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heterogeneity was found among the studies.
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Purpose: The polycystic ovary syndrome (PCOS) is a reproductive endocrine disorder, clinically characterized by oligo-
ovulation/chronic anovulation, menstrual irregularities, hyperandrogenism (such as hirsutism, acne), hyperinsulinemia,
and obesity. Prostatic-specific antigen (PSA) has been identified as a potential new marker in PCOS women. Although
the precise role of PSA in PCOS patients still remains undetermined, PSA might serve as a useful clinical marker and
might even represent a new diagnostic criterion of hyperandrogenemia in females of PCOS.

Methods: A meta-analysis was performed in the study to identify the association between the polycystic ovary
syndrome and prostatic-specific antigen. To identify eligible original articles, we searched a range of computerized
databases, including Medline via PubMed, EMBASE, CNKI and Web of Science with a systematic searching strategy. The
characteristics of each study and standard mean differences (SMD) with corresponding confidence intervals (Cls) were
calculated and subgroup analysis was performed to analyze heterogeneity.

Results: A total of 532 patients from seven articles were included in the meta-analysis. We identified a significant
relationship between polycystic ovary syndrome and prostatic-specific antigen, with a pooled SMD of 0.81 (95% Cl: 0.58
to 1.04; P<0.01). The pooled data were calculated with the random-effects model as a moderate significant

Conclusions: The meta-analysis suggested that there was a significant association between the polycystic ovary
syndrome and prostatic-specific antigen and we should not ignore the role of PSA in the PCOS patients in clinical.

Introduction

The polycystic ovary syndrome (PCOS) is a reproductive
endocrine disorder, clinically characterized by oligo-
ovulation/chronic anovulation, menstrual irregularities,
hyperandrogenism (such as hirsutism, acne), hyperinsuline-
mia, and obesity [1]. PCOS affected approximately 5-10% in
women of reproductive age [2, 3]. The real pathophysio-
logical defect still remains unclear, but PCOS may be
present with excessive androgen, with varying degrees of
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gonadotropin and metabolic abnormalities. PCOS remains a
syndrome and no single diagnostic measure is insufficient
for clinical diagnosis, while the biochemical markers of
hyperandrogenemia appear to have highly variable diagnos-
tic performance [4]. It was clearly noted that an extent of
patients with PCOS exhibit overt abnormality in circulating
androgens as PCOS patients demonstrate signs and symp-
toms of hyperandrogenism such as alopecia, acne, hirsutism,
and ovulatory dysfunction [5, 6]. Androgen suppression after
diagnosis of hyperandrogenism remains the primary basis
for PCOS treatment in patients who do not wish to have
immediate fertility [7]. Prostatic-specific antigen (PSA) is a
serine protease and an essential marker widely used for the
diagnosis of prostate cancer [8]. PSA not just produced by
prostate gland but has been detected in some female tissues
such as ovarian, endometrial tissues, breast, milk and
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amniotic fluid [9, 10]. PSA production seems to be associ-
ated by steroid hormones such as progestin, androgens and
glucocorticoids. Zarghami et al. [11] has been clarified that
PSA is up-regulated by androgens in females. PSA has been
detected as a potential novel marker not only in PCOS
women but also in hirsute women of hyperandrogenism
[12, 13]. But in one study;, it was reported that the PSA levels
in serum were not valuable for the diagnostic of hirsutism
[14]. Although the precise role of PSA in PCOS patients still
remains undetermined, PSA might as for a helpful clinical
marker and might even serve as a new diagnostic criterion
of hyperandrogenemia in females of PCOS.

In the past decade, a growing number of papers have
examined the PSA levels in the PCOS patients and try to
investigate the associations between them, however, the
results are controversial. In PCOS patients, some studies
reported [7, 13] the level of circulating total PSA (tPSA)
or free PSA (fPSA) is increased while some studies have
found the opposite result [12]. Until now, there is no
meta-analysis explored whether PCOS correlates with
PSA. Thus, to further evaluate the link of serum PSA
levels and PCOS, we conducted a meta-analysis of the lit-
erature on the subject to grade the strength of evidence.
(Supporting information: PRISMA Checklist) [15].

Materials and methods

Search strategy

Studies detailing the polycystic ovary syndrome and total
PSA or free PSA levels (mean + SD) were distinguished
for inclusion. In order to identify relevant original arti-
cles, we searched online open access computerized data-
bases, including Medline, CNKI, EMBASE and Web of
Science using the following words: ‘polycystic ovary syn-
drome’ ‘PCOS’ ‘prostatic specific antigen’ ‘PSA’ isolated
by the Boolean operator OR or AND. Studies were
searched up to August 2018 and no limits of language.
We also reviewed the reference lists from the identified
researches for further additional eligible publications.
The titles and abstracts of the studies that could contain
information regarding PCOS and serum PSA levels were
assessed the full text. Two authors independently (and
manually) reviewed all abstracts and screened the refer-
ence lists and disagreements were settled by consensus.

Inclusion and exclusion criteria in our study

The inclusion criteria were: (1) all study and control
subjects were limited to adults with PCOS diagnosed
consistently by using either the consensus statement de-
clared at Rotterdam [16] or National Institute of Health
(NIH) [17] criteria; (2) no statistically significant differ-
ence to that in the PCOS group and control group in
terms of body mass index (BMI) and age; (3) studies
were restricted to humans, published in English, con-
tained original data; (4) studies reported total PSA or
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free PSA, observational data were available; controls were
women who did not have symptoms of PCOS; (5) studies
in which all PCOS group members exclude any conceiv-
able predisposing factor (such as Cushing syndrome, thy-
roid dysfunction, ovarian tumors) that may be related to
their PCOS or were take the medicines (such as oral con-
traceptives, other hormonal therapies) at the time of the
experimental. The exclusion criteria were: (1) duplicate
publications, case reports, abstracts, non-English, review
articles, editorials; (2) the information available was not
sufficient for data analysis or extraction.

Information extraction

Information was gathered for each study concerning name
of first author, publication year, study design, sample size,
analytical method used, and tPSA or fPSA levels, BMI, AHI
(mean + SD) in PCOS patients and non-PCOS subjects.

Statistical analysis

We used the Newcastle-Ottawa Scale to assess the qual-
ity of each individual included study [18]. Meta-analysis
was performed using Cochrane statistical software Re-
view Manager 5.3. Heterogeneity was assessed by calcu-
lating the I° index. An I value of 75 to 100% was as
high level of heterogeneity, 50 to 75% as moderate het-
erogeneity level and an I value between 25 and 50% was
considered to represent low heterogeneity level. An I
value < 25% was considered homogeneous. If I value >
50% the random effects model (REM) was used to calcu-
late standard mean differences (SMD) with 95% CI in
PSA levels for each study and the pooled effect size and
if 7 value <50% the fix effects model (FEM) was used.
Subgroup analysis used to determine the sources of het-
erogeneity. The sensitivity analysis was used to estimate
the influence of each study in the meta-analysis by re-
moving a different individual study each time.

Results

Search strategy result

Forty-eight potentially relevant articles were identified
from online databases and one from reference lists. We
initially barring duplicates studies and 31 studies
remained. Screening the titles and abstracts of these 31
articles drove us to exclude three articles that did not ac-
cord the inclusion criterion. Subsequent to reading the
full content of the rest of the 28 articles as potentially
regarding the link of PCOS and tPSA or fPSA levels, 18
were excluded as they did not report adequate informa-
tion; one study was excluded as the outcome measure is
improper; one study was duplicate and one study is non-
English. Ultimately, seven eligible articles included 11
studies were fulfilled the eligibility criteria [7, 12, 19-23].
The selection process was appeared in Fig. 1 and the de-
tailed information was listed in Table 1.
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48 Reference identified through

database searching >

1 from reference lists and

other sources

(n=31)

Records after duplicates removed

|

(n=31)

Titles and abstracts reviewed

3 Reference excluded

(not relevant)

A 4

28 Full-text articles assessed

21 Articles Excluded

|

Studies included in
quantitative synthesis

(meta-analysis)

Fig. 1 Search strategy to identify articles on the relationship between polycystic ovary syndrome and prostatic specific antigen levels

A 4

18 No data or insufficient

1 Non-English

1 Duplicate data

The meta-analysis involving a total sample size of 532
(285 cases and 247 controls) and all of them were case—
controls studies. Three studies [12, 19, 23] investigated total
PSA and free PSA levels and one study [23] reported an-
ovulatory PCOS group and ovulatory PCOS group patients.
Six researches [7, 12, 19, 20, 22, 23] investigated European
populations and one [21] analyzed Asian populations. Four
studies [12, 19, 22, 23] were measured the free testosterone
and three [7, 21, 23] reported LH/FSH ratio, two [19, 20]
were reported the free androgen index (FAI).

Meta-analysis results

The forest plot for the link of PCOS with serum PSA
levels was shown in Fig. 2. The results showed a signifi-
cant connection between PCOS and serum PSA levels,

with a pooled SMD of 0.81 (95% CI: 0.58 to 1.04;
P <0.01; REM).

Subgroup analysis

PSA

Total PSA the results were significant, with a corre-
sponding value of 0.84 (95% CI: 0.49 to 1.19, P<0.01)
under the REM. Free PSA the results were significant,
with a corresponding value of 0.76 (95% CI: 0.53 to 0.99,
P <0.01) under the FEM Table 2.

Mean BMlI in PCOS

BMI > 25 the total SMD in the studies with average
BMI = 25 was significant, with a corresponding value of
0.76 (95% CI: 0.54 to 0.97, P<0.01). BMI < 25 the total
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Table 1 Description of included studies
Source Year Country Sample Size Study Mean BMI (kg/m?) Mean Age, y

(PCOS/CG) design PCOS G PCOS G
Bahcedi et al. [19]° 2004 Turkey 30/30 Case-control 228+5 21+24 224 £39 22714
Bili et al. [20] 2014 Greece 43/40 Case-control 249 +£59 227 £ 37 289 +£50 308 £43
Gullu et al. [12] 2003 Turkey 33/20 Case-control 2604 +7.70 2413 + 667 23.04 + 464 2792 + 781
Mardanian et al. [21] 20M Iran 32/32 Case-control 2478 + 2.96 2319+ 224 2638 £ 438 271 £49
Tokmak et al. [22] 2018 Turkey 42/47 Case-control 238+ 46 208 +£29 19+2 18+3
Ukinc A et al. [23]*° 2009 Turkey 42/35 Case-control 26.35 £ 7.05 261 £69 2329 £ 595 254 £50
Ukinc B et al. [231°° 2009 Turkey 20/35 Case-control 2555+ 529 261 £69 2545 £ 936 254 £50
Vural et al. [7] 2007 Turkey 43/43 Case-control 2345 +4.70 2152 £ 301 214 £ 188 208 £ 228

Free androgen index (FAI) = total testosterone (TT)*100/sex hormone binding globulin (SHBG)

Data are expressed as mean + SD

Abbreviations: PCOS Polycystic ovary syndrome, CG Control group, NG Not given, BMI Body mass index, PSA Prostatic specific antigen, LH Luteinizing hormone, FSH
Follicle stimulating hormone

“Data included total PSA and free PSA

PData included two subgroups PCOS patients: anovulatory PCOS (Group A) and ovulatory PCOS (Group B)

SMD in the studies with average BMI <25 was signifi-
cant, with a corresponding value of 0.87 (95% CI: 0.48 to
1.26, P <0.01) Table 2.

Mean age in PCOS

Age > 25 the total WMD in the studies with average
age > 25 was significant, with a corresponding value of
0.84 (95% CI: 0.62 to 1.07, P<0.01). Age < 25 the total
WMD in the studies with average age <25 was signifi-
cant, with a corresponding value of 0.78 (95% CI: 0.42 to
1.14, P <0.01) Table 2.

Laboratory measurement
Free testosterone the total WMD in the studies with
Free testosterone was significant, with a corresponding

value of 0.8 (95% CI: 0.47 to 1.13, P<0.01). LH/FSH the
total WMD in the studies with LH/FSH was significant,
with a corresponding value of 0.95 (95% CI: 0.74 to 1.15,
P <0.01). FAI the total WMD in the studies with LH/
FSH was significant, with a corresponding value of 1.02
(95% CI: 0.55 to 1.50, P < 0.01) Table 2.

Sensitivity analysis and quality assessment

The coupled forest plots show moderate heterogeneity
(P’ = 63%) and when we removed Tokmak’s study the re-
sults dramatically influenced the pooled results (I° de-
creased from 63 to 37%) in the meta-analysis under the
REM. The results of sensitivity analysis showed that the
pooled value ranged from 0.78 (95% CI: 0.54 to 1.02) to
0.88 (95% CI: 0.70 to 1.07). Moreover, in subgroup

PCOS Control Std. Mean Difference Std. Mean Difference

Study or Subgroup __Mean SD_Total Mean SD_Total Weight 1V, Random, 95% ClI IV, Random, 95% ClI

Bahceci 2004 A 0.0154 0.0083 30 0.005 0.002 30 6.8% 1.70[1.10, 2.30] -

Banceci 2004 B 0.0208 0.0178 30 0.0059 0.0026 30 7.2% 1.16 [0.61, 1.71] -

Bili 2014 A 0.32 03 43 011 017 40 84% 0.85[0.40, 1.30] -

Bili 2014 B 0.06 0.05 43 0.04 0.02 40 8.5% 0.51[0.08, 0.95] T

Gullu 2003 A 0.099 0.267 33 0.01 0.007 20 71% 0.41[-0.15, 0.98] I

Gullu 2003 B 0.033 0.07 33 0.01 0.006 20 71% 0.41[-0.15, 0.97] I

Mardanian 2011 0.19 0.192 32 0.038 0.046 32 7.5% 1.08 [0.55, 1.60] -

Tokmak 2018 0.63 1.38 42 0.48 95 47 8.8% 0.00 [-0.41, 0.42] T

Ukinc 2009 A 20.5 19.2 42 8 7.6 35 8.2% 0.82[0.35, 1.29] -

Ukinc 2009 B 222 203 20 8 76 35 6.9% 1.03 [0.45, 1.61] -

Ukinc 2009 C 4.7 4.3 42 1.7 1.6 35 8.1% 0.88 [0.41, 1.36] -

Ukinc 2009 D 43 4 20 1.7 1.6 35 6.9% 0.94 [0.36, 1.52] -

Vural 2007 0.026 0.023 43 0.009 0.008 43 8.4% 0.98 [0.53, 1.43] -

Total (95% ClI) 453 442 100.0% 0.81 [0.58, 1.04] ¢

Heterogeneity: Tau? = 0.11; Chiz = 32.39, df = 12 (P = 0.001); 1> = 63% 4 2 o 2 j‘

Test for overall effect: Z =6.91 (P < 0.00001) PCOS Favours [control]
Fig. 2 Relationship between PCOS with serum PSA levels. Calculation based on random effects model. Results are expressed as standard mean
difference (SMD) and 95% confidence intervals (95% Cl). Bahceci and Gullu’s study included total PSA (Group A) and free PSA (Group B); Ukinc's
study included two subgroups PCOS patients: anovulatory PCOS and ovulatory PCOS patients (total PSA: Group A vs Group B; free OSA: Group C
vs Group D)
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Table 2 Results of subgroup analysis among PCOS vs controls
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Subgroup Studies Included (N)  Sample size (PCOS/CG)  Chi square (df)y P value  Pooled Overall SMD (95% Cl)  Heterogeneity (@)
Total PSA 8 285/247 26.98 (7) 001 0.84 (049-1.19) 74

Free PSA 5 168/125 538 (4) 001 0.76 (0.53-0.99) 26

BMI =25 6 190/110 450 (5) 001 0.76 (0.54-0.97) 0

BMI < 25 7 263/262 27.83 (6) 001 0.87 (0.48-1.26) 78

Age = 25 5 158/182 343 (4) 001 0.84 (0.62-1.07) 0

Age < 25 8 295/260 2845 (7) 001 0.78 (0.42-1.14) 75

Free testosterone 9 292/217 28.78 (8) 001 0.80 (047-1.13) 72

LH/FSH 6 199/145 068 (5) 001 0.95 (0.74-1.15) 0

FAI 4 146/140 1065 (3) 001 1.02 (0.55-1.50) 72

analyses (I° =74% for total PSA; I* =26% for free PSA;
P =0% for BMI>25; I’ =78% for BMI < 25; I = 0% for
age >25; I° =75% for age <25; I =72% for free testos-
terone; I° = 0% for LH/FSH; I =72% for FAI) also ana-
lysis. However, in free PSA subgroup, the results
dramatically influenced by removed Bahceci’s group B
study (P decreased from 26 to 0%). Table 3 summarizes
the results of the quality assessment. The methodo-
logical quality was rated as high in six study, moderate
in one study.

Discussion

This meta-analysis suggested that PCOS was signifi-
cantly linked to serum tPSA or fPSA levels (SMD = 0.81,
95% CI: 0.58 to 1.04; P <0.01) and in PCOS patients the
serum PSA was increased when compared with controls.
Although, the value of > =63% (I* >50, P<0.01), indi-
cating that there existed moderate heterogeneity so we
performed the subgroup analysis to found the sources of
heterogeneity so the meta-analysis results of our study
could serve as the relationship between PCOS and
serum PSA levels in PCOS patients. Furthermore, sensi-
tivity analysis exhibited that after any individual study

was omitted or when REM was converted to FEM, the
overall results and conclusion still held.
Hyperandrogenemia is already a well-known feature of
PCOS. Although the source of serum PSA in women is
not clear yet, it might reflect androgen action in one or
more androgen- sensitive tissues and might also be a re-
liable biochemical marker of the biological action of an-
drogen [13]. It has been recently reported in female
colorectal and breast cancer; the results suggest that
serum PSA might play a role in the diagnosis of these
cancers [24, 25]. Futhermore, serum PSA levels are in-
creased in hirsute patients and accompanying the degree
of hyperandrogenism [26—28]. However, the exact mech-
anism of serum PSA participation in PCOS, still remains
to be elucidated because the lake of enough related
pathophysiology studies. Mardanian et al. [21] found
positive correlation between tPSA and fPSA with
DHEAS and hirsutism and LH/FSH ratio. Similarly,
Vural et al. [7] found a positive correlation between
tPSA and DHEAS, total testosterone and a negative cor-
relation between tPSA and SHBG. While Rudnicka et al.
[29] did not find the correlation between tPSA and
DHEAS and SHBG. Ukinc et al. [23] found there were

Table 3 Methodological assessment according to the Newcastle-Ottawa scale

Study Selection Comparability Outcome Total
Representativeness Selection Ascertainment Outcome of interest Assessment FU Adequacy of FU score”
Bahceci et al. [19] * * * * *x * P 9
Bili et al. [20] * * * * % % * % 3
Gullu et al. [12] * * * * * * x % 3
Mardanian et al. [21] * * * * *% M * 8
Tokmak et al. [22] * * * * *x * % 9
Ukinc A et al. [23] * * * * * * *  x 3
Ukinc B et al. [23] * * * * * * x % 3
Vural et al. [7] - * * * * * x % 7

- indicates no stars
FU Follow-up

*We considered a study to be of high quality when the total score was eight or nine stars, moderate quality when the total score was six or seven stars, and low

quality when the total score was five stars or fewer
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no significant differences between ovulatory and noovu-
latory PCOS women in respect to PSA concentrations,
so in our meta-analysis we included both the study sub-
jects. Obiezu et al. [30] demonstrated that urinary PSA
and human glandular kallikrein 2 were significantly
higher in patients with PCOS than in healthy subjects.
Burelli et al. [31] did not observed significant differences
in PSA serum during various stages of the menstrual
cycle, or between pre- and postmenopausal women and
suggests that PSA production is not affected by hormo-
nal changes during the menstrual cycle, and that the
source of its production is not within the female repro-
ductive system. In our meta-analysis, due to the lake of
enough studies we cannot conclude the PSA serum is af-
fected by hormonal during various stages of the men-
strual cycle. Previous studies have documented the
presence of active androgen response elements within
the PSA enhancer regions and gene promoter based on
the truth that is up-regulated by androgens and hypoth-
esis that serum PSA may be a novel biomarker of hyper-
androgenism in females [32, 33]. But the pathogenesis of
serum PSA in PCOS is not clearly understood. Our
meta-analysis result is consistent with the results from
most previous studies as the serum PSA was increased
compared with controls in PCOS patients with the sum-
mary SMD was 0.81 (95% CI: 0.58 to 1.04; P<0.01)
under the REM.

A few studies have determined the diagnostic value of
PSA and fPSA in women with PCOS. Ukinc et al. [7]
found that the fPSA is present with equilibrium with
PSA in serum and also found the diagnostic value of
fPSA reached 70.5% sensitivity and 82% specificity for
PCOS, more importantly, the author also recommends
that PSA could be used for diagnosis of PCOS with high
sensitivity, specificity, and diagnostic accuracy. Interest-
ingly, Mardanian et al. [21] study the diagnostic value of
PSA and reported PSA level to provide sensitivity and
specificity of 85 and 80%, respectively in women with
anovulatory PCOS. Another study reported tPSA and
tPSA:fPSA ratio have similar diagnostic performance in
women with PCOS [20]. Agreeing with these authors, in
the subgroup analysis of our meta-analysis we found
both tPSA and fPSA increased in PCOS women when
compared with controls. Few studies have focused on
the level of PSA in women with BMI. Circulating PSA
level is suggest to be related to the obesity when BMI
was found to be higher in hirsute women with PCOS
[7]. Althought, in our BMI > 25 and BMI < 25 subgroup
analysis the results were significant, with a correspond-
ing value of 0.76 (95% CI: 0.54 to 0.97, P < 0.01) and 0.87
(95% CI: 0.48 to 1.26, P < 0.01) respectively. But more re-
searches are needed to conduct to find the relationship
between serum PSA levels and obesity or BMI in PCOS
patients. Some authors noted that there was no direct
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correlation between PSA levels and age [34]. In terms of
age subgroup analysis, there was no obvious difference
between age > 25 and age < 25, but more researches s are
required to evaluate if serum PSA levels are influenced
by age.

The total testosterone (TT) is often used to evaluated
androgen levels in PCOS patients in clinical. However,
in the blood circulation, a part of TT exists in a free
form, one part can transiently bind to albumin, and the
other part binds to SHBG and only the first two have
the physiological activity of androgen and testosterone
which binds to SHBA does not [35]. Therefore, some
studies [36, 37] points out that the diagnostic criteria
based on free testosterone and FAI only consider physio-
logically active androgen levels, excluding the effects of
testosterone levels combined with SHBG, and are super-
ior to the methods for measuring TT concentration in
evaluating hyperandrogenemia. Corresponding, in our
laboratory measurement subgroup analysis, there was no
obvious difference between free testosterone, LH/FSH
and FAI subgroup.

There was no consistent conclusion until now about
the association of PCOS with serum PSA levels and this
is the first meta-analysis to approve this mechanism in
PCOS patients. But some potential limitations of the
meta-analysis should be taken into consideration when
interpreting the results of our study. First, due to sparse
data bias, in our subgroup analysis on the different vari-
ables could not undertake since there were insufficient
data and limited studies. Second, the sample size was
relatively small and may affect the accuracy of our re-
sults and many large-scale studies should be performed
to convince it. Third, different assay methodology or in-
struments to detected serum PSA levels may also bias
the results as well as the uniformity PCOS diagnostic
criteria. In additional, hyperandrogenism plays an im-
portant role in the pathogenesis of PCOS women and
may influence the progression and development of
PCOS, but we were not able to assess this potential im-
pact. Finally, owing to the difficulty in getting the ab-
stracts or full texts of articles published in other
languages, we only included studies in English. So, our
results should be interpreted with caution and need
more further researches.

Conclusion

Although our meta-analysis showed the increased tPSA
or fPSA levels in patients with PCOS, while the patho-
physiology studies should be further investigated. More-
over, it can be concluded that PSA could be used as a
novel marker for PCOS women because both tPSA and
fPSA levels were found to be significantly higher in pa-
tients with PCOS than in healthy subjects.
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