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Abstract

The aim of this study was to investigate whether free
testosterone estimated by calculation from total testos-
terone and sex hormone-binding globulin or free an-
drogen indexes were more appropriate markers for as-
sessing hyperandrogenemia in patients with polycystic
ovary syndrome (PCOS). 107 Caucasian women were
presented at our Division of Gynecological Endo-
crinology and Reproductive Medicine because of their
infertility and hirsutism. Hirsutism was quantitatively
assessed using a modified Ferriman—Gallwey score; oli-
go-ovulation or/and anovulation were assessed; poly-
cystic ovaries were assessed; afterwards women were
classified as having PCOS according to the revised
2003 consensus on diagnostic criteria for PCOS or
classified as controls; endocrinological parameters were
assessed using commercial immunoassays or were cal-
culated. 50 women were classified as having PCOS; 57
women were classified as controls because they did not
fulfill the criteria of PCOS. Calculated free and
bioavailable testosterone, FAI, total testosterone, free
testosterone assessed by immunoassay and DHEAS
were significantly increased in women classified as hav-
ing PCOS. All endocrinological markers for assessing
hyperandrogenemia were elevated in the PCOS group
regardless if they were assessed using commercial im-
munoassays or were calculated. Calculated values
showed no diagnostic advantage in this study.
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INTRODUCTION

In polycystic ovarian syndrome (PCOS), characterized
by chronic anovulation, hyperandrogenemia is the
most common cause of normogonadotropic normo-
estrogenic anovulatory infertility and certainly forms
part of WHO group 2 [1, 2]. PCOS is a common and
perplexing endocrine disorder in women in their re-
productive lifespan, with a general prevalence of up to
10% in all women. However, polycystic ovarian moz-
phology is seen twice as often on ultrasonography, in
approximately 22% of all women [2]. PCOS is a syn-
drome of ovarian dysfunction that is frequently associ-
ated with the systemic condition of insulin resistance,
with the cardinal features of hyperandrogenism and/
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or polycystic ovarian morphology [3]. The definition
of PCOS has been a matter of controversy, and as-
pects of the pathophysiology and natural history of
the condition remain unclear. Previously established
diagnostic criteria were not universally accepted, as
there were markedly divergent views of the etiology,
pathogenesis, and clinical appearance [2]. The diagnos-
tic criteria for PCOS were recently revised by an ex-
pert conference sponsored by the European Society
for Human Reproduction and Embryology and the
American Society for Reproductive Medicine [4, 5].
The criteria are characterized by clinical and biochemi-
cal signs, as well as by ovarian morphology. PCOS is
still a syndrome, and no single diagnostic criterion
alone is therefore sufficient for clinical diagnosis [4, 5].

PCOS is diagnosed in the presence of two of three
criteria (Table 1) [4, 5]. Polycystic ovaries (PCO) were
considered in the consensus view to be one of the
possible criteria for PCOS. It is recognized that
women with regular cycles and hyperandrogenism may
have part of the syndrome. These criteria again recog-
nize that PCOS is also still a diagnosis based on the
exclusion of other related disorders [2, 4, 5].

Table 1. Revised 2003 diagnostic criteria for polycystic ovary
syndrome [4, 5]. Two out of three symptoms must be pre-
sent.

1 Oligo-ovulation or/and anovulation
2 Clinical and/or biochemical signs of hyperandrogenism
3 Polycystic ovaries

* Exclusion of other etiologies (congenital adrenal hyperpla-
sia, androgen-secreting tumors, Cushing’s syndrome)

The presence of hirsutism was described as the pri-
mary clinical indicator of androgen excess, especially
when standardized scoring methods are considered [4,
5]. Women with hirsutism should be evaluated en-
docrinologically, because of possible disorders related
to androgen excess [6]. The majority of these women
have an androgen excess, but it is unclear which an-
drogen fraction reflects the clinical situation more ac-
curately and correlates best with the symptoms of hy-
perandrogenemia [6, 7]. The limitations of defining
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androgen excess by measuring circulating androgen
levels were considered to be due in part to the inaccu-
racy and variability of the laboratory measurement
methods often used — for example, it was noted that
measurement of total testosterone (I'T) was not a very
sensitive marker of androgen excess and that the direct
assays for free testosterone (aF'T) available also have
limited value. Notwithstanding these limitations, it was
considered that measuring free testosterone (FT) by
equilibrium dialysis or calculating free testosterone
(cFT) from TT and sex hormone-binding globulin
(SHBG), or the free androgen index (FAI), were more
sensitive methods of assessing hyperandrogenemia in
women with possible PCOS [4, 5].

There is good evidence that FT and the hormone
fraction nonspecifically bound to albumin in plasma,
referred to as the bioavailable testosterone (BT) frac-
tion, reflects the clinical situation more accurately than
total hormone levels in plasma [7]. There has been
growing interest in estimation of FT [8], and values
measured by equilibrium dialysis [9, 10] or by centrifu-
gal ultrafiltration assay [11, 12] are described as being
the reference measurement procedures (RMPs) for
measuring FT 7z vivo. However, these methods are
time-consuming and complex manual procedures that
are not routinely practicable in large laboratories,
which rely increasingly on automated multiplex assay
platforms [8]. Recently, two studies have shown a
good correlation between calculated FT values and the
values estimated by RMPs [7, 8].

The present study was conducted to investigate
whether the biochemical markers of hyperandrogenism
recommended by the revised 2003 consensus on the di-
agnostic criteria for PCOS [4, 5] — free testosterone
(FT) calculated from total testosterone (TT) and sex
hormone—binding globulin (SHBG) and the free andro-
gen index (FAI) — were more sensitive markers for as-
sessing hyperandrogenemia in women with PCOS.

MATERIALS AND METHODS
PATIENT POPULATION

During the study period, from January 2004 to January
2005, 107 Caucasian women were presented at our Di-
vision of Gynecological Endocrinology and Reproduc-
tive Medicine because of their infertility and hirsutism.
The study was approved by the institutional review
board at Erlangen University Hospital. All of the pa-
tients signed informed consent forms and completed a
standard history form with an emphasis on menstrual
dating and regularity, hirsutism and acne, gynecologic
history, history of infertility and medication, and fami-
ly history. All of the women underwent a complete
physical examination, including weight and height
measurement, followed by the usual calculation of the
body mass index (BMI) and ultrasound examination of
the ovaries.

ASSESSMENT OF HIRSUTISM AND OLIGO-OVULATION
AND/OR ANOVULATION AND POLYCYSTIC OVARIES

The presence of terminal hair in primarily masculine
areas was assessed during the first consultation in
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every patient by a single investigator. The mF-G score
was used to describe the hirsutism pattern [13, 14].
The total mF-G score represents the sum of the
scores for nine body areas. Only women with an mF-
G score of 6 or above were classified as hirsute [13,
14]. The interval between bleeding episodes was as-
sessed. Women with amenorrhea within the previous
year were categorized as anovulatory without further
testing, and a blood sample was taken immediately. In
women with regular cycles of between 26 and 30 days,
serum was obtained for hormonal analysis between
days 3 and 5 of their menstrual cycle, and they were
categorized as ovulatory. Women with cycles longer
than 30 days, in addition to having an initial blood
sample taken, had their progesterone level measured
on days 22 to 24 during the same menstrual cycle. If
the progesterone level was 4 ng/mlL or less, the
women were considered to be anovulatory [6]. A ultra-
sound examination of the ovaries was performed and
polycystic ovaries were diagnosed in accordance with
the diagnostic criteria for PCOS [4, 5]. Women were
classified as having PCOS only when they fulfilled the
diagnostic criteria for PCOS (two out of three symp-
toms must be present). Women fulfilled not the diag-
nostic criteria for PCOS were classified as controls.

EXCLUSION OF RELATED DISORDERS

Patients who had received hormonal therapy within 3
months of their initial visit were not included in the
study. None of the women included in the study had
the syndrome of hyperandrogenism, insulin resistance,
and acanthosis nigricans (HAIR-AN), Cushing’s syn-
drome, or nonclassical adrenal hyperplasia (NCAH) or
an androgen-secreting neoplasm.

BIOCHEMICAL MEASUREMENTS

All assays were conducted in our routine diagnostic
endocrinology laboratory using established commer-
cial assays routinely monitored by participation in ex-
ternal quality-control programs. Blood samples were
immediately assayed for hormonal parameters and al-
bumin in our routine laboratory. Free testosterone was
measured using the single-tube Coat-A-Count (12°I-la-
beled) Free Testosterone radioimmunoassay (Diagnos-
tic Products Corp., Los Angeles, California, USA).
The calibration range of the assay was 1.9-173
pmol/L, with an analytical sensitivity of 0.52 pmol/L.
The CVs were 18.3, 8.5, and 8% at the levels of 4.1,
30.8, and 69.3 pmol/L. The cross-reaction with 5al-
pha-dihydrotestosterone was 0.041%.

The other hormone parameters were measured with
chemiluminescent enzyme immunoassay (Immulite
2000, Diagnostic Products Corp., Los Angeles, Cali-
fornia, USA). The calibration range of the total testos-
terone assay was 0.7-55 nmol/L, with an analytical
sensitivity of 0.5 nmol/L. The cross-reaction with 5al-
pha-dihydrotestosterone was 2%. The calibration
range of the DHEAS assay was 0.41-27 pmol/L, with
an analytical sensitivity of 0.08 pmol/L. No cross-re-
activity with other compounds was known. The cali-
bration range of the SHBG assay was up to 180
nmol/L, with an analytical sensitivity of 0.02 nmol/L.
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No cross-reactivity with other compounds was known.
The calibration range of the Estradiol assay was
73-7342 pmol/L, with an analytical sensitivity of 55
pmol/L. The cross-reactivity with estradiol-17f
valerate was 1.14%. The calibration range of the LH
assay was up to 200 mIU/mL, with an analytical sensi-
tivity of 0.05 mIU/ml. The cross-reactivity with
human chorionic gonadotrophin (hCG) was 0.20%.
The calibration range of the FSH assay was up to
170 mIU/ml, with an analytical sensitivity of 0.1
mIU/mL. The cross-reactivity with thyroid-stimulat-
ing hormone (TSH) was 0.01%. Inter- and intrarassay
CV's were always below 11% at mid-range concentra-
tions.

Albumin was regularly measured using routine clini-
cal chemistry methods (values are not shown).

CALCULATION OF FREE TESTOSTERONE (CFT) AND
BIOAVAILABLE TESTOSTERONE (CBT)

Calculations of cFT and cBT were performed using
the formula available on the web site of the Interna-
tional Society for the Study of the Aging Male (IS-
SAM) (http://www.issam.ch/freetesto.htm), from to-
tal T and SHBG measured in the same sample from
each woman. This method has been described in detail
by Vermeulen et al. [7]. FAI was obtained as the quo-
tient 100 TT / SHBG [15].

STATISTICAL ANALYSIS

Statistical analysis was carried out with an unpaired
Student’s t-test using the Statistical Package for the So-
cial Sciences, version 10.1 for Windows (SPSS, Inc.,
Chicago, Illinois, USA). A p value of less than 0.05 was
considered statistically significant.
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RESULTS

The study population consisted of 107 Caucasian
women, who showed one or up to three diagnostic
criteria for PCOS. Twenty eight women with amenoz-
rhea within the previous year were categorized as
anovulatory. Eighteen women with cycles longer than
30 days were categorized as anovulatory because of a
progesterone level of less than 4 ng/mL on days 22 ot
24 of their present cycle in accordance with Souter et
al. [6]. This left forty six women classified as anovula-
tory. There were sixty two women suffering from hir-
sutism with an mF-G scote of 6 or more as a clinical
sigh of hyperandrogenism. Furthermore forty nine
women fulfilled the ultrasound criteria for polycystic
ovaries.

The PCOS group consists of seventeen women be-
cause of their polycystic ovaries and their hirsutism; of
cighteen women because of their polycystic ovaries
and oligo and/or anovulation; and of fifteen women
because of their hirsutism and oligo and/or anovula-
tion. The control group consists of thirteen women
with oligo and/or anovulation; thirty women with hit-
sutism; fourteen women fulfilling the ultrasound crite-
ria for polycystic ovaries. But none of the women in
the control group fulfilled two or more diagnostic cri-
teria for PCOS.

All clinical parameters and endocrinological values
for the 107 women included in the study are shown in
Table 2. The general clinical parameters of the BMI,
mF-G score, and age did not differ between the two
groups of women. In the PCOS — group endocrino-
logical values; in particular, total testosterone and free
testosterone measured by direct immunoassays, calcu-
lated free and Dbioavailable testosterone, dehydro-
epiandrosterone sulfate and free androgen index were

Table 2. Endocrinologic values of all women; control - group and PCOS - group.

Control — group (n=57) PCOS — group (n = 50) P value
Age (y) 32.79 £ 6.18 30.92 £ 6.21 0.12
BMI (kg/m?) 25.47 £5.26 26.65+7.13 0.32
mF-G score 9.25+ 4.09 9.52+3.74 0.72
TT (nmol/L) 1.94 £ 1.01 2.51 £ 1.05 0.005*
aFT (pmol/L) 6.69 + 3.56 8.47 + 4.44 0.02*
cFT (nmol/L) 0.027 £ 0.019 0.039 + 0.023 0.002*
cBT (nmol/L) 0.67 £ 0.48 0.99 +0.58 0.002*
DHEAS (umol/L) 575 % 3.41 6.93 +2.88 0.007*
SHBG (nmol/L) 62.96 + 38.03 53.63 +43.93 0.2
FAI 4.43 + 3.88 7.19 £ 5.47 0.003*
E (pmol/L) 44.46 £ 33.37 47.17 £ 35.12 0.68
LH mIU/mL 6.82 + 6.06 8.96 + 10.34 0.18
FSH (mIU/mL) 11.02 £ 15.04 9.32 £ 17.80 0.59

All values are shown as means, standard deviation, and ranges; * considered significant. BMI, body mass index; mF-G, modified
Ferriman-Gallwey (score); TT, total testosterone; aFT, assayed free testosterone; cFT, calculated free testosterone; cBT, calcu-
lated bioavailable testosterone; DHEAS, dehydroepiandrosterone sulfate; SHBG, sex hormone-binding globulin; FAI, free an-

drogen index; E, estradiol; LH, luteinizing hormone; FSH, follicle-stimulating hormone.
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significantly increased in comparison with these values
of the women classified as controls.

DiscussioN

This study investigated endocrinological markers for
the assessment of hyperandrogenemia in women clas-
sified as having PCOS in comparison to women not
classified as having PCOS. Women were strictly classi-
fied as having PCOS according to the revised 2003 di-
agnostic criteria [4, 5]. TT, aFT, cFT, cBT, and FAI, as
well as DHEAS, were significantly increased in the
PCOS — group in comparison with women of the con-
trol — group. There seems to be no diagnostic advan-
tage for the calculated values of FT and FAI concern-
ing assessment of hyperandrogenemia in PCOS.

The definition of PCOS has been a matter of con-
troversy. The previously established diagnostic criteria
were not universally accepted, as there were markedly
disparate views of the etiology, pathogenesis, and clini-
cal appearance of the condition [2]. The role of poly-
cystic ovaries in the diagnosis of PCOS was also de-
bated skeptically. The recently revised definition of
PCOS characterizes clinical and biochemical signs as
well as ovarian morphology. PCOS is diagnosed in the
presence of two of three possible criteria (Table 1) [4,
5]. However the term PCOS describes changes in the
ovaries, a diagnosis of PCOS is reasonable without the
need for an ultrasound diagnosis of polycystic mor-
phology in the ovaries, provided that the other two
criteria are present. Further debate over the diagnostic
criteria is therefore inevitable. There may be misinter-
pretation and underestimation or overestimation of
the symptoms, resulting in misleading and simplified
use of the term PCOS [16]. Divergent views regarding
ovarian ultrasonography are indicative of the contro-
versy over the inclusion of ultrasound findings in the
diagnostic criteria for PCOS. Ovarian ultrasonography
has significant intraobserver and interobserver vari-
ability in the diagnosis of PCOS [17]. In addition,
women may receive different diagnoses or treatments
depending on the clinical symptoms and on the type
of specialist consulted [18].

Despite the debate over the definition of the diag-
nostic criteria, there is general consensus regarding the
limitations of methods of assessing hyperandrogene-
mia in women with possible PCOS [4, 5, 7, 19, 20]. FT
and FAI were considered to be more sensitive meth-
ods of assessing hyperandrogenemia in comparison
with TT or aFT estimated by direct immunoassays [4,
5]. BT in particular appeared to be intellectually ap-
pealing [21]. However, some immunoassays showed a
good correlation with the reference measurement pro-
cedure (RMP) reported by Van Uytfanghe et al., which
measutres only a fraction of the FT concentrations
[22]. In general, there is discrepancy between TT levels
and the clinical situation in women [23]. Vanky et al.
found no differences when measuring total testos-
terone in PCOS patients with regular menstruations,
on the one hand, and oligomenorrheic PCOS patients
on the other [24]. The RMP for FT is equilibrium dial-
ysis [9,10] or centrifugal ultrafiltration assay [11, 12]
for the measurement of FT i# vivo. However, these are
complex and time-consuming procedures that are not
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widely available. Recently, two studies showed a good
correlation between calculable FT values and the RMP,
which is much easier to perform [7, §].

Azziz has proposed a new set of criteria for the di-
agnosis of PCOS, taking into consideration the high
prevalence of polycystic ovaries observed in the disor-
det, which also includes functional and/or morpho-
logical disturbances of the ovaries [25].

The results of the present study show that all en-
docrinological markers for assessing hyperandrogene-
mia in women classified as having PCOS are signifi-
cantly increased. TT, aFT, cFT, ¢BT, FAI, and also
DHEAS were significantly increased in women classi-
fied as having PCOS according to the revised 2003
consensus on the diagnostic criteria. This study has
limitations and there may be a diagnostic advantage of
calculated values in greater study populations. Further-
more due to the definition of PCOS according to the
above mentioned criteria, women diagnosed as PCOS
reveal a very heterogenic population. Calculable values
may be helpful in the clinical diagnosis of PCOS but
showing no significant diagnostic advantage in this
study [26]. Howevet, calculation of free testosterone
(cFT), bioavailable testosterone (cBT), and the free an-
drogen index (FAI) are easy to obtain and should be
incorporated into the diagnostic work-up of women
with possible hyperandrogenism.
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