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Determination of Sex Hormones, Glucose Tolerance Test and Insulin 
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Background: Polycystic Ovary Syndrome (PCOS) is a common disease in young women that is associated with infertility and other 
complications such as obesity, hirsutism and insulin resistance and also the disorder that mostly is specified with oligomenorrhoea or 
amenorrhea with clinical or laboratory evidence of hyperandrogenemia.
Objectives: The purpose of this study was to investigate whether measurements of sex hormones, Glucose Tolerance Test (GTT) and insulin 
serum in patients with PCOS can be useful to predict the efficacy of Clomiphene Citrate (CC).
Patients and Methods: This study was targeted patients with PCOS admitted for undergoing superovulation. To determine the values of 
sex hormones, insulin, Fast Blood Sugar (FBS), High-Density Lipoprotein (HDL) and GTT to predict the efficacy of CC, blood samples of the 
cases were taken before the administration of CC. Afterwards, CC therapy was given up to 3 months and then, the cumulative pregnancy 
rate or improving ovulation was calculated.
Results: Ovulation, after taking CC, was done in 42.2% of the cases. However, the clinical pregnancy rate was not more significant in cases 
responded well to the CC therapy compared to resistant cases (P ≥ 0.387). There was a significant difference in the mean Follicle Stimulating 
Hormone (FSH) (P ≥ 0.0001), and Luteinizing Hormone (LH) (P ≥ 0.024) between the resistant and responder patients to CC. Moreover, 
GTT in resistant cases to CC was higher than responder cases (P ≥ 0.024). However, this relation, between resistant and responder cases 
to CC, was not meaningful in estradiol (P ≥ 0.478), insulin (P ≥ 0.882), HDL (P ≥ 0.118) and FBS (P ≥ 0.1). When all of the cases were stratified 
according to their Body Mass Index (BMI) (BMI ≤ 25 kg/m2 and BMI > 25 kg/m2), A significant difference was found in the ovulation (P ≥ 
0.001) and rate of pregnancy (P ≥ 0.029) between the two groups (BMI ≤ 25 kg/m2 and BMI > 25 kg/m2 ).
Conclusions: Determination of FSH, LH, GTT and BMI may produce a reliable way to predict maturation and ovulation status using CC 
therapy in women with PCOS.
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1. Background
Polycystic Ovary Syndrome (PCOS) is a common dis-

ease in young women that is associated with infertility 
and other complications such as obesity, hirsutism and 
insulin resistance and also the disorder that mostly is 
specified with oligomenorrhoea or amenorrhea with 
clinical evidence laboratory of hyperandrogenemia (1-3). 
It has been recognized that a significant number of obese 
women that are afflicted with this disease are also suffer-
ing from the hyperinsulinemia (4). The most common 
cause of hirsutism and hyperandrogenism is PCOS (5). 
The origin of this disorder is probably poly-gene or mul-
tifactorial or both of the following (6). Criteria for diag-
nosis include major criteria of the chronic anovulation, 
hyper androgenic, clinical signs of hyper androgenic (7, 
8). Also, criteria subsidiary of the insulin resistance, hir-
sutism and obesity begin around menarche, an increase 
of Luteinizing Hormone (LH) to Follicle Stimulating Hor-
mone (FSH), lack of periodic ovulation with hyperinsu-

linemia and ultrasound evidence of PCOS (9, 10). For its 
treatment, the various drugs were used that the most 
effective of them is considered to induce pregnancy (11, 
12). From these drugs can be pointed to the Clomiphene 
Citrate (CC). This agent acts as an antagonist of the estro-
gen receptor of the hypothalamus and causes increasing 
of the gonadotropin secretion and also followed by LH, 
FSH increases. This increase can be caused by increased 
gonadotropin or increased sensitivity of the pituitary to 
the gonadotropin (5, 6). In many studies, the reduced ef-
fect of this drug has been associated with some hormon-
al changes before treatment; therefore, FSH was reduced 
and the levels of LH and testosterone were increased and 
also the insulin level was decreased, which can cause to 
decrease the effect of this drug (13, 14). Increases or de-
creases in estradiol can cause inhibition of LH secretion 
and subsequent inhibition of ovulation and thus is ex-
pected to improve the effectiveness of CC (15).
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2. Objectives
In this study, serum levels of estradiol, insulin, FSH and LH 

were measured in patients with PCOS before receiving CC. 
It was then checked whether the levels of these hormones 
in predose had any effect on the efficacy of this drug.

3. Materials and Methods

3.1. Study Design
This analytic case-control study was carried out on pa-

tients with PCOS admitted for undergoing superovula-
tion due to nontubal infertility (ovulatory disorders, 
early-stage endometriosis, mild male factor and idio-
pathic infertility) to the obstetrics and gynecology ward 
of Imam Khomeini Teaching Hospitals in Ahvaz City, Iran, 
from December 2012 to December 2013. All procedures 
met international guidelines and the institute research 
ethics and animal care and use committee of Ahvaz 
Jundishapur University of Medical Sciences (AJUMS). The 
study inclusion criteria consisted of women of reproduc-
tive age with PCOS, absence of uncontrolled diabetes and 
lack of antidiabetic drugs and exclusion criteria included 
lack of patient cooperation. Patient assessment included 
demographic information as well as medical and gyne-
cologic histories with physical examination and routine 
laboratory screening (including Body Mass Index (BMI), 
Complete blood count (CBC), Pap smear, Thyroid stimu-
lating hormone (TSH), Prolactin (PRL) and viral serology). 
To evaluate the serum estradiol, insulin, FSH and High- 
Density Lipoprotein (HDL), LH and Glucose Tolerance Test 
(GTT), blood samples of cases were taken before taking 
CC (Pergonal; Serono) for controlling ovarian hyperstim-
ulation. The parameters were measured by an Enzyme-
Linked Immunosorbent Assay (ELISA) reader. The time 
of processing of these hormones is on the day 3 of the 
menstrual cycle. After that, CC was given up to 3 months 
and then, the percentage of people who were pregnant or 
had improved ovulation (which was determined by ultra-
sound) was calculated.

3.2. Statistical Analysis
To analyze the data, SPSS 19 statistical software (USA) was 

used and examined accurately by t-test, chi-square, Fish-
er's exact test and odds ratio for abnormal estradiol, insu-
lin, FSH and HDL, LH and GTT in the patients with PCOS. 
For all other outcomes, a nominal P value of P < 0.05 was 
considered significant.

4. Results
Outcome data were available for 100% of the random-

ized women. Forty-five PCOS cases were admitted for 
undergoing superovulation due to nontubal infertility 
(ovulatory disorders and idiopathic infertility). All forty-
five PCOS cases were found to be identical in the maternal 
age (19 to 35 years) at admission, social and economical 
situation, BMI, types of infertility, duration of infertility, 
number of previous trial, duration of stimulation, the 
type of procedures used, the total dose of gonadotropin 
injected, number of retrieved follicles and semen analy-
sis (Total motile sperm count (TMC), motility and mor-
phology of sperm) (Table 1). The cases based on the re-
sponsibility of them to the CC (Pergonal; Serono) therapy 
were grouped into two categories. None of the patients 
was lost to follow-up (Figure 1). The ovulation, after tak-
ing CC, was done in 42.2% of the cases (Table 1). However, 
the clinical pregnancy rate was not more significant in 
cases responded well to CC compared to resistant cases (P 
≥ 0.387). There were no subjects of severe Ovarian Hyper-
stimulation Syndrome (OHSS). Also, the overall clinical 
pregnancy rate was 17.8% (Table 1).

Cases (n=45) 
(patients no-(22) and responding (23) to  clomiphene treatment) 

Allocated to 

Analysis  estradiol, insulin, 

FSH and HDL, LH and 

GTT (n=22) 

Allocated to 

Analysis  estradiol, insulin, 

FSH and HDL, LH and GTT 

(n=23) 

Discontinued  (n=0)  Discontinued (n=0)  

Assessed (n=23) Assessed (n=22) 

Figure 1. Flow Chart of Participants During the Clinical Trial

Table 1.  Maternal Demographic and Clinical Characteristics in Women Who Admitted to the Department Were Comparable in the 
Two Groups a

Variables Groups
No-Treated Treated (Mean ± SE) P Value

Age, y 28.5 ± 3 31.9 3 0.963

BMI, kg/m2 27.2 ± 5 28.4 ± 0.69 0.383

Kind of sterility, Primary 19 (57.6) 16 (48.5) 0.97

Kind of sterility, Secondary 14 (42.4) 17 (51.5) 0.241

Duration of infertility 5.03 ± 4.6 6.94 ± 6.8 0.050

Number of follicles 5.5 ± 1 3.8 ± 0.4 0.069

Pregnancy rate 3 (9.9) 4 (12.1) 0.387
a  Data are presented as mean ± SD or No. (%).
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There was a significant difference in biochemical pa-
rameters such as the mean serum FSH (4.4 ± 1.2 vs. 6.6 ± 
1.5, P ≥ 0.0001), LH levels (11.6 ± 2.5 vs. 8.1 ± 3.2, P ≥ 0.008) 
between the patients who did not respond and respond-
ed to CC treatment, respectively. Moreover, the mean 
serum GTT level in the group resistant to CC treatment 
(nonresponders) was higher than that of the group who 
responded to CC treatment (responders) (111 ± 11.6 vs. 96.5 
± 9.7 respectively, P ≥ 0.024) (Table 2). However, no mean-
ingful correlation was observed among the mean serum 
estradiol (41.8.1 ± 7.9 vs. 46.4 ± 8.2, P ≥ 0.478), insulin (18.3 
± 3.6 vs. 14.4 ± 4.8, P ≥ 0.882) and FBS (94.4 ± 1.2 vs. 86.6 ± 
1.5, P ≥ 0. 1) in the group resistant to CC treatment (nonre-
sponders) in comparison to the group responded to the 
CC treatment (Table 2). Also, no significant difference was 
observed between the levels of mean HDL and the rate of 
ovulation in both groups (P ≥ 0.118) (Table 2). When all of 
the women were stratified according to their BMI (BMI ≤ 
25 kg/m2 and BMI > 25 kg/m2), there were significant dif-
ferences in the ovulation (P ≥ 0.001) and the rate of preg-
nancy (P ≥ 0.029) between the groups (Table 3).

Table 2.  Comparison of Serum Estradiol, Insulin, Follicle-stimulat-
ing hormone (FSH), Fasting blood sugar (FBS), High-density lipo-
protein cholesterol (HDL), Luteinizing hormone (LH) and Glucose 
tolerance test (GTT) Between the Treated and Untreated Groups a,b

Parameters Control Group Treated Group P Value

Estradiol 41.8.1 ± 7.9 46.4 ± 8.2 0.478

Insulin 18.3 ± 3.6 14.4 ± 4 0.882

FSH 4.4 ± 1.2 6.6 ± 1.5 0.0001

FBS 94.4 ± 1.2 86.6 ± 1.5 0.1

LH 11.6 ± 2.5 8.1 ± 3.2 0.024

GTT 111 ± 11.6 96.5 ± 9.7 0.024
a  Abbreviations: FSH, Follicle-stimulating hormone; FBS, Fasting blood 
sugar; LH, Luteinizing hormone; GTT, Glucose tolerance test.
b  Values are presented as µ/dL.

Table 3.  The Variety of All of the Cycles (n = 66) Were Catego-
rized by the Mean BMI into Group BMI ≤ 25 kg/m2 and Group 
BMI > 25 kg/m2 a

Vaiables Groups

BMI ≤ 25 kg/m2 BMI > 25 kg/m2 P Value

Ovulation 4.4 (52.5) 3.9 (47.5) 0.001

Pregnancy rates 4 (57.2) 3 (42.8) 0.029
a  Data are presented as No. (%).

5. Discussion
The results of the present study show that CC treat-

ment is capable of inducing follicular maturation and 
ovulation, followed by increasing pregnancy rate in the 
PCOS patients. However, whether the quality of the fol-
licles released in these forms is optimal stays to be clari-
fied. These findings ,with respect of studies of Adashi 

(4) and Bergh et al. (7), are also in accordance with 
other studies done by Shobokshi et al. (8), Brown et al. 
(16) and Moolenaar et al. (17) reported that CC plays a 
major role in the development of the reproductive out-
come. The results of Shobokshi et al. (8) study showed 
that the CC treatment was effective and well-tolerated 
in the induction of metaphase II (MII) oocyte and ovula-
tion in patients undergoing Intrauterine insemination 
(IUI) treatment. Brown et al. (16) have also found similar 
clinical outcomes with this drug during IUI or induc-
tion ovulation treatment in normal responder patients. 
Yazici et al. (18) obtained the same number of mature oo-
cytes and similar pregnancy rates from women treated 
with CC. Moreover, Kelekci et al. (19) reported that low 
dose of CC is more efficient to achieve optimal oocyte 
maturation, with fewer incidences of OHSS, than a high 
dose of this drug. Brown et al. (16) observed that the CC 
at the highest dose can increase vascular permeability 
(VP) and expression of Vascular endothelial growth fac-
tor (VEGF) that may be running the risk of provoking 
OHSS or PCOS. The present study showed that the repro-
ductive outcome i.e. ovulation and pregnancy rates in 
the patients with BMI < 25 kg/m2 was more pronounced 
than the patients with BMI > 25 kg/m2 BMI. Hull et al. 
(20) reported that of the 708 pairs who need infertil-
ity treatment, 21% were lack of ovulation and also more 
than 30% of other had other ovulation disorders. Cro-
signani et al. (21) reported that the weight loss was sig-
nificantly reduced ovarian volume and also their micro 
follicles. Additionally, of the 27 patients, 18 had regular 
periods and 15 cases had ovulated spontaneously and 
also 10 patients became pregnant. In contrast, other 
studies have reported that cycle parameters, such as 
clinical pregnancy, implantation and the occurrences 
of moderate and severe OHSS were also found not to be 
significant in both higher and lower BMI, infertility du-
ration and mean number follicles groups (22, 23). The 
present study also identified that the mean levels of es-
tradiol were identical in all of the PCOS cases that were 
responders and nonresponders to the CC treatment; 
however, there was a significant difference in serum 
levels of FSH and LH between the patients who were 
responders and nonresponders to CC treatment that it 
could be a supplementary step towards understanding 
the advantages and disadvantages of the CC treatment. 
Although, the events initiated by the mid-phase surge 
of LH and FSH are presented together, certain amounts 
of LH and FSH may be needed in order for these events 
to happen (24). Also, it was shown that CC induces nu-
clear maturation as well as follicular maturation (17). 
This may also be the case in humans where a time- or 
dose-dependent phenomenon leads to the initial eleva-
tion in progesterone 12 hours before the LH surge, the 
final maturation of the oocyte 32 hours after the surge 
and ovulation 36 hours after the LH surge (25). Thus, it 
would be logical to determine the optimal CC dose to 
induce ovulation. Properly, the serum levels of FSH and 
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LH act as acute phase reactants in nontubal infertility 
i.e. ovulatory disorders, early-stage endometriosis dis-
eases (26). However, there was a controversy about se-
rum estradiol in this problem that performs as an acute 
reactant (27, 28). It was reported that estradiol can be 
found in dependent phase of sex cycle level in healthy 
women because of it releases from follicular cells, but 
its level was increased in PCOS diseases, resulting to el-
evated FSH and LH receptors in follicular cells (29). In-
deed, the serum estradiol concentration represents the 
amount of mature follicle storage that is in the ovary 
(30). Although, serum estradiol represents FSH and LH 
concentrations and its low level indicates maturation 
follicular deficiency, but increased serum estradiol 
doesn’t indicate that the FSH and LH levels are more 
than normal (31). The present study showed that there 
was a meaningful relation among serum insulin and 
FBS concentrations and GTT and its severity in PCOS cas-
es, which confirming a role for pancreas injury and also 
alteration of homodynamic in PCOS. Prior researches 
have come to different results about whether the ab-
normal serum insulin and FBS concentrations and posi-
tive GTT are raised in result to PCOS (28). In conclusion, 
our results revealed that a cause-effect relationship 
between the concentration of serum FSH and LH and 
PCOS may in fact exist. The follow-up controls show that 
there is a strong relation between BMI and positive GTT 
and PCOS syndrome. At present we can assert that eval-
uating the serum levels of FSH, LH, GTT and BMI in PCOS 
women that are recommended to use CC for inducing 
maturation and ovulation of oocytes as a part of repro-
ductive elementary routine produced a reliable way to 
predict maturation and ovulation status.

Acknowledgements
This study was supported by a research grant from the 

Ahvaz Jundishapur University of Medical Sciences, Ahvaz, 
Iran (Grant no. D/520). The present study was extracted 
from medical doctoral thesis of Dr. Zohre Aboutalebi. The 
authors wish to acknowledge the efforts of Dr. Masoud 
Hemadi (vice chief of the fertility, infertility and perina-
tology research center, Ahvaz Jundishapur University of 
Medical Sciences, Ahvaz, Iran) for their generous help in 
processing the study.

References
1.       Dahlgren E, Johansson S, Lindstedt G, Knutsson F, Oden A, Jan-

son PO, et al. Women with polycystic ovary syndrome wedge re-
sected in 1956 to 1965: a long-term follow-up focusing on natural 
history and circulating hormones. Fertil Steril. 1992;57(3):505–13.

2.       Kidson W. Polycystic ovary syndrome: a new direction in treat-
ment. Med J Aust. 1998;169(10):537–40.

3.       Lobo RA. A disorder without identity: "HCA," "PCO," "PCOD," "PCOS," 
"SLS". what are we to call it?! Fertil Steril. 1995;63(6):1158–60.

4.       Adashi EY. Clomiphene citrate: mechanism(s) and site(s) of ac-
tion--a hypothesis revisited. Fertil Steril. 1984;42(3):331–44.

5.       Kousta E, White DM, Franks S. Modern use of clomiphene citrate 
in induction of ovulation. Hum Reprod Update. 1997;3(4):359–65.

6.       Maxson WS, Pittaway DE, Herbert CM, Garner CH, Wentz AC. Anti-
estrogenic effect of clomiphene citrate: correlation with serum 
estradiol concentrations. Fertil Steril. 1984;42(3):356–9.

7.       Bergh C, Carlsson B, Olsson JH, Selleskog U, Hillensjo T. Regu-
lation of androgen production in cultured human thecal 
cells by insulin-like growth factor I and insulin. Fertil Steril. 
1993;59(2):323–31.

8.       Shobokshi A, Shaarawy M. Correction of insulin resistance and 
hyperandrogenism in polycystic ovary syndrome by combined 
rosiglitazone and clomiphene citrate therapy. J Soc Gynecol Inves-
tig. 2003;10(2):99–104.

9.       Shoham Z, Borenstein R, Lunenfeld B, Pariente C. Hormonal pro-
files following clomiphene citrate therapy in conception and 
nonconception cycles. Clin Endocrinol (Oxf). 1990;33(2):271–8.

10.       Kato J, Kobayashi T, Villec CA. Effect of clomiphene on the uptake 
of estradiol by the anterior hypothalamus and hypophysis. Endo-
crinology. 1968;82(5):1049–52.

11.       Garcia J, Jones GS, Wentz AC. The use of clomiphene citrate. Fertil 
Steril. 1977;28(7):707–17.

12.       Dunaif A. Insulin resistance and the polycystic ovary syndrome: 
mechanism and implications for pathogenesis. Endocr Rev. 
1997;18(6):774–800.

13.       Kahsar-Miller MD, Nixon C, Boots LR, Go RC, Azziz R. Prevalence 
of polycystic ovary syndrome (PCOS) in first-degree relatives of 
patients with PCOS. Fertil Steril. 2001;75(1):53–8.

14.       Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, Escobar-
Morreale HF, Futterweit W, et al. Positions statement: criteria for 
defining polycystic ovary syndrome as a predominantly hyper-
androgenic syndrome: an Androgen Excess Society guideline. J 
Clin Endocrinol Metab. 2006;91(11):4237–45.

15.       Dunaif A. Hyperandrogenemia is necessary but not sufficient for 
polycystic ovary syndrome. Fertil Steril. 2003;80(2):262–3.

16.       Brown J, Farquhar C, Beck J, Boothroyd C, Hughes E. Clomiphene 
and anti-oestrogens for ovulation induction in PCOS. Cochrane 
Database Syst Rev. 2009(4):CD002249.

17.       Moolenaar LM, Nahuis MJ, Hompes PG, van der Veen F, Mol BW. 
Cost-effectiveness of treatment strategies in women with PCOS 
who do not conceive after six cycles of clomiphene citrate. Re-
prod Biomed Online. 2014;28(5):606–13.

18.       Yazici G, Savas A, Tasdelen B, Dilek S. Role of luteal phase support 
on gonadotropin ovulation induction cycles in patients with 
polycystic ovary syndrome. J Reprod Med. 2014;59(1-2):25–30.

19.       Kelekci S, Eris S, Demirel E. Ultra-short term clomiphene citrate 
in high responder women with polycystic ovary syndrome: a 
case series. Eur J Obstet Gynecol Reprod Biol. 2014;175:191–3.

20.       Hull MG, Glazener CM, Kelly NJ, Conway DI, Foster PA, Hinton RA, 
et al. Population study of causes, treatment, and outcome of in-
fertility. Bmj. 1985;291(6510):1693–7.

21.       Crosignani PG, Colombo M, Vegetti W, Somigliana E, Gessati A, 
Ragni G. Overweight and obese anovulatory patients with poly-
cystic ovaries: parallel improvements in anthropometric indi-
ces, ovarian physiology and fertility rate induced by diet. Hum 
Reprod. 2003;18(9):1928–32.

22.       Amooee S, Parsanezhad ME, Ravanbod Shirazi M, Alborzi S, 
Samsami A. Metformin versus chromium picolinate in clomi-
phene citrate-resistant patients with PCOs: A double-blind ran-
domized clinical trial. Iran J Reprod Med. 2013;11(8):611–8.

23.       Cussons AJ, Watts GF, Burke V, Shaw JE, Zimmet PZ, Stuckey BG. 
Cardiometabolic risk in polycystic ovary syndrome: a compari-
son of different approaches to defining the metabolic syndrome. 
Hum Reprod. 2008;23(10):2352–8.

24.       Coviello AD, Legro RS, Dunaif A. Adolescent girls with polycys-
tic ovary syndrome have an increased risk of the metabolic 
syndrome associated with increasing androgen levels indepen-
dent of obesity and insulin resistance. J Clin Endocrinol Metab. 
2006;91(2):492–7.

25.       Helmrath MA, Brandt ML, Inge TH. Adolescent obesity and bariat-
ric surgery. Surg Clin North Am. 2006;86(2):441–54.

26.       Montgomery BE, Daum GS, Dunton CJ. Endometrial hyperplasia: 
a review. Obstet Gynecol Surv. 2004;59(5):368–78.

27.       Jungheim ES, Lanzendorf SE, Odem RR, Moley KH, Chang AS, Rat-
ts VS. Morbid obesity is associated with lower clinical pregnancy 



Moramezi F et al.

Jentashapir J Health Res. 2015;6(3):e2717430

rates after in vitro fertilization in women with polycystic ovary 
syndrome. Fertil Steril. 2009;92(1):256–61.

28.       Biro FM, Emans SJ. Whither PCOS? The challenges of establish-
ing hyperandrogenism in adolescent girls. J Adolesc Health. 
2008;43(2):103–5.

29.       Palmert MR, Gordon CM, Kartashov AI, Legro RS, Emans SJ, Du-
naif A. Screening for abnormal glucose tolerance in adoles-
cents with polycystic ovary syndrome. J Clin Endocrinol Metab. 

2002;87(3):1017–23.
30.       Legro RS, Castracane VD, Kauffman RP. Detecting insulin resis-

tance in polycystic ovary syndrome: purposes and pitfalls. Obstet 
Gynecol Surv. 2004;59(2):141–54.

31.       Banaszewska B, Spaczynski RZ, Pelesz M, Pawelczyk L. Incidence 
of elevated LH/FSH ratio in polycystic ovary syndrome women 
with normo- and hyperinsulinemia. Rocz Akad Med Bialymst. 
2003;48:131–4.


