
122

Reproductive Medicine; Endocrinology and Infertility

Experimental 
& 

Clinical Article

Gynecol Obstet Reprod Med. 2023;29(2):122-127 

How to cite this article: Kahyaoglu S. Gulnur Ozaksit M. Karacan Duman. 
Ozturk Atan D. Kahyaoglu I. Kuru Pekcan M. Moraloglu Tekin O. Does 
Baseline Serum Androgen Levels Have an Impact on Ovulation Induction 
Cycle Outcomes by Using Clomifene Citrate among Infertile Women with 
Polycystic Ovary Syndrome? A Retrospective Cohort Study. Gynecol Obstet 
Reprod Med. 2023;29(2):122-127

Does Baseline Serum Androgen Levels Have an Impact on Ovulation 
Induction Cycle Outcomes by Using Clomifene Citrate among Infertile 
Women with Polycystic Ovary Syndrome? A Retrospective Cohort 
Study 

Serkan KAHYAOGLU1, Muzeyyen GULNUR OZAKSIT1, Gozde KARACAN DUMAN1, Deniz OZTURK ATAN1,  

Inci KAHYAOGLU2, Meryem KURU PEKCAN1, Ozlem MORALOGLU TEKIN1      

Ankara, Türkiye 

ABSTRACT 

OBJECTIVE: Hyperandrogenism is one of the diagnostic criteria for polycystic ovary syndrome. Women 

with polycystic ovary syndrome suffer from infertility due to anovulation. Hyperandrogenism results in fol-

licular arrest at the antral stage during folliculogenesis. baseline intrinsic hyperandrogenism affects the 

success of ovulation induction or not. The relationship between baseline serum androgen levels and 

ovulation induction cycle outcomes by using clomifene citrate among infertile women with polycystic 

ovary syndrome has not been investigated thoroughly. 

STUDY DESIGN: Ovulation induction cycle outcomes of 35 infertile women diagnosed with polycystic 

ovary syndrome according to Rotterdam criteria who have received 50-100 mg/day clomifene citrate  

have been evaluated retrospectively. Menstrual cycle day 2-5 serum levels for gonadotropins, andro-

gens, metabolic parameters, and ovulation induction cycle outcomes have been compared between 

women who have and have not achieved clinical pregnancy following treatment. 

RESULTS: Serum basal follicular stimulating hormone, LH, E2, fasting cholesterol, glucose, and 

HOMA-IR levels were comparable between these two groups of patients. Unlike other serum androgens, 

baseline serum-free testosterone level is significantly lower for patients who have achieved clinical preg-

nancy following ovulation induction with clomifene citrate. The baseline serum cut-off level for free 

testosterone to predict clinical pregnancy was 1.94 pg/ml with 75% sensitivity and 67% specificity rates. 

CONCLUSION: Lower or higher levels of androgenic milieu within the ovaries result in defective follicu-

logenesis and ovulation failure. Increased serum levels of free testosterone which is a proxy for ovarian 

androgen production might be a detrimental factor for clinical pregnancy rates of women with polycystic 

ovary syndrome by impairing proper folliculogenesis. 
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Introduction 

Polycystic ovary syndrome (PCOS) is the most prevalent 

(8-13%) endocrinological disease among reproductive-age 

women (1). Reproductive, metabolic, and psychological dis-

turbances can be seen in women with PCOS based on the 

severity of the disease. Psychological features include anxiety, 

depression, and body image; reproductive features include ir-

regular menstrual cycles, hirsutism, infertility, and pregnancy 

complications; and metabolic features include insulin resist-

ance (IR), metabolic syndrome, impaired glucose tolerance, 
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type 2 diabetes, and increased risk for cardiovascular diseases 

(2). Two out of three of the Rotterdam PCOS diagnostic crite-

ria including clinical or biochemical hyperandrogenism, ovu-

latory dysfunction, or polycystic ovaries on ultrasound are 

necessary to establish the diagnosis of the syndrome. The 

components of the diagnostic criteria still remain controver-

sial while ethnic differences and variations in clinical features 

during the life course of women result in a diagnostic chal-

lenge. Despite obesity, IR, and increased serum anti-mullerian 

hormone (AMH) levels being frequent signs of the syndrome; 

these signs are not included in the diagnostic criteria. Four dif-

ferent phenotypes of the syndrome have been defined based 

on the presence of three diagnostic criteria of the Rotterdam 

consensus. The prevalence of phenotypes is variable based on 

ethnic groups. According to the metabolic syndrome risk as-

sessment the prevalence was lowest in phenotype D regarding 

hyperandrogenemia, insulin resistance, and worse cardiometa-

bolic profile unlike phenotypes A, B, and C (3). Infertility is a 

common problem for PCOS patients due to disturbances of 

folliculogenesis and ovulation. Optimization of glucose toler-

ance, body weight, blood pressure, smoking, alcohol, diet, ex-

ercise, sleep quality, mental integrity, and sexual health before 

initiating treatment strategies for infertility is needed to im-

prove reproductive and obstetric outcomes (4). Lifestyle mod-

ifications, ovulation induction agents like letrozole, met-

formin, clomiphene citrate, gonadotropins, laparoscopic ovar-

ian drilling, and in vitro fertilization and embryo transfer 

(IVF-ET) are stepwise treatment modalities of infertility in 

PCOS. Clinical and/or biochemical hyperandrogenism is seen 

in all phenotypes of PCOS except phenotype D. It is not clear 

whether baseline intrinsic hyperandrogenism affects the suc-

cess of ovulation induction or not.  In this study, we investi-

gated the relationship between baseline serum androgen levels 

and ovulation induction cycle outcomes by using clomifene 

citrate among infertile women with PCOS diagnosis based on 

the Rotterdam criteria. 

Material and Method 

This retrospective cohort study has been performed with 

the evaluation of ovulation induction cycle outcomes by using 

clomifene citrate and intrauterine insemination among 21-39 

years old women with a PCOS diagnosis according to the 

Rotterdam criteria between 2020-2021. The institutional 

ethics committee of our hospital approved the conduction of 

this study on 09/12/2020 with an approval number of E1-20-

1171. Informed consent has been taken from all participants 

who have been included in the study. 

Ovulation induction cycle outcomes were extracted from 

the patient files. Women with a body mass index level of >=30 

kg/m2, confirmed insulin resistance, a history of recently used 

hormonal contraceptives, previous abdominal surgery, en-

dometriosis, tubal factor infertility, male factor infertility, sys-

temic diseases, and missing cycle outcome records were ex-

cluded.  Among 64 patients with PCOS, 29 of them have been 

excluded due to the abovementioned criteria and 35 remaining 

patients have been included in the study. 

The demographic properties of the participants have been 

recorded. Menstrual cycle day 2-5 serum levels for follicular 

stimulating hormone (FSH), LH, E2, androstenedione, 

DHEAS, total testosterone, free testosterone, SHBG, FAI 

(free androgen index), and antral follicle count as a surrogate 

marker for ovarian reserve have been detected. The insulin re-

sistance situation of the patients has been evaluated with 75 

grams oral glucose tolerance test and HOMA-IR. Ovulation 

induction of the patients has been performed by using oral 50-

100 mg clomifene citrate (CC) tablets starting on 3-5. days of 

spontaneous or induced menstruation. Patients were scheduled 

to evaluate follicular growth on 11. day of the menstrual cycle. 

When at least one follicle >18 mm has been detected on trans-

vaginal ultrasonography ovulation has been triggered by using 

recombinant hCG (Ovitrelle, Merck Serono, Türkiye) and in-

trauterine insemination procedure has been performed after 36 

hours of following ovulation trigger. Luteal phase support has 

not been utilized. Cycles with >=3 preovulatory follicles 

and/or CC resistance have been excluded due to the cancella-

tion of the treatment cycle. CC utilization dose, ovulation in-

duction cycle parameters like number of >10 mm dominant 

follicles, number of >=18 mm preovulatory follicle, and clin-

ical pregnancy rates have been recorded.  

Statistical analyses have been performed with SPSS ver-

sion 22. The distribution for normality of the evaluated clini-

cal and laboratory parameters has been tested by using the 

Kolmogorov-Smirnov test. Independent Samples t-test has 

been used to analyze normally distributed variables. 

Nonparametric variables and variables without normal distri-

bution have been compared by using the Mann-Whitney U 

test. Correlations have been measured with the Pearson test 

for parametric and/or normally distributed variables and with 

the Spearman test for nonparametric variables and/or vari-

ables without normal distribution respectively. The chi-square 

test and Fisher’s exact test have been utilized for the compar-

ison of categorical variables. P values lower than 0.05 has 

been considered statistically significant. 

Results 

Patient characteristics and cycle outcomes of 35 PCOS pa-

tients who have and have not achieved clinical pregnancy fol-

lowing ovulation induction with clomifene citrate plus in-

trauterine insemination have been presented in table I. Serum 

basal FSH, LH, E2, fasting cholesterol, glucose, and HOMA-

IR levels were comparable between these two groups of pa-

tients. Baseline serum-free testosterone level is significantly 

lower for patients who have achieved clinical pregnancy fol-

lowing ovulation induction with CC. The receiver operating 

characteristic (ROC) curve test has been utilized to investigate 
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the association between baseline serum-free testosterone level 

and clinical pregnancy achievement (Figure 1) (AUC: 0.71; 

95% CI: 0.53-0.88) (p=0.03). The baseline serum cut-off level 

for free testosterone to predict clinical pregnancy was 1.94 

with 75% sensitivity and 67% specificity rates. Despite base-

line serum androstenedione levels being found to be lower for 

patients who have achieved clinical pregnancy than those who 

have not, this result was statistically insignificant due to wide 

confidence interval values of the measured serum androstene-

dione levels (13.2±32.6 vs. 49.0±89.4 respectively, p=0.14). 

When we compared clinical pregnancy rates according to in-

trauterine insemination timing; 25% of 4 patients and 45.2% 

of 31 patients achieved clinical pregnancy 24 hours and 36 

hours following ovulation trigger respectively (p=0.61). A sta-

tistically insignificant positive relationship has been found be-

tween hCG day maximum follicle diameter and achievement 

of clinical pregnancy based on ROC curve analysis (AUC: 

0.62; 95% CI: 0.43-0.81) (p=0.22).     

Parameter 

(mean±SD) 

Patients who achieved clinical 

pregnancy  

(mean±SD) n=15

Patients who have not 

achieved clinical pregnancy  

 (mean±SD) n=20 

p

Age  (years) 

Body mass index (ratio) 

Infertility duration (years) 

Day 3 Follicular stimulating hormone (mIU/mL) 

            LH (mIU/mL) 

            E2 (pg/mL) 

Ovulation induction cycle number (n) 

Day 21 progesterone (ng/mL) 

Total testosterone (ng/dL) 

Free testosterone (pg/mL) 

Sex hormone-binding globulin (nmol/L) 

Free androgen index  

17-OH-Progesterone (ng/dL) 

Androstenedione (ng/mL) 

Dehydroepiandrosterone sulfate (microgram/dL) 

Antimullerian hormone (ng/dL) 

Total cholesterol (mg/dL) 

Low-density lipoprotein  (mg/dL) 

High-density lipoprotein  (mg/dL)  

Triglyceride (mg/dL) 

Fasting glucose (mg/dL 

Fasting insulin mLU/L  

HOMA-IR  

HbA1C (%) 

Maximum follicle diameter on hCG day (mm) 

Rate of 2 >17 mm follicles (%) 

25.6±4.2 

27.8±4.6 

2.6±0.8 

6.6±0.9 

5.4±3.1 

35.1±12.5 

1.2±0.7 

3.2±4.5 

32.7±11.3 

1.88±0.58 

30.9±12.9 

4.1±2.0 

42.9±22.7 

13.2±32.6 

207.6±81.5 

6.3±3.1 

169.6±27.2 

96.4±18.6 

50.7±15.5 

113.8±45.4 

89.4±9.6 

12.6±4.6 

2.5±0.8 

5.2±0.2 

18.9±1.0 

6.7% 

26.3±3.9 

28.6±5.4 

2.7±1.2 

6.7±1.4 

5.2±2.7 

38.2±10.9 

1.4±0.5 

2.9±4.1 

36.7±9.6 

2.65±1.25 

40.9±28.0 

5.0±4.1 

49.3±28.2 

49.0±89.4 

237.9±91.7 

5.4±2.3 

171.5±35.4 

99.9±29.2 

48.6±12.2 

120.4±74.2 

88.7±9.9 

13.2±5.8 

3.9±6.5 

5.3±0.2 

18.3±1.9 

10% 

  0.61¶¶ 

  0.62¶¶ 

  0.98¶¶ 

  0.79¶¶ 

  0.75¶¶ 

  0.44¶¶ 

  0.11¶¶ 

  0.96¶¶ 

  0.15¶¶ 

  0.036¶¶ 

  0.66¶¶ 

  0.73¶¶ 

  0.54 

  0.14¶¶ 

  0.42¶¶ 

  0.45¶¶ 

  0.93¶¶ 

  0.69¶¶ 

  0.65¶¶ 

  0.76¶¶ 

  0.65¶¶ 

  0.88¶¶ 

  0.67¶¶ 

  0.23¶¶ 

  0.20¶¶ 

  0.61¶¶ 

Table I: Patient characteristics and cycle outcomes of polycystic ovary syndrome patients who have and have not achieved clinical 
pregnancy following ovulation induction with clomifene citrate plus intrauterine insemination

 ¶ : Mann Whitney U test, ¶¶: Independent samples t test. ¶¶¶: Fisher’s exact test. *p<0.05

Figure 1: Receiver operating characteristic curve demonstrat-
ing the negative correlation between serum-free testosterone 
level and clinical pregnancy achievement following ovulation 
induction with clomifene citrate plus intrauterine insemination
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Discussion 

Polycystic ovary syndrome is characterized by anovula-

tion, oligo/amenorrhea, and biochemical/clinic hyperandro-

genism. Insulin resistance, arrest of folliculogenesis in the 

antral follicle stage, and hypersecretion of androgens from the 

adrenal gland are the main causes of hyperandrogenism in 

PCOS patients. Despite the establishment of 50-70% ovula-

tion rates and 30-40 pregnancy rates by utilization of oral ovu-

lation induction agents, persistence for ovulation and/or fail-

ure to get pregnant following oral ovulation induction agents 

remains a challenging clinical issue for clinicians and patients. 

The utilization of oral antidiabetic drugs, alone or combined 

with oral ovulation induction agents has been demonstrated to 

increase ovulation rates. However, the correction of hyperan-

drogenism by using combined hormonal contraceptives for 

suppression of ovarian hypersecretion of androgens before 

ovulation induction treatment has not been investigated thor-

oughly. Similarly, to the best of our knowledge, clinical stud-

ies investigating the effects of baseline hyperandrogenism on 

ovulation induction cycle outcomes are lacking. In a retro-

spective study, Sun et al. evaluated the association of basal 

total testosterone (T) levels and ovarian response or pregnancy 

outcomes in on-PCOS women undergoing in vitro fertilization 

(IVF) cycles (5). They concluded that basal total T levels were 

found to be positively correlated with ovarian reserve func-

tion, the number of follicles >14 mm on human chorionic go-

nadotrophin (HCG) day. Total gonadotropin dose except for 

pregnancy outcome for non-PCOS patients. Patients with 

lower ovarian reserve markers have been found to have lower 

levels of basal T (<20 ng/dl) which have necessitated the uti-

lization of higher FSH dosage during controlled ovarian hy-

perstimulation (5).  

During the follicular phase of the normal menstrual cycle, 

androgens are both precursors for ovarian estrogen synthesis 

and stimulators for augmenting FSH receptor expression on 

granulosa cells on small antral follicles via androgen recep-

tors. Increasing granulosa cell proliferation, reduction of 

apoptosis of follicles, and stimulation of steroidogenic en-

zymes in mature granulosa cells are other significant effects of 

androgen actions in ovarian physiology (6). Ovarian androgen 

deficiency results in defective folliculogenesis concomitant 

with decreased estrogen synthesis. Animal studies have re-

vealed that insufficient androgen activity in females causes in-

fertility which is a frequent clinical situation in women with 

diminished ovarian reserve (DOR). Clinical useful effects of 

androgen supplementation in women with DOR have been 

demonstrated in low-quality studies. 

In a meta-analysis including eight studies, despite having 

no effect on retrieved oocyte numbers, DHEA supplementa-

tion (75 mg daily in one or three divided doses for 3 to 4 

months) has been seen to slightly improve clinical pregnancy 

rates in DOR undergoing assisted reproductive technique pro-

cedures (7). Contrarily, in another randomized clinical trial, 

despite AR and FSH receptor expression is increased in gran-

ulosa cells following DHEA utilization, no significant effect 

on clinical pregnancy rate has been seen in women with DOR 

(8). It remains unknown whether a subgroup of DOR patients 

might have needed androgen supplementation for proper fol-

liculogenesis or not. From another aspect of view, future stud-

ies are needed about the potential detrimental or protective ef-

fects of androgen supplementation on physiological follicle 

depletion (9).   

Both androgen deprivation and androgen excess can cause 

defects in folliculogenesis and ovulation processes.  It seems 

evident that balanced levels of androgen activity in the ovary 

are crucial for reproductive health in women. The clinical ef-

fects of high intraovarian androgen levels on healthy follicle 

development and pregnancy achievement have not been in-

vestigated thoroughly. PCOS is characterized by hyperandro-

genism of both the intraovarian milieu and systemic circula-

tory system which results in anovulation and infertility. 

Follicular recruitment to the preantral and antral stages is in-

creased but progression to the preovulatory stage and ovula-

tion is defective in women with PCOS. Tonic increased pulse 

frequency of the GnRH and LH secretion leads to increased 

testosterone production from the overstimulated theca cell 

population resulting in a hyperandrogenic milieu. In-utero ex-

posure to high androgen levels has been blamed to induce fu-

ture PCOS establishment in the offspring which is character-

ized by increased LH tone and hyperplastic follicles secreting 

high amounts of androgens (10). Selective estrogen receptor 

modulators, aromatase inhibitors, and gonadotropins are uti-

lized to stimulate ovaries by increasing endogenous and ex-

ogenous gonadotropin discharge to achieve ovulation in infer-

tile women with PCOS. Whether intraovarian increased an-

drogen levels affect the folliculogenesis, ovulation, and 

achievement of clinical pregnancy or not is unknown. In our 

study, we have demonstrated that increased serum-free testos-

terone level, which can be a proxy for intraovarian androgen 

level, is significantly associated with decreased clinical preg-

nancy rate. Defects in folliculogenesis, ovulation, fertilization, 

embryo quality, and implantation theoretically might be af-

fected by already increased ovarian androgen production even 

at the beginning of the ovulation induction treatment cycle. 

Combined oral contraceptive (COC) pills are prescribed to 

women with PCOS to decrease ovarian androgen production 

and to increase SHBG levels which result in the normalization 

of biochemical hyperandrogenism. In a randomized controlled 

trial, Legro et al. demonstrated that COC usage for 4 months 

before ovulation induction with CC plus timed intercourse for 

four months has not been found to be superior to lifestyle 

modification to lose weight in terms of correction of metabolic 

parameters and ovulation rates (11). Recently, in a prospective 

cohort study, Chen et al. evaluated the effects of antiandro-

genic pretreatment using 3 months COCs before ovulation in-

duction with letrozole in infertile patients with polycystic 
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ovary syndrome (PCOS) with hyperandrogenism. They con-

cluded that COC pretreatment was not superior to directly per-

formed letrozole-induced ovulation therapy in improving ovu-

lation and pregnancy results in women with PCOS (12). Song 

et al. have assessed the effects of pretreatment with COC on 

cycle outcomes in women with PCOS who underwent in vitro 

fertilization and embryo transfer (IVF-ET) treatment. 

Pretreatment with COC in women with PCOS before IVF-ET 

has been found to have an adverse effect on clinical outcomes 

in terms of increased miscarriage rates and decreased cumula-

tive pregnancy rates, especially with a GnRH antagonist pro-

tocol (13). Contrarily, Ozmen, et al. have retrospectively in-

vestigated the effects of oral contraceptive pill (OCP) pre-

treatment on cycle outcomes in patients with PCOS undergo-

ing IVF-ET treatment with GnRH antagonist protocol and 

they emphasized that OCP pretreatment was found to have no 

beneficial or adverse effects on IVF-ET cycle outcomes (14). 

Another randomized controlled study evaluating the IVF-ET 

treatment cycle outcomes of women with PCOS has revealed 

that ongoing pregnancy rates of COC pretreatment+GnRH ag-

onist and COC pretreatment+GnRH antagonist protocols were 

similar (15). In most of these studies, patient groups have not 

been categorized based on baseline serum androgen levels 

which might be a potential predictive parameter to detect 

women with PCOS who would have benefitted from the COC 

pretreatment before ovulation induction. In our study, since 

we have not administered COCs before ovulation induction 

treatment we only observed a significantly decreased clinical 

pregnancy rate in women with baseline high serum-free 

testosterone levels. Well-controlled future studies are needed 

to delineate the effects of short/ long-term treatment with 

COCs before ovarian stimulation on ovulation induction cycle 

outcomes of women with PCOS according to the presence or 

absence of baseline hyperandrogenism. 

Conclusion 

Ovarian androgen production should be at a physiologi-

cally normal level to support folliculogenesis and ovulation 

processes properly. Lower or higher levels of androgenic mi-

lieu within the ovaries result in defective folliculogenesis and 

ovulation failure. Increased serum levels of free testosterone 

might be a detrimental factor for the clinical pregnancy rates 

of women with PCOS. However, due to the low number of 

studies regarding this issue, whether a baseline hyperandro-

genic state before ovulation induction cycles have a detrimen-

tal effect on cycle outcomes is not clear. Similarly, clinical ef-

fects for the treatment of hyperandrogenism by using COCs 

before ovulation induction should also be investigated thor-

oughly.   
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