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Can Total Antioxidant Capacity Predict Clomiphene Citrate 
Resistance in Polycystic Ovary Syndrome Patients?
Polikistik Over Sendromlu Hastalarda Total Antioksidan Düzeyi Klomifen Sitrat Direncini Öngörebilir mi?
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ABSTRACT
Aim: Previous studies have shown that oxidative stress may be 
associated with polycystic ovary syndrome (PCOS) as well as in-
fertility and that antioxidant treatments can increase fertility rates. 
Therefore, it was aimed to investigate whether total antioxidant 
levels were useful in predicting clomiphene citrate (CC) resistance 
in infertile polycystic ovary syndrome patients.

Material and Method: Seventy-seven (77) participants (45 sensitive 
and 32 resistant) with polycystic ovary sendrome who met study 
criteria were between 20 and 35 years of age and their partners had 
normal spermiograms. Clomiphene citrate was given to all patients 
up to three cycles between three and seven days of their menstrual 
cycle, starting with a 50 mg/daily dose. If ovulation did not provided 
dose was raised to 100 and 150 mg in subsequent cycles. Plasma 
Total antioxidant status (TAS) was determined using an automated 
measurement method. The CC sensitive group was compared with 
the CC resistant group in terms of total antioxidant levels.

Results: Mean plasma total antioxidant levels were 1.21±0.42 and 
2.4±0.49 mmolTrolEq/L in the CC resistant and sensitive groups, 
respectively (p=0.001). In the receiver operating characteristic 
(ROC) curve analysis while total antioxidant status value was ≤1.66 
mmol Trolox equivalent/L had predictability on resistance develop-
ment with 93.75% sensitivity and 86.67% specificity.

Conclusion: Total antioxidant level was lower in infertile polycys-
tic ovary syndrome patients who were resistant to CC treatment. 
Therefore, total antioxidant levels could be a useful marker in es-
tablishing CC resistance.
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ÖZET
Amaç: Önceki çalışmalar oksidatif stresin polikistik over sendromu 
(PKOS) yanı sıra infertilite ile ilişkili olabileceğini ve antioksidan te-
davilerin fertilite oranlarını artırabileceğini göstermiştir. Bu nedenle, 
infertil polikistik over sendromlu hastalarda total antioksidan sevi-
yelerinin klomifen sitrat (KS) direncini öngörmede faydalı olup ol-
madığının araştırılması amaçlandı.

Introduction
Polycystic ovary syndrome (PCOS) is one of the most 
common endocrine and metabolic disorders, affecting 
6–14% of reproductive age women1. This endocrinop-
athy is characterised by oligomenorrhea, ovarian cys-
tic follicles, insulin resistance (IR), hyperinsulinemia, 
hyperandrogenism, increased luteinizing hormone 
(LH), obesity, diabetes and chronic anovulation with 
infertility2. In spite of not being well defined, IR has a 
main role in the pathogenesis of PCOS, according to 

Materyal ve Metot: Çalışma kriterlerini karşılayan ve polikistik over 
sendromu olan yetmiş yedi (77) katılımcının (45 duyarlı ve 32 dirençli), 
yaşları 20–35 arasındaydı ve partnerlerinin spermiyogramları normal-
di. Klomifen sitrat, menstrüel sikluslarının 3–7. günleri arasında, 50 
mg/günlük dozla başlanarak, üç siklusa kadar tüm hastalara verildi. 
Eğer ovulasyon sağlanmadıysa, verilen doz sonraki sikluslarda 100 
ve 150 mg’a kadar yükseltildi. Plazma Total antioksidan durumu 
(TAD) otomatik bir ölçüm yöntemi kullanılarak belirlendi. KS’ye du-
yarlı grup ile KS’ye dirençli grup, total antioksidan düzeyleri açısından 
karşılaştırıldı.

Bulgular: Ortalama plazma total antioksidan seviyeleri KS dirençli 
ve duyarlı gruplarda sırasıyla 1,21±0,42 ve 2,4±0,49 mmolTrolEq/L 
idi (p=0,001). ROC eğrisi analizinde, total antioksidan durum değeri 
≤1,66 mmolTrolEq/L iken direnç gelişimi için %93,75 duyarlılık ve 
%86,6 özgüllük ile öngörülebilirlik elde edildi.

Sonuç: KS tedavisine dirençli olan infertil polikistik over sendromu 
hastalarında total antioksidan düzeyi daha düşüktü. Bu nedenle, 
total antioksidan düzeyleri KS direncinin saptanmasında yararlı bir 
belirteç olabilir.

Anahtar kelimeler: klomifene direnç; ovulasyon indüksiyonu; polikistik over 
sendromu; reaktif oksijen türleri; total antioksidan durumu
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previous studies; in addition hyperinsulinemia appears 
because of IR, and oxidative stress emerges in diabetic 
patients because of a reduction in antioxidant status3,4. 
Accumulating arguments have shown that oxidative 
stress induced by reactive oxygen species (ROS) may 
contribute to the development of the main character-
istics of PCOS, such as IR and hyperandrogenism5. 
Many studies conducted on obese patients have shown 
that levels of reactive oxygen species or oxidant prod-
ucts have increased. In addition, in PCOS visceral adi-
posity increases, this is associated with co-morbidities 
of this syndrome such as dyslipidemia, hyperglycemia 
and IR6–8.

The various features and relationships of PCOS, such 
as androgen excess, abdominal adiposity, insulin resis-
tance and obesity may contribute to the development 
of local and systemic oxidative stress that can mutually 
worsen those metabolic abnormalities9,10. A systematic 
review and meta-analysis showed that oxidative stress 
markers in several circulations were abnormal, regard-
less of excess weight in women with PCOS. Although 
modest in magnitude, these abnormalities suggest that 
oxidative stress may be involved in the pathophysiology 
of this common disease11. As shown by several preced-
ing works, however, women with PCOS demonstrate 
reduction in antioxidant status. As a few previous stud-
ies have shown, women with PCOS show reduced an-
tioxidant status and increased oxidative stress status. 
The physiological levels of ROS in the reproductive 
system of women play a fundamental role in folliculo-
genesis and oocyte maturation and may also affect the 
results of assisted reproductive techniques12,13. In addi-
tion, excessive production of ROS in ovarian follicular 
fluid may have adverse effects on the above mentioned 
procedures14.

In the presence of limited antioxidant defence, the 
imbalance resulting from excessive oxidant forma-
tion is defined as oxidative stress15. High reactive oxy-
gen species levels in granulose cells correlate with low 
oocyte fertilization ability, low embryo quality and 
reduced implantation rates. Oxidative stress is con-
sidered related to the pathology of reproduction and 
development16.

One of the first step pharmacological agents in the in-
duction of ovulation in anovulatory PCOS cases is clo-
miphene citrate (CC). In PCOS patients with the CC 
treatment ovulation is obtained in 80% of the cases, 
half of which result in pregnancy. Factors that play a 
role in the etiology of CC resistance are still unclear, 

however, despite the maximum treatment dose of 150 
mg/day; those who do not ovulate are defined as CC 
resistant patients17.

The role of oxidative stress in infertility has been dem-
onstrated and fertility rates can be increased with an-
tioxidant treatments. In light of these data, I aimed to 
investigate whether the total antioxidant capacity in 
infertile patients with polycystic ovary syndrome was 
useful in predicting clomiphene citrate resistance in 
ovulation induction.

Material and Method

Study Design

Seventy seven infertile women with PCOS (32 resis-
tant to CC and 45 sensitive to CC) aged 20–35 years, 
nonobese, with normal insulin sensitivity based on 
of clinical and laboratory criteria were recruited and 
registered. PCOS diagnosis was based on the 2003 
ESHRE/ASRM diagnostic criteria; patients who had 
at least two of the following conditions were accepted 
as having polycystic ovary syndrome: oligo or anovu-
lation, clinical and/or biochemical signs of hyperan-
drogenism or polycystic ovarian morphology. Other 
anovulation cases were excluded; thyroid dysfunction, 
hyperprolactinemia, pregnancy, past ovarian surgical 
history, hypothalamic amenorrhea, premature ovarian 
failure, type 1 diabetes, androgen-secreting tumours 
or ovarian tumour, Cushing syndrome and congeni-
tal adrenal hyperplasia were taken into consideration. 
Before initiating ovulation induction with CC clinical, 
sonographic, and endocrine screening were performed. 
Age, infertility and cycle history, body mass index, pre-
vious medications and/or surgeries were considered for 
clinical screening.

Unless pregnancy was not achieved clomiphene ci-
trate (Klomen 50 mg, Kocak Farma, Istanbul, Turkey) 
was administered at a daily dose of 50 mg (when ovu-
lation was not provided dose was raised to 100 and 
150 mg in subsequent cycles) for three cycles, three to 
seven day after initiation of spontaneous or progestin-
induced withdrawal bleeding. Patients diagnosed with 
dominant follicle under ultrasound evaluation (when 
≥1 follicle reached ≥18–20 mm) were subjected to 
10.000 IU human chorionic gonadotropin (hCG) 
(Choriomon, IBSA, Lugano, Switzerland) and ovula-
tion was assessed by midluteal (21 days) serum proges-
terone measurement (>10 ng/ml), combined with vi-
sualization of the preovulatory follicle on transvaginal 
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ultrasonography ≥18 mm mean diameter and subse-
quent rupture. If ovulation was observed, the dose was 
not increased in subsequent cycles. The follow-up pe-
riod for all patients included in the study was at least 
three treatment cycles unless pregnancy was provided. 
The first ovulation after CC was determined as the last 
point. Good responders were defined as patients who 
ovulated after CC, independent of the dose adminis-
tered. Treatment cycles number and the first ovulation 
at which CC dose was observed were noted. Despite 
the maximum treatment dose of 150 mg/day, those 
who did not ovulate were defined as CC-resistant an-
ovulatory patients.

While creating exclusion criteria; negative postcoital 
test, any tubal or peritoneal factor, previous CC or go-
nadotropin treatment, history of ovarian surgery were 
considered. Women who were under 20 years of age 
and over 35 years of age were excluded from the study, 
as well as those using drugs affecting ovarian function 
until 6 months. Patients with an infertile partner who 
did not meet the criteria of World Health Organization 
in terms of concentration, mobility and/or morphol-
ogy were also excluded from the study. Patients with 
a diet, smoking, systemic disease and without oligo or 
amenorrhea were also excluded.

Concentration of estradiol (E2), follicle stimulating 
hormone (FSH), luteinizing hormone (LH), proges-
terone, testosterone, androstenedione (AS), dehydro-
epiandrosterone sulphate (DHEA-S) and the total an-
tioxidant status (TAS) were evaluated and compared 
in the CC sensitive and resistant groups.

Blood samples were collected from both groups before 
the treatment on day three of their menstrual cycle 
between 9.00 and 10.00 a. m., after an overnight fast. 
The samples were centrifuged two hours after with-
drawal and assessed the same day. FSH, LH, E2, AS, 
DHEA-S, progesterone and testosterone were mea-
sured in Immulite 2006 (IEMA; Diagnostic Products 
Corporation, Los Angeles, USA). The plasma TAS 
was determined using an automated measurement 
method, developed by Erel18. This method is based on 
the loss of blue and green colour according to anti-
oxidant concentration and antioxidant capacity level 
of 2.2’-azino-di– (3-ethylbenzthiazoline sulfonate) 
(TAS-liquid stable kit; Fortress Diagnostics Limited, 
UK) which is a more stable radical cation. This co-
lour change was assessed by measuring the absorbance 
value at 660 nm. The results were expressed in mmol 
troloxequivalent/L.

Statistical Analysis
Statistical analysis was carried out using the SPSS ver-
sion 20 (SPSS IBM, New York, U. S. A). Demographic 
and biological measures were summarised as means 
(± standard deviation) and categorical data were sum-
marised as percentages. Differences among groups were 
evaluated using Student’s t test. For serum total anti-
oxidant levels, a receiver operating characteristic curve 
analysis was used to establish the cut-off values for 
optimising the CC resistance prediction. Sensitivity 
and specificity were then calculated. In addition, ar-
eas under the curves (AUC) were evaluated for total 
antioxidant levels. A value of p<0.05 was considered 
statistically significant.

Ethical Approval
This study was conducted with the approval of the 
Scientific Ethics Committee of Kafkas University 
Faculty of Medicine in the Department of Obstetrics 
and Gynecology between 01.03.2017 and 01.03.2018. 
(Approval No: 80576354–050–99/56, 01/03/2017). 
Informed consent was obtained from all women 
and approval was obtained from the Human Ethics 
Committee of Kafkas University. The principles of the 
Declaration of Helsinki were followed.

Results
A total of 77 primer infertile women with PCOS aged 
between the 20–35 years with a BMI between 20–30 
kg/m2 (non obese) were enrolled in this prospective 
case controlled clinical trial.

Age and body mass index (BMI) were similar in both 
groups (p=0.84, p=0.845). There were no differences 
in terms of duration of infertility and marriage, serum 
levels of LH, FSH, E2, P, PRL, TSH, AS, TT, and 
DHEAS between the groups. Total number of trials 
and number of antral follicles were significantly higher 
in the clomiphene citrate resistant group. While we 
compare the clomiphene citrate sensitive group with 
clomiphene citrate resistant group in resistant group 
plasma total antioxidant levels were significant low 
(p=0.001). Mean plasma total antioxidant levels were 
1.21±0.42 and 2.4±0.49 mmolTrolEq/L in clomi-
phene citrate resistant and sensitive group respectively 
(Table 1).

In the ROC curve analysis total antioxidant status val-
ue ≤1.66 mmol Troloxequivalent/L were have predict-
ability on resistance development with 93.75% sensi-
tivity and 86.67% specificity (Figure 1).
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Discussion
PCOS, a devastating diagnosis for women of repro-
ductive age, is quite common. The causes of PCOS 
may vary, including genetic susceptibility, autoim-
mune and enzymatic disorders. Although PCOS 
diagnosis is relatively easy, management should be 
initiated immediately, especially in infertile pa-
tients. At the moment, clomiphene citrate is the 
one of first step treatment of anovulatory infertility. 
However, 20% to 25% of patients remain anovula-
tory after CC treatment19. The selection of patients 
with polycystic ovary disease who can benefit from 
CC therapy reduces the rate of failure and unneces-
sary costs.

The results of present study demonstrated that in 
CC sensitive group a marked correlation of elevated 
plasma total antioxidant levels when compared with 
the resistant group. For the prediction of CC resis-
tance, the primary finding of the study demonstrat-
ed that when total antioxidant status cut-off value 
was taken ≤1.66 mmol Troloxequivalent/L the best 
sensitivity of 93.75% and specificity of 86.67%, 
were achieved respectively.

Table 1. Comparison of characteristics, and the concentration of TAS (mmolTrolEq/L) between cases regard to response to CC therapy

Variables Group 1: (CC sensitive)  (N=45) Group 2: (CC resistant)  (N=32) P value

Female age (years) 27.78±7.31 28.13±7.72 0.84

Male age (years) 34.24±8.15 34.59±8.11 0.85

Duration of infertility (years) 2.11±1.8 3.12±2.77 0.074

Marriage duration (years) 6.22±1.78 7.62±1.89 0.062

BMI (kg/m2) 26.80±2.23 27.11±2.45 0.845

Total number of trials 1.53±0.69 3.75±0.43 0.024*

FSH (mIU/ml) 5.53±0.99 5.68±0.96 0.499

AF number 15.3±2.59 18.3±3.37 0.043*

AS (ng/mL) 5.66±1.04 5.50±0.88 0.464

LH (mIU/mL) 8.13±1.12 8.53±0.56 0.064

TAS (mmolTrolEq/L) 2.40±0.49 1.21±0.42 0.001*

TT (ng/dL) 81.62±5.12 83.24±5.56 0.198

E2 (pg/mL) 47.02±19.54 58.84±21.61 0.462

Progesterone (ng/mL) 1.84±0.47 1.93±0.24 0.313

DHEA-S (μg/dL) 436.13±13.02 438.22±17.21 0.563

AF, number of antral follicles; TAS, total antioxidant status; TT, total testosterone; BMI, body mass index; E2, estradiol; LH, luteinizing hormone; FSH, follicle stimulating hormone; AS, androstenedione.
Values are given as mean ± SD.
* Values expressing significance in the table are indicated as shift characters. 

Figure 1. Receiver operating characteristic (ROC) curve analysis. To determine 
the critical values that could predict clomiphene citrate resistant, ROC curves 
were generated for total antioxidant levels. Receiver operating characteristic 
curves for serum total antioxidant levels (area under the curve [AUC], 0.956; 
standard error [SE], 0.0198; P<0.001) for predicting clomiphene citrate resist-
ant in PCO women.
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all the patients in our study were oligo or amenor-
rheic. We also did not evaluate the ovarian volume in 
our study, but we found that the antral follicle num-
ber was significantly higher in the CC resistant group 
which can be accepted as an indirect finding of ovar-
ian volume.

When we look at the literature, we observed that 
PCOS patients were compared with women who had 
no evidence of androgen excess and, in some cases, 
other metabolic disorders as a control group. One ad-
vantage of the present study was that both groups were 
selected from PCOS patients; this means that the cur-
rent study was partially homogeneous. ROS produc-
tion as a result of ovarian stimulation has been shown 
to cause oxidative stress and disrupt oxidant-antioxi-
dant balance but in our study for ovulation induction 
we used CC in both groups, which was another ad-
vantage29. This study is also the only study in the lit-
erature that evaluates the relationship between PCOS, 
and ovulation induction with CC and TAS leading to 
wider studies to perform thereafter.

The small sample size is a limitation of the present 
study. An other one is that CC dose didn’t rise up to 
250 mg as recommended in literature. So, it is neces-
sary to put forward a new optimizing method for di-
minishing the impact of various stimulation protocols 
thoroughly and then assess the changes.

Conclusion
Current study found that total antioxidant levels 
were significantly lower in the clomiphene resistant 
group so I believe that the measurement of total an-
tioxidant level before clomiphene citrate treatment 
can helps to select the appropriate ovulation induc-
tion protocol in polycystic ovary syndrome patients. 
This study demonstrates the rationale for continuing 
with a prospective study to determine the positive 
and negative predictive values of these measures in 
clinical practice. Ability to diagnose the patient by 
measuring total antioxidant capacity (TAC) at the 
time of admission to the hospital whether they will 
clomiphene citrate sensitive or not make a significant 
contribution to current clinical care.
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Although, many studies have shown the relationship 
between oxidative stress and PCOS, an exact opinion 
has not been drawn regarding their probable asso-
ciation20. High ROS levels in granulosa cells correlate 
with low oocyte fertilisation ability, low embryo qual-
ity and reduced implantation rates21. Oyawoye et al. 
have suggested that high levels of total antioxidant ca-
pacity could be used to predict fertilization potential22. 
Attaran et al. reported that the follicular fluid reactive 
oxygen species level at the physiological level might be 
indicative of the predicting in vitro fertilisation suc-
cess23. It is anticipated that oxidative parameters will 
be improved by giving antioxidant agents due to the 
negative effects of free radicals on female fertility. As a 
result, oxidative stress seems to relate to reproduction 
and development pathology. The importance of reac-
tive oxygen species and antioxidants should be consid-
ered in the regulation of reproduction and fertilisation. 
The role of oxidative stress in fertility has demonstrat-
ed that fertility rates can be increased with antioxidant 
treatments24.

In a study conducted by Lai et al, which compared the 
in vitro fertilization and embryo transfer (IVF-ET) re-
sults of PCOS patients with tubal factor infertility by 
ROS levels, the PCOS group had slightly lower fertili-
sation, cleavage, grade I/II embryo, clinical pregnancy, 
and implantation rates, as well as a higher miscarriage 
rate than the tubal factor group (P>0.05). They also 
found a significantly higher ROS level of granulosa 
cells in the PCOS group than in the tubal factor group 
(P<0.05)25.

Verit et al demonstrated that levels of TAC could pre-
dict which patients could not ovulate after CC admin-
istration. In their study, total antioxidant capacity had 
the AUC value of (0.91) in CC–resistant anovula-
tion26. In this study, I found an AUC value of 0.956, so 
my results are consistent with the results of this study.

Although studies indicate that the factors determin-
ing ovarian response to clomiphene citrate are age, 
obesity and hyperandrogenemia, we did not find a 
significant difference between these variables in our 
study because obese cases were already excluded27. We 
found that in the clomiphene citrate resistance group, 
the number of antral follicles was significantly higher 
(P<0.05). Ovarian volume and menstrual regularity 
were among the factors that determined ovarian re-
sponse to CC in a study conducted by Eijkemans et 
al.28. However we could not assess the relationship be-
tween menstrual pattern and CC resistance because 
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