
All authors made a significant contribution to the reported work in terms of conception, study design, execution, 
acquisition of data, analysis, and interpretation; took part in drafting, revising and critically reviewing the article; gave 
final approval of the version to be published; have agreed on the journal to which the article has been submitted; and 
agreed to be accountable for all aspects of the work.

Funding
The study was supported by Guangdong Provincial Key Laboratory of Reproductive Medicine (2020B1212060029).

Disclosure
Senlan Wang and Jifan Tan are co-first authors for this study. The authors declare that they have no conflicts of interest in 
this work.

References
1. Teede HJ, Misso ML, Costello MF, et al. Recommendations from the international evidence-based guideline for the assessment and management of 

polycystic ovary syndrome. Hum Reprod. 2018;33(9):1602–1618. doi:10.1093/humrep/dey256
2. Brassard M, AinMelk Y, Baillargeon J-P. Basic infertility including polycystic ovary syndrome. Med Clin North Am. 2008;92(5):1163–1192. 

doi:10.1210/clinem/dgad463
3. Joham AE, Norman RJ, Stener-Victorin E, et al. Polycystic ovary syndrome. Lancet Diab Endocri. 2022;10(9):668–680. doi:10.1016/S2213- 

8587(22)00163-2
4. Li Y, Chen C, Ma Y, et al. Multi-system reproductive metabolic disorder: significance for the pathogenesis and therapy of polycystic ovary 

syndrome (PCOS). Life Sci. 2019;228:167–175. doi:10.1016/j.lfs.2019.04.046
5. Rosenfield RL, Ehrmann DA. The Pathogenesis of Polycystic Ovary Syndrome (PCOS): The Hypothesis of PCOS as Functional Ovarian 

Hyperandrogenism Revisited. Endocr Rev. 2016;37(5):467–520. doi:10.1210/er.2015-1104
6. Ramezanali F, Ashrafi M, Hemat M, Arabipoor A, Jalali S, Moini A. Assisted reproductive outcomes in women with different polycystic ovary 

syndrome phenotypes: the predictive value of anti-Mullerian hormone. Reprod Biomed Online. 2016;32(5):503–512. doi:10.1016/j. 
rbmo.2016.01.010

7. Luo L, Gu F, Jie H, et al. Early miscarriage rate in lean polycystic ovary syndrome women after euploid embryo transfer - A matched-pair study. 
Reprod Biomed Online. 2017;35(5):576–582. doi:10.1016/j.rbmo.2017.07.010

8. Wang Q, Zheng Y, Li P, et al. Increased risk of abortion after frozen-thawed embryo transfer in women with polycystic ovary syndrome phenotypes 
A and D. Sci Rep. 2022;12(1):14852. doi:10.1038/s41598-022-18704-9

9. Eftekhar M, Mirhashemi ES, Tabibnejad N. Assisted reproductive outcomes in women with different polycystic ovary syndrome phenotypes. 
Int J Gynaecol Obstet. 2019;144(2):147–152. doi:10.1002/ijgo.12707

10. Teede HJ, Tay CT, Laven J, et al. Recommendations from the 2023 International Evidence-based Guideline for the Assessment and Management of 
Polycystic Ovary Syndrome. Fertil Steril. 2023;120(4):767–793. doi:10.1016/j.fertnstert.2023.07.025

11. 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(1):41–47. doi:10.1093/humrep/deh098

12. Zhou Z, Li R, Qiao J. Androgen profile in Chinese women with polycystic ovary syndrome in their reproductive years. Reprod Biomed Online. 
2017;35(3):331–339. doi:10.1016/j.rbmo.2017.05.019

13. Teede HJ, Tay CT, Laven JJE, et al. Recommendations From the 2023 International Evidence-based Guideline for the Assessment and Management 
of Polycystic Ovary Syndrome. J Clin Endocrinol Metab. 2023;108(10):2447–2469. doi:10.1210/clinem/dgad463

14. Engmann L, Jin S, Sun F, et al. Racial and ethnic differences in the polycystic ovary syndrome metabolic phenotype. Am J Obstet Gynecol. 
2017;216(5):493.e1–493.e13. doi:10.1016/j.ajog.2017.01.003

15. Qiu M, Tao Y, Kuang Y, Wang Y. Effect of body mass index on pregnancy outcomes with the freeze-all strategy in women with polycystic ovarian 
syndrome. Fertil Steril. 2019;112(6):1172–1179. doi:10.1016/j.fertnstert.2019.08.009

16. Taylor AE, McCourt B, Martin KA, et al. Determinants of abnormal gonadotropin secretion in clinically defined women with polycystic ovary 
syndrome. J Clin Endocrinol Metab. 1997;82(7):2248–2256. doi:10.1210/jcem.82.7.4105

17. Liao B, Qiao J, Pang Y. Central Regulation of PCOS: Abnormal Neuronal-Reproductive-Metabolic Circuits in PCOS Pathophysiology. Front 
Endocrinol. 2021;12:667422. doi:10.3389/fendo.2021.667422

18. Emanuel RHK, Roberts J, Docherty PD, Lunt H, Campbell RE, Moller K. A review of the hormones involved in the endocrine dysfunctions of 
polycystic ovary syndrome and their interactions. Front Endocrinol. 2022;13:1017468. doi:10.3389/fendo.2022.1017468

International Journal of Women’s Health 2024:16                                                                               https://doi.org/10.2147/IJWH.S465541                                                                                                                                                                                                                       

DovePress                                                                                                                       
1357

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1093/humrep/dey256
https://doi.org/10.1210/clinem/dgad463
https://doi.org/10.1016/S2213-8587(22)00163-2
https://doi.org/10.1016/S2213-8587(22)00163-2
https://doi.org/10.1016/j.lfs.2019.04.046
https://doi.org/10.1210/er.2015-1104
https://doi.org/10.1016/j.rbmo.2016.01.010
https://doi.org/10.1016/j.rbmo.2016.01.010
https://doi.org/10.1016/j.rbmo.2017.07.010
https://doi.org/10.1038/s41598-022-18704-9
https://doi.org/10.1002/ijgo.12707
https://doi.org/10.1016/j.fertnstert.2023.07.025
https://doi.org/10.1093/humrep/deh098
https://doi.org/10.1016/j.rbmo.2017.05.019
https://doi.org/10.1210/clinem/dgad463
https://doi.org/10.1016/j.ajog.2017.01.003
https://doi.org/10.1016/j.fertnstert.2019.08.009
https://doi.org/10.1210/jcem.82.7.4105
https://doi.org/10.3389/fendo.2021.667422
https://doi.org/10.3389/fendo.2022.1017468
https://www.dovepress.com
https://www.dovepress.com


19. Yang H, Di J, Pan J, et al. The Association Between Prolactin and Metabolic Parameters in PCOS Women: A Retrospective Analysis. Front 
Endocrinol. 2020;11:263. doi:10.3389/fendo.2020.00263

20. Sullivan SD, Moenter SM. Prenatal androgens alter GABAergic drive to gonadotropin-releasing hormone neurons: implications for a common 
fertility disorder. Proc Natl Acad Sci U S A. 2004;101(18):7129–7134. doi:10.1073/pnas.0308058101

21. Dulka EA, Burger LL, Moenter SM. Ovarian androgens maintain high GnRH neuron firing rate in adult prenatally-androgenized female mice. 
Endocrinology. 2020;161(1). doi:10.1210/endocr/bqz038

22. Franik G, Madej P, Guz-Lem M, Owczarek A, Chudek J, Olszanecka-Glinianowicz M. Daytime decrease of prolactin levels is associated with 
PCOS regardless to nutritional status and other hormones levels. Gynecol Endocrinol. 2017;33(5):336–341. doi:10.1080/09513590.2016.1276555

23. Sanchez-Garrido MA, Tena-Sempere M. Metabolic dysfunction in polycystic ovary syndrome: Pathogenic role of androgen excess and potential 
therapeutic strategies. Mol Metabol. 2020;35. doi:10.1016/j.molmet.2020.01.001

24. Tchernof A, Brochu D, Maltais-Payette I, et al. Androgens and the regulation of adiposity and body fat distribution in humans. Compr Physiol. 
2018;8(4):1253–1290. doi:10.1002/cphy.c170009

25. Abbara A, Patel A, Hunjan T, et al. FSH Requirements for Follicle Growth During Controlled Ovarian Stimulation. Front Endocrinol. 2019;10:579. 
doi:10.3389/fendo.2019.00579

26. Zeng R, Chen H, Zeng X, Qin L. The Essential Role of Body Weight in Adjusting Gn Dosage to Prevent High Ovarian Response for Women With 
PCOS During IVF: A Retrospective Study. Front Endocrinol. 2022;13:922044. doi:10.3389/fendo.2022.922044

27. Yang W, Yang R, Yang S, et al. Infertile polycystic ovary syndrome patients undergoing in vitro fertilization with the gonadotropin-releasing 
hormone-antagonist protocol: role of hyperandrogenism. Gynecol Endocrinol. 2018;34(8):715–718. doi:10.1080/09513590.2018.1431773

28. Wang Q, Wang H, Li P, et al. Association of Polycystic Ovary Syndrome Phenotypes With Adverse Pregnancy Outcomes After In-Vitro 
Fertilization/Intracytoplasmic Sperm Injection. Front Endocrinol. 2022;13:889029. doi:10.3389/fendo.2022.889029

29. van Wely M, Bayram N, van der Veen F, Bossuyt PMM. Predicting ongoing pregnancy following ovulation induction with recombinant FSH in 
women with polycystic ovary syndrome. Hum Reprod. 2005;20(7):1827–1832. doi:10.1093/humrep/deh891

30. Zhang D, Gao J, Liu X, Qin H, Wu X. Effect of Three Androgen Indexes (FAI, FT, and TT) on Clinical, Biochemical, and Fertility Outcomes in 
Women with Polycystic Ovary Syndrome. Reprod Sci. 2021;28(3):775–784. doi:10.1007/s43032-020-00316-1

31. Cai L, Ma X, Liu S, et al. Effects of upregulation of Hsp27 expression on oocyte development and maturation derived from polycystic ovary 
syndrome. PLoS One. 2013;8(12):e83402. doi:10.1371/journal.pone.0083402

32. Jin J, Ma Y, Tong X, et al. Metformin inhibits testosterone-induced endoplasmic reticulum stress in ovarian granulosa cells via inactivation of p38 
MAPK. Hum Reprod. 2020;35(5):1145–1158. doi:10.1093/humrep/deaa077

33. Azhary JMK, Harada M, Takahashi N, et al. Endoplasmic reticulum stress activated by androgen enhances apoptosis of granulosa cells via 
induction of death receptor 5 in PCOS. Endocrinology. 2019;160(1):119–132. doi:10.1210/en.2018-00675

34. Li X, Qi J, Zhu Q, et al. The role of androgen in autophagy of granulosa cells from PCOS. Gynecol Endocrinol. 2019;35(8):669–672. doi:10.1080/ 
09513590.2018.1540567

35. Wang J, Wu X. The effects of mitochondrial dysfunction on energy metabolism switch by HIF-1α signalling in granulosa cells of polycystic ovary 
syndrome. Endokrynol Pol. 2020;71(2):134–145. doi:10.5603/EP.a2020.0002

36. Liao B, Qi X, Yun C, Qiao J, Pang Y. Effects of Androgen Excess-Related Metabolic Disturbances on Granulosa Cell Function and Follicular 
Development. Front Endocrinol. 2022;13:815968. doi:10.3389/fendo.2022.815968

37. Monniaux D, Genet C, Maillard V, et al. Prenatal programming by testosterone of follicular theca cell functions in ovary. Cell Mol Life Sci. 2020;77 
(6):1177–1196. doi:10.1007/s00018-019-03230-1

38. Padmanabhan V, Salvetti NR, Matiller V, Ortega HH. Developmental programming: prenatal steroid excess disrupts key members of intraovarian 
steroidogenic pathway in sheep. Endocrinology. 2014;155(9):3649–3660. doi:10.1210/en.2014-1266

39. Simitsidellis I, Saunders PTK, Gibson DA. Androgens and endometrium: new insights and new targets. Mol Cell Endocrinol. 2018;465:48–60. 
doi:10.1016/j.mce.2017.09.022

40. Cermik D, Selam B, Taylor HS. Regulation of HOXA-10 expression by testosterone in vitro and in the endometrium of patients with polycystic 
ovary syndrome. J Clin Endocrinol Metab. 2003;88(1):2447–2469. doi:10.1210/clinem/dgad463

41. Younas K, Quintela M, Thomas S, et al. Delayed endometrial decidualisation in polycystic ovary syndrome; the role of AR-MAGEA11. J Mol Med. 
2019;97(9):1315–1327. doi:10.1007/s00109-019-01809-6

42. Lee MH, Yoon JA, Kim HR, et al. Hyperandrogenic Milieu Dysregulates the Expression of Insulin Signaling Factors and Glucose Transporters in 
the Endometrium of Patients With Polycystic Ovary Syndrome. Reprod Sci. 2019:1933719119833487. doi:10.1177/1933719119833487

43. Elkind-Hirsch KE, Chappell N, Shaler D, Storment J, Bellanger D. Liraglutide 3 mg on weight, body composition, and hormonal and metabolic 
parameters in women with obesity and polycystic ovary syndrome: a randomized placebo-controlled-phase 3 study. Fertil Steril. 2022;118 
(2):371–381. doi:10.1016/j.fertnstert.2022.04.027

44. Pau CT, Keefe C, Duran J, Welt CK. Metformin improves glucose effectiveness, not insulin sensitivity: predicting treatment response in women 
with polycystic ovary syndrome in an open-label, interventional study. J Clin Endocrinol Metab. 2014;99(5):1870–1878. doi:10.1210/jc.2013-4021

45. Kurzthaler D, Hadziomerovic-Pekic D, Wildt L, Seeber BE. Metformin induces a prompt decrease in LH-stimulated testosterone response in 
women with PCOS independent of its insulin-sensitizing effects. Reprod Biol Endocrinol. 2014;12:98. doi:10.1186/1477-7827-12-98

46. Garzia E, Galiano V, Marfia G, Navone S, Grossi E, Marconi AM. Hyperandrogenism and menstrual imbalance are the best predictors of metformin 
response in PCOS patients. Reprod Biol Endocrinol. 2022;20(1):6. doi:10.1186/s12958-021-00876-0

47. Narinx N, David K, Walravens J, et al. Role of sex hormone-binding globulin in the free hormone hypothesis and the relevance of free testosterone 
in androgen physiology. Cell Mole Life Scie. 2022;79(11):543. doi:10.1210/jc.2002-021072

48. Keevil BG, Adaway J, Fiers T, Moghetti P, Kaufman J-M. The free androgen index is inaccurate in women when the SHBG concentration is low. 
Clin Endoc. 2018;88(5):706–710. doi:10.1177/1933719119833487

49. Lin XF, Wu RR, Du J, et al. Exploring the significance of sex hormone-binding globulin examination in the treament of women with polycystic 
ovarian syndrome (PCOS). Clin Exp Obstet Gynecol. 2015;42(3):315–320. doi:10.12891/ceog1779.2015

50. Roberts CK, Croymans DM, Aziz N, Butch AW, Lee CC. Resistance training increases SHBG in overweight/obese, young men. Metabolism. 
2013;62(5):725–733. doi:10.1016/j.metabol.2012.12.004

https://doi.org/10.2147/IJWH.S465541                                                                                                                                                                                                                                

DovePress                                                                                                                                     

International Journal of Women’s Health 2024:16 1358

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3389/fendo.2020.00263
https://doi.org/10.1073/pnas.0308058101
https://doi.org/10.1210/endocr/bqz038
https://doi.org/10.1080/09513590.2016.1276555
https://doi.org/10.1016/j.molmet.2020.01.001
https://doi.org/10.1002/cphy.c170009
https://doi.org/10.3389/fendo.2019.00579
https://doi.org/10.3389/fendo.2022.922044
https://doi.org/10.1080/09513590.2018.1431773
https://doi.org/10.3389/fendo.2022.889029
https://doi.org/10.1093/humrep/deh891
https://doi.org/10.1007/s43032-020-00316-1
https://doi.org/10.1371/journal.pone.0083402
https://doi.org/10.1093/humrep/deaa077
https://doi.org/10.1210/en.2018-00675
https://doi.org/10.1080/09513590.2018.1540567
https://doi.org/10.1080/09513590.2018.1540567
https://doi.org/10.5603/EP.a2020.0002
https://doi.org/10.3389/fendo.2022.815968
https://doi.org/10.1007/s00018-019-03230-1
https://doi.org/10.1210/en.2014-1266
https://doi.org/10.1016/j.mce.2017.09.022
https://doi.org/10.1210/clinem/dgad463
https://doi.org/10.1007/s00109-019-01809-6
https://doi.org/10.1177/1933719119833487
https://doi.org/10.1016/j.fertnstert.2022.04.027
https://doi.org/10.1210/jc.2013-4021
https://doi.org/10.1186/1477-7827-12-98
https://doi.org/10.1186/s12958-021-00876-0
https://doi.org/10.1210/jc.2002-021072
https://doi.org/10.1177/1933719119833487
https://doi.org/10.12891/ceog1779.2015
https://doi.org/10.1016/j.metabol.2012.12.004
https://www.dovepress.com
https://www.dovepress.com


51. Li C, Xing C, Zhang J, Zhao H, Shi W, He B. Eight-hour time-restricted feeding improves endocrine and metabolic profiles in women with 
anovulatory polycystic ovary syndrome. J Transl Med. 2021;19(1):148. doi:10.1186/s12967-021-02817-2

52. Jamilian M, Foroozanfard F, Rahmani E, Talebi M, Bahmani F, Asemi Z. Effect of Two Different Doses of Vitamin D Supplementation on 
Metabolic Profiles of Insulin-Resistant Patients with Polycystic Ovary Syndrome. Nutrients. 2017;9(12):1280. doi:10.3390/nu9121280

53. Eden JA, Carter GD, Jones J, Alaghband-Zadeh J, Pawson M. Factors influencing the free androgen index in a group of subfertile women with 
normal ovaries. Ann Clin Biochem. 1988;25(Pt 4):350–353. doi:10.1177/000456328802500404

54. Cloke B, Christian M. The role of androgens and the androgen receptor in cycling endometrium. Mol Cell Endocrinol. 2012;358(2):166–175. 
doi:10.1016/j.mce.2011.06.031

International Journal of Women’s Health                                                                                          Dovepress 

Publish your work in this journal 
The International Journal of Women’s Health is an international, peer-reviewed open-access journal publishing original research, reports, 
editorials, reviews and commentaries on all aspects of women’s healthcare including gynecology, obstetrics, and breast cancer. The manuscript 
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-womens-health-journal

International Journal of Women’s Health 2024:16                                                                          DovePress                                                                                                                       1359

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1186/s12967-021-02817-2
https://doi.org/10.3390/nu9121280
https://doi.org/10.1177/000456328802500404
https://doi.org/10.1016/j.mce.2011.06.031
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Study Design and Patients
	Controlled Ovarian Stimulation and invitro Fertilization
	Frozen Embryo Transfer Protocol
	Outcome Parameters
	Statistical Analysis

	Result
	Study Population
	Baseline Characteristics
	Ovarian Stimulation and FET Characteristics
	Reproductive Outcomes of FET

	Discussion
	Strength and Limitation of the Study
	Conclusion
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Author Contributions
	Funding
	Disclosure

