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Abstract
Aim: Serum and follicular fluid ischemia-modified albumin levels and total antioxidant capacity were evaluated in patients with polycystic ovary syndrome applied 
ICSI-ET to clarify the association between these markers and IVF outcome parameters. 

Methods: In this prospective controlled clinical trial, the study group consisted of PCOS cases (n=30) undergoing ICSI-ET cycles. The control group consisted 
normogonadotropic female partners of male factor infertility (n=30). The controlled ovarian hyperstimulation was performed by long protocol down regulation and 
recombinant FSH stimulation. Aspirated follicular fluid from the first retrieved follicle were analyzed for TAC and IMA levels. Oocyte quality, fertilization rate, 
embryo quality and final pregnancy outcomes were assessed.

Results: No statistically significant difference was found between the groups when compared for mean age, body mass index and cycle outcome parameters (p>0.05). 
FF IMA levels were found positively correlated with embryo grading (r=0.328; p=0.03). The sensitivity, specificity, positive and negative predictive values of the best 
cutoff value of FF IMA (1.475 ABSU) for the prediction of grade 1 embryo development were 75%, 72%, 73% and 60%, respectively (AUC:0.765;CI 95%:0,606-
0,924; p=0.017). In PCOS cases with TAC ≤1.299 mmol/L compared with TAC >1.299 mmol/L, number of metaphase II oocytes, fertilization rates, embryo 
grading and FF IMA levels were found significantly different (p<0.05). 

Conclusions: The levels of IMA and TAC in FF were higher than serum levels which inturn indicates a greater degree of oxidative stress in follicular microenvironment 
compared to systemic circulation. Although oxidative stres in FF of PCOS cases was found similar to non-PCOS cases when detected by IMA, a significant positive 
correlation between FF IMA levels and embryo grade may indicates the role of augmented oxidative stress in infertility.
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Introduction
Polycystic ovary syndrome (PCOS) is the most common endocrine 

abnormality of reproductive age women and has a prevalence of 
approximately 18% [1]. PCOS is a common cause of infertility associated 
with ovarian dysfunction, metabolic and hormonal impairments. The 
pathogenesis of PCOS is complex and its underlying basis remains 
unclear. Several characteristics and associations of PCOS contribute to 
decreased antioxidant concentrations, and thus PCOS is considered as 
an oxidative state [1,2]. 

Oxidative stress (OS) is a state characterized by an imbalance 
between pro-oxidant molecules and and antioxidant defenses. OS has 
been identified to play a key role in the pathogenesis of subfertility in 
both males and females [3]. For normal female physiological reactions, 
like folliculogenesis, a certain amount of reactive oxygen species (ROS) 
is needed, whereas excessive production of ROS may overpower the 
body’s natural antioxidant defense system, creating an unsuitable 
environment for reproduction [3]. Moreover, increased ROS activity 
in follicular fluid (FF) can be toxic to embryo formation [4]. In assisted 
reproductive technologies fertility outcome is adversely affected if 
an imbalance exists between ROS and antioxidants in the oocyte 
microenvironment [4]. In women with PCOS undergoing in vitro 

fertilization (IVF) and embryo transfer (ET), OS mediated alterations 
in granulosa cells have a negative impact for IVF success [5]. Supporting 
this data, FF total antioxidant capacity (TAC) has also been reported as 
a predictor of IVF outcome parameters such as fertilization, embryo 
quality and pregnancy rates [6-9].

Ischemia modified albumin (IMA) is a new marker of OS. During 
ischemia, acidosis and generation of superoxide free radicals occurs and 
the N-terminal portion of the human serum albumin becomes unable 
to bind metal ions. As a result of oxidative stress, IMA generation 
occurs, lacking tissue specificity [10]. The role of OS in PCOS has been 
demonstrated with previous reports, but underlying mechanism is 
not fully understood [11-13]. Previously by our group, in PCOS cases 
significantly higher levels of serum IMA has been reported compared 
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to healthy controls [14]. Regarding the previous data, the analyses of 
serum and FF IMA and TAC levels in PCOS-ICSI cases were the main 
objective of this study. Additionally, the association between ICSI 
outcome parameters and serum/FF IMA and TAC levels were also 
analyzed. This is also the first study in the literature documenting FF 
IMA, as an oxidative stress marker.

Materials and methods
Study groups

All of the patients included in the prospective controlled clinical 
trial had attended IVF clinic for infertility treatment. The study protocol 
was approved by the Ethics Committee of the Institute (No:161/January 
28, 2013). All women participating the study gave informed consent. 
Thirty women with PCOS constituted the study group. The diagnosis of 
PCOS was made as proposed at the Rotterdam Consensus Meeting [15]. 
The controls (n=30) were cases suffering from male factor infertility 
without any features of clinical or biochemical hyperandrogenism who 
had regular menstrual cycles. Exclusion criteria were endometriosis 
and tubal factor infertility known to be associated with OS, cases age 
under 20 and over 40 years of age, previous low responses to controlled 
ovarian hyperstimulation and previous history of ovarian surgery. All 
of the subjects were nonsmokers. Only one cycle of each patient and 
cycles that ended with embryo transfer were included in the statistical 
analyses.

Ovarian stimulation protocol

All patients received GnRH agonist long protocol. For pituitary 
desensitization daily subcutaneous injection of 1mg/day leuprolide 
acetate was started from the midluteal phase of the cycle. After down 
regulation was confirmed by menses, GnRH agonist dose was halved 
and recombinant FSH was started at a constant initial dose (150 IU/
day in PCOS group and 150-225 IU/day in controls) for 5 days. Then 
the dose was adjusted according to the ovarian response and GnRH 
was continued until the day of hCG administration. Ovarian response 
and follicular growth was monitered by transvaginal ultrasonography 
and serum estradiol assays. In both groups recombinant hCG (250 
µg; Ovitrelle, Serono) was given when at least three leading follicles 
are ≥17 mm in size. Oocyte pick up was performed with transvaginal 
ultrasound-guided 36 hours after injection of hCG. All patients 
underwent intracytoplasmic sperm injection (ICSI). The grading of 
day 3 embryos was performed using modified Veeck scoring system 
[16]. The grading of day 5 embryos was performed using Gardner 
blastocyst scoring system [17]. Embryo transfer was done on day 3 or 
5 after oocyte pick up using soft catheter (Vitrolife, Sweden). For luteal 
support, all patients received 8% progesterone gel/daily starting the 
evening after oocyte pick up and continuing until a negative pregnancy 
test or a viable fetus documented by transvaginal sonography. A 
biochemical pregnancy was defined as β-hCG concentration > 10 
IU/L on day 12 after transfer. A clinical pregnancy was defined as 
an intrauterine gestational sac with a heartbeat 3 weeks after positive 
results on hCG test. 

Collection of follicular fluid

FF was obtained from all participants of the study. To avoid 
contamination from blood, flush medium, or mixed follicular fluid 
during oocyte pick up, only the follicular fluid from the first retrieved 
follicle which contains a single oocyte-cumulus complex was collected. 
Therefore, one follicular sample per patients was used for analysis. 
Samples of follicular fluid were centrifuged at 2,000 g for 10 minutes 

and the surpernatants stored at −80°C for further analysis until TAC 
and IMA analysis. At the beginning of oocyte retrieval, venous blood 
samples were obtained from antecubital vein into a non-heparinized 
tube from all participants for the detection of serum TAC and IMA 
levels. Blood samples were immediately centrifugated, and serum was 
separated and frozen at -80 ºC until assayed for IMA and TAC analyses. 

IMA and TAC analyses

IMA concentrations were analyzed by measuring the complex 
composed of dithiothreitol and cobalt unbind to albumin by 
colorimetric method in spectrophotometer. First, a mixture of 200 μL 
of patients serum and 50 μL cobalt chloride (Sigma Aldrich, USA) was 
prepared in glass tubes. The mixture was left to incubation in room 
temperature for 10 minutes. After that, 50 μL of dithiothreitol (1,5 mg/
ml) was added to the tubes and incubated in room temperature for 2 
minutes. At the final stage 1000 μL of sodium chloride (0,9%) was added 
to the mixture. A blank specimen was prepared with distilled water for 
control. The analyses in spectrophotometer (Human Humalyzer 2000) 
was performed at 470 nm for detection of absorbance of the specimens 
and the results were given as absorbance units (ABSU). In our study, 
the reference values of IMA based on the study of Sinha et al [18]. A 
20-µL aliquot of the samples (serum and FF) was used to measure 
TAC with Randox Total Antioxidant Status kit (RANDOX Total 
Antioxidant Status-Manual NX2332, RANDOX Laboratories, United 
Kingdom). Prepared tubes were incubated at room temperature for 
three minutes. The analyses in spectrophotometer (Human Humalyzer 
2000) was performed at 600 nm at 37° C and results are given as mmol/L 
(Reference range: 1.30-1.77 mmol/L, RANDOX Total Antioxidant 
Status Manual kit).

Statistical analysis

Data analysis was performed by using SPSS for Windows, version 
17 (SPSS Inc. Chicago, IL, United States). Whether the distributions of 
continuous variables were normally or not was determined by Shapiro 
Wilk test. Data were shown as mean  ± standard deviation or median 
(minimum-maximum), where applicable. While, the mean differences 
between groups were compared by Student’s t test, otherwise Mann 
Whitney U test was applied for the comparisons of the median values. 
Nominal data were analyzed by Chi-square or Fisher’s exact test, where 
appropriate. Degrees of association between continuous variables were 
calculated by Spearman’s Rank Correlation Analyses. Area under Curve 
(AUC) and 95% confidence interval for TAC and IMA determination 
of embryo grade was evaluated by ROC analysis. The best cut off point 
of TAC and IMA and diagnostic performance such as sensitivity, 
specificity, positive and negative predictive values were also calculated. 
A p value less than 0.05 was considered statistically significant. 

Results
The mean age was 30,8 ± 3,7 and 27,5 ± 3,9 years in study and 

control groups, respectively (p> 0.05). The mean BMI were similar in 
groups (26,3 ± 5,3 and 26 ± 5,4 kg/m2 in PCOS and control group, 
respectively;p>0.05). The cycle outcome parameters (total dose of 
gonadotropins, duration of induction, number of oocytes retrieved, 
number of MII oocytes, transferred day, number of transferred 
embryos, embryo grade, fertilization rate, implantation rate, pregnancy 
rate) of PCOS and control groups were found similar and these are 
given in Table 1. Although pregnancy rate in PCOS group (46%) 
was higher compared to control group (36%), the difference was not 
statistically significant (p=0.43). In 34 cases embryo transfer was 
performed on day 3, whereas in the remaining 26 cases embryo transfer 
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was performed on day 5. The clinical pregnancy rate was significantly 
higher in participants with grade 1 embryos compared to patients with 
grade ≥2 embryos (p=0.029). 

Serum IMA values of PCOS and control groups are 1.10 ± 0.38 
and 1.15 ± 0.48 ABSU, respectively. Serum TAC levels were 1.49 ± 0.55 
mmol/L in PCOS and 1.32 ± 0.31 mmol/L in controls. The FF IMA 
and TAC values were found similar in study and control groups. The 
serum and FF IMA and TAC levels of patients with grade 1 embryos 
were compared with participants with grade ≥2 embryos. The analysis 
showed a significantly higher level of FF IMA in cases with grade ≥2 
embryos (p=0.021) FF IMA and TAC values regarding the embryo 
grading are given in Table 2. No statistically significant difference was 
found between FF and/or serum levels of IMA and TAC regarding the 
rate of clinical pregnancy (p>0.05). In PCOS group, mean FF IMA 
value (1.39 ± 0.32) was higher compared to mean serum IMA value 
(1.10 ± 0.38), the difference was statistically significant (p=0.00). In 
control group, mean FF IMA value (1.46 ± 0.38) was higher compared 
to mean serum IMA value (1.15 ± 0.48), the difference was statistically 
significant (p=0.00).   

According to the Spearman’s Rank Correlation analyses performed 
in total group, neither the baseline characteristics (age, BMI) nor the 
cycle outcome parameters (given in Table 1) were correlated with serum 
or FF IMA and TAC levels (p>0.05). However, a positive correlation 
between FF IMA levels and embryo grading was found (r=0.534, 
p=0.004). The results of the ROC analysis showed that FF levels of IMA 
significantly predicted grade 1 embryo development (AUC:0.765, CI 
95%: 0.606-0,924; p=0.017) (Figure 1). The cut-off point 1.475 ABSU 
had the sensitivity and positive predictive value in this evaluation. An 
IMA level of 1.475 ABSU had a sensitivity of 75%, specificity 72%, 

positive predictive value 73% and negative predictive value 60%. No 
correlation exists between FF IMA and TAC values of study groups 
(r=0.124, p=0.344). Moreover, serum IMA and TAC values of study 
groups were not correlated (r=0.171,p=0.192).

In PCOS patients, 14 patients had FF TAC levels below the 
reference range (≤ 1.299 mmol/L) whereas 16 cases had FF TAC 
levels above this value. When PCOS cases with FF TAC levels ≤1.299 
mmol/L and >1,299 mmol/L were compared, significantly lower mean 
number of MII oocytes (11,0 vs 14,5, p=0.038) and significantly lower 
fertilization rate (%49,7 vs %64,75, p=0.044) were found (Table 3). 
Moreover, significantly higher levels of FF IMA (1.446 ABSU vs 1.365 
ABSU, p=0.035) and significantly lower number of grade 1 embryos 
(p=0.019) was observed in PCOS cases with FF TAC levels ≤1.299 
mmol/L (Table 3). 

Discussion
The promising data provided from this study shows that the OS in 

the FF of PCOS cases is very similar to non-PCOS cases when detected 
by IMA. Moreover, this is the first study in literature documenting the 
levels of serum and FF IMA and TAC in women with PCOS undergoing 
IVF. 

In this study, the levels of IMA and TAC in FF were higher than 
serum levels which inturn indicates a greater degree of OS in FF 
compared to systemic circulation. Thus, it is natural that, a certain 
amount of ROS is needed for normal oocyte end embryo development 
where reactive oxygen species produced by the preovulatory follicle are 
considered important inducers for ovulation [3].

The results of our study also shows that FF TAC above the defined 
cut-off level (>1,299 mmol/L) is related with good quality embryos. 
In addition, a significant positive correlation between FF IMA levels 
and embryo grade in our study indicates the role of augmented OS 
in infertility. These results are in agreement with the previous data 
suggesting that high levels of antioxidants present in FF may be 
responsible for controlled generation of ROS thereby resulting in 
the formation of good quality of embryos [19]. Supporting this data, 
a positive correlation of embryo quality with TAC and a negative 
correlation with ROS levels in FF were recorded previously [4]. On 
the contrary, others reported lack of correlation between FF levels of 

PCOS group
(n=30)

Control Group
(n=30) p

Total dose of 
gonadotropins (IU) 

Median

Duration of 
induction (day) 

Median

No.of retrieved 
oocytes

Mean ± sd

1643

9

16 ± 7

1800

9

13 ± 6

NS

NS

NS

No.of MII oocytes
Mean ± sd 12 ± 6 9 ± 5 NS

Transfer day 3 (3-5) 3 (3-5) NS
Median (min-max)
No.of transferred 

embryos
Median (min-max)

1.2(1-2) 1.1(1-2) NS

Embryo grade n(%)
1 17(56.6) 20(66)

NS
2 11(36.6) 4(13.3)
3 2(6.7) 3(10.0)
4  0 3(10.0)

Fertilization rate
Median (min-max) 58(13-83) 37(11-75) 0.009*

Implantation rate % 
Median (min-max) 50(0-100) 50(0-100 ) NS

Pregnancy rate 
n(%) 14(46) 11(36) NS

CPR n(%) 9(30) 6(20) NS

*statistically significant, CPR: Clinical pregnancy rate

Table 1. Cycle outcome parameters of women with PCOS and controls.

 

____Follicular IMA at Opu �me 

____Reference line 

 

Figure 1. ROC curve showing the predictive probabilities of follicular fluid IMA levels 
for embryo grade.
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TAC and embryo grade [7]. Although, OS in PCOS cases might be a 
detrimental factor in ART cycles, the results from this study does not 
support this hypotheses. 

The meta-analysis of data of different circulating OS markers 
obtained from 68 individual studies, including a total of 4933 patients 
with PCOS and 3671 control women, showed that the concentrations 
of several promoters and by-products of OS are significantly increased 
in patients with PCOS compared with controls [2]. An approximately 
20 fold increase in granulosa cell ROS generation was reported in 
PCOS compared to tubal factor infertility [5]. In addition, follicular 
fluid OS levels effecting the meiotic spindle formation in the oocyte 
was suggested as the related cause of infertility in PCOS cases [20]. 
Supporting this data, in PCOS cases, significantly higher levels of 
FF ROS and lower levels of FF TAC were recorded in the absence of 
meiotic spindle formation [21]. As previously suggested elevated ROS 
in the FF tends to limit the fertilization potential of oocytes, through 
disruption of meiotic spindle formation. Nevertheless, the results in 
this study indicate the importance of the balance between pro-oxidants 
and antioxidants in FF, supporting the previous data [8]. 

In general, following ovulation induction for IVF, oocyte and 
embryo quality in vitro are not obviously impaired in PCOS. However 
accompanying endocrine abnormalities, mostly insulin resistance, 
have been noted to be associated with reduced fertilization rates and 
abnormal early embryonic development [22]. We infer that the adverse 
fertility outcome in this subgroup of PCOS patients with insulin 
resistance might be explained by higher levels of OS. Supporting 
this data, in PCOS cases with insulin resistance higher levels of IMA 
was observed in serum samples compared to those without insulin 
resistance [22]. Even if, metabolic parameters like insulin resistance 
were not documented in PCOS participants in this study, further 
research might enlight this issue. Whether the correlation between FF 
IMA levels and embryo grade in our study depends on the presence of 
insulin resistance also needs to be clarified. 

In our study, neither the TAC nor the IMA levels in serum and 
FF were associated with pregnancy outcome. However, recently, higher 
FF TAC, FF ROS-TAC scores and lower FF ROS levels were found to 
be associated with pregnancy after ICSI [9]. Supporting this data, high 

systemic blood TAC was reported as a significant factor for achieving 
clinical pregnancy [23]. The low number of cases in our study is a 
limitation for more accurate results regarding the pregnancy outcomes. 

In conclusion, the results of this study adds to the currently available 
literature on the impact of OS in assisted reproductive technologies. 
Future large population based studies are necessary to elucidate the 
precise mechanisms through which elevated IMA levels in FF affects 
female reproductive outcomes in assisted reproductive technologies 
and PCOS. 
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