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Abstract. The present study aimed to develop novel diag-
nostic methods for polycystic ovarian syndrome (PCOS) by 
screening and identifying specific PCOS‑associated metabolic 
markers using plasma metabolomics. Ultra‑performance 
liquid chromatography/quadrapole‑time of f light‑mass 
spectrometry was adopted to establish the plasma metabolic 
fingerprint of 49 patients and 50 normal controls, in order 
to screen the potential metabolic markers. In addition, these 
markers were integrated with the clinical indexes, followed 
by focused analysis to obtain diagnostic markers. The present 
results demonstrated that not only was the concentration of 
palmitoyl sphingomyelin in plasma of patients with PCOS 
significantly increased; however, a statistically significant 
difference between the two PCOS subgroups was additionally 
demonstrated. At the same time, the concentrations of cyclic 
guanosine monophosphate (cGMP) and dehydroepiandros-
terone sulphate in the plasma of patients of the subgroup 1 
were significantly elevated. These markers were additionally 
integrated with the clinical index number of follicles in the 
left ovary and high‑density lipoprotein (HDL‑C), followed by 

receiver operating characteristic curve analysis, which demon-
strated a diagnostic accuracy of ~90% in the control and the 
two subgroups. The integrated marker system consisting of 
palmitoyl sphingomyelin, cGMP and androsterone sulfate, as 
well as the number of left follicles and HDL‑C may be used 
for the accurate diagnosis and classification of PCOS. These 
results confirmed that the abnormalities in hormone metabo-
lism and lipid metabolism disorder were primarily involved in 
the onset of PCOS.

Introduction

Polycystic ovarian syndrome (PCOS) is an endocrine 
syndrome manifesting as dysgonesis and metabolic disorder, 
with a prevalence rate accounting for 5‑10% of the women 
of childbearing age and 50‑70% with anovulatory infer-
tility (1,2). The majority of previous studies speculated that 
PCOS is a polygenic inheritance disease (3‑5). Peroxisome 
proliferators‑activated receptor gene and tumor necrosis 
factor (6) and its receptor genes may affect the occurrence of 
the disease. The pathogenesis may be associated with insulin 
resistance (7), metabolism (8), inflammation and an immune 
response (3). However, no genes have been demonstrated to be 
associated directly with the pathogenesis of PCOS. Previous 
studies proposed that the pathological characteristic of PCOS 
is a hypothalamic‑pituitary‑ovarian axis dysfunction (9‑11). 
However, a number of patients additionally present with 
hyperinsulinemia and hyperandrogenism, which may directly 
damage the great vessels, leading to sympathetic activity and 
causing glucose and lipid metabolism disorders (12), thereby 
increasing blood viscosity and resulting in obesity. In recent 
years, the mechanism of metabolic disorders in patients with 
PCOS has been the focus of intensive research. Previous studies 
adopted nuclear magnetic resonance (13,14), gas chromatog-
raphy‑mass spectrometry  (8), liquid chromatography‑mass 
spectrometry  (7,15) and other methods to investigate the 
metabolism disorder and the possible pathogenesis in patients 
with PCOS. The results of these studies demonstrated that 
patients with PCOS suffered from an amino acid metabolism 
disorder, in which the valine and leucine levels were increased, 
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whereas, the glycine level was decreased, which may enhance 
insulin sensitivity. Additionally, patients with PCOS demon-
strated abnormal plasma lipid metabolism, in which the lactic 
acid, long‑chain fatty acid, triglycerides and low‑density lipo-
protein levels were elevated. Furthermore, an elevated level of 
acetylglycoprotein may predict a mild chronic inflammation in 
patients with PCOS.

Due to the heterogeneity and polymorphism of clinical 
manifestations, the clinical diagnosis and treatment of PCOS 
is difficult. Additionally, the studies mentioned above identi-
fied that alterations in the in vivo metabolites serve a vital 
role in the pathogenesis of PCOS. Therefore, in the present 
study, ultra‑performance liquid chromatography/quadra-
pole‑time of flight‑mass spectrometry (UPLC/Q‑TOF‑MS) 
technology was utilized to establish the metabolic finger-
prints of patients with PCOS and healthy controls, in order 
to screen the specific biomarkers associated with PCOS and 
evaluate their accuracy in the diagnosis and classification of 
the disease.

Materials and methods

Instruments and reagents. The following instruments were 
used: Waters ACQUITY UPLC (Waters Corp., Milford, MA, 
USA) utilized the sub‑micron particle technology; Waters 
Xevo G2 Q‑TOF (Waters Corp.) high‑resolution MS with 
electron spray ionization (ESI) source; MIKRO 22R tabletop 
high‑speed low‑temperature centrifuge (Hettich GmbH & 
Co., KG, Tuttlingen, Germany); and VORTEX‑5 turbine 
mixer (Haimen Kylin‑Bell Lab Instruments Co., Ltd., Jiangsu, 
China).

The reagents utilized were: LC/MS grade methanol and 
acetonitrile (Merck KGaA, Darmstadt, Germany); chro-
matographic grade formic acid (Fluka, Buchs, Switzerland); 
leucine enkephalin (Sigma‑Aldrich; Merck KGaA); and 
ultrapure water prepared using Milli‑Q ultrapure water system 
(18.2 MΩ; EMD Millipore, Billerica, MA, USA). All the other 
reagents used were either of analytical grade or of the best 
grade available.

Subjects. The present study was approved by the Ethics 
Committee of Peking Union Medical College Hospital 
(approval no. S‑733). Written informed consent was obtained 
from all participants. 

A total of 49  patients diagnosed with PCOS at the 
Department of Obstetrics and Gynecology, Peking Union 
Medical College Hospital (Beijing, China), between July 2014 
and March 2015, were included and not administered any 
drug treatment prior to sampling. Inclusion criteria: Age 
18‑40 years, diagnosed with PCOS according to the 2003 
Rotterdam consensus (16,17): i) Oligo‑ovulation or anovula-
tion; ii) clinical manifestations of excessive androgen and (or) 
hyperandrogenism; iii) polycystic alterations in the ovary: 
Ultrasound demonstrated ≥12 follicles with a diameter of 
2‑9 mm at unilateral or bilateral ovaries, and (or) ovarian 
volume ≥10 ml; and iv) patients with two out of the above three 
features with exclusion of other causes for excessive androgen. 
Simultaneously, 50 healthy volunteers were recruited with the 
following inclusion criteria: Age 18‑40 years and a normal 
menstrual cycle with the absence of PCOS, diabetes and other 

endocrine diseases, in addition to a lack of a family history of 
PCOS. 

Collection of samples and clinical data. A total of 8  ml 
morning fasted elbow vein blood was collected from healthy 
volunteers at the 2nd‑4th day of menstruation and from 
patients at the 2nd‑4th day of menstruation or ≥30  days 
following menopause with the absence of dominant follicles 
in ultrasound as assessed by professional medical staff. The 
sample in the EDTA anticoagulant tube was centrifuged at 4˚C 
and 870 x g for 15 min, from which the plasma was collected, 
dispensed in 1.5 ml tubes and preserved at ‑80˚C. 

Concurrently, all the subjects underwent evaluation of 
general indexes and various biochemical markers. The general 
indexes included: Body height (m), body weight (kg), waist 
circumference (cm), and hip circumference (cm), without 
shoes and in an unlined garment, based on which the body 
mass index [BMI=body weight/height2 (kg/m2)] and waist:hip 
ratio (WHR=waist circumference/hip circumference) were 
calculated. Subsequently, at 3‑7 days following menstruation 
or ≥30 days following menopause, the subjects underwent an 
ultrasound examination to record the number of right follicles, 
the size of right follicles (cm), the number of left follicles and 
the size of left follicles (cm).

In addition, the biochemical markers included: Follicle 
stimulating hormone (FSH), luteinizing hormone (LH), 
prolactin (PRL), estradiol (E2), testosterone (T), total serum 
cholesterol (TC), triglycerides (TG), high‑density lipoprotein 
(HDL‑C), low‑density lipoprotein (LDL‑C), apolipoprotein A1 
(ApoA1), apolipoprotein B (ApoB), high‑sensitivity C‑reactive 
protein (hsCRP), glucose (GLU), insulin (INS) and glycosyl-
ated hemoglobin (HbA1c). Plasma FSH, LH, PRL, E2, T and 
INS were measured by chemiluminescence using DxI800 
analysers (Beckman Coulter, Brea, CA, USA). Plasma TC, TG, 
HDL‑C, LDL‑C, ApoA1, ApoB and hsCRP were measured 
by biochemical assays using Beckman AU5800 analyser 
(Beckman Coulter). HbA1c was performed in an automated 
chemistry analyzer Variant II Turbo (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA).

Preparation of analytical samples. The preserved plasma 
sample was thawed at 4˚C and mixed by oscillation. 
Subsequently, 100 µl sample was collected, added to 400 µl 
methanol, followed by vortex agitation for 2 min to allow 
protein precipitation. The mixture was centrifuged (4˚C at 
17,700 x g for 20 min), from which 400 µl supernatant was 
transferred to a 1.5 ml tube, and the solvent volatilized using 
N2. Subsequently, the sample was mixed with 120 µl (3‑fold of 
the amount of plasma) reconstitution solvent acetonitrile‑water 
(1:4 v/v) for resolubilization, followed by vortex oscillation for 
2 min and centrifugation (4˚C at 17,700 x g for 30 min). In 
total, 10 µl supernatant was placed into the autosampler vial 
for analysis. 

UPLC/Q‑TOF‑MS analysis. A Boston Green ODS BEH‑C18 
column (100x2.1 mm, i.d. 1.7 µm; Waters Corp.) was used for 
chromatography, with a flow rate of 0.4 ml/min and a 10 µl injec-
tion volume, and the column temperature was maintained at 40˚C. 
The chromatographic mobile phase was composed of A and B 
phases: The A phase referred to 0.1% (v/v) formic acid‑water and 



MOLECULAR MEDICINE REPORTS  19:  280-292,  2019282

B phase referred to 0.1% (v/v) formic acid‑acetonitrile, wherein 
the gradient elution was 0‑6.5 min, 5‑50% B; 6.5‑10.5 min, 
50‑60% B; 10.5‑13.5 min, 60‑70% B; 13.5‑17.5 min, 70‑95% B; 
17.5‑20 min, 95‑95% B; 20‑23 min, 95‑5% B.

ESI‑Q‑TOF‑MS was collected in a negative ion mode; 
capillary voltage 3,000 V, cone voltage 30 V, desolvation gas 
temperature 350˚C, ion source temperature 110˚C, desolvation 
gas flow 600 l/h and cone gas flow 50 l/h; acquisition time 
0‑23 min, scanning range m/z 100‑1,500, each scan process 
lasting for 0.1 sec with an interval of 0.02 sec. In the test, 
leucine enkephalin (200 ng/ml) was used as the tuned liquid 
while the mass axis was corrected in real time to ensure the 
accuracy and reproducibility of the instrument. 

The solution for quality control (QC) was obtained by 
mixing an equivalent amount (10 µl) of each plasma sample 
that assessed the stability of the instrument. Prior to the exper-
iment, 10 QC samples were successively tested for balancing 
the columns, and subsequently, the QC of the sample was 
performed one time following every five random samples 
that were analyzed. The stability of the instrument was first 
evaluated by the overlap of the chromatographic peaks of the 
QC samples; subsequently, eight ion peaks were randomly 
extracted from the chromatographic peaks for stability and 
reproducibility analyses.

Statistical analysis. The raw mass spectra data were generated 
following chromatographic separation and mass spectrum 
acquired from the plasma samples, followed by filtering the 
noise peaks testing and peak‑matching using MassLynx 4.0 
(Waters Corp.) software. A three‑dimensional data matrix was 
obtained, including the retention time, mass‑to‑charge ratio 
and peak area, which would be used for subsequent multi-
variate and focused analyses for characteristic indexes. 

The multivariate statistical analyses were performed using 
SIMCA‑P 12.0 (Umetrics, Umea, Sweden) software. Data 
patterns were recognized using partial least‑squares discrimi-
nant analysis (PLS‑DA) and orthogonal partial least‑squares 
discriminant (OPLS‑DA) methods. Additionally, differential 
variables with significant contribution were selected according 
to the variable important in projection (VIP) obtained 
by OPLS‑DA model. An independent samples t‑test was 
performed to obtain the metabolites list containing the reten-
tion time, mass‑to‑charge ratio, response intensity and other 
information.

Identification of metabolites was primarily based on 
the accurate molecular mass, retention time and ion mode. 
In the present study, the potential metabolic markers were 
identified using the following methods: i) Mass deviation 
from the actual chemical formula (expressed as mDa or 
ppm), reasonable double bond number, and i‑FIT value 
were used to judge the possibility of the chemical formula, 
followed by calculation of the potential equation; ii) mass 
spectrum data were matched with those in the MassBank 
(http://www.massbank.jp/) and Metlin library (http://metlin.
scripps.edu/); iii)  data were corroborated with the frag-
ment peaks reported in the literature; and iv) the molecular 
formula was imported into the Human Metabolome Database 
(http://www.hmdb.ca/) and Kyoto Encyclopedia of Genes 
and Genomes Ligand (www.genome.jp/kegg/ligand.html) 
for searching and identifying the structural information, 

in order to obtain the PCOS disease‑associated potential 
biomarkers. 

All the statistical analyses were performed using 
SPSS 21.0  software (IBM Corp., Armonk, NY, USA). 
Kolmogorov‑Smirnov was used to evaluate and screen the 
normality of the general indexes and biochemical markers. 
Continuous variables in the normal distribution are presented 
as the mean ± standard deviation. Differential characteristic 
indexes were screened using an independent samples t‑test. 
The focused metabolic markers data were analyzed using a 
one‑way analysis of variance followed by Tukey's Honest 
Significant Difference test. P<0.05 was considered to indicate 
a statistically significant difference.

Focused analysis of characteristic indexes. Since there were 
a number of clinical indexes and potential metabolic markers 
obtained by metabolomics analysis to determine the charac-
teristic indexes for PCOS, artificial neural network (ANN) 
was adopted to establish the NeuroFuzzy logic model. The 
variables with the most significant contribution to the model 
were demonstrated, thereby, generating the focused variable 
sets and screening the smallest specific index set of PCOS, 
known as the focused integrated marker system. The simple 
procedures included were as follows: Firstly, the markers 
underwent a focused analysis for screening the potential 
optimal characteristic index set, followed by an evaluation of 
the model. The 99 samples were randomly divided into the 
training set (83 samples; 80%) and test set (16 samples; 20%) 
for the ANN model training. The data of the test set were 
used to predict and evaluate the training results, thereby ulti-
mately obtaining the R2 value of the fitted line of the real and 
predicted value with the prediction accuracy. Subsequently, 
the receiver‑operating characteristic (ROC) was adopted 
to analyze the sensitivity and specificity of the key markers 
obtained by focused analysis in the diagnosis of PCOS, where 
the area under the curve was used to determine the diagnostic 
value. All the ROC analyses were performed using SPSS 
21.0 software. 

Results

Clinical data. The ages of the control and PCOS groups were 
25.08±3.59 years and 27.32±4.90 years, respectively, without 
a statistically significant difference. Therefore, 19 crucial 
clinical indexes in the two groups were analyzed (Table I), and 
the statistical analyses demonstrated that PRL, ApoA1 and 
HbA1c did not differ significantly between the two groups. 
However, the BMI (P=7.21x10‑6) and WHR (P=1.65x10‑4) were 
significantly elevated, and dyslipidemia was demonstrated in 
the PCOS group. The HDL‑C level was decreased, whereas, 
the LDL‑C, TC, TG and ApoB levels were elevated in the 
PCOS group compared with the control. Simultaneously, 
the sex hormones (T, E2, LH), INS, GLU and inflamma-
tory factors were significantly increased in the PCOS group 
(P<0.05), which prompted abnormalities in the in vivo endo-
crine metabolism in the patients with PCOS. 

Methodological examination of UPLC/Q‑TOF‑MS. The 
UPLC/Q‑TOF‑MS plasma analysis was performed and exam-
ined for the methodology, wherein the QC samples were used 
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to evaluate the stability and reproducibility of the method. 
A total of 10 peaks from the metabolic fingerprints were 
randomly selected from which, the ion peaks were extracted 
and analyzed by 10 injections. The results demonstrated that 
the relative standard deviation of the peak areas were <10%, 
which suggested that this method demonstrated adequate 
stability and reproducibility, and was able to meet the require-
ments of the study. 

The 99 plasma samples of the control and PCOS groups 
were analyzed by UPLC/Q‑TOF‑MS using the preferred 
method, in order to construct the characteristic metabolic 
fingerprints. Fig.  1 demonstrated the base‑peak total ion 
current (TIC) of the plasma metabolic fingerprints in the 
control and PCOS groups in the negative‑ion mode; a marked 
difference between these two TIC plots was observed, which 
suggested significant metabolic abnormalities in patients with 
PCOS compared with the controls. 

Multivariate statistical analysis of UPLC/Q‑TOF‑MS 
data and pattern recognition. In the present study, 
multivariate statistical analysis and pattern recognition 
methods, PLS‑DA and OPLS‑DA, were used to analyze the 
metabolomics data. 

Fig. 2 demonstrated the score plot and response permu-
tation test results obtained by the PLS‑DA method. The 
model‑associated parameter Q2 was 0.791 (R2X=0.289, 
R2Y=0.833) and the response permutation test returned 
R2=0.426 and Q2=‑0.0513, which suggested successful 

modeling and absence of overfitting. The PLS‑DA model may 
be used to differentiate the control and the PCOS groups. 
Notably, the PCOS group may be divided into two subgroups 
according to their metabolic status, subgroups 1 and 2. 
Furthermore, 2/50 controls were categorized as subgroup 1 
(N49 and N50). 

Fig. 3 demonstrates the OPLS‑DA results of metabolo-
mics data of patients with PCOS and controls; the Q2 was 
0.824 (R2X=0.375, R2Y=0.962). These OPLS‑DA results 
were consistent with that of PLS‑DA, demonstrating two 
subgroups with significant metabolic differences in the 
patients with PCOS. In addition, the two control samples, N49 
and N50, deviated from the control group and approached the 
subgroup 1.

Identification and screening of potential metabolic markers. 
As presented in the OPLS‑DA load schematic, the variables 
distal from the origin served a crucial role in the classification 
of each group. According to the VIP values of markers in the 
model as well as S‑plot analysis, samples were differentiated 
by combining the mass spectrometric isotopes corresponding 
to the accessible database. Ultimately, 34 potential metabolic 
markers serving a decisive role in sample classification, as 
well as alterations in the contents of each group, were iden-
tified (Table II). These may be used as potential biomarkers 
of PCOS‑induced variations in the human metabolic state, 
including phospholipids, fatty acids, pyrimidines, sterols and 
other small molecular compounds. 

Table I. Clinical indexes in the control and PCOS groups.

No.	 Index	 Control group, n=50	 PCOS group, n=49	 P‑value

  1	 T, ng/ml	 0.44±0.14	 0.63±0.19b	 1.00x10‑02

  2	 E2, pg/ml	 35.21±10.84	 63.88±51.53b	 3.67x10‑04

  3	 PRL, ng/ml	 14.91±7.40	 12.49±9.86	 1.69x10‑01

  4	 LH, IU/l	 5.64±5.95	 13.57±8.36b	 5.23x10‑07

  5	 FSH, IU/l	 6.83±2.03	 6.20±1.55a	 3.86x10‑02

  6	 hsCRP, mg/l	 0.80±2.11	 2.13±2.70b	 8.09x10‑03

  7	 HDL‑C, mmol/l	 1.47±0.25	 1.38±0.35a	 1.59x10‑02

  8	 LDL‑C, mmol/l	 2.28±0.46	 2.71±0.81b	 2.16x10‑03

  9	 TC, mmol/l	 4.03±0.52	 4.48±0.87b	 2.38x10‑03

10	 TG, mmol/l	 0.76±0.32	 1.12±0.94a	 1.48x10‑02

11	 ApoA1, g/l	 1.40±0.13	 1.38±0.20	 6.22x10‑01

12	 ApoB, g/l	 0.68±0.13	 0.83±0.20b	 2.43x10‑05

13	 INS, uIU/ml	 8.91±9.16	 18.99±25.75a	 1.22x10‑02

14	 GLU, mmol/l	 4.78±0.49	 5.00±0.40a	 1.51x10‑02

15	 HbA1c, %	 5.17±0.48	 5.16±0.26	 9.55x10‑01

16	 Waist:hip ratio	 0.77±0.04	 0.82±0.07a	 1.65x10‑04

17	 Number of right follicles	 3.51±3.15	 9.69±2.61b	 7.70x10‑13

18	 Number of left follicles	 2.19±2.52	 10.35±1.77b	 8.58x10‑21

19	 BMI	 20.40±1.72	 24.38±5.39b	 7.21x10‑06

aP<0.05 vs. the control group; bP<0.01 vs. the control group. PCOS, polycystic ovarian syndrome; FSH, Follicle stimulating hormone; LH, 
luteinizing hormone; PRL, prolactin; E2, estradiol; T, testosterone; TC, total serum cholesterol; TG, triglycerides; HDL‑C, high‑density lipo-
protein; LDL‑C, low‑density lipoprotein; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; hsCRP, high‑sensitivity C‑reactive protein; 
GLU, glucose; INS, insulin; HbA1c, glycosylated hemoglobin; BMI, body mass index. 
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Based on the PLS‑DA and OPLS‑DA results, the patients 
with PCOS may be divided into two metabolic subgroups, 
subgroup 1 and 2, according to the in vivo metabolic profile. 
Therefore, the alterations in the 34 potential metabolic 
markers in the two subgroups were analyzed. Table  III 
demonstrated significant differences in the plasma levels of 
the 10 potential markers between the two subgroups, including 

DG (18:1n9/0:0/20:4n3), SM (d18:1/16:0), PG (18:0/16:0), 
D‑Glyceraldehyde 3‑phosphate, androsterone sulfate and 
cysteine‑S‑sulfate (P<0.05). 

Focused analysis results of characteristic indexes. A total 
of 19 differential clinical indexes and 34 potential meta-
bolic markers were performed as focused analysis of the 

Figure 2. Partial least‑squares discriminant analysis and response permutation test results of metabolomics data of patients with PCOS and controls. PCOS, 
polycystic ovarian syndrome.

Figure 1. Base‑peak ion current of plasma metabolic fingerprints of the control (left) and PCOS (right) groups. The red box indicates areas that are markedly 
different between the two total ion current plots. PCOS, polycystic ovarian syndrome.
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characteristic indexes. The NeuroFuzzy logic‑based focused 
analysis results were presented in Table IV. 

As presented in Table IV, the three groups of focus variables 
contributed >80% to the control group, and the two PCOS 
subgroups, particularly the predictive accuracy of the focused, 
integrated markers reached ≥95% or above, which was supe-
rior to the predictive accuracy of all the potential metabolic 
markers and clinical indexes. This suggests that each focus 
variable may characterize the information represented by all 
the variables. However, their potential usage in clinical disease 
diagnosis requires further evaluation by ROC analysis.

ROC analysis of focused variables. The five clinical indexes, 
three metabolic markers and five integrated markers obtained 
by ANN focused analysis were analyzed independently, and 
the following multifactor equations were constructed:

Focused clinical indexes: 
Y=1.431A+3.56B+15.138C+6.616D+0.752E‑58.902; 

Where A is the BMI, B is the number of left follicles, C refers 
to HDL‑C, D is LDL‑C and E refers to hsCRP. 

Focused metabolic markers:
Y=0.011X1+0.408X2+0.017X3‑16.535; 

Where X1, X2 and X3 refer to palmitoylphosphatidylcholine, 
cyclic guanosine monophosphate (cGMP) and dehydroepian-
drosterone sulphate (DHEAS), respectively. 

Focused integrated markers: 
Y=2.906B+15.775C+0.034X1+0.402X2+0.009 X3‑42.579;

Where B is the number of left follicles, C is HDL‑C, and X1, 
X2 and X3 refer to palmitoylphosphatidylcholine, cGMP and 
DHEAS, respectively.

The obtained dependent variables, Y, were analyzed 
using ROC curves to evaluate the accuracy, specificity and 
sensitivity for focused clinical indexes, focused metabolic 
markers and focused integrated markers in the diagnosis of 
PCOS, and classification of the two subgroups, as presented 
in Tables V‑VII.

ROC analysis results demonstrated that for the control 
and PCOS groups, the diagnostic capacity of the indexes was 
in the order of as follows: Focused clinical indexes >focused 

integrated markers >focused metabolic markers. However, 
in the subgroup 1 and 2 of PCOS, the diagnostic capacity 
of the indexes was ordered as focused metabolic markers 
>focused integrated markers >focused clinical indexes. The 
alterations in the plasma contents of the focused metabolic 
markers, including palmitoyl sphingomyelin, cGMP and 
androsterone sulfate were identified (Fig. 4). Comprehensively 
considering the diagnostic capacity of the focused indexes 
with respect to the control group, the PCOS group, and the 
two PCOS subgroups, the focused integrated markers demon-
strated excellent performance, which was able to obtain a 
diagnostic accuracy >90% for each group (Table VII). These 
results suggested that the focused integrated markers may be 
considered as a marker system for the clinical diagnosis and 
classification of PCOS. 

Discussion

In the present study, the plasma metabolic fingerprints of the 
patients with PCOS (n=49) and normal controls (n=50) were 
established and demonstrated, to the best of our knowledge, for 
the first time that patients with PCOS may be divided into two 
groups, subgroup 1 and subgroup 2, according to their metabolic 
profiles. Therefore, focused analyses were performed on the 
characteristic markers of the PCOS group and the two subgroups 
and demonstrated an integrated marker system consisting of two 
clinical indexes and three metabolic markers that may be used 
for accurate diagnosis and classification of patients with PCOS. 

For the establishment of a chromatographic fingerprint, 
liquid chromatography conditions including flow rate, injection 
volume and column temperature were optimized to minimize 
their effects on sample separation. Conversely, positive and 
negative ion modes, desolution gas flow, temperature and other 
factors were analyzed by mass spectrometry. Furthermore, 
analysis of the plasma samples provided additional information 
of the compounds employing the negative ion mode compared 
with the positive ion mode. Therefore, the negative ion mode 
was adopted for the establishment of the chromatographic 
fingerprint for the samples in the present study. 

The multivariate statistical analysis and pattern recognition 
of plasma metabolic fingerprints of the patients with PCOS 
and controls demonstrated the occurrence of significant meta-
bolic abnormalities in patients with PCOS compared with the 
controls. Additionally, two metabolic subtypes were demon-
strated in the patients with PCOS, wherein 33/49 cases belonged 
to the PCOS subgroup 1 and 16 belonged to PCOS subgroup 2. 
These results suggested that the metabolic abnormalities were 
not consistent in the patients with PCOS, and there were at least 
two types of principal metabolic abnormalities. The analyses 
of the 34 identified potential metabolic markers identified that 
the alterations in the fat metabolism‑associated markers were 
marked in subgroup 2 compared with subgroup 1.

Furthermore, PLS‑DA and OPLS‑DA of the metabolic data 
demonstrated that two samples (N49 and N50) of the control 
group exhibited metabolic abnormalities. Further analyses iden-
tified that although the clinical indexes, including blood glucose 
and glycosylated hemoglobin were normal in these two samples, 
the plasma contents of the 34 potential metabolic markers were 
already within the range in patients with PCOS (Table VIII). 
These results suggested a certain degree of metabolic disorders 

Figure 3. Orthogonal partial least‑squares discriminant analysis results of 
metabolomics data of patients with PCOS and controls. PCOS, polycystic 
ovarian syndrome.
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Table IV. NeuroFuzzy logic‑based focused analysis results and prediction accuracy (R2).

Type 	 Focus variable	 R2

Focused clinical indexes	 BMI, number of left follicles, HDL‑C, LDL‑C, hsCRP	 0.8284
Focused metabolic markers	 Palmitoyl sphingomyelin, cGMP, DHEAS	 0.9027
Focused integrated markers 	 Number of left follicles, HDL‑C, Palmitoyl sphingomyelin, cGMP, DHEAS	 0.9574
All clinical indexes	 19 clinical indexes	 0.8256
All metabolic markers	 34 potential metabolic markers	 0.9392
All markers	 34 potential metabolic markers and 18 clinical indexes 	 0.9377

BMI, body mass index; cGMP, cyclic guanosine monophosphate; HDL‑C, high density lipoprotein; DHEAS, dehydroepiandrosterone sulphate; 
LDL‑C, low density lipoprotein; hsCRP, high sensitivity C‑reactive protein.

Table III. Alterations in 34 potential metabolic markers in the control and PCOS subgroups.

			   Control group,	 PCOS subgroup	 PCOS subgroup 2,
No.	 Common name	 Change	 n=50	 1, n=33	 n=16

  1	 PE [O‑18:1(1Z)/20:4(5Z,8Z,11Z,14Z)]	 ↓	 16.38±10.05	 0.30±1.75a	 0.00±0.00a

  2	 LysoPE [0:0/22:1(13Z)]	 ↓	 6.36±2.92	 0.76±2.12a	 1.51±3.32a

  3	 LysoPC (16:0)	 ↓	 5.24±2.83	 0.62±1.99a	 0.93±2.54a

  4	 PE [O‑16:1(1Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z)]	 ↓	 73.58±51.44	 10.99±14.27a	 11.39±5.29a

  5	 LysoPC [20:2(11Z,14Z)]	 ↓	 5.54±2.63	 0.47±1.89a	 0.39±1.58a

  6	 PE [22:4(7Z,10Z,13Z,16Z)/16:0]	 ↓	 85.10±63.52	 11.78±21.88a	 11.97±6.80a

  7	 DG (18:1n9/0:0/20:4n3)	 ↑	 1.98±6.40	 19.49±12.55a	 29.17±12.37a,b

  8	 PC [16:1(9Z)/22:2(13Z,16Z)]	 ↓	 26.67±16.46	 2.03±8.53a	 0.00±0.00a

  9	 SM (d18:1/16:0)	 ↑	 2.16±7.06	 29.55±24.16a	 53.03±20.06a,b

10	 PG (18:0/16:0)	 ↑	 0.52±2.22	 8.89±7.47a	 14.94±6.95a,b

11	 D‑Glyceraldehyde‑3‑phosphate	 ↑	 11.99±2.72	 17.62±5.95a	 22.22±3.74a,b

12	 5,6‑Dihydrouridine	 ↑	 147.07±43.38	 225.47±34.05a	 235.02±49.87a

13	 Androsterone sulfate	 ↑	 13.28±35.74	 161.48±115.02a	 15.76±11.79b

14	 25‑Methyl‑1‑hexacosanol	 ↓	 3.44±2.20	 0.56±1.35a	 0.70±1.97a

15	 11'‑Carboxy‑a‑chromanol	 ↑	 13.00±4.31	 19.94±7.18a	 22.82±9.58a

16	 LysoPC (O‑18:0)	 ↓	 7.20±1.52	 2.63±4.28a	 1.01±2.78a

17	 3,7‑Dihydroxy‑5‑cholestenoic acid	 ↑	 11.43±3.59	 16.05±5.90a	 17.49±7.05a

18	 3‑b‑Hydroxy‑4‑b‑methyl‑5‑	 ↑	 16.96±4.03	 23.44±6.85a	 26.59±8.58a

	 a‑cholest‑7‑ene‑4‑a‑carboxylate
19	 (9‑cis,9'‑cis)‑7,7',8,8'‑Tetrahydro‑y,y‑Carotene	 ↑	 13.23±12.34	 29.52±18.84a	 28.95±14.46a

20	 Palmitoylsphingomyelin	 ↑	 4.22±14.24	 58.99±49.95a	 108.20±39.64a,b

21	 PG [18:1(9Z)/18:0]	 ↓	 29.18±13.37	 4.29±7.08a	 3.97±7.33a

22	 Thyroxine sulfate	 ↓	 15.02±10.58	 0.00±0.00a	 0.00±0.00a

23	 Clupanodonylcarnitine	 ↑	 9.44±2.60	 13.52±4.74a	 16.76±5.15a

24	 S‑(PGJ2)‑glutathione	 ↑	 8.35±4.27	 15.40±2.79a	 8.64±3.75b

25	 Galbanic acid	 ↑	 3.79±7.54	 28.25±13.71a	 2.07±3.84b

26	 Chenodeoxycholic acid	 ↑	 14.41±8.43	 24.21±11.81a	 26.58±10.87a

27	 S‑Adenosylmethionine	 ↓	 7.96±5.01	 0.68±2.22a	 1.04±2.87a

28	 2‑Arachidonoylglycerophosphocholine	 ↑	 12.40±2.54	 16.32±3.88a	 16.65±4.27a

29	 Cholic acid	 ↓	 9.92±3.10	 3.72±4.40a	 3.63±5.16a

30	 Oryzanol A	 ↓	 12.21±6.88	 1.76±3.55a	 3.15±5.69a

31	 Cyclic GMP	 ↑	 29.93±16.1	 67.37±7.42a	 29.3±4.98b

32	 PG [18:1(9Z)/16:0]	 ↓	 38.51±26.40	 4.62±8.75a	 2.31±5.28a

33	 4a‑Methylzymosterol‑4‑carboxylic acid	 ↑	 10.37±3.30	 18.32±7.98a	 16.54±8.57a

34	 Cysteine‑S‑sulfate	 ↑	 14.71±9.85	 25.82±11.97a	 38.92±11.63a,b

aP<0.05 vs. the control group; bP<0.05 vs. the subgroup 1. PCOS, polycystic ovarian syndrome.



MOLECULAR MEDICINE REPORTS  19:  280-292,  2019288

in these two controls, which may be attributed to the early stage 
of PCOS, wherein the alterations of clinical indexes are not as 
marked yet. Therefore, an accurate diagnosis is unlikely to be 
achieved relying only on the clinical indexes. This additionally 
suggests that alterations in metabolites are more sensitive when 
compared with the relatively stable clinical indexes.

Focused analyses of the characteristic indexes demon-
strated that the focused clinical indices, including BMI, the 

number of left follicles, HDL‑C, LDL‑C and hsCRP may be 
used for accurate diagnosis of patients with PCOS. These 
parameters demonstrated marked abnormalities in the PCOS 
group, suggesting that fat metabolism, hormone metabolism, 
inflammatory response and other in  vivo processes were 
involved in PCOS. Lipid metabolism is associated with PCOS, 
and the plasma HDL level is decreased in patients with PCOS 
with INS resistance  (18). Yilmaz  et  al  (19) demonstrated 

Table V. Receiver‑operating characteristic analysis results of focused clinical indexes.

Type	 Control vs. PCOS	 Control vs. subgroup 1	 Control vs. subgroup 2	 Subgroup 1 vs. subgroup 2

AUC	 0.994	 0.993	 0.995	 0.621
Sensitivity, %	 98.0	 100.0	 100.0	 62.5
Specificity, %	 96.0	 94.0	 98.0	 72.7
95% CI	 0.983‑1.000	 0.982‑1.000	 0.984‑1.000	 0.447‑0.795

CI, confidence interval; AUC, area under the curve; PCOS, polycystic ovarian syndrome.

Table VI. Receiver‑operating characteristic analysis results of focused metabolic markers.

Type	 Control vs. PCOS	 Control vs. subgroup 1	 Control vs. subgroup 2	 Subgroup 1 vs. subgroup 2

AUC	 0.876	 0.958	 0.708	 1.000
Sensitivity, %	 95.9	 93.9	 93.8	 100.0
Specificity, %	 68.0	 94.0	 64.0	 100.0
95% CI	 0.807‑0.945	 0.910‑1.000	 0.586‑0.829	 1.000‑1.000

CI, confidence interval; AUC, area under the curve; PCOS, polycystic ovarian syndrome.

Table VII. Receiver‑operating characteristic analysis results of focused, integrated markers.

Type 	 Control vs. PCOS	 Control vs. subgroup 1	 Control vs. subgroup 2	 Subgroup 1 vs. subgroup 2

AUC	 0.986	 0.998	 0.963	 0.928
Sensitivity, %	 100.0	 96.7	 100.0	 90.9
Specificity, %	 86.0	 100.0	 86.2	 87.5
95% CI	 0.970‑1.000	 0.992‑1.000	 0.921‑1.000	 0.851‑1.000

CI, confidence interval; AUC, area under the curve; PCOS, polycystic ovarian syndrome.

Figure 4. Alterations of differential focused metabolic markers. PCOS‑1, the subgroup 1; PCOS‑2, the subgroup 2. *P<0.05 vs. the control group, #P<0.05 vs. 
PCOS‑1, ∆P<0.05 vs. the PCOS group. PCOS, polycystic ovarian syndrome.
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that the LDL level was increased in obese patients with 
PCOS compared with the non‑obese patients with PCOS. 
This phenomenon may be attributed to the weakened inhibi-
tory effect of INS resistance on the free fatty acids, which 
leads to the increased levels of free fatty acids in the liver, 
thereby resulting in increased LDL synthesis. Additionally, 
an abnormal increase in the number of follicles is an obvious 
manifestation of patients with a polycysticovary and a critical 
representative of disruption in hormone metabolism  (20). 
Previous studies (21,22) observed that the INS resistance in 
patients with PCOS was associated with chronic inflamma-
tion; the hsCRP level in the PCOS patients was significantly 
increased compared with the normal individuals and posi-
tively correlated to BMI, WHR and LDL (23). The results of 

the present study demonstrated that the BMI and number of 
left follicles were notably increased, and the plasma LDL‑C 
and hsCRP levels were elevated in patients with PCOS. This 
suggested the occurrence of INS resistance, abnormal lipid 
metabolism and inflammatory response in patients with PCOS 
in addition to abnormal hormone metabolism. Furthermore, 
the analyses of the PCOS subgroups 1 and 2 (Table  IX) 
demonstrated that patients of the two subgroups exhibited 
metabolic hormone abnormalities. Furthermore, the abnormal 
lipid metabolism was prominent in the subgroup 2 compared 
with subgroup 1, whereas, BMI, HDL‑C and LDL‑C were 
elevated in comparison with the control group. Therefore, 
it may be hypothesized that in addition to the hormone 
metabolism disorders, patients with PCOS in the subgroup 2 

Table VIII. Contents of 34 potential metabolic markers in the controls N49 and N50.

No.	 m/z	 Control group	 N49	 N50	 PCOS group

  1	 750.5448	 17.06±9.66	 0.00a	 0.00a	 0.00±0.00
  2	 534.3507	 6.44±2.81	 0.00a	 8.97b	 1.03±2.58
  3	 494.3535	 5.29±2.76	 0.00a	 8.11b	 0.60±2.03
  4	 746.5124	 76.14±50.88	 18.05a	 5.87a	 10.73±11.83
  5	 592.3552	 5.63±2.56	 0.00a	 6.38b	 0.45±1.79
  6	 766.5379	 88.40±62.68	 5.88a	 5.76a	 9.51±8.18
  7	 687.5446	 0.96±3.59	 35.24a	 17.64a	 23.12±12.90
  8	 856.6024	 27.78±15.83	 0.00a	 0.00a	 1.17±6.97
  9	 748.5655	 0.87±3.09	 35.31a	 30.68a	 37.99±24.94
10	 749.5689	 0.09±0.63	 11.68a	 9.93a	 11.09±7.69
11	 215.0242	 11.82±2.65	 15.26	 16.55	 19.19±5.76
12	 291.082	 144.07±41.61	 222.40a	 215.62a	 229.88±38.99
13	 369.1722	 7.65±18.18	 215.30a	 81.87a	 115.79±117.22
14	 395.4668	 3.59±2.12	 0.00a	 0.00a	 0.62±1.57
15	 417.2988	 12.88±4.3	 14.82	 16.90	 20.83±8.14
16	 508.4052	 7.36±1.13	 0.00a	 6.84b	 1.95±3.79
17	 431.3093	 11.41±3.65	 13.15	 10.54	 16.54±6.33
18	 489.3537	 16.76±3.99	 21.08	 22.02	 24.6±7.53
19	 539.4314	 12.54±12.11	 29.638a	 30.0624a	 29.66±17.41
20	 747.5625	 1.45±3.79	 76.03a	 65.34a	 76.37±51.66
21	 775.5975	 29.99±13.01	 12.61a	 6.88a	 3.72±6.36
22	 855.5933	 15.64±10.33	 0.00a	 0.00a	 0.00±0.00
23	 518.3935	 9.14±2.16	 15.37	 17.97	 14.64±5.10
24	 640.2944	 8.08±4.14	 14.99	 14.52	 13.05±4.37
25	 397.201	 2.92±6.28	 28.09a	 21.36a	 19.89±16.96
26	 391.2837	 13.82±8.07	 28.79a	 28.49a	 25.18±11.48
27	 398.1299	 8.15±4.97	 0.00a	 6.70 b	 0.68±2.29
28	 589.3353	 12.46±2.57	 10.54	 11.16	 16.43±4.00
29	 453.2927	 10.17±2.79	 8.11b	 0.00a	 3.68±4.66
30	 647.4328	 12.72±6.54	 0.00a	 0.00a	 2.26±4.39
31	 343.994	 27.92±12.92	 81.11a	 75.18a	 55.06±19.42
32	 747.5151	 39.93±25.97	 9.14a	 0.00a	 3.61±7.68
33	 441.3515	 10.25±3.26	 16.31a	 10.06b	 17.79±8.21
34	 199.9709	 14.11±9.59	 29.91a	 28.16a	 30.29±13.34

aWithin the diseased range; bWithin the normal range. 
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additionally demonstrated abnormalities in INS resistance and 
lipid metabolism.

In comparison with the control group, the plasma contents 
of the focused metabolites were increased in the PCOS group, 
which suggested that the alterations in the content were associ-
ated with PCOS. Furthermore, comparing the alterations of the 
three metabolites between the two subgroups identified that 
palmitoyl sphingomyelin was elevated in the two subgroups, 
and the plasma level in the subgroup 2 was increased compared 
with in subgroup 1. Additionally, the plasma contents of the 
hormone metabolism‑associated cGMP and DHEAS were 
increased in the subgroup 1. These results suggested that 
PCOS involves hormone and lipid metabolism disorders, and 
the two subgroups have different metabolic phenotypes, which 
are consistent with the results from the clinical indices. 

Palmitoyl sphingomyelin is a lipid with sphingosine as the 
skeleton. A recent study (24) on PCOS metabolism demon-
strated that PCOS was associated with the decreased oxidation 
capacity of fatty acids, thereby leading to accumulation of 
excessive fatty acids in patients with PCOS in the form of 
triglycerides. This results in significantly increased octadec-
enoic acid, palmitoleic acid and other fatty acids. The present 
study demonstrated that the content of phospholipid metabo-
lites was increased in patients with PCOS, and the increasing 
trend of the PCOS subgroup 2 was increased compared with 
that of the PCOS subgroup 1, which indicated abnormal lipid 
metabolism in the patients of subgroup 2. 

cGMP, which serves the role of acetylcholine, is widely 
distributed in various tissues. Previous studies (25,26) demon-
strated that the cGMP is positively correlated to DHEAS. The 
present study additionally demonstrated that the cGMP level in 
the PCOS subgroup 1 was elevated compared with the control 
group. However, the difference between the PCOS subgroup 2 
and the control group was not significant, which was in agree-
ment with the results of the DHEAS content. 

DHEAS is a sex hormone precursor. Previously, specific 
studies demonstrated that the total T, free T and DHEAS 
levels in patients with PCOS were increased by 50‑75% 
compared with the healthy population (27,28). The increased 
DHEAS may induce follicular atresia and cystic expan-
sion, promote the synthesis of T, elevate serum T levels, as 
well as improve polycystic ovaries and hyperandrogenism. 
Metabolomics analysis demonstrated that the plasma 
DHEAS level in the PCOS subgroup 2 was similar to that 
in the control group, whereas the plasma DHEAS level in 
the PCOS subgroup was elevated compared with the control 
group. Concurrently, the analysis of the content of the clin-
ical, biochemical index T additionally demostrated that the 
T level in the PCOS subgroup 1 was greater compared with 
the subgroup 2, thereby designating an abnormal hormone 
level in the patients of PCOS subgroup 1.

Combining the results of the focused clinical indexes 
and metabolic markers, it was demonstrated that the lipid 
metabolism and hormone metabolism abnormalities were 

Table IX. Analysis of clinical, biological indexes in the control and PCOS subgroups.

No.	 Clinical index	 Control group, n=50	 PCOS subgroup 1, n=33	 PCOS subgroup 2, n=16

  1	 T, ng/ml	 0.44±0.14	 0.79±0.99	 0.69±0.25a

  2	 E2, pg/ml	 35.21±10.85	 58.49±56.53a	 74.99±38.53a

  3	 PRL, ng/ml	 14.92±7.41	 13.81±11.66	 9.75±3.05a

  4	 LH, IU/l	 5.64±5.95	 14.02±9.37a	 12.63±5.93a

  5	 FSH, IU/l	 6.83±2.03	 6.42±1.62	 5.74±1.33a

  6	 hsCRP, mg/l	 0.81±2.11	 1.41±2.06	 3.62±3.29a,b

  7	 HDL‑C, mmol/l	 1.47±0.25	 1.44±0.33	 1.25±0.37a

  8	 LDL‑C, mmol/l	 2.29±0.46	 2.53±0.79	 3.06±0.74a,b

  9	 TC, mmol/l	 4.03±0.52	 4.42±0.83a	 4.60±0.95a

10	 TG, mmol/l	 0.76±0.32	 1.15±1.06a	 1.05±0.63
11	 ApoA1, g/l	 1.40±0.13	 1.42±0.18	 1.29±0.21b

12	 ApoB, g/l	 0.68±0.13	 0.79±0.19a	 0.91±0.18a,b 
13	 INS, uIU/ml	 8.91±9.16	 14.72±11.43a	 27.80±41.47
14	 GLU, mmol/l	 4.78±0.49	 5.02±0.40a	 4.98±0.41
15	 HbA1c, %	 5.17±0.48	 5.12±0.29	 5.25±0.20
16	 Waist‑hip ratio	 0.77±0.04	 0.82±0.07a	 0.81±0.07a

17	 Number of right follicles	 3.51±3.14	 9.19±3.05a	 10.59±1.13a,b

18	 Number of left follicles	 2.19±2.52	 10.23±2.06a	 10.56±1.11a

19	 BMI	 20.40±1.72	 23.97±5.28a	 25.23±5.68a

aP<0.05 vs. the control group; bP<0.05 vs. the subgroup 1. PCOS, polycystic ovarian syndrome; FSH, Follicle stimulating hormone; LH, 
luteinizing hormone; PRL, prolactin; E2, estradiol; T, testosterone; TC, total serum cholesterol; TG, triglycerides; HDL‑C, high‑density lipo-
protein; LDL‑C, low‑density lipoprotein; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; hsCRP, high‑sensitivity C‑reactive protein; 
GLU, glucose; INS, insulin; HbA1c, glycosylated hemoglobin; BMI, body mass index.
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most notable in patients with PCOS. In addition, the hormone 
metabolism abnormality was dominant in the subgroup 1, 
whereas, the hormone and lipid metabolism disorders occurred 
in the subgroup 2.

ANN and ROC analyses demonstrated that the focused 
clinical indexes may be used to accurately differentiate the 
controls and patients with PCOS, whereas, the focused meta-
bolic markers may be used to accurately distinguish the two 
PCOS subgroups. Furthermore, the screened focused inte-
grated marker system (including two clinical indexes and three 
metabolites) may be used for the diagnosis of PCOS patients, 
as well as the classification of the two PCOS subgroups with 
a predictive diagnosis rate >90% between the various groups. 
These results indicated that although the clinical indexes 
and metabolic markers exhibited advantages, the focused, 
integrated marker system combines their advantages and may 
accurately diagnose the occurrence and classification of the 
disease. 

PCOS is a heterogeneous disease with various clinical 
manifestations. It is a syndrome exhibited by the combined 
action of multiple factors, and its potential pathogenesis is 
excessive androgen secretion and lipid metabolism abnor-
mality. The present study not only confirmed that the hormone 
metabolism disorders and lipid metabolism abnormalities 
were involved in the occurrence of PCOS; however, addition-
ally demonstrated two metabolic subtypes in the patients 
with PCOS for the first time to the best of our knowledge. A 
focused analysis of the clinical indexes and potential metabolic 
biomarkers to establish a focused, integrated marker system 
was additionally conducted, which may be used for accurate 
diagnosis and classification of PCOS. Therefore, the present 
study provides a novel index system for the clinical diagnosis 
of PCOS, in addition to a scientific basis for individualized 
diagnosis and treatment of patients with PCOS.
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