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1. Introduction

   The polycystic ovary syndrome (PCOS), which affects 
between 5% and 10% of women of reproductive age, is 
associated with increased risk for insulin resistance, 
hyperinsulinemia, central obesity, gestational diabetes, 
arterial hypertension, type 2 diabetes mellitus (T2DM), 
dyslipidemia and cardiovascular disease [1]. According 

to the latest consensuses, PCOS can be diagnosed when a 
woman presents oligovulation or anovulation, clinical or 
biochemical hyperandrogenism, polycystic ovary morphology, 
or at least two of these parameters. In addition, other causes 
of hyperandrogenism and menstrual disorders such as 
hyperprolactinemia, thyroid dysfunction, ovarian or adrenal 
androgen secreting tumors, Cushing syndrome, and late-onset 
congenital adrenal hyperplasia must be excluded [2,3]. 
   The pathophysiology of PCOS remains not fully 
understood. The mechanisms proposed are primary 
hypothalamic abnormal gonadotrophic releasing hormone 
(GnRH) pulsatile secretion, excess of luteinizing hormone (LH), 
increased ovarian or adrenal androgen production, increased 
catabolism of cortisol, defects in insulin action or production, 
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hyperleptinemia, and genetic polymorphisms [4]. A classic 
and central feature is an increased pulsatility of GnRH 
release with LH hypersecretion and increased LH/ follicle 
stimulation hormone (FSH) ratio [5]. Early studies have shown 
the existence of these pathophysiologic abnormalities in 35%-
90% of PCOS patients [6,7]. High serum levels of LH, commonly 
seen in PCOS, can occur either by increased amplitude/
frequency of GnRH pulses, or increased gonadotrope 
sensitivity to a physiological GnRH stimulation [4,5]. At 
hypothalamic level there seems to be a decreased sensitivity 
of the GnRH pulse generator to the inhibitory action of the 
gonadal steroids, or changes in other local modulators of 
GnRH neurons [8]. 
   After 1990, with the introduction and standardization of 
the new criteria for diagnosing PCOS, it became important 
to review the early laboratory and clinical data. So, the 
hypothalamic-pituitary function in PCOS patients diagnosed 
according to the new criteria of inclusion and exclusion 
should be reassessed. It is possible that studies performed 
before NIH/Rotterdam standardization may have included a 
more heterogeneous population and the results concerning 
the pituitary function could not be the same of those 
obtained after 1990 [2,3]. The current study was proposed to 
assess the gonadotrope function in PCOS patients diagnosed 
according the current established criteria, both at baseline 
condition and after GnRH stimulation. It was considered that 
the results of older studies may have been contaminated 
with patients in whom hyperandrogenic non-PCOS clinical 
conditions could modify the gonadotrope function.

2. Materials and methods 

   The study, approved by the Research Ethics Committee of 
Federal University of Mato Grosso, was conducted at the Júlio 
Müller University Hospital and Tropical Institute of Medicine 
Reproductive and Menopause, Cuiabá, MT, Brazil, between 
2010 and 2012. Written informed consent was obtained from 
each patient. The sample size of 45 patients was calculated 
considering LH levels of 4.6 mIU/mL, standard deviation 
of 2.4 mIU/mL, variance of 5.7 mIU/mL [9] and an imprecision 
of 5%. Calculation was performed using the equation n = 
2 (Z毩 + Z毬)2 Var x /(d)2, where Z毩=1.96; Z毬=0.84, 
Var: LH variance, d = 2 mIU as the presumed difference 
between groups [10]. Three patients were lost before the 
GnRH test. Forty two patients, aged 26.6 ± 5.9 years, with 
PCOS diagnosed according to the NIH/Rotterdam criteria, 
completed the study. Considering the comprehensive 
difficulty to include normal controls, 13 healthy normal 
cycling women, aged 30.1 ± 4.9 years (P=0.030), were 
submitted to the same investigation procedures for 
comparison. 
   Anthropometric parameters were measured as described 
elsewhere [11,12]. Blood samples for hormone measurement 
were collected between the third and fifth days of a 

spontaneous menstrual flow or, in case of amenorrhea, at 
any day, regardless of time elapsed since the last menstrual 
period; in this case, progesterone (P4) level was measured to 
certify that the sample was collected in the follicular phase 
and the results were validated whenever P4 levels were ≤ 2.0 
ng/mL (≤ 6.3 nmol/L) [12]. 
   The hormones were measured by well-established and validated 
assays. P4 levels were measured using chemiluminescence (Advia 
Centaur, Siemens Healthcare Diagnostics, UK) with a sensitivity 
of 0.67 nmol/L (0.21 ng/mL), coefficients of intra- and inter-
assay were between 2.6%-3.9% and 3.7%-12.4%, respectively. 
Concentrations of LH, FSH, thyroid stimulating hormone (TSH), 
estradiol (E2), total testosterone (T), prolactin (PRL), sex 
hormone binding globulin (SHBG) and free thyrosine were 
measured by electrochemiluminescence (ECLIA) (Elecsys 
2010, Roche Diagnostics GmbH, Mannheim, Germany). 
Androstenedione (A), cortisol and insulin were measured using 
chemiluminescence (Siemens Medical Solutions Diagnostics, 
CA, USA), and 17-hydroxyprogesterone (17-OHP4) was 
measured by radioimmunoassay (Coat-a-Count, Diagnostic 
Products Corp., Los Angeles, CA). Intra-assay and inter-
assay coefficients of variation for all hormones were 
published elsewhere [12].
   The gonadotropin releasing hormone (GnRH) test was 
performed between 8:00 and 9:00 am after 12 hours fasting. 
Blood samples for LH, FSH, E2 and P4 measurement were taken 
before, and 30, and 60 min after the injection of 100 毺g of 
synthetic GnRH (RelefactR, Aventis Pharma BV, Hoevelaken, 
The Netherlands). The early and delayed gonadotrope 
responsiveness to GnRH stimulation were assessed using 
the maximum increase (Δ) in LH and FSH levels, defined 
by the difference between the baseline and the maximum 
values, divided by the baseline values. In addition, the areas 
under the curves (AUC) of LH and FSH, calculated by the 
trapezoidal rule, with inclusion of the baseline values were 
also considered. The pituitary sensitivity was defined simply 
by the baseline concentrations of LH and FSH as a baseline 
physiological response to the normal hypothalamic pulsatile 
GnRH stimulation. The pituitary reserve was defined as the 
maximum increment occurred in LH and FSH concentrations 
after the in bolus GnRH stimulation. The pituitary capacity 
was defined by the AUC considering the total amount of 
gonadotropins secreted by the gonadotrope at baseline 
conditions plus the gonadotropins released after the GnRH 
stimulation. 
   The variables with normal distribution are presented 
as mean (x ) and standard deviation (SD); variables with 
non-parametric distribution are presented by median 
and 95% confidence interval (CI). The student t test was 
used to compare variables with normal distribution and 
the Mann-Whitney test for nonparametric comparison. 
Nominal variables were examined using the chi-square test. 
Relationships between variables with normal distribution 
were assessed using the Pearson’s correlation coefficient (r), 
and those with non-parametric distributions were compared 
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using the Spearman’s rank correlation coefficient (rho). AUC 
was calculated using the trapezoidal role, P values 敿 0.05 
were considered statistically significant. 

3. Results 

   The comparison of anthropometric characteristics between 
PCOS patients and non-PCOS women are shown in Table 1. 
The hormone concentrations found in PCOS and non-PCOS 
subjects are compared in Table 2. Baseline levels of FSH, 
E2, P4, TSH, free thyroxine, insulin, and cortisol were similar 
in both groups. Luteinizing hormone, LH:FSH ratio, PRL, 
T, A and 17-OHP4 were higher in PCOS patients (P<0.050). 
The baseline physiological gonadotrope secretion in response 
to GnRH pulsatile stimulation (sensitivity) was as follows: 
7.5 mIU/mL of LH in PCOS patients and 4.1 mIU/mL in non-
PCOS women (P=0.010); FSH levels of 5.2 mIU/mL in PCOS and 
3.9 mIU/mL in normal women (P=0.400). The gonadotrope 
reserve, taken as the maximum increment in LH and FSH 
concentrations after the administration in bolus of GnRH, is 
depicted in Figure 1. At 30 min after the concentrations of LH 
increased 341%, (from 7.5 mIU/mL to 33.8 mIU/mL; 95% CI- 
24.2 to 43.3) in PCOS patients, and 220% (from 4.1 mIU/mL 
to 15. 0 mIU/mL; 95% CI - 11.9 to 18.1) in normal cycling 
women (P< 0.001). Even at 60 min after GnRH injection, 
there was no difference in the increment of FSH between 
PCOS and normal women: increase of 49% (5.2 to 7.9 mIU/mL) 
in PCOS and of 61% (3.9 mIU/mL to 7.1 mIU/mL) in normal 
women (P= 0.850) (Figure 1). The gonadotrope capacity for 
LH secretion, given by the AUC, was higher in PCOS patients 
(1 569 mUI/mL, 60 min; 95% CI: 1 151-1 987) than in non-
PCOS women (679.5 mIU/mL, 60 min; 95% CI 528.2 to 830.8) 
(P<0.001). The gonadotrope capacity for FSH secretion was 
391.5 mUI/mL, 60 min (95% CI: 304.2 to 478.8) in the PCOS 

group and 377.0 mUI/mL, 60 min (246.3 to 507.7; 95% CI) in 
non-PCOS women (P= 0.850). 
   Concerning the gonadotrope capacity it was demonstrated 
that the baseline levels of estradiol did not influence the 
gonadotrope response to GnRH neither in PCOS patients 
(r= -0.029, P= 0.859) nor in non-PCOS women (r= 0.183, 
P= 0.548) but the baseline levels of P4 were positively 
associated with the LH response in PCOS patients (r= 
0.460, P<0.050) (Figure 2). The gonadotrope capacity in 
secreting LH was not influenced by the baseline levels of 
insulin in PCOS patients (r=-0.22, P=0.210), but insulin was 
positively correlated with the gonadotrope secretion of LH in 
normal women (r=0.74, P<0.010). There also was a negative 
correlation between BMI and the capacity of the gonadotrope 
to secrete LH in PCOS patients (r=-0.28, P=0.050). There 
were no relationship between the baseline concentrations 
of T, A, dehydroepiandrosterone sulfate (DHEAS) and free 
androgen index (FAI), and the capacity of the gonadotrope to 
secrete gonadotropins in both PCOS and non-PCOS subjects 
(P>0.050). 

Table 1
Anthropometric characteristics of patients with and without polycystic 
ovary syndrome. 
Variable PCOS Non-PCOS P-value* 
Body weight (kg)   74.70依18.30  65.80依8.60 0.020
Height (m)   1.58依0.07    1.62依0.07 0.060
BMI (kg/m²) 30.10依7.50  26.50依5.20 0.001 
Body surface (m²)   1.80依0.20    1.70依0.10 0.110

Waist (cm)   88.20依15.40    81.00依14.60 0.150
Hip (cm) 107.30依13.30 103.80依6.20 0.190
Waist / hip ratio   0.81依0.10    0.77依0.10 0.280
Conicity index   1.18依0.10    1.16依0.10 0.750
Lean body mass (kg) 44.60依6.20   45.50依3.40 0.480
Fat mass (kg )   30.10依14.10   20.30依6.40 0.001

* Student t test, BMI: Body mass index.

       

Table 2
 Comparison of baseline hormone concentrations between patients with and without polycystic ovary syndrome.

Hormone PCOS Non-PCOS     P-value*     Median  95% CI      Median 95% CI
LH (mUI/mL)     7.50      (3.6-11.3)    4.1 (1.8-6.5) 0.010
FSH (mUI/mL)     5.20     (3.2-7.1)    3.9 (0.9-6.9) 0.400
LH/FSH     1.30     (0.2-2.4)    0.9 (0.6-1.2) 0.010
Progesterone (nmol/L)     1.60     (0.1-3.1)    2.5 (1.2-3.7) 0.130
Estradiol (pmol/L)  148.70       (44.7-252.7) 154.2   (97.2-211.2) 0.860
TSH (µUI/mL)     1.70     (0.6-2.7)     1.9 (0.9-3.0) 0.710
Free thyroxine (pmol/L)   14.50     (12.0-17.1)   14.2 (11.5-16.8) 0.430
Prolactin (pmol/L) 356.50     (120.4-592.6) 274.3 (172.1-376.5) 0.010
Total testosterone (nmol/L)     1.80     (1.1-2.5)     0.9 (0.4-1.3) 0.001
SHBG (nmol/L)   25.90       (6.9-44.9)    68.0 (36.1-99.9) 0.001
Cortisol (nmol/L) 349.00     (199.3-498.7)  292.5 (164.5-420.5) 0.220
Androstenedione (nmol/L)      0.080 (-0.11-0.3)       0.04  (0.02-0.07) 0.001
17-OHP4 (nmol/L)    2.00     (0.1-3.8)       0.05  (0.02-0.09) 0.001
Insulin (pmol/L)  73.20     (50.9-95.5)    55.1  (50.5-69.5) 0.340

*Mann-Whitney test LH: luteinizing hormone; FSH: follicle stimulating hormone; TSH: thyroid stimulating hormone; SHBG: sex hormone binding 
globulin; 17-OHP4: 17-hydroxyprogesterone.
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Figure 1.  Pituitary response at baseline and at 30 and 60 min after GnRH administration.
 *P<0.01; #P>0.05.

Figure 2. Correlation between estradiol and progesterone baseline levels and area under the curve of LH response to GnRH in PCOS and non-
PCOS subjects.
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4. Discussion 
 
   The current study reassessed the gonadotrope function in 
PCOS patients after the introduction of the new diagnostic 
criteria, and compared the findings between PCOS patients 
and normal cycling non-PCOS women. In addition, it 
compared the current findings with those studies published 
before NIH/Rotterdam diagnostic systematization. In the 
present study, PCOS and non-PCOS subjects presented 
different body weight, BMI, and fat mass, and equal body 
surface area, waist circumference, waist: hip ratio, and 
conicity index. As expected the baseline levels of LH, 
LH:FSH ratio, total testosterone, androstenedione, and 
17-OHP4 were higher in PCOS patients. Cortisol, insulin, 
estradiol, and progesterone baseline concentrations were 
similar in PCOS and non-PCOS subjects. The gonadotrope 
secretion of LH in response to GnRH stimulation was 
higher in PCOS patients. In the PCOS patients the 
gonadotrope secretion of LH was positively associated with 
the progesterone baseline concentrations and negatively 
associated with the insulin concentrations and BMI. 
   Although a study similar to the current one became 
necessary after the PCOS diagnostic standardization, the 
present study may have some limitations. Firstly, PCOS 
and non-PCOS subjects were not matched for body weight 
and this factor may limit the comparison of the influence of 
BMI on LH secretion in both groups. Second, the definition 
of pituitary sensitivity, reserve and capacity is somewhat 
arbitrary and may not be universally adopted. Finally, the 
main concern with the imprecise androgen measurement 
in women was attenuated by the inclusion of non-PCOS 
controls for comparison. Even PCOS and non-PCOS patients 
presented different body weight, total fat mass and BMI, both 
groups had similar adipose tissue distribution: equal waist 
circumference, waist:rip ratio and conicity index. As the 
central adiposity is the major feature that could influence 
the pituitary function, the differences seen in gonadotropin 
secretion in PCOS and non-PCOS in the present study are 
reliable. It is well established that the baseline levels of LH 
in PCOS patients are correlated with GnRH pulses [6,8] but 
because it is less invasive and expensive to use the baseline 
levels of LH to assess the gonadotrope response and function 
than to collect multiple blood samples for registration of LH 
pulses, the present study used baseline concentrations of 
LH as surrogate of LH pulses to infer about hypothalamic/
pituitary function.
   LH concentrations appear to be inversely correlated with 
obesity in studies performed before [13] and after [7,14] NIH/

Rotterdam diagnostic standardization, despite the elevated 
insulin concentrations reported in many of them. Currently, 
BMI has been negatively associated with the baseline levels 
of LH [15], LH pulse amplitude [16], and the pituitary response 
to GnRH [17]. The negative correlation between BMI, baseline 
levels of LH and AUC of LH response (gonadotrope capacity) 
in PCOS patients, observed in the present study, supports 
studies published before [13] and after NIH/Rotterdam [15]. In 
fact, it is knowledge that BMI attenuates LH pulse amplitude 
and secretion in PCOS patients, but not in normal ovulatory 
women by a direct effect, or as yet undefined factor, 
associated with obesity at the pituitary level [15]. Other 
factors, such as leptin, growth factors, and cytokines may 
also have autocrine/paracrine participation on gonadotrope 
response to GnRH in obese PCOS patients.  
   The gonadotrope sensitivity, expressed by the baseline 
secretion of gonadotropins in the current study, was 
significantly higher in the secretion of LH in PCOS patients. 
This observation is not novel and supports the results 
of other studies performed before the establishment of 
the current exclusion criteria for PCOS diagnosis [3,4]. 
Therefore, the current findings indicate either that other 
hyperandrogenic clinical conditions such as thyroid 
dysfunction, hyperprolactinemia, and non-classic adrenal 
hyperplasia do not modify significantly the gonadotrope 
function, when they are compared with PCOS. Other 
possibility is that the older studies were not contaminated 
with these conditions in on extension capable of modifying 
the gonadotrope function.
   The existence of increased gonadotrope response to 
GnRH stimulation in PCOS observed in the present study 
also corroborates with the findings of studies published 
both before [18] and after [19] the introduction of the new 
diagnostic criteria. The higher reserve, and capacity, of the 
gonadotrope cells to release LH molecules in PCOS patients 
after GnRH acute stimulation compared with non-PCOS 
subjects, indicate differential expression of LH毬 mRNA as a 
result of the increased GnRH pulse frequence and amplitude 
demonstrated in PCOS [20]. These findings have also been 
demonstrated in studies performed before [20] and after the 
PCOS diagnostic standardization [6,19].
   Several gonadotrope modulators may affect differently the 
expression of FSH毬 and LH毬 subunits in mRNA according 
to the pattern of GnRH pulsation [5,6,21,22]. A negative 
correlation between insulin and the gonadotrope secretion of 
LH was demonstrated in the current study in PCOS patients. 
Other studies have attempted to clarify the effect of insulin 
on gonadotrope cell secretion. Insulin may enhance the 
transcription of LH毬 gene or augment LH and FSH release 
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that small increase in concentrations in the late follicular 
phase, and immediately before the estradiol surge, may 
facilitate the FSH ovulatory peak [30,33]. In addition, treatment of 
pre-estrogenized gonadotrope with P4 produces a significantly 
greater LH release in PCOS patients compared with normal 
subjects [33]. While a hypothalamic insensitivity to progesterone 
is implicated in the pathogenesis of PCOS [8], the role of P4 on 
the gonadotrope cell secretion seems to act biphasically. At 
low concentrations P4 enhances the LH response to GnRH 
and favours FSH surge at mid cycle [21,31,32], but its increase 
in blood affects gonadotrope function, decreasing both LH 
and FSH secretion [30].
   No relationship was found between the androgen blood 
levels and baseline gonadotropin levels or gonadotrope 
response to GnRH in the present study. Even most of 
PCOS patients seem to have higher levels of total and free 
testosterone [1,2,4,26,34], the current knowledge concerning the 
relationship between testosterone levels and gonadotrope 
function in adult female is still limited. Furthermore, the 
majority of data come from animal studies and it seems that 
testosterone has both facilitatory and inhibitory effects on 
LH secretion and suppressive effect on the progesterone 
facilitator’s role to stimulate the LH secretion [8,35]. In vitro 
and in vivo studies have shown that testosterone increases 
FSH毬 mRNA levels but decrease, or have no effect, on the 
alpha-subunit or LH毬 mRNA expression [35,36]. In general, 
at least in animals, testosterone has both negative and 
positive action on the female gonadotrope via modulation 
of the GnRH receptor, and LH and FSH gene expression [37]. 
The infusion of testosterone in women with PCOS does not 
appear to influence the secretion of LH, or the gonadotrope 
response to GnRH stimulation, [37,38]. Finally, women 
with PCOS have identical responses to GnRH stimulation 
regardless of their androgen levels [36]. 
   In summary, the current study demonstrated that the 
knowledge of the pituitary function in PCOS patients learned 
before the systematization of the current diagnostic criteria 
was not changed with the current findings. The present 
studies suggest that the clinical conditions, currently 
excluded to establish the diagnosis of PCOS, may have 
not contaminated the results published before the NIH 
recommendation and support that the androgen levels do not 
have a significant role in the gonadotrope secretion. 
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