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Abstract

OBJECTIVE: As increased frequency of gonadotrophin-releasing hormone
(GnRH) pulses is characteristic for polycystic ovary syndrome (PCOS), we
assessed gonadotrophin response to GnRH in women with PCOS with nor-
mal and raised androgens and in regularly menstruating controls. DESIGN,
PATIENTS AND METHODS: The study involved 155 subjects: PCOS, n=121, age
(mean+SD) 24.8+5.4 yrs, BMI 24.5+6.0 kg/m?, all with oligo-/amenorrhoea and
PCO morphology, and 34 controls. Gonadotrophins were measured in early
follicular phase after GnRH stimulation (0, 30 and 60 minutes). RESULTS: Fifty
four (41.9%) women with PCOS had androgens (testosterone, androstendione,
dihydroepiandrosterone sulphate) within the reference range, and would fulfil the
“Rotterdam”, but not the Androgen Excess Society PCOS criteria. Baseline and
stimulated LH concentrations were higher in PCOS (9.09+5.56 vs 4.83+1.71 IU/],
35.48+31.4 vs 16.30+6.68 IU/1, 33.86+31.8 vs 13.45+5.2 IU/], at 0, 30 and 60 min
post GnRH, respectively, p<0.0001). An LH/FSH ratio in PCOS increased further
after GnRH stimulation. ROC analysis revealed that LH30min/FSH30min >2.11
or LH60min/FSH60min >1.72 had 78.3% and 87.5% sensitivity and 81.7% and
81.3% specificity for diagnosis of PCOS. Both baseline and GnRH-stimulated LH
and FSH concentrations were similar in women with PCOS and raised androgens
and with androgens within the reference range (p=0.71 and p=0.20 for LH and
FSH, respectively). CONCLUSIONS: Regardless of their androgen status, women
with PCO morphology and oligo-/amenorrhoea have higher baseline and GnRH-
stimulated LH concentrations and higher GnRH-stimulated LH/FSH ratio than
controls, suggestive of similar underlying mechanism accounting for menstrual
irregularities. These observations support validity of PCOS diagnostic criteria
based on the Rotterdam consensus.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a multifaceted
disorder that can present as oligo-/amenorrhoea and/or
hyperandrogenism, as well as fertility problems (Azziz
et al. 2004; Ehrmann 2005; Conway et al. 1989). Current
definition of PCOS is based on the European Society of
Human Reproduction and Embryology (ESHRE) and
American Society for Reproductive Medicine (ASRM)
consensus, i.e., the so called ESHRE/ASRM Rotterdam
criteria (2004), where a women can be diagnosed with
PCOS as long as she fulfils two out of three criteria,
i.e., oligo-/anovulation, clinical or biochemical hyper-
androgenism and polycystic ovaries on ultrasound
imaging, on condition that other causes of menstrual
irregularities/hyperandrogenism  (hyperprolactinae-
mia, Cushing syndrome, late onset congenital adrenal
hyperplasia, etc.) have been ruled out (The Rotterdam
ESHRE/ASRM-sponsored PCOS Consensus Workshop
Group 2004). There are, however, still controversies as
to the most appropriate definition of PCOS. This is
reflected in Androgen Excess Society Guidelines (Azziz
et al. 2006), where the authors suggest that women with
polycystic ovarian morphology and oligo-anovulation —
but without clinical or biochemical hyperandrogenemia
— should not be classified as having PCOS. Furthermore,
standard androgen assays were not designed to mea-
sure androgens accurately in the female range (Fears et
al. 2000; Boots et al. 1998), while results of the largest
UK series demonstrated raised total testosterone only
in about 40% women with PCOS (Balen et al. 1995).

Increased androgen synthesis in PCOS, both of ovar-
ian and adrenal contribution (Milewicz et al. 1983),
results from various abnormalities of the hypothalamo-
pituitary-ovarian axis, including increased frequency
of LH pulses, that - in turn - reflect an increased fre-
quency of pulsatile hypothalamic gonadotrophin releas-
ing hormone (GnRH) secretion (Taylor et al. 1997).
This phenomenon leads to a relative overproduction of
LH, which is one of the factors responsible for exces-
sive androgen synthesis, i.e., one of the characteristic
features of PCOS (Taylor et al. 1997; Blank et al. 2006).
Over twenty years ago it was also demonstrated that
administration of GnRH analogue allowed to demon-
strate certain abnormalities of steroidogenesis in PCOS,
that resulted in an increased 17-hydroxy-progesterone
to androstendione ratio in about 16-24 hours after
GnRH stimulation (Barnes et al. 1989). The authors
subsequently named these abnormalities as functional
ovarian hyperandrogenism (Ehrmann et al. 1995),
that - in their opinion — was a characteristic feature of
PCOS (Ehrmann et al. 1995). The mentioned authors
(Barnes et al. 1989; Ehrmann et al. 1995) also described
the increased LH release following GnRH analogue
stimulation, though in terms of a qualitative rather than
a quantitative phenomenon.

In such circumstances we have endeavoured to
quantitatively assess LH and FSH secretion after GnRH

stimulation in women with PCOS and in healthy, regu-
larly menstruating controls. The aim of our study was
to determine whether assessment of gonadotrophin
secretion after GnRH stimulation could provide further
information potentially useful in the diagnosis of PCOS.
We hypothesised that GnRH stimulation might reveal a
relative excess of pituitary LH in comparison to FSH
that is the result of an increased activity of hypotha-
lamic GnRH pulse generator. We also have endeavoured
to specifically assess GnRH-stimulated gonadotrophin
secretion in women who fulfil diagnostic criteria for
PCOS, according to the Rotterdam consensus (2004),
but fail the diagnostic criteria of the Androgen Excess
Society (Azziz et al. 2006), i.e., in women with oligo-/
amenorrhoea and polycystic ovarian morphology, how-
ever with androgen concentrations within the reference
range.

SUBJECTS AND METHODS

The study involved 155 women admitted to the Depart-
ment of Endocrinology and Metabolic Diseases of the
Medical University of Lodz, Polish Mother’s Memorial
Hospital — Research Institute in Lodz, between 2006
and 2009. Of those, 121 women of 24.8+5.4 years of
age (mean+SD) were diagnosed with PCOS, accord-
ing to the Rotterdam criteria (The Rotterdam ESHRE/
ASRM-sponsored PCOS Consensus Workshop Group
2004). All these women had oligo- or amenorrhoea and
polycystic ovaries on pelvic (intravaginal) ultrasound,
while the majority also had clinical hyperandrogen-
ism (acne and/or hirsutism). Control group consisted
of 34 healthy, regularly menstruating women aged
26.6+5.1 years.

Allhormonal investigations were performed between
the third and sixth day of either a spontaneous or a
progestagen-induced menstruation (in the latter case
menstrual bleeding was typically obtained after 10-day
administration of dydrogesterone (Duphaston®) or
micronized progesterone (Luteina®). Endocrine investi-
gations involved measurements of LH, FSH, oestradiol,
total testosterone, androstendione, dihydro-epinadros-
terone sulphate (DHEAS), 17-hydroxy-progesterone,
TSH, free T; and free T,. The presence of hyperprolac-
tinaemia was excluded after assessment of a nine time
point prolactin day curve, as described before (Karasek
et al. 2006). Hypercortisolaemia was excluded either on
a basis of a midnight serum cortisol below 50 nmol/l
(1.8 pg/dl) or cortisol suppression below 50nmol/l
after an overnight 1.0 mg dexamethasone suppression
test. Furthermore, in all subjects we have performed a
75gram oral glucose tolerance test (OGTT) with glu-
cose and insulin measurements at 0, 60 and 120 min-
utes. Subsequently, insulin resistance parameters were
calculated, i.e., HOMA, (where HOMA=fasting insulin
(wU/ml) x fasting glucose (mmol/1)/22.5) (Matthews et
al. 1985) and an Insulin Resistance Index (IRI) that is
based on the assessment of glycaemia and insulinaemia
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during OGTT. In the latter model, the product of the
glucose area under the plasma glucose curve and insu-
lin area under plasma insulin curve is used as an index
of insulin resistance, calculated through the formula: 2/
[1/(INSp x GLYp)]+1, where INSp and GLYp are the
measured insulin and glycaemic areas. This method has
a good correlation with the ,,golden standard” of assess-
ment of insulin resistance, i.e., an euglycaemic hyper-
insulinaemic clamp technique (Matsuda & DeFronzo
1999).

Hirsutism was assessed according to the Ferriman-
Galwey scale (Ferriman & Gallwey 1961) where the
score above eight was considered significant. All pelvic
ultrasound examinations were performed in the early
follicular phase at the Department of Ultrasound
Diagnostics of the Polish Mother’s Memorial Hospi-
tal — Research Institute, where diagnosis of polycys-
tic ovaries was based on the presence of either 12 or
more follicles measuring 2-9mm in diameter, or the
increased ovarian volume (>10 cm?®) (Balen et al. 2003).
In order to limit variability in interpretation of ovar-
ian ultrasound imaging, we ensured that all ultrasound
scans were performed in follicular phase by the same
observer in a tertiary referral centre (Polish Mother’s
Memorial Hospital — Research Institute) that is consid-
ered as one of the highest ranking institutions in the
field of obstetrics and gynaecology in Poland.

In all patients and controls we performed a GnRH
test that involved intravenous administration of 100 pg
of synthetic GnRH (Relisorm®, Serono or LHRH?, Fer-
ring). Blood samples for the measurements of LH and
FSH [electrochemiluminescence method (ECLIA) by
Elecsys 2010 analyser] were taken before (0 minutes)
and at 30 and 60 minutes after GnRH administration.
The study was approved by the Ethical Committee of the
Polish Mother’s Memorial Hospital — Research Institute.

Statistical analysis

The data were analysed by means of simple descrip-
tive statistics of location and dispersion and tests of
significance for comparison of distributions in differ-
ent groups, parametric (the t-test) or non-parametric
(Mann-Whitney’s test), depending on distribution of
analysed variables. Between group comparisons for
levels of selected characteristics before and after GnRH
stimulation were compared by Friedman’s ANOVA for
repeated measures design. Correlation analysis was
performed by the means of Spearman rank correla-
tion method. Statistical significance was assumed for
p<0.05. All analyses were performed by the means of
Statistica 8.0 software.

RESULTS

Women with PCOS and Controls were matched for
their age and BMI (24.4+5.0 years versus 26.8+5.1
years, BMI 24.1+5.5 kg/m? versus 24.6+5.6 kg/m?,
for PCOS (n=121) and controls (n=34), respectively,
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p=ns). Mean 24-hour prolactin concentrations (based
on 9-point prolactin profiles) were non-significantly
higher in women with PCOS (data not shown). As
expected, women with PCOS had significantly higher
concentrations of total testosterone, androstendione,
17-hydroxy-progesterone and oestradiol in comparison
to Controls (Table 1). Interestingly, however, androgen
concentrations were within reference ranges in a signif-
icant proportion of women with PCOS. Namely, raised
total testosterone concentrations were found in 38.6%,
androstendione in 34.7%, while DHEAS concentrations
were raised only in 28.8% women with PCOS. Alto-
gether, raised concentration of at least a single andro-
gen was observed in 58.1% women with PCOS. Women
with PCOS had higher fasting insulin (p<0.05) and
were more insulin resistant [higher Insulin Resistance
Index (IRI), p<0.05]. HOMA index was also higher in
women with PCOS, but it just failed to reach statisti-
cal significance (p=0.06) (Table 1). There was a signifi-
cantly raised 17-hydroxy-progesterone/androstendione
ratio 0.50+0.57 versus 0.2620.12 (p=0.0014) in women
with PCOS versus controls. Given that over 40% of
women diagnosed with PCOS had concentrations of
androgens within the reference range, we have divided
women with PCOS into two groups, i.e., with andro-
gens within the reference range (PCOS-Normal Andro-
gens — PCOS-NA, n=54) and with raised androgens
(PCOS-Not Normal Androgens — PCOS-NNA, n=67).
With exception of androgens and 17-hydroxy-proges-
terone, hormonal and insulin resistance indices did not
differ between women with normal androgens (PCOS-
NA) and those with raised androgens (PCOS-NNA)
(Table 2). Women with raised androgens (PCOS-NNA
group) had raised 17-hydroxy-progesterone concen-
trations (p=0.008), however, without significant dif-
ferences in 17-hydroxy-progesterone/androstendione
ratio (p=0.14) (Table 2). Both these groups, however,
had significantly (p<0.001) raised 17-hydroxy-proges-
terone/androstendione ratio in comparison to controls
(Figure 1). As described above, women from PCOS-NA
group would be diagnosed as having PCOS according
to the Rotterdam consensus criteria (2004), but they
would not fulfil diagnostic criteria for PCOS according
to the Androgen Excess Society guidelines (Azziz et al.
2006).

Gonadotrophin responses to GnRH are presented
in Table 3. Women with PCOS had significantly higher
LH concentrations before and after GnRH stimulation
(p<0.001). There were, however, no differences in FSH
levels. There were no differences in the ratio of stimu-
lated (i.e., after GnRH administration) gonadotrophin
concentrations in relation to their respective base-
line values between the groups (i.e., LH3min/LHgmins
LH60min/LH0min’ FSH30min/FSH0min’ FSH60min/FSH0min)
(Table 3). There was, however, a highly significant
increase in LH/FSH ratio in women with PCOS after
GnRH stimulation, i.e., from 1.59+1.0 to 4.09£2.99 and
3.56+2.58 at 30 and 60 minutes post GnRH stimulation
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Tab. 1. Descriptive statistics for concentrations of selected hormones and glucose, insulin and insulin resistance indices during oral glucose
tolerance test (OGTT) in women with PCOS (n=121) and Controls (CONTR, n=34). p-value of appropriate test for comparison of distributions
between groups (Mann-Whitney's or Friedman’s ANOVA for repeated measures).

Group Mean Median SD Min Max p-value

Oestradiol [pmol/I] PCOS 237.1 172.8 224.0 64 1476.4 0.018
CONTR 155.1 127.3 1151 59 689.7

Testosterone [nmol/I] PCOS 2.77 2.59 1.44 0.75 5.45 0.0002
CONTR 1.86 2.06 1.02 0.56 4.25

DHEAS* [nmol/I] PCOS 7.86 7.14 3.50 1.91 18.04 0.38
CONTR 7.18 6.81 3.12 1.93 14.02

Androstendione** [nmol/I] PCOS 10.72 9.13 19.6 3.30 33.45 0.0021
CONTR 7.36 7.20 3.06 2.61 16.43

170H-progesterone [nmol/I] PCOS 4.16 3.33 3.09 0.99 10.6 <0.00001
CONTR 1.78 1.53 0.76 0.33 4.29

Glucose 0' [mmol/I] PCOS 4.44 4.50 0.52 371 5.55 0.569
CONTR 4.48 4.53 0.38 3.66 533

Glucose 60' [mmol/I] PCOS 6.48 6.31 2.00 4.89 13.78
CONTR 6.47 6.37 1.72 4.96 11.83

Glucose 120'[mmol/I] PCOS 5.44 5.29 1.65 2.96 14.45
CONTR 5.23 5.26 1.32 2.76 8.81

Insulin 0’ [umol/I] PCOS 62.65 50.01 44.45 12.67 293.2 0.344
CONTR 51.38 39.56 45.78 14.36 224.0

Insulin 60’ [umol/I] PCOS 469.0 311.8 396.8 75.8 2183.0
CONTR 362.9 254.9 283.5 114.8 1349.2

Insulin 120" [umol/I] PCOS 348.8 256.4 3329 53.9 2520.9
CONTR 309.8 224.0 307.6 91.2 2120.0

Insulin Resistance Index (IRI) PCOS 0.93 0.84 0.38 0.15 1.88 0.045
CONTR 0.78 0.69 0.34 0.33 1.68

HOMA [mmol/I X plU/ml] PCOS 1.81 1.41 1.36 0.07 8.37 0.060
CONTR 1.48 1.16 1.32 0.36 5.99

*upper reference range for DHEAS for women in reproductive age is 12.24 nmol/I
**upper reference range for androstendione for women in reproductive age is 11.55 nmol/I

respectively (p<0.01), and both baseline and GnRH-
stimulated LH/FSH ratio was higher in women with
PCOS than in Controls (p<0.001) (Table 3).

In contrast, concentrations of LH and FSH were not
different before and after GnRH stimulation in women
with PCOS and raised androgens (PCOS-NNA) and
women with PCOS and androgens within the reference
range (PCOS-NA), p=0.71 and p=0.20 for LH and FSH,
respectively (Table 3). In both groups, however, both
baseline and GnRH-stimulated LH concentrations were
higher than in controls (p<0.001) (Figure 2A). There
were also no differences in both baseline and GnRH
stimulated LH/FSH ratio between those groups (ie.,
PCOS-NNA and PCOS-NA, p=0.61) (Table 3), however,
again in both groups, both baseline and GnRH stimulated

LH/FSH ratio was significantly higher than in controls
(p<0.001) (Figure 2B).

Receiver operating characteristic analysis (ROC
curves) was employed in order to define the best dis-
criminatory cut-off point for GnRH-stimulated LH/
FSH ratio. Optimal sensitivity and specificity for
the diagnosis of PCOS was obtained for LHjy. i,/
FSH3,,in>2.118 (sensitivity 78.3%, specificity 87.5%)
or LHepmin/FSHgomin>1.72 (sensitivity 81.7%, specific-
ity 81.3%) (Figures 3A and 3B). In contrast for baseline
LH/FSH ratio>2.0 (the value most often quoted in lit-
erature — see Discussion), we obtained a high (100%)
specificity for the diagnosis of PCOS, but at the expense
of very low sensitivity (23%). We subsequently applied
receiver operating characteristic analysis for LH/FSH
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Tab. 2. Descriptive statistics for glucose, insulin and insulin resistance indices during oral glucose tolerance test (OGTT), as well as selected
hormonal parameters in women with PCOS and androgens within the reference range (PCOS-Normal Androgens - PCOS-NA, n=54), and at least a
single androgen (testosterone, androstendione and/or DHEAS) above the reference range (PCOS-Not Normal Androgen — PCOS-NNA, n=67). P-value of
appropriate test for comparison of distributions between groups (Mann-Whitney’s or Friedman's ANOVA for repeated measures).

Group Mean Median SD Min Max p-value

Glucose 0' [mmol/I] PCOS - NA 4.44 4.46 0.43 3.71 5.50 0.13
PCOS - NNA 442 4.44 0.61 3.74 5.50

Glucose 60’ [mmol/I] PCOS - NA 5.86 5.56 1.94 4.89 12.28
PCOS - NNA 6.47 6.06 2.11 4.98 13.78

Glucose 120’ [mmol/I] PCOS - NA 5.17 5.11 1.67 2.96 10.33
PCOS - NNA 5.46 5.50 1.63 3.11 14.45

Insulin 0’ [umol/I] PCOS - NA 58.52 52.31 37.80 12.67 170.1 0.08
PCOS - NNA 65.60 46.97 49.60 14.43 293.2

Insulin 60’ [umol/I] PCOS - NA 427.8 295.4 3441 75.8 1624.0
PCOS - NNA 506.8 303.1 462.0 77.9 2183.0

Insulin 120’ [umol/I] PCOS - NA 294.5 239.3 224.0 53.9 1253.4
PCOS - NNA 399.2 248.7 403.5 57.8 2520.9

Insulin Resistance Index (IRI) PCOS - NA 0.86 0.82 0.36 0.15 1.62 0.12
PCOS - NNA 1.29 0.86 2.46 0.34 18.80

Oestradiol [pmol/I] PCOS - NA 234.2 163.3 259.2 64 1476.4 0.13
PCOS - NNA 225.1 177.9 178.5 68 1303.2

170H-progesterone [nmol/I] PCOS - NA 3.37 2.90 2.27 0.99 11.22 0.008
PCOS - NNA 4.85 4.39 3.63 1.33 17.6

17-OHP/androstendione ratio PCOS - NA 0.53 0.35 0.39 0.10 1.50 0.14
PCOS - NNA 0.53 0.30 0.74 0.06 4.07

HOMA [mmol/l x plU/ml] PCOS - NA 1.66 1.37 1.18 0.33 5.76 0.56
PCOS - NNA 1.87 1.35 1.50 0.07 8.37

ratio after GnRH stimulation for women with PCOS
who had androgens concentrations within the refer-
ence range (PCOS-NA). The calculated values were
very similar as for the group of women with PCOS ana-
lysed as a whole (LHj3yi,/FSH30min>2-118, sensitivity
72.7%, specificity 84.4%, LHgy . /FSHggin>1.766,
sensitivity 72.7%, specificity 87.5%). Given the highly
significant difference in the baseline 17-hydroxy-pro-
gesterone/androstendione ratio for women with PCOS

0.70

0.60

0.50

17-OHP/androstendione
(=]
.
=1

versus controls, we have also performed sensitivity and Gt

specificity analysis for this parameter. Interestingly, for 0.20

17-hydroxy-progesterone/androstendione ratio 0.244 B tioan
we obtained a 68.4% sensitivity and 64.3% specificity 010 T+o5%Cl

for the diagnosis of PCOS (and 76.3% sensitivity, with PCOSNA ~ PCOSNNA  CONTROLS

64.3% specificity for PCOS-NA).

Figure 1. 17-hydroxyprogesterone [nmol/I] to androstendione
[nmol/I] ratio in women with PCOS and normal androgens

DISCUSSION (PCOS-NA) and not-normal androgens* (PCOS-NNA) and in
healthy, regularly menstruating Controls. Significant differences
Given the high prevalence of PCOS among women of between PCOS and Controls, assessed by means of Mann-Whitney's
reproductive age, the issue of the optimal diagnostic klltest,.are indicated by asterisks: *(p<0.05); ***(p<0.001).
.. . .. . . . mplies that plasma concentration of at least a single
criteria for this condition is under intensive debate. androgen, i.e., total testosterone, androstendione or DHEAS was
The main finding of our study was demonstration that above the reference range.
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Table 3. Descriptive statistics for concentrations of LH, FSH and appropriate ratios in comparison to respective baseline values, as well as
LH/FSH ratio before and after GnRH stimulation and appropriate ratios in comparison to respective baseline values - in women with PCOS
(n=121) and Controls (n=34). Descriptive statistics for LH and FSH concentrations before and after GnRH stimulation in women with PCOS
and androgens within the reference range (PCOS-NA, n=54), and at least a single androgen (testosteron, androstendione and/or DHEAS)
above the reference range (PCOS-NNA, n=67). P-value of Friedman’s ANOVA for repeated measures design.

Group Mean Median SD Min Max p-value

LH 0" [IU/1] PCOS 9.04 7.80 5.81 0.46 34.00 0.0004
CONTR 4.83 4.57 1.68 1.08 9.22

LH 30" [1U/1] PCOS 35.38 24.00 31.32 5.92 200.00
CONTR 16.30 16.23 6.68 5.34 32.59

LH 60" [1U/1] PCOS 33.86 21.67 31.78 4.87 200.00
CONTR 13.45 12.79 5.22 5.01 28.51

FSH 0'[IU/1] PCOS 5.80 5.45 248 1.14 24.49 0.891
CONTR 6.44 6.01 2.02 2.15 12.11

FSH 30" [1U/1] PCOS 8.90 7.83 4.84 3.24 42.58
CONTR 8.84 8.11 2.73 3.61 15.28

FSH 60’ [1U/1] PCOS 9.95 8.43 8.21 3.58 73.24
CONTR 9.04 8.61 3.00 4.05 17.36

LH 30'/0’ PCOS 3.99 213 7.83 1.08 12.99 0.465
CONTR 3.89 3.30 2.88 1.59 17.56

LH 60'/0’ PCOS 3.76 3.06 2.00 1.10 11.89
CONTR 3.28 2.78 2.59 0.94 1591

FSH 30'/0’ PCOS 1.52 1.41 0.53 0.81 5.80 0.079
CONTR 1.38 1.33 0.21 1.08 1.98

FSH 60'/0’ PCOS 1.68 1.47 1.14 0.86 12.96
CONTR 1.42 1.39 0.25 0.96 213

LH/FSH 0’ PCOS 1.59 0.99 1.00 0.23 5.28 0.00003
CONTR 0.76 0.76 0.20 0.26 1.06

LH/FSH 30" PCOS 4.09 3.18 2.99 0.51 16.99
CONTR 1.89 1.75 0.79 0.72 5.25

LH/FSH 60" PCOS 3.56 2.77 2.58 0.43 13.65
CONTR 1.55 1.44 0.63 0.60 4.24

LH0'[IU/1] PCOS-NA 8.67 7.49 5.03 1.89 28.75 0.71
PCOS-NNA 8.93 7.77 6.03 0.10 26.90

LH 30" [IU/1] PCOS-NA 36.06 24.80 31.56 5.96 200.00
PCOS-NNA 34.51 22.93 31.96 5.92 185.70

LH 60’ [1U/1] PCOS-NA 34.71 21.09 33.88 4.87 200.00
PCOS-NNA 32.73 22.16 30.57 5.61 155.30

FSH 0’ [IU/1] PCOS-NA 6.08 5.92 2.21 2.08 13.29 0.20
PCOS-NNA 5.47 5.05 2.78 1.29 24.49

FSH 30’ [1U/1] PCOS-NA 9.79 8.84 4.65 4.25 29.77
PCOS-NNA 8.14 7.38 4.98 3.24 42.58

FSH 60’ [1U/1] PCOS-NA 10.28 9.27 5.34 3.58 31.61
PCOS-NNA 9.62 7.94 10.14 4.24 73.24

LH 30'/0" PCOS-NA 3.86 343 1.60 1.69 8.71 0.31
PCOS-NNA 5.46 3.49 10.64 1.08 86.90

LH 60'/0" PCOS-NA 3.72 2.85 2.04 1.27 10.46
PCOS-NNA 4.76 3.56 7.82 1.10 64.30

FSH 30'/0" PCOS-NA 1.60 1.44 0.69 0.93 5.80 0.75
PCOS-NNA 1.53 1.39 0.57 0.81 4.99

FSH 60'/0" PCOS-NA 1.65 1.48 0.55 0.86 3.41
PCOS-NNA 1.79 1.48 1.56 0.93 12.96

LH/FSH 0’ PCOS-NA 1.53 1.24 0.94 0.29 4.47 0.61
PCOS-NNA 1.62 133 0.97 0.08 4.58

LH/FSH 30’ PCOS-NA 3.88 2.84 3.15 0.75 15.05
PCOS-NNA 4.20 3.41 2.92 0.51 16.99

LH/FSH 60’ PCOS-NA 3.39 2.52 2.75 0.61 13.65
PCOS-NNA 3.67 2.92 2.48 0.43 12.82
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Fig. 2A. Mean LH concentrations [IU/I] during GnRH test in
women with PCOS and normal androgens (PCOS-NA) and not-
normal androgens (PCOS-NNA) and in regularly menstruating
controls. Vertical bars represent 95% confidence intervals in
the respective time-points. Significant differences between
PCOS and Controls, assessed by means of Friedman’s ANOVA
for repeated measures design, are indicated by asterisks:
*##%(p<0.001).

Fig. 2B. Mean values of LH/FSH ratio during GnRH test in women
with PCOS and androgens within the reference range (PCOS-NA)
and at least a single androgen concentration higher than the
reference range (PCOS-NNA) and in regularly menstruating
controls. Vertical bars represent 95% confidence intervals in
the respective time-points. Significant differences between
PCOS and Controls, assessed by means of Friedman’s ANOVA
for repeated measures design, are indicated by asterisks:
*%(p<0.001).
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Fig. 3A,B. Receiver operating characteristic (ROC) curve analysis for the finding the cutoff for optimal diagnostic accuracy (considered
as the highest proportion of correctly classified subjects) of LH/FSH ratio during GnRH test. The highest sensitivity (78.3% and 81.3%)
is obtained for LH/FSH>2.110 at 30 minutes of GnRH test (Figure 3A) and for LH/FSH>1.723 at 60 minutes of GnRH test (Figure 3B).

Respective sensitivity is 87.5% and 81.3%.

women with PCOS defined as oligo-/amenorrhoea,
polycystic ovaries and raised androgens (ie., fulfilling
both the “Rotterdam” and AES criteria) have virtually
identical gonadotrophin response to GnRH stimula-
tion as women with oligo-/amenorrhoea, polycystic
ovaries, but androgens within the reference range (i.e.,
those who fulfill the “Rotterdam” criteria only). Fur-
thermore, there is a clear-cut difference in both base-
line and stimulated LH concentrations in comparison

to controls. In our opinion the issue of the choice of the
most appropriate criteria is highly relevant to clinical
practice, as a significant number of women (i.e., about
40%) with oligo-/amenorrhoea and polycystic ovarian
morphology and androgens within the reference range
would fulfill the “Rotterdam” criteria for the diagnosis
of PCOS, but fail the criteria according to the AES con-
sensus. This is in keeping with the recent data (March et
al. 2010) that show about a 40% increase of prevalence
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of PCOS among women of reproductive age when “Rot-
terdam” rather than AES criteria are used (17.8+2.8%
versus 10.2+2.4%).

In such context, the findings of our study might, in
our opinion, contribute to the debate as to the choice
of the optimal diagnostic criteria for PCOS. It is well
known that relative proportions of pituitary secretion
of LH and FSH are determined by both frequency and
amplitude of hypothalamic GnRH pulses (Ferris &
Shupnik 2006; Marshall ef al. 1991). In normal men-
strual cycle GnRH pulse frequency increases from
about 90-100 minutes to about once in 60 minutes
through a follicular phase. Gradual increase in GnRH
pulse frequency facilitates LH secretion culminating
in ovulatory LH surge (Marshall & Eagleson 1999).
Progesterone secretion in a luteal phase results in an
increase in FSH synthesis as a result of less frequent
hypothalamic GnRH secretion, through mechanisms
involving opioid receptors (Marshall & Eagleson 1999;
Nippoldt et al. 1989) and possibly other factors, such as
kisspeptin (Neal-Perry et al. 2009).

Polycystic ovary syndrome is characterised by an
increase in both frequency and amplitude of hypotha-
lamic GnRH pluses that are generated with frequency of
about once per 60 minutes, i.e., the frequency observed
only in a late follicular phase in healthy women (Kazer
et al. 1987). This is accompanied by resistance to
inhibitory effects of progesterone on the frequency
of hypothalamic GnRH secretion (Pastor et al. 1998).
Furthermore, similar situation is observed in hyperan-
drogenic adolescent girls, even in the setting of regular
menstrual cycles (Chhabra et al. 2005). As a result of the
above described phenomena, PCOS is characterized by
a relative overproduction of LH in relation to FSH that
can be revealed by GnRH stimulation.

We have demonstrated that — once other causes of
oligo-/amenorrhoea have been ruled out - women with
polycystic ovaries have identical responses to GnRH in
terms of LH secretion. This suggests the existence of
similar underlying mechanism, most likely related to an
increased hypothalamic GnRH pulse frequency, result-
ing in a relative pituitary LH excess in both women with
raised androgens and with androgens within the refer-
ence range, i.e., regardless of their androgen status. In
our opinion, our data indirectly support the use of the
“Rotterdam” criteria in clinical setting, given that assess-
ment of androgen concentrations within the female
range by the means of standard androgen assays is
fraught with various methodological problems, includ-
ing very high coefficients of variation reaching as much
as around 35% (Boots et al. 1998; Fears et al. 2000). If
such assay-dependent variability were employed, e.g.,
for the diagnosis of diabetes, than for fasting glucose
concentration of 136 mg/dl, the obtained results would
range from 88 mg/dl (entirely normal) to as much as
183 mg/dl (poorly controlled diabetes)!

In our opinion, the results of our study also cast
some new light on application of the long-abandoned

use of LH/FSH ratio for the diagnosis of PCOS. In
the past, a relative LH overproduction in PCOS was
said to be reflected in a raised baseline LH/FSH ratio
(Taylor et al. 1997; Taylor 1998). There was, however,
no agreement as to the optimal cut-off point, and vari-
ous authors suggested several cut-off values for baseline
LH/FSH ratio [e.g., LH/FSH>1 (Steward et al. 1993),
LH/FSH>2 (Koskinen et al. 1996) or even LH/FSH>3
(Jasonni et al. 1991)]. Meta-analysis of several stud-
ies demonstrated very poor positive predictive value
for baseline LH/FSH ratio, i.e., only 18% (Barth et al.
2007), that effectively precluded the use of that index as
a valid diagnostics tool. In our series, for the most fre-
quently quoted cut-off point of LH/FSH>2 (Koskinen et
al. 1996), we obtained only a 23% sensitivity (and 43%
sensitivity for LH/FSH>1.5), despite high (100%) speci-
ficity for the diagnosis of PCOS. The failure of baseline
LH/FSH ratio as a diagnostic tool in PCOS was said to
be related to the fact that women with PCOS and more
pronounced insulin resistance and hyperandrogenism
have relatively lower LH concentrations, despite pre-
served increased GnRH pulse frequency (Lawson et al.
2008). In keeping with these data, in our study there was
a weak (r=-0.21), but still significant (p<0.05) negative
correlation between BMI and baseline LH concentra-
tions, as well as between LH and insulin resistance index
(r=-0.31). Though not the main purpose of our study,
our results suggest that — in contrast to the baseline
LH/FSH ratio - the assessment of GnRH-stimulated
LH/FSH ratio might be potentially useful for diagno-
sis of PCOS. A relative increase of LH concentrations
is proportional to (higher) baseline LH concentrations
in women with PCOS, resulting in higher stimulated
LH concentrations in this group, however, without
significant differences in both baseline and stimulated
FSH levels. This is in accordance with results of other
studies (Lawson et al. 2008; Patel et al. 2004). Such
phenomenon results in a more pronounced increase
of GnRH-stimulated LH/FSH ratio in women with
PCOS than in controls. This, in turn, leads to an almost
four-fold increase in diagnostic sensitivity of GnRH-
stimulated LH/FSH ratio. For instance, results of ROC
analysis reveal 81.7% sensitivity and 81.3% specificity
for LH/FSH ratio above 1.72 at 60 minutes after GnRH
stimulation. This is much better than sensitivity of total
testosterone assays (around 40%) (Balen et al. 1995) and
it is higher than the combined sensitivity of all andro-
gen assays (58.1%) observed in our study. Therefore, we
suggest that the use of GnRH stimulated LH/FSH ratio
as an additional diagnostic tool for diagnosis of PCOS
at least merits some further research and should not be
discarded outright as clinically useless.

As we have already described, Barnes et al. (1989)
and Ehrmann et al. (1995) suggested that GnRH test
might be useful for the diagnosis of PCOS, according
to the protocol involving assessment of 17-hydroxy-
progesterone/androstendione ratio around 24-hours after
GnRH agonist stimulation. As it turns out, however,
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increased GnRH-stimulated 17-hydroxy-progesterone/
androstendione ratio is observed only about 50% of
women with PCOS (Pasquali et al. 2007; Rosenfield et
al. 1993). That is also in accordance with earlier stud-
ies, involving ovarian and adrenal vein catherisation
(Milewicz et al. 1983), where frank ovarian hyperan-
drogenism was observed only in around 50% (10/21)
women with PCOS. Interestingly, this is actually lower
than diagnostic utility of the baseline 17-hydroxy-
progesterone/androstendione ratio, where we observed
68.4% sensitivity and 64.3% specificity for the diagno-
sis of PCOS, for the cut-off point above 0.244. We can
also conclude that women with oligo-/amenorrhoea
and polycystic ovaries have not only raised baseline
and Gn-RH-stimulated LH concentrations, but also
an elevated baseline 17-hydroxy-progesterone/andros-
tendione ratio regardless of their androgen status (see
Figure 1), that might reflect abnormalities of ovarian
steroidogenesis typical for PCOS (Ehrmann et al. 1995,
Rosenfield et al. 1993, White et al. 1995).

In summary, our study demonstrated virtually iden-
tical LH responses to GnRH stimulation in women
with oligo-/amenorrhoea and polycystic ovarian
morphology regardless of their androgen status, that
were clearly different in comparison to regularly men-
struating controls. There was also a marked increase
in GnRH-stimulated LH/FSH ratio in comparison
to controls. This suggests an identical hypothalamic/
pituitary abnormality in women with PCOS, diag-
nosed according to the Rotterdam consensus criteria
(2004), once other causes of oligo-/amenorrhoea and
hyperandrogenism have been ruled out. In our opinion,
the results of our study support the use of the “Rotter-
dam” PCOS criteria in clinical practice, while potential
application of GnRH-stimulated LH/FSH ratio at least
merits some consideration and further research.
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