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Abstract

149 Chinese PCOS patients with ovulation disorder and polycystic ovaries 
were recruited according to their serum T and DHEAS levels determined by 
CI and their F-G hirsutism score. The patients were divided into 2 subgroups: 
group A comprised 55 hyperandrogenism patients and group B included 94 
patients without hyperandrogenism. The control group contained 82 patients 
with tubal infertility. We analyzed multiple androgens levels of all 231 patients 
by both chemiluminescent immunoassay and Liquid Chromatography/Mass 
Spectrometry (LC-MS) methods. Then the different methods and indexes of 
the hyperandrogenism for diagnosis and classification were compared. The 
study revealed that the LC-MS based method showed agreement with CI on the 
diagnosis of hyperandrogenism in PCOS patients. Although T, AD, DHEAS, and 
FTI levels were all specific parameters for the diagnosis of hyperandrogenism in 
PCOS, the T level and FTI value were more important factors for sub typing of 
Chinese PCOS types (hyperandrogenic or non-hyperandrogenic). 
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characteristics of elevated androgens (T or DHEAS): group A 
comprised 55 patients with either hirsutism or hyperandrogenism 
with ovulation disorder and polycystic ovaries based on ultrasound 
evaluation, and group B comprised 94 patients with no clinical 
symptoms or biochemical characteristics of hyperandrogenism, but 
with symptoms of oligo-ovulation or anovulation and polycystic 
ovaries. Hirsutism was determined by a Ferriman-Gallwey (F-G) 
score ≥ 5 [8-10]. Hyperandrogenism was diagnosed based on the 
results of chemiluminescent immunoassays showing a T level ≥ 
0.76 ng/mL [11] and/or with DHEAS levels above reference values 
for their corresponding age groups [12,13]. The control group was 
composed of 82 patients below age 40 with tubal infertility without 
menstrual disorders and hyperandrogenism. All the patients were 
tested for blood lipids, glucose, fasting insulin level, Body Mass Index 
(BMI), and basic hormones. All patients in the study had not received 
hormonal medicines within 3 months prior to the study. 

Ethical considerations
All women gave their informed consent, and the study protocol 

was approved by the Medical Ethics Committee of the First Hospital 
of Wuhan. 

Exclusion criteria

1. Any PCOS patients other than the above description. 

2. Patients with other diseases that cause elevations in 
androgens or anovulation such as 21-hydroxylase deficiency, 
Cushing’s syndrome, thyroid dysfunction, endocrine cancer, or 
premature ovarian failure.

3. Patients above 40 years old.

4. Patients with FSH > 25 IU/L.

Introduction
Polycystic Ovary Syndrome (PCOS) is a common endocrine 

disorder characterized by hyperandrogenism and anovulatory 
infertility [1]. Hyperandrogenism has been considered as an 
important endocrine marker and is involved in the disease 
mechanism of PCOS, which is characterized by a high level of 
testosterone in serum [2,3]. According to the National Institutes 
of Health (NIH), the Rotterdam European Society for Human 
Reproduction/American Society of Reproductive Medicine and 
the Androgen Excess Society criteria, hyperandrogenism and other 
clinical symptoms have been used to establish a diagnosis of PCOS 
[2,4,5]. The specific biochemical characteristics of hyperandrogenism 
include elevated levels of Testosterone (T), Free Testosterone Index 
(FTI), and Androstenedione (AD), and an increase in endogenous 
adrenal hormones such as DHEAS is seen in 20–26% of PCOS 
patients [6,7]. In our study, both chemiluminescent immunoassay 
and liquid chromatography/mass spectrometry (LC-MS) methods 
were employed and compared for analysis of multiple androgens 
in PCOS patients. On the other hand, the goal of this study is to 
determine the value of different methods and different indexes of the 
hyperandrogenism for diagnosis and classification of PCOS patients 
in China.

Materials and Methods
Sample Selection 

A total of 149 patients with ovulation disorder and PCOS were 
identified following the Rotterdam diagnostic criteria published 
in 2003(Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus 
Workshop Group 2004). The patients were divided into 2 groups 
based on their clinical symptoms (hirsutism) or biochemical 
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5. Patients with prolactin (PRL) > 24 μg/L.

6. Patients with Thyroid-Stimulating Hormone (TSH) > 5.5 
mIU/L.

7. Patients with other acute or chronic diseases.

8. For amenorrheic patients, blood β-HCG and progesterone 
were tested to exclude those who were pregnant or ovulating pregnant 
or ovulating.

All serum samples from the patient groups or the control group 
were collected during their second to fourth days of menstruation, 
or at any time for patients with amenorrhea. The samples were 
analyzed for Luteinizing Hormone (LH), FSH, T, Estradiol (E2), PRL, 
DHEAS, and SHBG using chemiluminescent immunoassay. The 
assay was performed on a Siemens ADVIA centaur XP automated 
chemiluminescent immunoassay system following the manufacturer’s 
instructions. The reagents, calibrators and Quality Control (QC) 
materials were from the package supplied with the system and were 
used as suggested by the manufacturer. The rest of each serum sample 
was kept frozen at −80°C before testing using LC-MS for the levels 
of T, DHEA, and AD. The calibrators for T, DHEA, AD and the 
isotope-labeled internal standard DHEA-D6 were purchased from 
Sigma. The isotope-labeled internal standards T-13C3 and AD-13C3 
were purchased from Cambridge Isotope Laboratories (CIL). Double 
charcoal-stripped serum was purchased from Sera Care. The mobile 
phase reagents were purchased from either Fisher or Sigma.

LC-MS parameters 
The LC-MS was performed with a Shimadzu LC-30 AT liquid 

chromatography for sample separation with a mobile phase A of 
water, mobile phase B of methanol, and a flow rate of 0.4 mL/min. 
The LC method was a total of 9 min, starting with 50% B at 0.01 min, 
increased to 80% B for 8.00 min, and back to 50% B from 8.01 min, 
and terminated by 9 min. Sample injection volume was 50 μL. An AB 
Sciex Qtrap 4500 was used for mass spectrometry analysis with an 
APCI source and collision gas. Other key parameters were a curtain 
gas of 30 psi, spray current of 5.0μA, spray temperature at 400°C, and 
ion source Gas1 of 40 psi. According to a previously published method 
[14-18], the hormone molecules were measured using a Multiple 
Reaction Monitoring (MRM) technique. The mass transitions used 
(Q1/Q3, m/z) for each target molecule and internal standards were 
as follows, DHEA 271.2/213.2, DHEA-D6 277.2/219.2; T 289.2/109.1, 
T-13C3 292.2/112.1; and AD 287.1/97.1, AD-13C3 290.2/100.1. The 
stock solutions of the isotope-labeled internal standards were made in 
methanol with a concentration of DHEA-D6 of 5 mg/mL, T-13C3 100 
μg/mL, and AD-13C3 100 μg/mL, and these were further diluted to 
working solutions with a final concentration of DHEA-D6 of 45 ng/
mL, T-13C3 of 15 ng/mL, and AD-13C3 of 15 ng/mL. The calibrating 
solution was prepared in a blank serum extracted on an Oasis HLB 
column (1 cc/30 mg, Waters). Specifically, the Oasis column was first 
equilibrated in methanol and water sequentially, and then loaded 
with 1 mL of double charcoal-stripped serum. The extract from the 
column was collected as the blank serum, and the standard materials 
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Figure 1: Androgen levels of the PCOS patient groups and controls.
Notes: *Compared to the control group, P<0.05; #compared to the B group, P<0.05.
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were dissolved in this blank serum in a series of concentrations 
to make calibrating and QC solutions. The concentrations of the 
calibration solutions for different analytes were 0.625, 1.25, 2.5, 20, 
45, and 90 ng/mL for DHEA, and 0.125, 0.25, 1.5, 7.5, 15 and 30 ng/
mL for AD and T. The concentrations of the QC solutions were 5, 
50, and 500 ng/mL for DHEA, and 1, 10, and 100 ng/mL for AD 
and T. The sample was prepared by mixing 100 μL of serum sample/
calibrator/QC solution with 200 μL of internal standard working 
solution, spinning for 2 min, and then shaking thoroughly at 700 rpm 
for 15 min at room temperature on a shaker. After that, the sample 
solution was centrifuged at 13000 × g for 10 min and the supernatant 
was collected for LC-MS analysis. 

Data analysis 
Data were analyzed automatically with manual confirmation. 

Statistical analysis was performed using SPSS 19.0. The means and 
standard deviations were calculated and compared between pairs of 
groups with ANOVA single factor analysis of variance or a Kruskal-
Wallis test, with a test level α = 0.05.

Results
Sample background, the F-G score and serum indexes 

The patients’ age, weight, BMI, and other physical parameters 
were not significantly different between the groups. The F-G score 
and serum data are summarized in (Table 1). F-G score in group A 
was significantly higher than that of either group B or controls (P < 
0.05). The ratio of LH to FSH in groups A and B were both higher 
than the control group (P < 0.001). The levels of SHBG in group A 
were lower than in group B but without statistical significance (P > 
0.05). The PRL and E2 showed no significant difference (P > 0.05). 

The analysis of androgens in serum 
We used a Chemiluminescent Immunoassay (CI) to analyzed 

the androgens T (T-CI) and DHEAS and obtained FTI based on 
T-CI and SHBG. We used LC-MS to determine concentrations 
of T (T-LC/MS), AD and DHEA. The linearity ranges of T-LC/
MS, AD, and DHEA were 0.125–200 ng/mL, 0.25–200 ng/mL, and 
1.25–1000 ng/mL respectively. The lower limit of quantification 
for T-LC/MS was determined as 0.125 ng/mL, AD as 0.125 ng/mL, 
and DHEA as 0.625 ng/mL. The recovery yield of all 3 hormones 
was within 85%–115% using the LC-MS method. Both intra-assay 
(same day) and inter-assay (different days) coefficients of variation 
were less than 15%. The concentrations of T-CI, DHEAS, T-LC/
MS, AD, DHEA, and FTI in all the groups are summarized in  
(Figure 1). 

1) The T-CI level of the PCOS patients in group A was 0.78 ± 0.26 
ng/mL, higher than that in group B and controls, and it was higher in 
group B than in controls, both with statistical significance (P < 0.001). 
2) The T-LC/MS of group A (0.50 ± 0.29 ng/mL) was higher than 

both group B and control group, and it was higher in group B than 
control group, both with statistical significance (P < 0.05). The T-LC/
MS showed a lower value than T-CI with statistical significance (P < 
0.001). 3) The DHEAS level of groups A (7.07 ± 2.40 μmol/L) and B 
were both higher than the control group (P < 0.05), and A was higher 
than B but without statistical significance. 4) The AD concentration 
of group A (1.09 ± 0.49 ng/mL) and group B (1.03 ± 1.29 ng/mL) were 
both higher than that of the control group (0.71 ± 1.38 ng/mL), both 
with P < 0.001, but no statistical difference shown between A and B 
(P > 0.05). 5) The DHEA level in group A was higher than in both 
group B and controls with no statistical significance (P > 0.05). 6) A 
higher value of FTI was seen in group A (9.12 ± 7.49) than in either 
group B or controls, and FTI was higher in group B (5.09 ± 5.0) than 
the control group, both with P < 0.05.

Discussion
To the best of our knowledge, no standard biochemical indexes 

have been available for the hyperandrogenism diagnosis and sub 
typing of PCOS [19]. Although the T concentration has been widely 
used as an indicator for hyperandrogenism when diagnosing PCOS, 
some PCOS patients do not have an elevated T level but do have 
higher concentrations of other androgens such as AD or DHEAS 
[15,20].

Our study analyzed multiple factors including T-CI, T-LC/MS, 
and FTI values in PCOS patients and a corresponding control group, 
and showed various levels in those groups. Based on our results, the 
levels of T-CI, T-LC/MS, and FTI in group A were higher than those 
in either group B or the control group, indicating that those factors 
are specific to hyperandrogenism and useful for PCOS diagnosis or 
sub typing. The relatively higher levels of T-CI, T-LC/MS, and FTI 
in group B than the control group demonstrates that these factors 
are involved in the development of the subtype disease of group 
B. We also observed that the increase of androgens corresponded 
with the disease development even though the level of serum T and 
DHEAS still remained in the normal range. These findings of elevated 
androgens were in alignment with the necessary criteria for PCOS 
diagnosis released by Androgen Excess Society (AES) in 2006 [2].

Both groups A and B showed higher levels of DHEAS and AD 
than the control group, demonstrating that DHEAS and AD can be 
used for the diagnosis of PCOS of both subtypes. It also suggests that 
these androgens could be involved in the disease mechanisms of both 
subtypes, but not specifically enough to differentiate the two subtypes. 

Although the DHEA levels in both PCOS groups were higher than 
in the controls, the distinction was not statistically significant, thus 
DHEA can only be used as a reference factor for disease diagnosis. 

In summary, our study used two different methods for 
measurement of serum T, namely CI and LC-MS. The T level obtained 

Groups Number Age
BMI

F-G score
PRL E2 SHBG

LH/FSH
(kg/m2) (mIU/L) (pmol/L) (nmol/L)

Type A 55 24.6±5.1 22.3±4.7 5.6±4.2* 267.4±102.5 138.7±59.2 57.4±33.1 1.9±1.5*

Type B 94 25.4±5.2 23.7±5.3 3.6±2.4 215.6±88.2 153.3±66.8 70.7±42.6 1.8±0.9*

Control 82 26.4±5.3 22.4±2.6 2.4±1.1 276.2±83.7 150.9±43.5 75.0±57.1 0.7±0.3

Table 1: Distributions and clinical characteristics of PCOS and control groups.
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from the LC-MS (T-LC/MS) was lower than from CI (T-CI), which 
was in agreement with a previous report [19]. A possible reason 
for the distinctive results could be a result of a cross-reaction with 
DHEAS in the CI. The measurement using LC-MS is more accurate 
and specific due to the inherent principle of this method [15,21]. 
LC-MS is known as an advanced technique for serum hormone 
measurement without the need for chemical derivatization or sample 
pre-treatment [22]. However, LC-MS systems and chemical reagents 
are usually expensive and instrument operation requires advanced 
technical training, therefore its application is limited to larger or 
more advanced laboratories. Further standardization is also needed 
to establish generic reference values between laboratories. 

Conclusion
Overall, from our study, the androgen levels of the PCOS patient 

groups and controls all showed a wide range with much overlap 
(Figure 1). The heterogeneous characteristics of PCOS can also be 
seen from the clinical symptoms and the laboratory indexes. Although 
DHEAS and AD can be used for the diagnosis of PCOS, T and FTI are 
more specific to differentiate the PCOS subtypes.
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