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Abstract 

Objectives: in case of Polycystic Ovary Syndrome (SOPK), predicting ovarian response before un-
dertaking risky in vitro fertilization (IVF) proceeds is crucial. Sex Hormone Binding Globulin 
(SHBG) is introduced in literature as an interesting indicator of follicle’s maturation and quality. 
The aim of this study was to investigate whether serum SHBG levels are related to fertilization 
outcomes in SOPK women undergoing IVF procedures. Methods: in a prospective cohort study, we 
enrolled 61 SOPK women and 91 matched group of infertile women. All of them were undergoing 
FIV/ICSI proceeds. SHBG levels were performed in peripheral blood samples as well as others 
hormones determination. Results: we noted significant differences between our study group of 
SOPK patients and the Control group concerning the characteristics of the ovarian response to 
gonadotrophins administration and concerning the profile of biological proceeds’ outcomes. But 
no significant correlation between SHBG and FIV/ICSI outcomes was found either in SOPK or in 
Control group. Conclusions: our study provides evidence that SHBG can’t be considered as a pre-
dictor of IVF outcomes because production of this steroid-binding protein depends on many pa-
rameters such as metabolic disorders frequently associated with SOPK. 
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1. Introduction 
Concerning in vitro fertilization (IVF), follicular environment and fluid content are major determinants of fol-
licle growth, oocyte maturation and could influence fertilization outcomes [1]. Sex Hormone-Binding Globulin 
(SHBG), primarily produced by the liver, is known to be the most important determinant of the biologically 
available steroids in human plasma [2]. Recently, mRNA encoding SHBG has been shown to be expressed in 
the ovaries and corpora lutea, as well as in luteinised granulosa cells from IVF follicular samples [1] [3] [4], 
which indicate a role of SHBG in local regulation of ovarian functions [5]. Furthermore, it has been suggested 
that SHBG may modulate the patient’s response to gonadotropin treatment by controlling estradiol levels [5] [6]. 
The aim of this study was to investigate whether serum SHBG levels were related to fertilization outcomes in 
women undergoing IVF procedures. Specifically, we examined whether the correlation SHBG/ FIV outcomes 
differed from Polycystic Ovary Syndrome group (SOPK) to Control group of infertile women. 

2. Subjects and Methods 
2.1. Study Population 
We enrolled a total of 152 infertile women who were devised into two groups: SOPK group and Control group, 
composed respectively by 61 and 91 patients. 

The diagnosis of PCOS was based on the Rotterdam 2003 criteria that include the presence of two among 
three of the following features: clinical and/or biochemical hyperandrogenism, chronic anovulation and/or oli-
goamenorrhea and evidence of micropolycystic ovaries in ultrasonographic. We excluded women with other re-
lated disorders of hyperandrogenism such as congenital adrenal hyperplasia, hyperprolactinemia, or Cushing’s 
syndrome. 

The control group consisted of women with tubal and/or male-factor infertility, normal menstrual cycles (28 - 
30 days) and no signs of hyperandrogenism. 

Patient’s information is documented in details, including age, weight, menstruation history, pelvic ultrasound 
examination results and basal hormone levels.  

All patients underwent a controlled ovarian stimulation for in vitro Fertilization (IVF) or intracytoplasmic 
sperm injection (ICSI) based on a long GnRH agonist stimulation protocol. Specifically, 20IU of a GnRH- 
agonist was administered daily starting in the mid luteal phase of the cycle. Administration of recombinant fol-
licle stimulating hormone (rFSH, Gonal-F, Merk-Serono, Geneva, Switzerland) was started after at least 14 days 
of GnRH therapy and when serum estradiol (E2) was less than 100 pmol/l and the thickness of the endometrium 
less than 5 mm. The starting dose of rFSH was 150 IU and was adjusted individually from day 6 of the cycle 
according to E2 values and ultrasonographic follicle measurements. An ovulatory dose of human chorionic go-
nadotropin 10000 IU was administered when mean diameter of at least three follicles was larger than 16 mm in 
diameter and the plasma E2 concentration was higher than 1500 pmol/l. Follicle aspiration for oocyte retrieval 
was performed 36 h after hCG administration. 

Oocytes, with a diameter higher than 18mm, were retrieved by follicle aspiration by the transvaginal route 
under ultrasound guidance. 

The details of the protocol were explained to the patients who gave their consent and the Hospital Ethics 
Committee approved the protocol. 

2.2. Hormonal Assays 
On the day of oocyte retrieval peripheral blood was collected in order to measure serum’s levels of SHBG, E2, 
total testosterone (T) and Δ-4 androstenedione (Δ-4).  

Blood samples were centrifuged immediately after collection and equal aliquots of plasma were pooled and 
stored at −20˚C until assayed. Plasma E2, T and SHBG levels were determined by RIA (Radio Immuno Assay, 
Beckman Coulter, Czech Republic). The inter and intra coefficient of variation for SHBG, T, Δ-4 and E2 were 
respectively (≤8.6%, 6.1%), (≤11.2%, ≤12.1%), (≤9.8%, ≤5.6%) and (≤15%, 14.8%). 

Samples were assayed in duplicate. The free androgen index (FAI) was calculated using the following formu-
la:  

( ) ( )T nmol L 100 SHBG nmol L×    [7] 
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2.3. Statistical Analysis 
Statistical significance was determined by Student’s paired or unpaired t-test. Correlations were performed by 
Pearson’s method. A P value of less than 0.05 was considered statistically significant. Results are expressed as 
the mean ± standard error of the mean (SEM). 

3. Results 
3.1. Clinical Characteristics 
Clinical characteristics of the study population and the control group were presented in Table 1. We found sig-
nificant differences in the BMI and serum SHBG, Testosterone and Δ-4 androstenedione levels between the two 
groups using the t-test. 

No significant differences concerning patient’s age, the FAI value or the E2 level on the hCG administration 
day were found. 

3.2. Characteristics of FIV/ICSI Outcomes 
The characteristics of FIV/ICSI outcomes (characteristics of ovarian stimulation and biological proceeds) were 
presented in Table 2. 

 
Table 1. Clinical and hormonal characteristics of the SOPK group versus the Control group.                             

 SOPK Group Control Group p Value 

Number of patients 61 91  

Age of patients (years) 32.12 ± 3.92 31.45 ± 3.81 0.44 

SHBG (n M/ml) 29.58 ± 26.59 77.1 ± 84.81 p < 0.05 (p < 0.003) 

Total Testosterone (ng/ml) 0.93 ± 0.42 0.61 ± 0.25 p < 0.05 (p = 0.0002) 

Δ-4 androstenedione (ng/ml) 3.74 ± 2.09 1.82 ± 0.86 p < 0.05 (p < 0.0001) 

FAI (%) 16 ± 37 17 ± 39 p = 0.91 

E 2 (pg/ml) 70.9 ±38.19 65.6 ± 34.3 p = 0.53 

Data shown as mean value ± standard deviation. 
 

Table 2. Characteristics of FIV/ICSI outcomes in SOPK group versus Control group.                                  

 SOPK Group (n = 61) Control Group (n = 91) p Value 

E2 level at HCG day (pg/ml) 3079.4 ± 1257.6 1450 ± 845 p < 0.05 (p < 0.001) 

Duration of stimulation (days) 11.33 ± 2.62 9.5 ± 2.5 p < 0.05 (p = 0.0003) 

Number of ampoules of FSH administrated 24.37 ± 11.99 24.71 ± 10.19 p = 0.89 

Number of follicules  
on ultasound on the ponction’s day 11.31 ± 4.09 5.09 ± 2.34 p < 0.05 (p < 0.0001) 

Number of oocytes ponctioned 8.40 ± 3.83 6.60 ± 4 p = 0.015 

Oocytes quality (%) 0.40 ± 0.27 0.48 ±0.25 p = 0.20 

Number of embryos obtained 3.93 ± 3.10 4.03 ± 3.43 p = 0.89 

Number of embryos transfered 2.34 ± 0.98 2.03 ± 0.98 p = 0.23 

Embryos quality (%) 0.57 ± 0.39 0.39 ± 0.31 p = 0.05 

Fertilization rate (%) 0.50 ± 0.29 0.67 ± 0.33 p = 0.02 

Cleavage rate (%) 90.4 ± 24.32 29 ± 44 p < 0.05 (p < 0.0001) 

Values are given as mean number ± standard deviation. 
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3.2.1. Characteristics of Ovarian Stimulation Phase 
The duration of stimulation, expressed by days, was significantly longer in the PCOS group comparably to the 
control group. (11.33 ± 2.62 versus 9.5 ± 2.5). We noted no significantly differences between the numbers of 
FSH’s ampoules used for PCOS patients compared with controls (24.37 ± 11.99 versus 24.71 ± 10.19, p = 0.89). 
The E2 levels (pg/ml) on the HCG administration day were significantly higher in the PCOS group comparably 
to the control group (3079.4 ± 1257.6 versus 1450 ± 845). Significantly more follicles were observed on the ul-
trasound on the day of puncture and more punctured oocytes were obtained in PCOS patients compared with 
controls, respectively (11.31 ± 4.09 versus 5.09 ± 2.34), and (8.40 ± 3.83 versus 6.6 ± 4). 

3.2.2. Characteristics of Biological Proceeds’ Outcomes 
We found no significantly differences concerning oocytes quality and number of embryos obtained after apply-
ing the FIV/ICSI proceeds between the SOPK group and the control group , respectively (0.40 ± 0.27 versus 
0.48 ± 0.25, p = 0.20) and (3.93 ± 3.10 versus 4.03 ± 3.43, p = 0.89). The embryos quality was significantly bet-
ter in the SOPK, such as fertilization rate and cleavage rate, respectively (0.57% ± 0.39% versus 0.39% ± 
0.31%), (50% ± 29% versus 67% ± 33%) and (90.4% ± 24.32% versus 29% ± 44%). 

Table 3 showed the correlation of SHBG and IVF outcomes in SOPK group and Control group. According to 
our results, except a significant correlation between SHBG and number of embryos obtained in control group 
but not verified in SOPK group, it seemed that no other significant correlation between SHBG and FIV/ICSI 
outcomes was found either in SOPK or in Control group. 

4. Discussions 
The results of our study indicate that serum SHBG levels are not correlated with IVF outcomes either in SOPK 
group or in Control group.  

The composition of follicular fluid, and secondarily blood serum, are considered as useful indicators of secre-
tary activities and metabolism of follicular fluid cells [8] [9]. Besides, they reflect the stages of follicle matura-
tion [10]. Sex steroids are thought to act as local regulators of granulosa cell replication, differentiation and oo-
cyte maturation. In consequence, steroids’ levels appreciation is important in determining the response to gona-
dotropins and the fate of individual follicles [1] [8]. 

In IVF proceeds, predicting ovarian response before undertaking expansive treatments is crucial. In spite of 
normal rates of screening parameters such as age, antral follicle count (AFC), levels of serum inhibin B, serum 
anti-Müllerian hormone (AMH), basal serum follicle stimulating hormone (FSH) and estradiol (E2), basal FSH/ 
LH (luteinizing hormone) ratio), a large amount of infertile women respond poorly to gonadotrophins [9].  

In consequence, during these last decades, different components of follicular fluid were used as indicators of 
maturation and quality of the follicle in the purpose to predict fertilization outcomes, such as SHBG [11]. 

 
Table 3. Comparison of SHBG-FIV/ICSI outcomes’ correlation between SOPK group and Control group.                 

 

Correlation SHBG-FIV/ICSI outcomes 

SOPK Group (n = 61) Control Group (n = 91) 

r2 p r2 p 

Duration of stimulation (days) 0.005 0.48 0.034 0.17 

Number of ampoules of FSH administrated 2.27 0.90 2.29 0.93 

Number of oocytes ponctioned 0.027 0.27 0.099 0.08 

Oocytes quality (%) 0.012 0.31 0.168 0.73 

Number of embryos obtained  2.81 0.94 0.041 0.02 

Embryos quality (%)  0.004 0.68 0.096 0.09 

Fertilization rate (%) 0.001 0.82 0.069 0.16 

Cleavage rate (%) 0.005 0.64 0.021 0.44 
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SHBG, produced by granulosa lutein cells, has been found to be present in various follicular components 
throughout the different stages of folliculogenesis [1] [4] [12]. But, the presence of SHBG in the follicular fluid 
of human antral follicles was considered to be derived from the blood serum, as its concentration in both fluids 
was quite similar [3].  

As in the blood plasma, follicular fluid steroids interact with different binding proteins, specially the SHBG 
which binds with high affinity intrafollicular, androgens and estrogens [3] [5] [13]. This fact highlights the im-
portance of SHBG as a local endogenous regulator of bioavailability of steroids inside the ovary [1] [4] [5]. Be-
sides, an increase of SHBG levels in serum and follicular fluid is observed during ovarian stimulation for IVF, 
presumably to regulate the bioactivity of sex steroids [12]. Consequently, a growing body of evidence has ac-
cumulated regarding regulation of ovarian function by SHBG and ovarian response to standard gonadotrophins 
stimulation [5]. But, conflicting results exist concerning its ability to affect fertilization rates and pregnancy 
outcomes [4] [7]. 

The Polycystic Ovary Syndrome (PCOS) is one of the most common endocrine disorders occurring in women 
of reproductive age that range from 6.5% to 8% using biochemical and/or clinical evidences [4] [5]. Further-
more, in women attending infertility clinics, PCOS accounts for nearly 73% of patients suffering from anovula-
tory infertility [4]. 

The relationship between PCOS and oocyte developmental competence remains obscure and incompletely 
understood. Considering androgen excess as noxious to follicular development, classic PCOS patients who ma-
nifest the greatest degrees of hyperandrogenism are most likely to have an abnormal intrafollicular environment 
and impaired developmental competence of the oocyte [14]. And this fact seems to be responsible of follicular 
growth abnormalities, anovulation and infertility [10]. Accordingly, after less invasive methods have failed, IVF 
and ICSI are considered as ideal treatment options aimed at restoring fertility for SOPK infertile women [4] 
[15]. 

As expected, our SOPK group was characterized by a significant high and perturbing androgynous status and 
a significantly less SHBG levels compared with Control group [16] [17]. Concerning IVF’S response profile, the 
SOPK group demonstrated a significantly better ovarian response after gonadotrophins administration (higher 
E2/HCG, shorter stimulation period, more follicles obtained and punctured) than the control group [16] [18]. 
After achieving the biological proceeds, the outcomes of FIV/ICSI were significantly better in the PCOS group 
concerning the embryo quality and the cleavage’s rate [10] [15] [18].  

But, it is interesting to signal that no difference was observed between the two groups after correlating these 
previous parameters with SHBG. 

It has been demonstrated that elevated follicular fluid androgen levels were associated with lower quality oo-
cytes and lower cleavage rates [1] [19]. The beneficial SHBG’s effect on folliculogenesis is probably due to the 
high capacity of SHBG on binding testosterone, decreasing and inactivating androgen [1] [8] [19]. At this point 
it should be noted that recent clinical reports demonstrated that androgens, primarily testosterone and androste-
nedione, are noteworthy to enhance recruitment, promote growth and development of follicular, by promoting 
both theca and granulosa cell proliferation and inhibiting apoptosis [1] [19]. Theses androgen’s effects concern 
specially the early gonadotrophin-independent stages of folliculogenesis [1] [9] [19]. Consequently, the presence 
of androgens at the adequate levels could increase both quantity and quality of oocytes and embryos, and im-
prove pregnancy outcomes [1] [9].  

It is worth noticing that most of the literature has been based on SHBG direct or indirect (paracrine/autocrine) 
effects on follicle [3] [14] from either natural or controlled ovarian stimulation cycles [8] [9] without taking into 
account the effect of metabolic disorders. Our choice in recruiting a group of SOPK infertile women was calcu-
lating: this syndrome illustrates the complex relationship between reproduction axis and others, specially the 
metabolic one [20]. Alterations in several different metabolic pathways have been implicated in the physiopa-
thology of PCOS, including infertility, dysovulation, anovulation, abnormalities in steroid hormone regulation 
and insulin signaling pathways [21]-[23].  

The majority of SHBG is produced by the liver, and hepatic production of SHBG is regulated by several me-
tabolic factors including insulin and androgens [21]. SHBG may be considered as the link between metabolic 
and reproductive pathways, and consequently, alterations in hepatic production of SHBG can be responsible of 
infertility abnormalities in affected women [22].  

Finally, our results show that SHBG can’t be considered as an efficient predictor of FIV/ICSI outcomes in 
polycystic ovary syndrome. This finding could be attributed to the fact that SHBG’s production is depending on 
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many parameters witch differ from a patient to another, such as metabolic profile [20] [24]. Additional studies 
will be required to understand SHBG functions in balancing of levels of sex steroid within the follicle and under 
which condition metabolic disorders could interfere with this previous action during ovulation induction. And 
this will be the subject of our next work. 
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