
Am J Transl Res 2025;17(7):5081-5089
www.ajtr.org /ISSN:1943-8141/AJTR0166232

https://doi.org/10.62347/ZUHL5679

Original Article
Clinical effectiveness of ethinylestradiol-cyproterone  
acetate and raloxifene combination therapy in  
polycystic ovary syndrome-associated infertility

Pengyu Huang1*, Suhua Jiang2,3*, Beihong Zheng4*, Yun Fu1, Wenqiang You5, Haiyan Li4

1Fujian Provincial Human Sperm Bank, Fujian Maternity and Child Health Hospital, College of Clinical Medicine 
for Obstetrics and Gynecology and Pediatrics, Fujian Medical University, Fuzhou 350001, Fujian, China; 2Fujian 
Maternity and Child Health Hospital, College of Clinical Medicine for Obstetrics and Gynecology and Pediatrics, 
Fujian Medical University, Fuzhou 350001, Fujian, China; 3School of Life Sciences, Xiamen University, Xiamen 
361000, Fujian, China; 4Center of Reproductive Medicine, Fujian Maternity and Child Health Hospital, College of 
Clinical Medicine for Obstetrics and Gynecology and Pediatrics, Fujian Medical University, Fuzhou 350001, Fujian, 
China; 5Department of Obstetrics and Gynecology, Fujian Maternity and Child Health Hospital, College of Clinical 
Medicine for Obstetrics and Gynecology and Pediatrics, Fujian Medical University, Fuzhou 350001, Fujian, China. 
*Equal contributors and co-first authors.

Received May 21, 2025; Accepted June 26, 2025; Epub July 15, 2025; Published July 30, 2025

Abstract: Objective: To evaluate the therapeutic outcomes of combining ethinylestradiol-cyproterone acetate (EE-
CPA) with raloxifene in the management of polycystic ovary syndrome (PCOS)-associated infertility. Methods: The 
study included 115 women diagnosed with PCOS-associated infertility, admitted between January 2021 and January 
2025. The participants were divided into two groups: 55 women receiving raloxifene monotherapy (control group) 
and 60 treated with EE-CPA plus raloxifene (observation group). The following were assessed: therapeutic effective-
ness, adverse drug reactions (abdominal/pelvic pain, nausea/vomiting, body weight fluctuations, and breast ten-
derness), metabolic markers (fasting plasma glucose [FPG], fasting serum insulin [FINS], and homeostasis model 
assessment of insulin resistance [HOMA-IR]), sex hormones (estradiol [E2], follicle-stimulating hormone [FSH], and 
luteinizing hormone [LH]), ovarian function (ovarian volume and endometrial thickness), endometrial receptivity 
(resistance index [RI] and pulsatility index [PI]), and pregnancy outcomes (ovulation, miscarriage, and clinical preg-
nancy). Results: The combination therapy showed superior outcomes, including enhanced overall effectiveness, 
increased ovulation and pregnancy rates, and a reduced miscarriage rate (all P>0.05). No significant differences 
in adverse drug reactions were found between the two groups (P>0.05). After treatment, the observation group 
showed greater improvements in metabolic markers, FSH, LH, ovarian volume, RI, and PI (all P>0.05). Additionally, 
E2 levels and endometrial thickness were more significantly enhanced in the observation group compared to the 
control group (all P>0.05). Conclusions: The combination of EE-CPA and raloxifene is highly effective in managing 
PCOS-associated infertility, improving therapeutic outcomes without significantly increasing adverse effects. It also 
leads to notable improvements in metabolism, sex hormones, ovarian function, and endometrial receptivity, ulti-
mately enhancing pregnancy outcomes.

Keywords: Polycystic ovary syndrome-associated infertility, ethinylestradiol-cyproterone acetate, raloxifene, thera-
peutic outcomes

Introduction

Polycystic ovary syndrome (PCOS) is a disorder 
that impacts female reproduction, metabolism, 
and psychological health, affecting 5.0-18.0% 
of women during their lifespan [1]. Pathologica- 
lly, PCOS is characterized by infertility, obe- 
sity, anovulation, polycystic ovarian morpholo-

gy, and insulin resistance, with contributing fa- 
ctors including genetic predisposition, dietary 
habits, lifestyle choices, gut microbiota dysbio-
sis, and neuroendocrine disturbances [2, 3]. 
The etiology of PCOS involves ovarian enlarge-
ment and dysfunction, coupled with elevated 
androgen levels that disrupt the ovarian micro-
environment. This frequently leads to symp-
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toms such as acne, hirsutism, and androgenet-
ic alopecia [4, 5]. Infertility prevalence in PCOS 
patients has risen globally, with the age-stan-
dardized prevalence rate of PCOS-related infer-
tility increasing from 223.50 to 308.25 per 
100,000 between 1990 and 2019 [6]. Despite 
this, there is no ideal treatment for PCOS-
related infertility, and current strategies are pri-
marily tailored based on predominant clinical 
features [7]. This study aims to optimize treat-
ment approaches for PCOS-related infertility by 
identifying more clinically effective options to 
enhance patient outcomes.

Raloxifene, a benzothiophene-derived selective 
estrogen receptor modulator, has both prophy-
lactic and therapeutic effects on osteoporosis 
[8]. It is indicated for early postmenopausal 
women, where it positively impacts bone min-
eral density and vertebral fracture prevention 
[9]. An in vitro study found that raloxifene, when 
combined with estrogen and methotrexate, 
enhances cytotoxicity and apoptosis in human 
endometrial stromal cells, potentially explain-
ing its therapeutic role in endometrial hyperpla-
sia-associated infertility [10]. Ethinylestradiol-
cyproterone acetate (EE-CPA) also demonst- 
rates therapeutic potential for PCOS, exerting 
anti-gonadotropic effects by antagonizing an- 
drogen receptors. This mechanism blocks the 
action of androgens on target organs, improv-
ing ovulation disorders [11]. Previous studies 
have shown that EE-CPA effectively improves 
serum sex hormones and lipid metabolism  
in PCOS patients [12]. Furthermore, EE-CPA’s 
therapeutic effects on PCOS appear to be re- 
lated to its improvement in obesity, glucose 
metabolism, and lipid metabolism, with mini-
mal adverse events [13].

This study primarily compares the effective-
ness of raloxifene alone versus a combination 
of EE-CPA and raloxifene in treating infertility in 
PCOS patients, aiming to identify an optimal 
therapeutic strategy. The study presents sev-
eral innovations. First, it introduces a novel 
therapeutic regimen combining EE-CPA and  
raloxifene for managing infertility in PCOS pa- 
tients. Preliminary findings suggest promising 
therapeutic potential, though further clinical 
validation is needed. Second, the study evalu-
ates multiple parameters - clinical outcomes, 
adverse drug reactions (ADRs), metabolic pa- 
rameters, sex hormone profiles, ovarian func-

tion metrics, endometrial receptivity indices, 
and pregnancy outcomes - offering a compre-
hensive evaluation that provides robust evi-
dence supporting the clinical advantages of 
combined therapy. These findings offer valu-
able insights for the potential application of  
this approach in clinical practice.

Materials and methods

Participant selection

This study employed a retrospective design. 
Inclusion criteria: Diagnosis of PCOS based on 
established criteria [14]; presence of symp-
toms such as irregular menstruation, hirsutism, 
acne, and infertility; ovarian enlargement with 
polycystic changes on ultrasound; normal se- 
xual activity and hysterosalpingography find-
ings; laboratory results indicating a luteiniz- 
ing hormone (LH)/follicle-stimulating hormone 
(FSH) ratio ≥2.5 and serum testosterone levels 
>2.5 nmol/L; normal hepatic and renal func-
tion; treatment-naive patients; normal semen 
analysis from the partner. Exclusion criteria: 
Infertility due to uterine anomalies, immu- 
ne disorders, salpingemphraxis, inflammation, 
etc.; hormonal medication use within the past 
three months; known hypersensitivity to the 
study medication; diabetes or other endocrine 
disorders; organic lesions of the reproductive 
system; Cushing’s syndrome, neoplastic dis-
eases, or psychiatric conditions.

Following institutional ethics committee app- 
roval, 115 PCOS patients with infertility were 
recruited from Fujian Maternity and Child 
Health Hospital between January 2021 and 
January 2025. Participants were randomly 
assigned to two treatment groups: the con- 
trol group (n=55), receiving raloxifene mono-
therapy, and the observation group (n=60), 
receiving combination therapy with EE-CPA and 
raloxifene.

Intervention methods

Control group: Patients in the control group 
received raloxifene therapy, initiated on day 5 
of the menstrual cycle with an oral dose of 120 
mg raloxifene (Shanghai Aladdin Bio-Chem 
Technology Co., Ltd., R426198), administered 
once daily for 5 consecutive days (days 5-9). 
Follicular development was monitored via 
transvaginal ultrasound, with the first assess-
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ment on day 12 to evaluate endometrial thick-
ness, morphology, and follicular growth. Ovu- 
lation was triggered by intramuscular injection 
of 10,000 U human chorionic gonadotropin 
(hCG; AmyJet Scientific Inc., HOR-250) once the 
dominant follicle reached ≥18 mm in diameter. 
Timed intercourse was recommended 24-36 
hours post-injection, with ovulation confirmed 
by follow-up ultrasound 48 hours after hCG 
administration. If no dominant follicle (≥18 mm) 
was observed by day 16 or ovulation did not 
occur within 3 days of hCG injection, the cycle 
was deemed ineffective, and the patient pro-
ceeded to the next treatment cycle. All partici-
pants underwent three consecutive treatment 
cycles.

Observation group: In addition to the raloxi- 
fene regimen described above, patients in the 
observation group received EE-CPA therapy. On 
day 5 of the menstrual cycle, one tablet of 
EE-CPA (containing 35 μg EE and 2 mg CPA; 
Bayer HealthCare Pharmaceuticals Guangzhou 
Branch, J20140114) was taken orally each 
night before bedtime for 21 consecutive days, 
followed by a withdrawal period until break-
through bleeding occurred. Raloxifene adminis-
tration, follicular monitoring, ovulation trigger-
ing, and follow-up procedures were identical  
to those in the control group. Both groups fol-
lowed the same treatment duration (3 cycles), 
monitoring schedule, and outcome assess-
ment criteria.

Data collection and outcome assessment

Clinical outcomes: Therapeutic effectiveness 
was assessed based on established PCOS-
related infertility criteria [15]. Outcomes were 
classified as: (i) Markedly effective - achieve-
ment of pregnancy; (ii) Effective - restoration of 
regular menstrual cycles and follicular develop-
ment normalization, confirmed by ultrasonogra-
phy, without conception; (iii) Ineffective - failure 
to meet the above criteria. The overall response 
rate was defined as the proportion of cases 
with markedly effective or effective outcomes 
relative to the total cohort.

ADRs [16]: Documented ADRs included abdom-
inal/pelvic pain, nausea/vomiting, body weight 
fluctuations, and breast tenderness. Incidence 
rates were compared between groups.

Metabolic parameters [17]: Fasting plasma glu-
cose (FPG), fasting serum insulin (FINS), and 
the homeostasis model assessment of insulin 
resistance (HOMA-IR) index were measured 
pre- and post-treatment. FPG was quantified 
using glucose oxidase methodology, and FINS 
was measured by chemiluminescent immuno-
assay. HOMA-IR was calculated as: HOMA-IR = 
[FINS (μU/mL) × FPG (mmol/L)]/22.5.

Sex hormone profiling [18]: Morning fasting 
venous blood samples were collected pre- and 
post-treatment. After centrifugation, serum 
concentrations of estradiol (E2), FSH, and LH 
were determined by radioimmunoassay.

Ovarian function metrics [19, 20]: Transvaginal 
ultrasound was used to evaluate ovarian vol-
ume, endometrial thickness, uterine artery 
resistance index (RI), and endometrial spiral 
artery pulsatility index (PI) before and after 
treatment.

Pregnancy outcomes [21]: The ovulation, mis-
carriage, and clinical pregnancy rates were 
compared between groups.

Statistical analysis

Data were analyzed using IBM SPSS Statistics 
(Version 20.0), with statistical significance set 
at P<0.05. Quantitative data were expressed 
as means ± standard deviation (

_
x±sd), with 

between-group differences assessed using in- 
dependent t-tests and within-group changes 
evaluated using paired t-tests. For categorical 
variables, frequency distributions [n (%)] were 
compared using χ2 analysis.

Results

Comparison of participant characteristics

Both study groups had comparable baseline 
characteristics, with no significant differences 
in age, body mass index (BMI), PCOS duration, 
infertility period, marital status, or reproductive 
status, as detailed in Table 1 (all P>0.05).

Comparison of clinical outcomes

The observation group demonstrated a signi- 
ficantly higher overall effectiveness rate 
(95.00%) compared to the control group 
(78.18%) (P<0.01). See Table 2.
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Comparison of ADRs

The frequency of reported ADRs - including 
abdominal/pelvic pain, nausea/vomiting, body 
weight fluctuations, and breast tenderness - 
was similar between both groups (P>0.05). See 
Table 3.

Comparison of metabolic parameter 

Baseline metabolic characteristics were well-
balanced between groups (all P>0.05). Post-
intervention assessments revealed significant 
improvements in all metabolic indices for both 
cohorts. Notably, the observation group showed 
significantly better outcomes in FPG, FINS, and 
HOMA-IR compared to controls (all P<0.05). 
See Figure 1.

Comparison of sex hormonal profiles

Baseline assessments revealed no significant 
intergroup differences in sex hormone para- 

meters (all P>0.05). Post-intervention, both co- 
horts showed significant increases in E2 con-
centrations and reductions in FSH and LH lev-
els (all P<0.05). The observation group achiev- 
ed superior results, with significantly higher E2 
concentrations and more pronounced suppres-
sion of FSH/LH levels compared to the control 
group (all P<0.05). See Figure 2.

Comparison of ovarian function

Pretreatment evaluations showed comparable 
ovarian volumes and endometrial thickness 
between groups (P>0.05). Post-treatment, bo- 
th groups exhibited significant morphological 
changes, including reduced ovarian volumes 
and enhanced endometrial thickness. The ob- 
servation group displayed more favorable out-
comes, with significantly smaller ovarian vol-
umes and greater endometrial thickening com-
pared to the control group (all P<0.05). See 
Figure 3.

Table 1. Comparison of baseline demographics
Factor Control group (n=55) Observation group (n=60) t/χ2 value P value
Age (years) 31.71±4.81 30.30±4.91 1.553 0.123
Body mass index (kg/m2) 24.49±2.97 23.67±3.07 1.453 0.149
PCOS duration (years) 5.25±2.16 5.15±2.31 0.239 0.811
Infertility duration (years) 1.58±0.81 1.85±1.01 1.572 0.119
Marital status 0.515 0.473
    Married 50 (90.91) 52 (86.67)
    Unmarried 5 (9.09) 8 (13.33)
Reproductive status 1.509 0.219
    Parous 11 (20.00) 7 (11.67)
    Nulliparous 44 (80.00) 53 (88.33)
Note: PCOS, polycystic ovary syndrome.

Table 2. Comparison of therapeutic effectiveness 
Factor Control group (n=55) Observation group (n=60) χ2 value P value
Markedly effective 17 (30.91) 35 (58.33)
Effective 26 (47.27) 22 (36.67)
Ineffective 12 (21.82) 3 (5.00)
Overall effectiveness 43 (78.18) 57 (95.00) 7.156 0.008

Table 3. Comparison of adverse drug reactions
Adverse drug reaction Control group (n=55) Observation group (n=60) χ2 value P value
Abdominal/pelvic pain 2 (3.64) 1 (1.67)
Nausea/vomiting 2 (3.64) 2 (3.33)
Body weight fluctuations 0 (0.00) 2 (3.33)
Breast tenderness 1 (1.82) 2 (3.33)
Total 5 (9.09) 7 (11.67) 0.204 0.652
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Comparison of endometrial receptivity

Doppler parameters (RI and PI) were equiva- 
lent at baseline (both P>0.05). Post-treatment, 

drogenism, metabolic disturbances, and ovula-
tion failure. The optimal treatment strategy 
remains controversial [22]. As a highly hetero-
geneous syndrome, PCOS has a wide range of 

Figure 1. Longitudinal changes in metabolic parameters. A: Comparative FPG measurements pre- and post-
treatment. B: FINS concentration variations during the study period. C: HOMA-IR dynamics before and following 
therapeutic intervention. Note: FPG, fasting plasma glucose; FINS, fasting serum insulin; HOMA-IR, homeostasis 
model assessment of insulin resistance. *P<0.05, **P<0.01 versus baseline; #P<0.05 versus control group.

Figure 2. Comparison of sex hormone dynamics. A: E2 concentration trajectories. B: FSH level variations. C: LH level 
fluctuations. Note: E2, estradiol; FSH, follicle-stimulating hormone; LH, luteinizing hormone. *P<0.05, **P<0.01 
versus baseline; #P<0.05 versus control group.

Figure 3. Per- and post-treatment ovarian function parameters. A: Ovarian 
volume changes. B: Endometrial thickness alterations. Note: *P<0.05, 
**P<0.01 versus baseline; #P<0.05 versus control group.

Figure 4. Pre- and post-interventional endometrial receptivity. A: RI tem- 
poral patterns. B: PI longitudinal changes. Note: RI, resistance index; PI, 
pulsatility index. *P<0.05, **P<0.01 versus baseline; #P<0.05 versus 
control group.

significant improvements in en- 
dometrial receptivity parame- 
ters were observed in both 
groups, with the observation 
group showing superior reduc-
tions in both RI and PI values 
compared to the control group 
(both P<0.05). See Figure 4.

Comparison of pregnancy out-
comes

The observation group demon-
strated significantly better re- 
productive performance, includ-
ing higher ovulation rates, im- 
proved clinical pregnancy suc-
cess, and lower miscarriage rat- 
es compared to the control gr- 
oup (all P<0.05). See Table 4.

Discussion

PCOS is the most common cause 
of infertility in women of repro-
ductive age, leading to hyperan-
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physical effects on female patients. For exam-
ple, up to 75% of women with PCOS experien- 
ce infertility, nearly 70% have hirsutism, more 
than 50% experience amenorrhea, and nearly 
40% have obesity [23]. Effective treatment for 
PCOS-induced infertility remains a critical area 
of ongoing research.

This study found a significantly superior overall 
effectiveness rate in the observation group 
receiving EE-CPA plus raloxifene therapy, sug-
gesting that this combination can optimize  
therapeutic outcomes in patients with PCOS-
associated infertility. EE-CPA, a compound con-
sisting of CPA and EE, exerts strong anti-andro-
genic and anti-gonadotropic activities. This 
helps suppress excessive endometrial hyper-
plasia in women with PCOS-induced infertility. 
By antagonizing estrogen receptors in the hypo-
thalamus, EE-CPA removes the negative feed-
back of estrogen on gonadotropin-releasing 
hormone (GnRH) secretion, stimulating FSH 
release and promoting follicular development 
[24, 25]. Raloxifene, on the other hand, sup-
presses the negative feedback mechanism of 
the hypothalamic-pituitary-gonadal axis, there-
by increasing serum FSH levels and accele- 
rating follicular development and maturation, 
which ultimately enhances the probability of 
conception. The combination of EE-CPA and ral-
oxifene has complementary effects, synergisti-
cally enhancing therapeutic outcomes [26]. In 
the study by Ruan et al. [27], EE-CPA was shown 
to effectively alleviate hyperandrogenic derma-
titis, reduce the negative impact of clinical 
symptoms on quality of life and psychological 
well-being, and improve menstrual irregulari-
ties, helping to maintain fertility.

Our study also demonstrated no significant 
increase in total ADRs with EE-CPA plus raloxi-
fene, indicating that this combination therapy 
has good safety and tolerability. Singhal et al. 
[28] found that EE-CPA did not affect perio- 
dontal or systemic inflammatory status in PCOS 
patients, which may partly explain the safety  
of this combined approach. Furthermore, the 

combination therapy significantly improved 
metabolic parameters, evidenced by decreas-
es in FPG, FINS, and HOMA-IR levels. These 
metabolic improvements are likely due to EE- 
CPA’s ability to reduce free testosterone le- 
vels through CPA, mitigating androgen-induced 
insulin resistance and enhancing peripheral tis-
sue (muscle and adipose) insulin sensitivity. 
Additionally, EE-CPA suppresses hepatic glu-
cose production, reducing FPG levels and alle-
viating compensatory hyperinsulinemia [29, 
30].

This combination therapy also had favorable 
effects on sex hormone levels in infertile PCOS 
patients. It significantly elevated E2 while sup-
pressing FSH and LH levels. This outcome is 
likely due to EE-CPA’s provision of exogenous 
estrogen, which increases serum E2, rapidly 
addresses low estrogen levels, and promotes 
endometrial proliferation, creating favorable 
conditions for embryo implantation. Additionally, 
EE-CPA’s action on the hypothalamus and pi- 
tuitary gland helps exert negative feedback, 
reducing the synthesis and release of FSH and 
LH [12, 31].

In addition, this combined approach significant-
ly enhanced ovarian function and endometrial 
receptivity. As observed in our clinical results, 
the observation group showed more pro-
nounced reductions in ovarian volume, RI, and 
PI, as well as a greater increase in endometrial 
thickness compared to the control group. 
Enhanced endometrial blood flow improves 
endometrial receptivity, which is crucial for 
embryo implantation. RI and PI are closely 
related to endometrial blood flow, and reduced 
levels are associated with increased blood flow 
and better receptivity [32]. Research shows 
that EE-CPA can stimulate endometrial vascu-
lar development, enhance endometrial thick-
ness, and prevent uterine artery blood flow 
obstruction, which helps mitigate the adverse 
effects of poor endometrial perfusion on recep-
tivity [33].

Table 4. Comparison of pregnancy outcomes
Reproductive outcome Control group (n=55) Observation group (n=60) χ2 value P value
Ovulation 28 (50.91) 50 (83.33) 13.825 <0.001
Miscarriage 18 (32.73) 3 (5.00) 14.780 <0.001
Clinical pregnancy 17 (30.91) 36 (60.00) 9.774 0.002
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Finally, the combination of EE-CPA and raloxi-
fene achieved superior pregnancy outcomes in 
infertile PCOS patients, reflected in significantly 
higher ovulation and clinical pregnancy rates, 
as well as lower miscarriage rates. This sug-
gests that the combined regimen significantly 
increases conception rates. EE-CPA restores 
regular menstrual cycles, improves ovarian ovu-
lation function, and facilitates sperm passage 
through the cervical mucus, which may contrib-
ute to the increased pregnancy rate [34].

Several limitations of this study should be 
acknowledged. First, the representativeness of 
the findings may be limited by the relatively 
small sample size and single-center design, 
highlighting the need for multicenter studies to 
improve sample diversity and enhance the gen-
eralizability of the results. Second, this study 
lacks mechanistic investigations to elucidate 
the underlying biological pathways. Future re- 
search should incorporate cellular and animal 
models to explore the molecular mechanisms 
of EE-CPA combined with raloxifene in the treat-
ment of PCOS. Lastly, the absence of long-term 
follow-up data restricts conclusions regarding 
the sustained efficacy and safety of the com- 
bination therapy. Prospective studies with ex- 
tended observation periods are warranted to 
further validate the clinical superiority of this 
therapeutic approach. Future research will aim 
to address these critical gaps.

In conclusion, EE-CPA plus raloxifene therapy 
for PCOS-associated infertility optimizes clini-
cal efficacy without substantially increasing 
ADRs. The treatment demonstrates marked 
efficacy in improving metabolism, sex hormon- 
es, ovarian function, endometrial receptivity, 
and pregnancy outcomes, showing consider-
able clinical potential for broader application in 
managing PCOS-associated infertility.
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