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Abstract

v

Women with Cushing’s syndrome (CS) and poly-
cystic ovarian syndrome (PCOS) may present
with similar symptoms. Subjects with mild CS
lack clinical stigmata of classical CS and often
have normal laboratory tests measuring hyper-
cortisolism. Thus, distinguishing mild CS from
PCOS may be difficult. We hypothesized that
eithertotal testosterone (TT)or bioavailable testo-
sterone (BT) levels or the calculation of the free
androgen index (FAI) would be low in patients
with mild CS and elevated in patients with PCOS,
and could help differentiate the two conditions.
TT, BT, and FAI were measured in a group of 20
patients of reproductive age with mild CS and
20 PCOS patients matched for age and BMI. We

used receiver operator characteristic (ROC)
curves to assess the sensitivity and specificity
of these measurements for the diagnosis of CS.
TT (p<0.0001), BT (p=0.02), and FAI (p=0.003)
were significantly elevated in PCOS patients
compared to mild CS patients. Sex hormone-
binding globulin was similar in both groups. The
optimal cut-point for TT was 1.39nmol/L, yield-
ing a sensitivity of 95% and a specificity of 70%.
The cut-point for BT was 0.24nmol/L, resulting
in a sensitivity of 75% and a specificity of 80%.
The cut-point for FAI was 5.7, with a sensitivity
of 88 % and a specificity of 60%. We conclude that
TT levels may be useful to discriminate between
mild CS and PCOS. In patients with signs and
symptoms consistent with CS and PCOS, a TT
level of <1.39nmol/L warrants a workup for CS.

Introduction

v

Cushing’s syndrome (CS) is a relatively rare dis-
order with potential catastrophic consequences
when diagnosis is delayed. The incidence of the
disorder ranges from 0.7 to 2.4 per million popu-
lation per year, however, recent data suggest that
CS is more common than previously thought [1].
Most of the affected adults are aged 25-50, and
the female/male ratio is 3:1 to 8:1 [2]. Most pub-
lished articles on CS have examined patients with
sustained and severe hypercortisolism. However,
because of increased recognition of CS, a greater
number of mild cases of CS are being detected
[3]. These patients may have episodic hypercorti-
solism, so that tests used to diagnose CS may be
normal on some occasions and elevated on other
occasions [4,5]. Polycystic ovarian syndrome
(PCOS) is the most common endocrine disorder
of reproductive-aged women, affecting approxi-
mately 6-8% [6]. The diagnosis of PCOS requires

* Some of this work was presented in abstract form at the
88th Endocrine Society meeting in 2005.

exclusion of other causes of androgen excess and
ovulatory dysfunction disorders, one of those
being CS [6]. There are three principal features of
PCOS; hyperandrogenism, ovulatory dysfunction,
and polycystic ovarian morphology on ultra-
sound [6].

The presentations of CS and PCOS are often quite
similar. Both diseases can present with weight
gain, hirsutism, acne, and irregular periods in
women. However, CS usually includes symptoms
such as easy bruising, sleep disturbances,
decreased libido, a buffalo hump, and stretch
marks, which are not present in PCOS. Women
with mild and/or periodic CS, however, can be
difficult to diagnose as they may lack classic
manifestations of the disease and the diagnosis
may require multiple hormonal measurements
[4,5,7]. The treatment of CS is primarily the sur-
gical removal of a pituitary, adrenal, or ectopic
tumor. The treatment for PCOS is primarily medi-
cal and includes oral contraceptives, biguanides
(metformin), thiazolidinediones (rosiglitazone or
pioglitazone) or androgen antagonists (spirono-
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lactone or flutamide) [8]. Thus, distinguishing the two condi-
tions is important.

We hypothesized that either total testosterone (TT) or bioavail-
able testosterone (BT) levels or the calculated free androgen
index (FAI) would be lower in women with mild CS than in
women with PCOS and could be used to help differentiate the
two conditions. Therefore, we measured TT and BT, and calcu-
lated the FAI in a group of 20 Cushing’s syndrome patients of
reproductive age and 20 PCOS patients matched for age and
BML

Materials and Methods

v

Patients

Twenty consecutive women diagnosed with mild CS of pituitary
origin, <45 years of age, were compared to 20 women diagnosed
with PCOS according to 1990 NIH criteria [9]. Subjects were
matched for age (+5 years) and BMI (+4kg/m?). The CS group
included 17 Caucasian, 1 Hispanic, 1 Black, and 1 woman of
Pacific Island origin. The age range was 21-44 years (median 36
years) and BMI was 37.7+1.7kg/m? (mean+SEM). The PCOS
group included 14 Caucasian, 3 Hispanic, 2 Black, and one
woman of Iranian origin. The age range of the PCOS group was
16-39 years (median 31.5 years) and BMI was 37.7 +1.6kg/m?
(mean+SEM). None of the women included in the study were on
biguanides, thiazolidinediones, birth control pills, spironolac-
tone, or other treatments for hyperandrogenism.

Diagnosis of mild Cushing’s Syndrome

Diagnosis of mild CS was made if elevated values of at least two
of the following tests were found: 1) 24h urinary free cortisol
(UFC), 2) 24h urinary 17-hydroxycorticosteroids (17-OHS), 3)
2300+£0030h salivary cortisol level, or 4) 2300£0100h serum
cortisol level [4,10]. Urine creatinine was measured in 24 h urine
samples to insure completeness of collection. The type of CS was
then determined by assessing nonsuppressed adrenocortico-
tropic hormone (ACTH) level (excluding adrenal adenomas) fol-
lowed by biochemical testing including dexamethasone
suppression, imaging, and if needed, petrosal sinus sampling
[11]. The diagnosis of Cushing’s disease was confirmed by patho-
logic examination at the time of surgery and/or postoperative
resolution of hypercortisolism with clinical remission. Although
some patients had mild dysthymic or anxiety-related symptoms,
no patient had major depression, alcoholism, or other causes of
pseudo-Cushing’s syndrome [12]. Two patients with CS were
taking antidepressants at the time of diagnosis.

Diagnosis of polycystic ovarian syndrome (PCOS)

Only women with PCOS according to the NIH 1990 criteria were
included. Diagnosis included the presence of all of the following:
1) hirsutism and/or hyperandrogenemia, 2) oligo/anovulation,
and 3) exclusion of other disorders such as congenital adrenal
hyperplasia, androgen secreting tumors, hyperprolactinemia,
CS, and thyroid disorders [9]. Oligo-ovulation was defined by a
history of eight menstrual cycles per year or less. In women with
26-35d cycles, ovulatory dysfunction was also defined as a
luteal phase progesterone measurement with less than 4 ng/ml.
Hirsutism was defined as a modified Ferriman-Gallwey score of
6 or above [13]. The study was approved by the IRBs at The
Charles Drew University of Medicine and Science and Cedars-
Sinai Medical Center in Los Angeles, CA, USA.

Biochemical testing

As per clinical praxis, blood sampling for TT, BT, and sex hor-
mone-binding globulin (SHBG) was performed in follicular
phase in women with PCOS and during any time-point in the
mild CS group. All androgen measurements for this study were
performed in duplicate at Esoterix Laboratories (Calabasas Hills,
CA) and batch processed. Plasma cortisol levels were measured
by direct RIA in diluted serum [14]. A positive test was defined
as a night-time plasma cortisol greater than 207 nmol/L [15].
Patients taking oral estrogens or birth control pills were excluded
from this analysis, as these agents are known to increase total
cortisol levels [16,17]. Salivary cortisol was measured by enzyme
immunoassay (EIA) [18] by ACL Laboratories (Milwaukee, WI,
USA) [19]. A positive test was defined as a salivary cortisol
greater than 4.3 nmol/L [18].

Twenty-four-hour UFC was assayed by HPLC Tandem Mass Spec-
trometry. The 95 % tolerance interval (normal range) for women
was determined by measurement in 20 healthy adult females
and found to be 28-94nmol/d in females. A positive test was,
therefore, defined as a 24 h UFC greater than 94 nmol/d. Twenty
four-hour urine for 17-OHS was measured as Porter-Silber chro-
mogens following enzymatic hydrolysis and purification by sol-
vent extraction and column chromatography on silica gel [20]
and expressed as umol/d. A positive test was defined as a 24h
17-0OHS greater than 16.6 umol/d, as defined by the normal range
of the laboratory for women. Similar results were obtained when
a24h 17-OHS/Cr was determined.

Total testosterone was measured by liquid chromatography cou-
pled with mass spectrometry after nonpolar solvent extraction
[21,22]. Testosterone was calculated from a linear plot gener-
ated by purified testosterone standards ranging from 0.087 to
173 nmol/L. The sensitivity was 0.10 nmol/L. The reference range
for women of reproductive age as supplied by the laboratory was
0.35-1.9nmol/L, and the intra-assay coefficient of variation (CV)
less than 8.1%.

Bioavailable testosterone was determined by separation of the
SHBG-bound steroid from albumin-bound and free steroid with
ammonium sulfate as described [23,24]. Serum was incubated
with 3H-testosterone. Sex hormone-binding globulin was pre-
cipitated by the addition of ammonium sulfate solution. Sam-
ples were centrifuged, and aliquots of the supernatant containing
the “non-SHBG bound” steroid were taken for scintillation
counting. The sensitivity of the test was 3 % bioavailable with an
intra-assay CV of 1.3-5.8%. The bioavailable steroid concentra-
tion was derived from the product of the total serum testoster-
one by mass spectrometry and the percent non-SHBG bound
steroid determined from the separation procedure. The normal
range of BT for women of reproductive age as supplied by the
laboratory was 0.038-0.50 nmol/L.

The binding capacity of SHBG was directly measured in serum
using a displacement technique previously described [23,24].
Quadruplicate aliquots of each sample were incubated for 1h
with 3H-testosterone in borate buffer. Two aliquots from each
sample were incubated in the presence of purified testosterone
standard. Ammonium sulfate precipitation was used to separate
free and protein bound steroid. Sensitivity was 0.1 mg/dl with an
intra-assay CV of 6.7-9.2% and a normal female range of 35-
105nmol/L as supplied by the laboratory.

Free androgen index (unitless) was calculated according to the
formula (100xTT/SHBG) as described [25]. Total testosterone
levels were measured in all 40 patients, BT was not measured in
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Table 1 Abnormal biochemical test conducted in 20 patients with Cushing’s
syndrome.

Patient  Abnormal bio- Test
chemical test

1 Salivary F X3 Night F 170HS X5

2 Salivary F X1 UFC X1

3 Night F UFC X2

4 Salivary F X2 UFC X3

5 Salivary F X3 Night F UFC X1 170HS X2

6 Salivary F X3 Night F 170HS X1

7 Salivary F X2 Night F 170HS X1

8 Salivary F X1 170HS X2

9 Salivary F X1 170HS X3
10 Night F UFC X1 170HS X1
11 Salivary F X2 UFC X1
12 Salivary F X3 UFC X1 17 OHS X1
13 Salivary F X4 Night F UFC X1 17 OHS X1
14 UFC X3 17 OHS X4
15 Salivary F X2 UFC X4 17 OHS X4
16 Salivary F X2 Night F UFC X4 17 OHS X1
17 Salivary F X1 UFC X1 17 OHS X3
18 UFC X1 17 OHS X3
19 Salivary F X4 17 OHS X1
20 UFC X4 17 OHS X2

F: cortisol; UFC: urinary free cortisol; 170HS: 17-hydroxycorticosteroids; Salivary

F: salivary cortisol. Salivary F was collected at 2300+ 0030 h (abnormal value of
cortisol >4.3mmol/l). Night F plasma cortisol was collected between 2300+ 0100 h
(abnormal value-cortisol >207 nmol/L). UFC and 170HS were collected from

0800 to 0800 h the following day (abnormal value of UFC >94 nmol/day,

170HS >16.6 umol/day)

4 of the patients with CS, and SHBG/FAI was not measured in 4
of the patients with CS.

Statistical analyses

The receiver operating characteristic (ROC) curves were gener-
ated using the binomial model as suggested by Metz [26]. The
area under the curve (AUC) was determined from this model.
Area under the curve represents accuracy, with a value of 0.90-
1.0=excellent, 0.80-0.90=good and 0.70-0.80=fair [26]. The
determination of the optimal cut-point for the various labora-
tory criteria considered was based on the minimization of aver-
age cost of evaluation as suggested by Metz [26] and Zhou et al.
[27]. A 10% prevalence for CS in the population to be screened
was used to perform these calculations. Differences in groups
were evaluated by Student’s t-test and a p value of <0.05 was
considered significant.

Results

v

Table 1 depicts the abnormal biochemical values in the 20
patients diagnosed with CS. All subjects with CS reported that
their symptoms were more severe at certain times suggesting
episodic hypercortisolism. In this group, 16 of 20 patients had at
least one UFC in the normal range, supporting the diagnosis of
episodic hypercortisolism. All patients had a maximal UFC less
than three times the upper limit of the normal range for UFC,
supporting the diagnosis of mild CS [10]. The clinical presenta-
tion of the mild CS patients and PCOS patients was similar. Four-
teen of 19 (74%) patients with mild CS had oligomennorhea.
One subject had had a hysterectomy. All patients with PCOS had

Table 2 Demographic characteristics and androgen levels in women with
Cushing’s syndrome and PCOS.

Test Cushing’s PCOS p-Value
syndrome

age (years) 34.0£6.7 29.8+7.6 0.08
BMI (kg/m?) 37.7£1.7 37.7£1.6 0.99
total testosterone (nmol/L) 0.75+0.08 1.75+0.17 <0.0001
bioavailable testosterone 0.29+0.08 0.56+0.08 0.02
(nmol/L)

SHBG (nmol/L) 28.4+4.1 28.0+4.6 0.95
FAI (testosterone/SHBG) 3.43+0.66 9.30+1.60 0.003

All values are mean +SEM, except age, which is mean+SD

oligomennorhea. Twelve of 20 (60%) patients with CS had hir-
sutism, while 12 of 20 (60%) patients with PCOS had hirsutism.
Data in Table 2 reveal that the age and BMI of CS patients and
PCOS patients do not differ.

As shown in Table 2 and ¢ Fig. 1, TT (¢ Fig. 1A, p<0.0001),
BT (e Fig. 1B, p=0.02), and FAI (¢ Fig. 1C, p=0.003) were
significantly elevated in PCOS patients as compared to CS
patients. Sex hormone-binding globulin was similar in both
groups (Table 1). The ROC curves shown in © Fig. 2 for TT
(e Fig. 2A), BT (¢ Fig. 2B), and FAI (¢ Fig. 2C) were used to
determine a cut-point for each value that gave the optimum sen-
sitivity and sensitivity for the diagnosis of CS (Table 3). Total tes-
tosterone gave the highest sensitivity, positive predictive value
(PPV) and negative predictive value (NPV) while BT gave the
highest specificity for the diagnosis of CS. Determinations AUC
demonstrate that use of a TT level gave “good” diagnostic accu-
racy, while BT and FAI gave “fair” diagnostic accuracy.

Discussion

v

This is the first study comparing TT, BT, and FAI levels between
PCOS and mild CS in order to evaluate if cutoff values could help
differentiate the two conditions. The PCOS group had signifi-
cantly higher levels of these hormones as compared to the mild
CS group. We were able to define cut-points for TT, BT, and FAI,
which could be used to help distinguish the two syndromes. In
the mild CS group, TT<1.39nmol/L, had the highest AUC (pro-
portional to diagnostic accuracy), PPV, NPV, as well as specificity
(95 and 75%), as compared to BT and FAL The present study sug-
gests that women with TT<1.39nmol/L, when analyzed by mass
spectrometry, should be evaluated for CS especially if they have
clinical stigmata of the condition.

Identification of mild CS is important as surgery may provide a
cure for these patients. Recent studies by our group have shown
that a single overnight dexamethasone suppression test or urine,
serum or salivary cortisol measurement may be normal in some
CS patients [10].

Prior studies have found that women with sustained CS have low
androgen levels. Kaltsas et al. [28] examined the occurrence of
PCOS and polycystic ovaries in 13 women with sustained CS.
Androstenedione, DHEAS, and testosterone levels were within
normal limits in women with CS, but lower as compared to the
PCOS group. Patients with CS and higher cortisol secretion devel-
oped hypogonadotrophic hypogonadism. Lado-Abeal et al. [29]
demonstrated that hypercortisolism, not hyperandrogenism,
had an inhibitory effect on hypothalamic control resulting in
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Fig. 1 Total testosterone (A), bioavailable testosterone (B), and free
androgen index (FAI) (C) in PCOS and CS patients. The upper limit of the
normal range (except for FAI), mean (short thick bar), optimal cut-point
and resultant sensitivity and specificity for the diagnosis of CS is depicted.

menstrual abnormalities in women with CS. Glucocorticoids may
also exert a direct inhibitory effect on ovarian steroid output, fur-
ther reducing testosterone production [30,31]. In the current
study, we have examined testosterone production (made prima-
rily by the ovaries in women) and not adrenal androgens, includ-
ing DHEAS and androstenedione. As adrenal androgens, but not
ovarian testosterone production is stimulated by ACTH [32],
adrenal androgens might be elevated in both CS and PCOS and
would not be useful to distinguish between the two conditions.
Cunnigham and Mckenna [33] found that 4 of 15 women with
Cushing’s disease had elevated serum DHEAS levels, 8 of 15 had
normal levels, and 23 of 15 had marginally low DHEAS levels.
They also found suppressed serum DHEA levels in 3 of 12 women
with Cushing’s disease (normal values in the other 9 patients)
and normal serum testosterone levels in all their female patients,
but an elevated FAI in most of their female patients.
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Fig. 2 Receiver operating characteristic (ROC) curves for total testo-
sterone (A), bioavailable testosterone (B), and FAI (C) for the diagnosis of
CS. The diagonal line represents sensitivity and specificity that would be
expected for a random test.

There are several limitations to our study. The prevalence of
CS is low and thus it is difficult to conduct larger studies
on this population. Only subjects identified with mild CS of
pituitary origin were included and therefore the cut-points of

Pall ME et al. Testosterone Levels in PCOS and Cushing’s Syndrome... Horm Metab Res 2008; 40: 813-818



Humans, Clinical

Table 3 Cut-points for the optimal diagnosis of Cushing’s syndrome, the resultant sensitivity and specificity, and the area under the curve (AUC).

Test Cut-point Sensitivity
total testosterone (nmol/L) 1.39 95%
bioavailable testosterone (nmol/L) 0.24 75%
FAI 5.7 88%

Positive predictive value (PPV) and negative predictive value (NPV) are also depicted for each study

testosterone levels cannot be applied to patients with severe
CS or adrenal or ectopic CS. The hormonal analysis of PCOS
subjects was performed in the follicular phase; while analysis
in CS subjects was performed throughout the menstrual cycle
since cycle-dependent analysis has not been praxis when
evaluating these patients. Free and total testosterone levels,
measured in precise assays, validated in women, demonstrate
a mild degree of fluctuation with phase of cycle with a small
peak a few days prior to ovulation and with slightly lower
levels in the early follicular phase [34]. Thus, the androgen
levels of the CS patients who may have had their blood drawn
during the pre-ovulatory phase could have been lower than if
the blood had been drawn in follicular phase. In these cases,
the differences in testosterone levels between PCOS and mild
CS patients would have been greater.

There is variability between androgen assays in different labora-
tories. Most commercial assays lack the accuracy and precision
of assays when measuring testosterone in women, as recently
reviewed in an Endocrine Society position statement [35]. The
use of extraction and chromatography followed by mass spec-
troscopy was recommended, as was done in the present study.
Thus, the cut-points mentioned here using mass spectroscopy
analysis and performed at Esoterix Laboratories may be differ-
ent in testosterone assays performed at other laboratories.

The findings in our study do not lead to the conclusion that tes-
tosterone measurement should replace assessment of cortisol
production or dexamethasone suppression in those patients in
whom CS is being considered. We did not measure cortisol pro-
duction or postdexamethasone cortisol levels in our PCOS sub-
jects. Rather, testosterone measurements should be used as an
additional piece of information available to the clinician con-
fronted with a patient who has signs and symptoms consistent
with either PCOS or CS. In fact, a prior study has demonstrated
that PCOS patients had elevated UFC and midnight cortisol, but
not post-dexamethasone cortisol levels compared to obese
subjects [36]. Additionally, as discussed above and as shown in
Table 1, patients with mild or episodic CS can have some normal
urine UFC or 17-OHS determinations, night-time plasma, or sal-
ivary cortisol determinations [4,7], or postdexamethasone cor-
tisol levels [10] interspersed with high values. Thus, there is
likely to be an overlap when determining cortisol production or
dexamethasone suppression in patients with either PCOS or
mild CS.

In conclusion, the presenting phenotypes of women with mild
CS and PCOS may be similar. This study demonstrates that analy-
sis of serum testosterone, using a well-validated assay may be
helpful to distinguish patients with symptoms of androgen
excess who should be evaluated for CS.

Specificity AUC NPV PPV

70% 0.87 0.93 0.76

80% 0.77 0.80 0.75

60% 0.79 0.80 0.69
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