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Abstract: The knowledge of polycystic ovary syndrome (PCOS) natural history is limited. Our
objective was to assess the effect of aging on clinical, hormonal and sonographic ovarian PCOS
features and additionally to identify parameters that impact the course of PCOS. A secondary aim was
to supply additional information on the reproductive outcome in women with previously diagnosed
PCOS. A longitudinal cohort study with a median follow-up of 120.9 months was conducted, and
31 Caucasian women previously diagnosed with PCOS according to the Rotterdam criteria were
re-examined at a median age of 35. Clinical examinations; transvaginal ultrasound scans; and lipid,
E-selectin and sex hormone assessments were performed at the beginning and at the end of the follow-
up. It was observed that menstrual cycles became regular and sonographic morphology of ovaries
was normalized in 55% and 49% of the participants, respectively (all p < 0.05). At the final assessment,
55% of the women no longer met the criteria for PCOS (p < 0.05). The age, follicle-stimulating
hormone (FSH) and E-selectin assessed at the baseline were the most important predictors of the
PCOS persistence into later years (respectively, OR = 0.84, OR = 0.39, OR = 1.08, all p < 0.05). Ninety-
five percent of the patients who had ever been trying to conceive became pregnant a minimum of once.
The women with persistent PCOS had worse metabolic and reproductive parameters compared to the
women with resolved PCOS. Positive correlations were found between the number of miscarriages
and ovarian volume, LH, androstenedione, 17-hydroxyprogesterone and an increase in E-selectin
during the follow-up (R = 0.46, R = 0.59, R = 0.54, R = 0.49, R = 0.47, all p < 0.05). In conclusion,
progressing from the third to the fourth decade is connected with a reduction in PCOS features,
which seems to have a great impact on fertility of women with a previous diagnosis of PCOS. FSH
and E-selectin, as determined at the initial PCOS diagnosis, had an impact on the disappearance of
the syndrome years after.

Keywords: PCOS; oligomenorrhea; hyperandrogenism; E-selectin; longitudinal study; miscarriages;
fertility; aging

1. Introduction

Polycystic ovary syndrome (PCOS) is the most prevalent endocrinopathy affecting
reproductive-aged women, with a prevalence of 4–21% depending on the studied pop-
ulation and applied diagnostic criteria [1,2]. Since it was first described by Stein and
Leventhal [3], there has been an ongoing discussion related to its definition and etiology [4].
Currently, the criteria reported by ESHRE in Rotterdam in 2003 are the most commonly
used in research and clinical care [5]. Rotterdam criteria require the presence of a min-
imum of two of the following three features to establish a diagnosis of PCOS: clinical
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or biochemical hyperandrogenism (HA), oligomenorrhea or amenorrhea (OM/AM) and
polycystic ovarian morphology (PCOM) by ultrasound, after exclusion of secondary causes.
Lately, new evidence-based International Guidelines for the Assessment and Management
of PCOS [6] reinforced the 2003 Rotterdam criteria but also revised the cut-off of follicle
number per ovary, as equipment advances increased sensitivity of ultrasonography, and
provided the possibility to consider androstenedione and dehydroepiandrosterone sulfate
(DHEAS) in the diagnostic process if free or total testosterone (TT) are not elevated. Possible
combinations of Rotterdam criteria components resulted in the identification of four phe-
notypes [7]. Published data indicate that the majority of PCOS patients diagnosed within
the clinical setting demonstrate phenotype A, that is, all three main PCOS features [2]. The
clinical manifestations of PCOS are highly heterogeneous, as PCOS affects multiple aspects
of women’s overall health and is associated with reproductive, metabolic and psychological
dysfunctions [8].

It is well established that insulin resistance (IR) and compensatory hyperinsulinemia
are central etiological abnormalities in women with PCOS. They are responsible for the
overproduction of ovarian and adrenal androgens and decreased sex hormone-binding
globulin (SHBG) concentration [9–13], which in turn leads to an increase in androgen
bioavailability [14,15]. HA represents a main attribute of PCOS [16] as the majority of
patients with PCOS exhibit increased levels of androgens or the free androgen index (FAI)
calculated as the ratio between TT and SHBG [17,18].

IR and HA lead to unfavorable metabolic profiles in PCOS patients [11,19,20]. Women
with PCOS feature higher body mass index (BMI) compared with healthy women, and
they have an increased risk of abnormal glucose metabolism, atherogenic dyslipidemia,
arterial hypertension, metabolic syndrome and nonalcoholic fatty liver disease compared
with BMI-matched non-PCOS women [21–23]. IR together with hyperinsulinemia, dyslipi-
demia and HA plays an important role in inflammatory pathways [24] and has a negative
impact on endothelial function [25–27]. Injured endothelium secretes numerous adhesion
molecules and cytokines responsible for the initiation and progression of the atherosclerotic
process [28]. E-selectin is a cell adhesion molecule that regulates adhesive interactions
between certain blood cells and endothelium. The role of E-selectin in the pathogenesis
of cardiovascular diseases and diabetes has been confirmed [29–31]. Elevated concen-
trations of E-selectin were found in the women with PCOS compared with non-PCOS
women [32–34], which indicates a subclinical inflammation process in PCOS women.

IR augments luteinizing hormone (LH) [35] resulting in premature luteinization of fol-
licles [36] and disturbance of the LH/follicle-stimulating hormone (FSH) ratio [37]. Obesity,
IR, HA and gonadotrophin imbalance probably have an impact on higher anti-Müllerian
hormone (AMH) levels in women with PCOS compared to healthy women [35,36,38],
which is connected with an increased number of antral follicles and higher production of
AMH per antral follicle [39,40]. Measurement of serum AMH was indicated as very useful
for identification of PCOS and has even been suggested as a diagnostic criterion [41,42].
Interestingly, it was found that AMH inhibits folliculogenesis [43] and plays an important
role in the pathophysiology of oligo-/anovulation associated with PCOS [44–47]. De-
creased rates of ovulation and metabolic disorders both contribute to subfertility in women
with PCOS [48]. It was described that PCOS has a nearly 80% prevalence among infertile
anovulatory women [49]. However, data concerning reproductive outcome in this group
are limited and inconsistent [48,50,51].

The ongoing changes of the diagnostic criteria for PCOS; difficulties associated with
diagnosing PCOS in adolescents, as well as in peri- and postmenopause; operator- and
equipment-dependent diagnostic examinations; and rapidly advancing progress in the
technological and laboratory diagnostic methods make it difficult to address longitudi-
nal studies and to compare data available in the literature. Therefore, very few studies
assessing the long-term changes in women with previously confirmed PCOS have been
published. Given the limited knowledge on the natural history of PCOS, we conducted
a longitudinal follow-up study including 31 women with a previous diagnosis of PCOS
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according to the Rotterdam criteria. A detailed re-evaluation of participants’ metabolic
profiles with particular emphasis on glucose tolerance has been provided recently [52]. The
aim of this research was to describe the effects of aging on clinical, hormonal and ovarian
characteristics in the studied cohort and to assess the predictors of change in PCOS status.
A secondary aim was to supply additional information on the reproductive outcome in
women with previously diagnosed PCOS.

2. Material and Methods
2.1. Study Population

Ninety-one potentially eligible women were identified by the out-patient register at
endocrinology and gynecology clinics in Białystok. The diagnosis of PCOS made between
2003 and 2009 and correct results of an oral glucose tolerance test (OGTT) conducted
at baseline were the inclusion criteria for the study. Unfortunately, no contact could be
found with thirty-four women because of the outdated personal data. Of the remaining
women, twenty-six patients were excluded, because they refused to participate in the study
(n = 19), mainly due to living too far away from Białystok; they were pregnant or within
12 months of delivery (n = 3); or they had acute (within the previous 30 days) or chronic
infection (n = 1), malnutrition (n = 1), history of neoplasm or other serious medical problem
(n = 2). Finally, thirty-one Caucasian women were enrolled in the analysis. There were
no statistically significant differences between the studied cohort (n = 31) and the women
who did not participate in the follow-up examination (n = 60) concerning age; BMI; cycle
irregularity; FAI; or concentrations of TT, AMH, LH and FSH (all p > 0.05). The median age
of the participants at the baseline was 25.53 years (interquartile range (IQr) = 21.51–29.22).

2.2. Baseline Study

When first examined, the diagnosis of PCOS was made according to the ESHRE 2003
Rotterdam criteria [5]—a minimum of two out of three criteria were fulfilled: PCOM in
ultrasound examination, OM/AM, clinical/biochemical HA, after exclusion of related
disorders. PCOM was defined as ovarian follicle number (OFN) ≥ 12 (follicles measuring
2–9 mm in diameter) and/or ovarian volume≥10 mL in at least one ovary. OM was defined
as menstrual cycle intervals ≥35 days or <8 cycles per year, while AM was considered
when menstrual cycle length was >90 days. Clinical HA was assessed on the basis of the
presence of hirsutism (>8 according to modified Ferriman–Gallwey score (mFGS)), acne
or androgenic alopecia. Biochemical HA was defined as TT ≥ 0.7 ng/mL and/or FAI ≥ 5.
Related disorders like hyperprolactinemia, thyroid dysfunction, ovary neoplasms and
nonclassic congenital adrenal hyperplasia were excluded by proper tests.

The recruitment of subjects, anthropometric measurements, clinical examination,
an OGTT, sex hormone and lipid assessments and bioelectric impedance analysis were
performed as previously described [53]. A euglycemic hyperinsulinemic clamp technique
was used to measure insulin sensitivity [54], and the rate of whole-body glucose uptake
(M-clamp value) was calculated as the mean glucose infusion rate from 80 to 120 min,
corrected for glucose space and normalized per kilogram of fat-free mass [55].

2.3. Ethical Approval

All participants provided informed and written consent before conducting the study
and after full explanation of the nature and purpose of all procedures used. The study
protocol was approved by the Ethics Committee of the Medical University of Białystok
and followed the principles of the Declaration of Helsinki (reference no. R-I-002/347/2015;
date of approval 24 September 2015).

2.4. Follow-Up Study

Thirty-one women were re-evaluated between December 2015 and May 2017. Baseline
tests were repeated and PCOS status in each participant was assessed once again.
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2.4.1. Protocol of the Study

The comprehensive questionnaire, anthropometric measurements, physical exami-
nation, bioelectrical impedance analysis, transvaginal ultrasound scans, blood collection
for biochemical tests and an OGTT were all performed for each woman within one day,
3–5 days after spontaneous menstrual bleeding or at random in the presence of AM (after
excluding pregnancy using appropriate test). All the participating women declared that
for at least three months before an examination they had not received antiandrogens, oral
contraceptives (OCs), insulin sensitizers or any other drugs known to affect hormones or
carbohydrate metabolism. No woman had a diagnosis of prediabetes or diabetes before
being submitted to an OGTT.

2.4.2. Clinical Evaluation

Detailed interviews according to special questionnaire and physical examinations
were performed by the same physician for all participants. The questionnaire covered
data regarding reproductive history, menstruation, previous and current diseases, past
surgeries, smoking, special diets, medication use, obtained education and occupation and
family history of diseases (≥1 s degree relative). The presence of hirsutism, androgenic
alopecia and acne was verified. Anthropometric and blood pressure measurements, as well
as the assessment of fat mass by multi-frequency bioelectrical impedance analysis, were
performed as previously described [52].

2.4.3. Image Tests

Transvaginal ultrasound scans of ovaries were performed for thirty patients with a
5–9 MHz transvaginal transducer (Voluson 730 Expert, GE Healthcare, Zipf, Austria). Ovar-
ian volume (OVol) was calculated using the simplified formula for a prolate ellipsoid [56].
OVol, follicle number (OFN) and mean follicle diameter in the right and left ovary were
calculated and summarized for both ovaries. Transabdominal ultrasound examination
of ovaries was performed for one woman (in this case, only OVol was assessed, without
OFN). All the patients were examined by the same experienced gynecologist both at the
beginning and at the end of the follow-up.

2.4.4. Biochemical Analyses

Blood samples were drawn between 08:00 and 09:00 a.m., after an overnight fast, and
were either analyzed immediately or stored for some tests at −80 ◦C until analyzed. A
standardized 75 g OGTT was performed with the measurements of plasma glucose and
serum insulin taken at baseline and 30, 60 and 120 min after glucose ingestion. Fasting
blood samples were used to assay total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-c), glycated hemoglobin (HbA1c), SHBG, TT, androstene-
dione (A4), 17-hydroxyprogesterone (17-OHP), dehydroepiandrosterone sulfate (DHEAS),
FSH, LH, AMH, estradiol (E2), prolactin, high-sensitivity C-reactive protein (hsCRP) and
E-selectin. The methods used in biochemical analyses of glucose, insulin, HbA1c, TC,
HDL-c, TG, SHBG, TT, A4, DHEAS and 17-OHP were described previously [52]. Serum
FSH, LH and prolactin levels were determined with immunoradiometric method (DIA-
source ImmunoAssays S.A., Angleur, Belgium) (MDC for FSH: 0.01 mIU/mL, for LH:
0.2 mIU/mL, for prolactin: 0.35 ng/mL; intra-assay and inter-assay CV for FSH < 2%
and 4.4%, for LH < 3.9% and 8%, for prolactin < 5.2% and 9.2%, respectively). AMH con-
centrations were determined by enzyme immunoassay (Beckmann Coulter, Brea, United
States); MDC: 0.08 ng/mL, intra-assay and inter-assay CV < 5.4% and 5.6%. E2 was deter-
mined with radioimmunoassay (DIAsource ImmunoAssays, Angleur, Belgium), intra-assay
and inter-assay CV < 8% and <13.9%. HsCRP levels were measured by a highly sensi-
tive immunoturbidimetric assay (Cobas c111, Roche Diagnostic Ltd., Basel, Switzerland).
E-selectin was detected by enzyme-linked immunosorbent assays using commercially avail-
able reagents (R&D Systems Inc., Minneapolis, MN, USA); MDC: 0.027 ng/mL, intra-assay
and inter-assay CV < 6.6% and 8.7%, respectively.
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2.4.5. Calculations

Homeostasis model assessment score (HOMA), Matsuda index, HOMA β-cell function
(HOMA-%β), plasma LDL-c and FAI were calculated as previously described [52].

2.4.6. Statistical Analysis

Lilliefors and Shapiro–Wilk tests were used to analyse all variables for normality of
distribution. Values were expressed as median (interquartile range) due to non-normal
distribution of data. Nonparametric Mann–Whitney U-test was used to make comparisons
between the groups. Comparisons between variables estimated at baseline and after follow-
up were evaluated with Wilcoxon signed-rank tests and the sign test. Spearman test was
used to perform correlation analysis. Chi-square test was used to analyze differences
in categorical variables between groups. Afterward, univariate and multivariate logistic
regression analyses were performed. p-value < 0.05 was considered statistically significant.
Statistica package (Statistica 13.1, Statsoft, Cracow, Poland) and Stata/IC 12.1 (StataCorp LP,
College Station, United States) were used to perform the statistical analysis for the study.

2.4.7. Definitions

Diagnosis of PCOS was made according to ESHRE 2003 Rotterdam criteria [5] (de-
scription of the criteria available in Section 2.2) to compare data obtained at the beginning
and at the end of the follow-up in the studied cohort. ESHRE 2003 Rotterdam criteria
were commonly used in the text, unless otherwise stated. Definition of PCOS according to
ESHRE 2018 [6] was used to describe the studied group in accordance with the current di-
agnostic criteria, to compare the differences in the metabolic and hormonal profile between
the women with resolved and persistent PCOS at the final examination and to identify
predictors of PCOS persistence or disappearance. The diagnostic criteria of PCOS according
to ESHRE 2018 are corresponding to ESHRE 2003 criteria, with the only differences in the
definition of PCOM (OFN ≥ 20 and/or ovarian volume ≥ 10 mL in at least one ovary) and
biochemical HA (TT ≥ 0.7 ng/mL and/or FAI ≥ 5 and/or A4 > 3 ng/mL and/or DHEAS
above the level recommended for the respective age group).

Metabolic syndrome was defined according to the International Diabetes Federa-
tion (IDF) [57], and a detailed description of the applied criteria was provided previ-
ously [52]. Prediabetes referred to impaired fasting glucose (fasting plasma glucose lev-
els: 100–125 mg/dL), impaired glucose tolerance (the 2-h plasma glucose in an OGTT:
140–199 mg/dL) and HbA1c (5.7–6.4%) [58].

3. Results

The patients were followed for a median period of 120.9 months (IQr = 107.17–127.38).
The median age of the participants at the end of the observation was 35 years (IQr = 31.2–39.8).
As previously described, 45% of the participants developed prediabetes and no one devel-
oped diabetes during the follow-up [52].

3.1. The Progressive Reduction in PCOS Symptoms

The prevalence of OM and PCOM decreased, whereas the prevalence of biochemi-
cal and clinical HA did not change significantly during the follow-up observation, and
consequently, the percentage of the women who fulfilled PCOS criteria dropped by half
(Table 1).

It should be added that if ESHRE 2018 diagnostic criteria for PCOS were used at the
final examination, the prevalence of PCOS among the studied cohort would be 58% (n = 18)
and the prevalence of phenotype A would be 50% (n = 9) among the women with persistent
PCOS. Moreover, a minimum of one of four studied androgens would be elevated in 77%
of the participants (n = 24), and 94% of the women (n = 29) would feature clinical and/or
biochemical HA.
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Table 1. Prevalence of major PCOS features at the beginning and at the end of the follow-up (n = 31).

Characteristic Baseline Follow-Up

PCOS * 100% (31) 45.16% (14) a

Phenotype A ** 70.97% (22) 57.14% *** (8)
Hyperandrogenism 77.42% (24) 67.74% (21)

Biochemical hyperandrogenism 61.29% (19) 41.93% (13)
Increased TT 41.94% (13) 19.35% (6)
Increased FAI 48.39% (15) 35.48% (11)

Clinical hyperandrogenism 51.61% (16) 41.93% (13)
Hirsutism 45.16% (14) 32.26% (10)

Acne 48.39% (15) 16.13% (5) a

Alopecia 3.23% (1) 3.23% (1)
Oligomenorrhea 96.77% (30) 41.93% (13) a

Polycystic ovarian morphology 96.77% (30) 48.39% (15) a

Data are expressed as percentage (numbers). Statistical significance was assessed for the comparison of baseline
and follow-up parameters. a Statistically significant (p < 0.05). * PCOS defined according to ESHRE 2003.
** Phenotype A defined as coexistence of OM/AM, HA and PCOM. *** Percentage of women with persistent
PCOS. Abbreviations: FAI, free androgen index; PCOS, polycystic ovary syndrome; TT, total testosterone.

3.2. Sex Hormones

Hormonal profile of the participating women, assessed at the beginning of the obser-
vation, is shown in Table 2.

Table 2. Hormonal profile at the beginning of the follow-up (n = 31).

Characteristic Concentration/Value

LH (mIU/mL) 7.8 (4.9–10.8)
FSH (mIU/mL) 5.9 (4.7–7.19)

LH/FSH 1.3 (0.94–1.96)
TT (ng/mL) 0.63 (0.46–0.88)

SHBG (nmol/l) 42.6 (23.68–61.5)
FAI 4.63 (3.67–10.3)

Estradiol (pg/mL) 49.0 (34.0–66.0)
Prolactin (ng/mL) 12.43 (9.0–18.5)

AMH (ng/mL) 9.24 (6.35–12.62)
Data are expressed as median (25–75% quartiles). Abbreviations: AMH, anti-Müllerian hormone; FAI, free
androgen index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; SHBG, sex hormone-binding
globulin; TT, total testosterone.

It was found that final concentrations of SHBG and AMH, as well as the changes of
AMH, E2, LH, FSH and LH/FSH ratio, were significantly correlated with baseline values
of these parameters (respectively, R = 0.57, p = 0.0008; R = 0.60, p = 0.0004; R = −0.57,
p = 0.0008; R = −0.54, p = 0.002; R = −0.69, p = 0.00002; R = −0.55, p = 0.001; R = −0.53,
p = 0.002). Additionally, ∆AMH, final 17-OHP and final LH/FSH ratio were negatively
correlated with age (respectively, R = −0.48, p = 0.006; R = −0.46, p = 0.01; R = −0.47,
p = 0.007).

The normalization of TT and FAI levels was found respectively in 77% and 53%
of the women who had elevated values of these parameters at the baseline. De novo
elevated levels of TT and FAI were observed in almost 10% and 13% of the studied women,
respectively. Thus, the percentage of the women with biochemical HA (defined as elevated
TT or FAI) decreased from 61% to 42% in the entire cohort. Interestingly, at the final
examination TT ≥ 0.7 ng/mL was found only in the women younger than 35 years old,
and the percentage of the young women with elevated TT totaled 35% (p = 0.01). Moreover,
elevated TT was found in 36% of the women with BMI < 25 kg/m2 and in 6% of the women
with higher BMI (p = 0.04). Detailed correlations between HA (with particular focus on
FAI) and metabolic parameters were described previously [52]. It is worth emphasizing
that all the women with TT ≥ 0.7 ng/mL and 36% of the women with lower TT disclosed
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PCOM in ultrasonography (p = 0.005) and that 69% of the women with elevated TT or FAI
compared to 31% of the women without biochemical HA exhibited OM (p = 0.009).

A4, DHEAS and 17-OHP were assessed in all the participants only at the end of the
follow-up, and their median values totalled 4.26 ng/mL (IQr: 2.92–5.27), 223.1 µg/dL
(IQr: 166.2–299.3) and 1.24 ng/mL (IQr: 0.97–1.59), respectively. A4 and DHEAS were
elevated in 71% and 10% of the participants, respectively, and they were both correlated
with final AMH (respectively, R = 0.36, R = 0.42, all p < 0.05). Moreover, A4 and 17-OHP
were observed to be correlated with final LH/FSH ratio (respectively, R = 0.65, R = 0.58, all
p < 0.001).

3.3. Clinical HA

The percentage of the patients with clinical features of HA decreased slightly from
52% (n = 16) to 42% (n = 13); however, 62% of the women who had clinical HA in the
past still had it after the follow-up, and 20% of the women who did not have clinical HA
at the baseline developed it during the observation (p = 0.02). As expected, the women
with clinical HA had more points in mFGS compared to the women without clinical HA
(respectively, 10 vs. 4, p = 0.0001). Moreover, the participants with clinical HA were more
obese and exhibited higher percentage of HbA1c at the end of the follow-up in comparison
with the women without clinical HA (respectively, BMI: 33.24 vs. 23.65 kg/m2, p = 0.02;
HbA1c: 5.4% vs. 5.15%, p = 0.01).

3.4. OM

During the follow-up, a decrease was noted in the percentage of the patients with
OM from 97% (n = 30) to 42% (n = 13) (p = 0.0001). At the final examination, OM was
reported by 59% of the women younger than 35 years old and by 21% of older women
(p = 0.04). The normalization of the menstrual cycles occurred more often in the women
who at the first evaluation had featured BMI < 25 kg/m2 (79% vs. 41%, p = 0.04), M-clamp
value higher than estimated median (81% vs. 33%, p = 0.007), HOMA-IR < 2.5 (79% vs. 41%,
p = 0.04) and FAI < 5 (75% vs. 40%, p = 0.04). Furthermore, the women with normalized
menstrual cycles exhibited significantly lower AMH, LH/FSH, hsCRP and E-selectin both
at the beginning and at the end of the observation and lower final TG, OFN and systolic
blood pressure values compared to the participants whose menstrual cycles remained
irregular (all p < 0.05). Although TT did not differ among the groups at the first evaluation,
at the second one it was significantly higher in the women with sustained OM. At the end
of the follow-up, increased TT or FAI was found in 69% of the women with OM and in
22% of the regularly menstruating women (p = 0.009). PCOM was twice more prevalent
among the women with OM than those with regular menses (69% vs. 33%, p < 0.05). A
detailed comparison between the women with normalized menstrual pattern and those
with sustained OM is displayed in Table 3.

3.5. PCOM

At the baseline, PCOM was identified in 97% of the participants (n = 30), whereas at
the end of the follow-up it was observed in 48% of the women (n = 15) (p = 0.0003). The
main hormonal and clinical differences between the women whose morphology of ovaries
normalized during the follow-up and the women with persistent PCOM are shown in
Table 4. As it is presented, the women whose morphology of ovaries in ultrasonography
normalized over time were significantly older and had lower final concentrations of an-
drogens, AMH and E-selectin in comparison with the participants with sustained PCOM.
Moreover, the women with normalized morphology of ovaries had higher FSH compared
to the participants with PCOM both at the baseline and at the end of the follow-up. Inter-
estingly, no significant differences were found among the women with and without PCOM
in the anthropometric and metabolic parameters.
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Table 3. Characteristics of the women according to menstrual pattern assessed at the end of the follow-up.

Characteristic Regular Menses de novo (n = 17) Sustained OM (n = 13) p-Value

Age at follow-up (years) 37.60 (35.0–42.2) 34.4 (29.7–34.9) 0.07
BMI at follow-up (kg/m2) 24.8 (21.07–31.69) 32.47 (23.98–39.13) 0.04
BMI at baseline (kg/m2) 22.85 (21.45–27.82) 29.14 (25.46–36.77) 0.07

Waist circumference at follow-up (cm) 84 (75–97) 105 (90–126) 0.01
Waist circumference at baseline (cm) 77 (71–80) 93 (79–110) 0.02

Fat mass at follow-up (%) 31.3 (22.7–37.5) 45 (32.7–50) 0.008
Fat mass at baseline (%) 32 (27.5–38.5) 42 (29.6–48.1) NS

Glucose 0′ at follow-up (mg/dL) 90 (89–102) 101 (94.00–103.00) NS
Glucose 0′ at baseline (mg/dL) 83 (78–89) 86.1 (81–88) NS

Mean glucose at follow-up (mg/dL) 102.25 (97.25–123.75) 138.5 (123–152) 0.004
Mean glucose at baseline (mg/dL) 100.5 (91.25–113) 118 (102.25–125.75) NS
Insulin 0′ at follow-up (uIU/mL) 7.73 (6.15–11.54) 16.75 (9.44–19.57) 0.008
Insulin 0′ at baseline (uIU/mL) 10.53 (7.4–14.54) 18.5 (11.7–25.8) 0.05

Mean insulin at follow-up (uIU/mL) 45.61 (35.55–52.66) 78.09 (58.64–105.37) 0.02
Mean insulin at baseline (uIU/mL) 54.5 (37.55–83.25) 102.15 (66.63–116.93) 0.02

M-clamp value at baseline (mg/kgffm/min) 9.84 (8.4–11.99) 5.83 (4.17–7.92) 0.006
Matsuda index at follow-up 5.27 (3.06–6.56) 1.99 (1.57–3.41) 0.008
Matsuda index at baseline 4.23 (2.71–6.42) 1.83 (1.59–3.4) 0.02

Prediabetes at follow-up n (%) 5 (29.41%) 9 (69.23%) 0.03
Triglycerides at follow-up (mg/dL) 63 (50–97) 113 (74–210) 0.01
Triglycerides at baseline (mg/dL) 74 (51–92) 109.2 (76–172) NS

LDL-c at follow-up (mg/dL) 111.4 (100.4–117.6) 104 (101–110) NS
LDL-c at baseline (mg/dL) 92.8 (78.2–139.8) 99 (88.4–127.4) NS

HDL-c at follow-up (mg/dL) 68.0 (56.0–71.0) 50 (42–100) NS
HDL-c at baseline (mg/dL) 58.2 (53.0–69.0) 56 (43–66) NS
HsCRP at follow-up (mg/L) 0.38 (0.26–1.06) 3.49 (1.09–6.16) 0.003
HsCRP at baseline (mg/L) 0.94 (0.14–1.61) 2.13 (1.47–4.76) 0.01

E-selectin at follow-up (ng/mL) 10.6 (9.3–12.49) 16.42 (13.22–30.67) 0.009
E-selectin at baseline (ng/mL) 27.2 (16.72–36.15) 39.23 (26.59–55.94) 0.04

Systolic blood pressure at follow-up (mmHg) 122 (109–125) 130 (122–135) 0.01
Systolic blood pressure at baseline (mmHg) 120 (110–125) 120 (110–130) NS

Metabolic syndrome according to IDF at
follow-up n (%) 3 (17.65%) 8 (61.54%) 0.01

Metabolic syndrome according to IDF at
baseline n (%) 1 (5.88%) 5 (38.46%) 0.03

FSH at follow-up (mIU/mL) 6.65 (5.5–7.99) 5.08 (4.55–5.26) 0.02
FSH at baseline (mIU/mL) 6.9 (5.6–7.6) 4.9 (3.64–5.9) 0.04

LH/FSH at follow-up 0.65 (0.49–0.87) 1.27 (0.81–1.88) 0.004
LH/FSH at baseline 1.14 (0.79–1.44) 1.96 (1.29–2.26) 0.01

TT at follow-up (ng/mL) 0.39 (0.32–0.48) 0.58 (0.5–0.74) 0.01
TT at baseline (ng/mL) 0.57 (0.45–0.71) 0.77 (0.61–1.06) NS

SHBG at follow-up (nmol/L) 51.79 (37.66–66.32) 29.34 (23.36–105.09) NS
SHBG at baseline (nmol/L) 45.13 (34.35–60.90) 27.20 (20.45–54.42) NS
AMH at follow-up (ng/mL) 2.51 (1.49–3.45) 8.14 (7.44–12.13) 0.0009
AMH at baseline (ng/mL) 7.24 (5.46–9.45) 11.28 (9.91–13.88) 0.04

Attempts of pregnancy a (months) 2 (1–12) (n = 11) 42 (18–66) (n = 8) 0.02

OM, oligomenorrhea; SHBG, sex hormone-binding globulin; TT, total testosterone. Data are expressed as median (25–75% quartiles) or
numbers (%). p < 0.05 was considered statistically significant. a The period between the beginning of trying for a baby and confirmation
of a pregnancy, assessed only in the women who gave birth. Abbreviations: AMH, anti-Müllerian hormone; BMI, body mass index;
FSH, follicle-stimulating hormone; HDL-c, high-density lipoprotein cholesterol; HOMA-%β, homeostasis model assessment β-cell
function; hsCRP, high-sensitivity C-reactive protein; IDF, International Diabetes Federation; LDL-C, low-density lipoprotein cholesterol;
LH, luteinizing hormone; M-clamp value, insulin sensitivity estimated with the euglycemic hyperinsulinemic clamp technique; NS,
statistically nonsignificant.
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Table 4. Characteristics of the women according to ovarian morphology assessed at the end of the follow-up.

Characteristic Normalized Ovarian
Morphology (n = 15) Persistent PCOM (n = 15) p-Value

Age at follow-up (years) 38.1 (35–42.2) 33.6 (28–34.9) 0.004
Age of first menorrhea (years) 13 (12–15) 12 (12–13) 0.07
FSH at follow-up (mIU/mL) 6.64 (5.26–8.2) 4.92 (4.54–5.88) 0.04
FSH at baseline (mIU/mL) 6.90 (5.6–8.27) 5 (3.64–5.9) 0.006

LH/FSH at follow-up 0.70 (0.49–1.07) 0.84 (0.75–1.8) 0.07
LH/FSH at baseline 1.14 (0.83–1.46) 1.66 (1.1–2.46) 0.04

TT at follow-up (ng/mL) 0.39 (0.29–0.53) 0.58 (0.44–0.89) 0.01
∆TT (ng/mL) −0.34 (−0.72–(−0.06)) −0.01 (−0.18–0.22) 0.003

FAI at follow-up 2.25 (1.20–2.80) 6.83 (2.16–10.01) 0.04
∆FAI −2.06 (−6.68–(−0.80)) −0.5 (−1.57–2.3) 0.05

A4 at follow-up (ng/mL) 3.75 (2.65–4.57) 4.92 (3.84–5.68) 0.02
OHP-17 at follow-up (ng/mL) 1.03 (0.89–1.38) 1.4 (1.16–1.72) 0.04

E2 at follow-up (pg/mL) 50.75 (35.5–84.44) 73.82 (63.21–91.28) 0.06
∆E2 (pg/mL) 9.27 (–0.20–38.32) 34.82 (−4.08–48.57) NS

AMH at follow-up (ng/mL) 2.20 (1.03–2.94) 8.57 (5.46–14.1) 0.00002
∆AMH (ng/mL) −5.26 (−7.04–(−2.31)) −2.03 (−4.88–0.79) 0.06

Ovarian follicle number at follow-up (n = 30) 11 (9–14) 23.5 (19–28) 0.00001
Ovarian volume at follow-up (mL) 7.49 (5.87–9.6) 13.7 (12.39–21.09) 0.0004
Oligomenorrhea at follow-up n (%) 3 (20%) 9 (60%) 0.03
↑TT/FAI at follow-up n (%) 3 (20%) 10 (66.67%) 0.01

E-selectin at follow-up (ng/mL) 10.60 (6.18–12.3) 16.65 (12.18–18.69) 0.002
E-selectin at baseline (ng/mL) 25.76 (15.27–37.15) 35.02 (26.59–46.20) 0.06

Data are expressed as median (25–75% quartiles) or numbers (%). p < 0.05 was considered statistically significant. Abbreviations:
A4, androstenedione; AMH, anti-Müllerian hormone; FAI, free androgen index; FSH, follicle-stimulating hormone; LH, luteinizing
hormone; NS, statistically nonsignificant; PCOM, polycystic ovarian morphology in ultrasonography; TT, total testosterone; 17-OHP,
17-hydroxyprogesterone.

At the end of the follow-up, median values of OFN and OVol in the studied cohort
totaled 16.5 (IQr = 11–23) and 10.64 mL (IQr = 7.30–14.56), respectively. Unfortunately, only
the presence or lack of PCOM (without detailed data concerning OFN or OVol) had been
noted at the first examination.

Significant correlations were found between OFN and final AMH, A4, 17-OHP and
E-selectin (respectively, R = 0.76, p < 0.00001; R = 0.43, p = 0.02; R = 0.41, p = 0.02,
R = 0.52, p = 0.004). OVol was correlated with final E-selectin and baseline FSH (respec-
tively, R = 0.54, R =−0.50, all p < 0.01). Moreover, significant correlation was noted between
final E-selectin and both final AMH and baseline FSH (respectively, R = 0.47; R = −0.54, all
p < 0.01).

3.6. Persistent PCOS and Resolved PCOS

The percentage of the women who fulfilled criteria for PCOS in the studied cohort
decreased from 100% (n = 31) to 45% (n = 14) at the end of the follow-up (p = 0.0001).
Phenotype A was the most commonly found PCOS phenotype in the studied cohort both
at the baseline and at the final examination (Table 1).

The women with persistent PCOS were characterized by lower FSH; higher LH/FSH
ratio, AMH and TG; and worse values of IR indices both at the baseline and at the end of
the observation compared to the participants with resolved PCOS (p < 0.05). It was found
that at the beginning of the observation, obesity had been more prevalent in the women
who at the end of the follow-up were still diagnosed with PCOS compared to the women
with resolved PCOS (50% vs. 12%, p = 0.02). The comparison of selected parameters
between the women with persistent and resolved PCOS is depicted in Table 5.
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Table 5. Characteristics of the women according to PCOS * status assessed at the end of the follow-up.

Characteristic Resolved PCOS (n = 17) Persistent PCOS (n = 14) p-Value

Age at follow-up (years) 37.6 (35–42.2) 34.2 (30.2–34.9) 0.05
BMI at follow-up (kg/m2) 25.56 (21.07–28.83) 33.38 (21.98–39.13) 0.08
BMI at baseline (kg/m2) 23.80 (21.45–27.82) 30.09 (21.77–36.77) NS

Waist circumference at follow-up (cm) 86 (76–95) 107.5 (80–126) 0.04
Waist circumference at baseline (cm) 78 (71–85) 95 (71–110) NS

Fat mass at follow-up (%) 31.3 (22.7–37.5) 41.5 (27.7–50) 0.03
Fat mass at baseline (%) 34.0 (27.5–38.5) 38.05 (27.5–48.1) NS

Glucose 0′ at follow-up (mg/dL) 91 (89–102) 96 (90–103) NS
Glucose 0′ at baseline (mg/dL) 81 (78–86) 86.55 (83–94.4) 0.08

Mean glucose at follow-up (mg/dL) 104.75 (97.25–147.25) 125.63 (109.5–147) NS
Mean glucose at baseline (mg/dL) 101.5 (91.25–114.75) 112.39 (96–123.25) NS
Insulin 0′ at follow-up (uIU/mL) 8.2 (6.15–11.54) 16.54 (7.3–20.31) 0.02
Insulin 0′ at baseline (uIU/mL) 10.53 (7.4–14.54) 16.22 (11.7–25.8) 0.04

Mean insulin at follow-up (uIU/mL) 45.8 (35.62–52.66) 69.25 (35.68–105.37) 0.08
Mean insulin at baseline (uIU/mL) 54.5 (37.55–83.25) 84.81 (63.26–116.93) 0.09

Matsuda index at follow-up 5.2 (3.06–6.56) 2.07 (1.7–5.62) 0.07
Matsuda index at baseline 4.23 (2.71–6.42) 2.29 (1.8–4.02) 0.04

HOMA-IR score at follow-up 1.82 (1.35–2.71) 4.15 (1.52–5.09) 0.03
HOMA-IR score at baseline 2.24 (1.41–2.99) 3.52 (2.51–5.91) 0.02

HOMA-%β at follow-up 90.31 (75.2–109.31) 141.57 (115.16–192.38) 0.006
HOMA-%β at baseline 190.29 (164.77–346.5) 252.44 (195.88–298.59) NS

Prediabetes at follow-up n (%) 7 (41%) 7 (50%) NS
Triglycerides at follow-up (mg/dL) 63 (50–83) 116 (58–210) 0.03
Triglycerides at baseline (mg/dL) 65 (48.6–86) 120.1 (76–172) 0.02

HDL-c at follow-up (mg/dL) 69 (56–73) 52.5 (42–85) NS
HDL-c at baseline (mg/dL) 63 (53–69) 56 (43–66.2) NS

Systolic blood pressure at follow-up (mmHg) 122 (110–125) 127 (116–132) NS
Systolic blood pressure at baseline (mmHg) 120 (110–125) 120 (110–130) NS

LH at follow-up (mIU/mL) 4.53 (3.78–5.56) 4.68 (3.81–9.91) NS
LH at baseline (mIU/mL) 7.7 (4.5–10.62) 8.3 (5.5–11.2) NS

FSH at follow-up (mIU/mL) 6.64 (5.5–7.99) 4.86 (4.54–5.26) 0.01
FSH at baseline (mIU/mL) 6.9 (5.6–8.01) 4.95 (3.64–5.9) 0.01

LH/FSH at follow-up 0.7 (0.49–0.87) 1.05 (0.76–1.88) 0.02
LH/FSH at baseline 1.1 (0.83–1.44) 1.81 (1.29–2.26) 0.01

TT at follow-up (ng/mL) 0.37 (0.32–0.48) 0.63 (0.5–0.89) 0.0002
TT at baseline (ng/mL) 0.63 (0.46–0.73) 0.63 (0.52–0.88) NS

SHBG at follow-up (nmol/L) 56.75 (43.35–70.97) 32.44 (23.36–87.35) 0.09
SHBG at baseline (nmol/L) 45.13 (31.62–60.90) 31.98 (20.45–61.5) NS

FAI at follow-up 2.2 (1.36–2.44) 8.12 (3.53–10.01) 0.006
FAI at baseline 4.3 (3.74–7.74) 5.16 (3.67–10.34) NS

A4 at follow-up (ng/mL) 3.75 (2.65–4.69) 5.06 (3.84–6.32) 0.01
DHEAS at follow-up (µg/dL) 179.3 (155–281) 253.15 (217.6–299.3) NS
17-OHP at follow-up (ng/mL) 1.03 (0.89–1.38) 1.32 (1.1–1.72) 0.07
AMH at follow-up (ng/mL) 2.51 (1.49–3.45) 8.68 (6.36–14.1) 0.0003
AMH at baseline (ng/mL) 7.24 (5.46–9.45) 11.39 (8.39–14.1) 0.02

E-selectin at follow-up (ng/mL) 11.34 (10.49–16.80) 14.4 (12.14–18.69) NS
E-selectin at baseline (ng/mL) 27.20 (16.72–37.15) 30.91 (26.59–46.2) NS

Ovarian follicle number at follow-up (n = 30) 12 (10–17) 23 (17–28) 0.003
Ovarian volume at follow-up (mL) 8.3 (7.24–12.8) 13.4 (10.13–20.4) 0.04
Attempts of pregnancy a (months) 2.5 (1.25–12) n = 12 48 (24–84) n = 7 0.02

Data are expressed as median (25–75% quartiles) or numbers (%). p < 0.05 was considered statistically significant. * PCOS defined according
to ESHRE 2003. a The period between the beginning of trying for a baby and confirmation of a pregnancy (assessed only in the women who
gave birth). Abbreviations: A4, androstenedione; AMH, anti-Müllerian hormone; BMI, body mass index; DHEAS, dehydroepiandrosterone
sulfate; FAI, free androgen index; FSH, follicle-stimulating hormone; HDL-c, high-density lipoprotein cholesterol; HOMA-IR, homeostasis
model assessment for insulin resistance; HOMA-%β, homeostasis model assessment β-cell function; LH, luteinizing hormone; NS,
statistically nonsignificant; PCOS, polycystic ovary syndrome; SHBG, sex hormone-binding globulin; TT, total testosterone; 17-OHP,
17-hydroxyprogesterone.
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It is worth mentioning that slightly different results were obtained when PCOS was
defined according to ESHRE 2018 criteria. There was a significant difference in age—women
with persistent PCOS were significantly younger compared to women with resolved PCOS
(34.2 vs. 38.1, p = 0.01). Furthermore, differences in the metabolic parameters between the
studied groups partly disappeared—only final values of HOMA-%β and systolic blood
pressure were significantly higher in the women with persistent PCOS compared to the
women with resolved PCOS (all p < 0.05). Reproductive hormones and ovarian parameters
varied in a similar way between the groups. Additionally, significantly higher values of
A4 and DHEAS were found in the women with persistent PCOS compared to the women
with resolved PCOS. Interestingly, a significant difference was found between the studied
groups in concentrations of E-selectin: higher concentrations of E-selectin were observed
both at the baseline and at the end of the follow-up in the women who at the end of the
observation no longer met the criteria for PCOS.

Among 31 women with previously diagnosed PCOS, the connections between metabolic,
hormonal and inflammation status noted at the beginning of the observation and the
presence of PCOS diagnosis according to ESHRE 2018 criteria after a 10-year follow-up
period were assessed. The results show that the age and serum concentrations of FSH,
E-selectin and AMH determined at the initial PCOS diagnosis are the most important
predictors of PCOS persistence in the fourth decade of life (Table 6).

Table 6. Predictors of PCOS * persistence.

Covariates—Parameters Stated at the Beginning of the Follow-Up OR
95% CI for OR p-Value

Lower Upper

Age at the follow-up ** (years) 0.84 0.72 0.98 0.03
BMI (kg/m2) 1.05 0.94 1.17 NS

Waist circumference (cm) 1.03 0.98 1.08 NS
Glucose 0′ (mg/dL) 1.03 0.94 1.14 NS
Insulin 0′ (uIU/mL) 1.09 0.98 1.21 NS

M-clamp value (mg/kgffm/min) 0.88 0.70 1.09 NS
Metabolic syndrome according to IDF 4.62 0.47 45.39 NS

hsCRP (mg/L) 1.07 0.87 1.31 NS
E-selectin (ng/mL) 1.08 1.01 1.17 0.03

Clinical hyperandrogenism 0.86 0.21 3.58 NS
LH (mIU/mL) 1.07 0.89 1.29 NS
FSH (mIU/mL) 0.39 0.20 0.78 0.007

TT (ng/mL) 0.56 0.05 6.57 NS
SHBG (nmol/L) 0.99 0.96 1.03 NS

FAI 1.06 0.88 1.28 NS
AMH (ng/mL) 1.19 0.99 1.43 0.06

Prolactin (ng/mL) 1.02 0.91 1.15 NS

Univariate logistic regression. Values are ORs (with 95% CI) and reflect the associations between the risk of PCOS persistence and
investigated variables. p < 0.05 was considered statistically significant. * PCOS defined according to ESHRE 2018. ** The value of
age assessed at the end of the follow-up was used in the analysis. Abbreviations: AMH, anti-Müllerian hormone; BMI, body mass
index; CI, confidence interval; FAI, free androgen index; FSH, follicle-stimulating hormone; hsCRP, high-sensitivity C-reactive protein;
IDF, International Diabetes Federation; LH, luteinizing hormone; M-clamp value, insulin sensitivity estimated with the euglycemic
hyperinsulinemic clamp technique; NS, statistically nonsignificant; OR, odds ratio; PCOS, polycystic ovary syndrome; SHBG, sex hormone-
binding globulin; TT, total testosterone.

The results of a multivariate logistic regression analysis show that a 1-year increase
in the age of the women with PCOS is associated with a nearly 2-fold lower risk of the
persistence of PCOS 10 years after initial diagnosis, adjusted for baseline concentrations of
FSH and AMH (OR = 0.59; 95% CI: 0.36 to 0.95, p = 0.03). Moreover, a one-unit increase in
FSH concentration determined in young women at the initial PCOS diagnosis is associated
with an over 5-fold lower risk of the persistence of PCOS after 10 years, adjusted for the age
and baseline AMH (OR = 0.19; 95% CI: 0.05 to 0.75, p = 0.02). Finally, a one-unit increase in
the concentration of AMH in the young women at the initial PCOS diagnosis is connected
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with a 37% higher risk of the persistence of PCOS in their thirties, adjusted for the age and
baseline FSH (OR = 1.37; 95% CI: 0.98 to 1.90, p = 0.06).

3.7. Reproductive Health
3.7.1. Oral Contraceptives

Eighty-one percent of the studied women (n = 25) had a history of OC taking. Nineteen
percent of the participants (n = 6) were on OC treatment while they were contacted at the
follow-up, but all of them declared drug withdrawal lasting a minimum of 3 months before
the final examination. The variable duration of therapy and different composition of drugs
during different periods excluded the possibility of a comprehensive evaluation of the
effects of treatment on the evolution of PCOS with age.

3.7.2. Pregnancy

Sixty-eight percent of the studied women (n = 21) became pregnant minimum once,
which is 95% of the patients who had ever been trying to conceive (n = 22). The median
age of the studied women at the first pregnancy was 29. The median period of attempts
to conceive in the entire group lasted 12 months (IQr: 2–48). It was noted that hsCRP
measured at the beginning of the observation and LH/FSH ratio assessed at the final
examination were significantly correlated with the number of months of attempts to
conceive (respectively, R = 0.50, p = 0.03; R = 0.52, p = 0.02). Additionally, the period to
conceive was significantly longer in the women with sustained OM compared to the women
whose menstrual cycle normalized during the follow-up (respectively, 42 months (IQr:
18–66) vs. 2 months (IQr: 1–12), p = 0.02). Seven women underwent assisted reproduction
(ART) which was successful in six of them. Considering only women who were trying to
conceive, it was noted that 14% of the women with resolved PCOS and 62% of the women
with persistent PCOS underwent ART treatment (p = 0.02). Only one woman reported
complications in pregnancy (gestational diabetes mellitus).

3.7.3. Delivery

Nineteen women gave birth to 26 live healthy children, whose median body mass
was 3450 g. No one had more than two children. The median length of the first gestation
was 39 weeks. The number of Caesarean sections was 2-fold higher than natural deliveries
(17 vs. 9). The number of deliveries was higher in the women with normal morphology of
ovaries compared to the women with PCOM (1 (IQr: 1–2) vs. 0 (IQr: 0–1), p = 0.02).

3.7.4. Miscarriage

Thirty-three percent of the women who had ever been pregnant reported a minimum
of one pregnancy loss. It was observed that the number of miscarriages was positively
correlated with OVol, 17-OHP, A4, LH and LH/FSH ratio, all assessed at the final exam-
ination (respectively, R = 0.46, p = 0.04; R = 0.49, p = 0.03; R = 0.54, p = 0.01; R = 0.59,
p = 0.005; R = 0.56, p = 0.008), and with an increase in E-selectin during the follow-up
(R = 0.47, p = 0.03). Furthermore, significant correlations were noted between the number
of miscarriages and metabolic parameters assessed at the beginning of the follow-up, such
as BMI, waist circumference, fat mass (%) or M-clamp value (respectively, R = −0.66,
p = 0.001; R = −0.61, p = 0.003; R = −0.72, p = 0.0002; R = 0.63, p = 0.002).

4. Discussion

The main finding of the present study was that aging in women with PCOS is associ-
ated with the improvement of major PCOS features. A decrease by half in the prevalence
of PCOM and an increase in the percentage of women with regular menstrual cycles were
demonstrated. Fifty-five percent of the studied women did not fulfill the criteria for PCOS
anymore at the end of the observation.

Female aging involves a reduction in the pool of growing antral follicles [59,60], which
has various consequences for healthy women and women with PCOS [61–64] due to
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primary hormonal imbalance in PCOS. Progressive reduction in antral follicle number
results in the diminishment of typical ultrasound features of PCOS [65,66] and in a decrease
in inhibin B and AMH levels [67,68]. After a fall in inhibin B, FSH increases [69], which
enables the full follicle maturation and shortens menstrual cycles [70–72]; hence, the
incidence of regular menstrual cycles among women with PCOS increases with increasing
age [61,62,73]. Furthermore, it seems that aging results in the decline in serum androgen
levels in PCOS women [61,74–78]; however, it has been described so far only in a few
longitudinal studies [64,79,80]. Extenuation of HA is probably the result of simultaneous
diminishment in the pool of growing antral follicles, decrease in adrenal gland production
and exhaustion of pancreatic cells [52,74,81].

Amelioration of the PCOS phenotype with aging, in the form of menstrual cycle
normalization and a decrease in androgen concentrations, has a great impact on fertility
of the women with a previous diagnosis of PCOS [82]. Additionally, a number of reports
revealed an increased ovarian reserve and higher AMH concentrations in young women
with PCOS compared to age-matched controls [67,83,84]. It was showed that despite
serum AMH decreases over time in all the women, a decrease in the PCOS patients is
less pronounced and may suggest better preserved ovarian reserve and hence a sustained
reproductive life span [63]. Moreover, some data confirm that the anovulatory women
with PCOS may become ovulatory with aging [62,85]. We report a high delivery rate
in women with a previous diagnosis of PCOS (86%), which is concordant with other
studies [51,86–88]. Data concerning fertility of Polish women of childbearing age revealed
that the mean number of children is 1.51 [89].

Detailed assessment showed that the period of attempts to conceive was longer and
ART was more often used in the women with persistent PCOS compared to the participants
with resolved PCOS. Furthermore, positive correlations were found between the number
of miscarriages and OVol, 17-OHP, A4 and LH, suggesting that the women with PCOM
and elevated adrenal androgens can be at a higher risk of miscarriages compared to the
women with a previous diagnosis of PCOS but no features of PCOM or adrenal HA.
Unless it has been proved that PCOS may independently from BMI increase the risk of
miscarriage [50,90,91], the direct causes of this implication are poorly recognized. Several
potential risk factors of miscarriages in PCOS have been described. In 1988, Sagle et al. [92]
reported a high prevalence of PCOM in women who had recurrent miscarriages, which was
later confirmed by other authors [93]. Additionally, available data emphasize the impact
of HA on miscarriages [94–97], but the role of adrenal androgens has not been studied
widely [98–100]. Moreover, reports concerning the predictive value of LH on miscarriage
are distinct [93,101,102]. Recent studies have highlighted thrombophilic disorders as being
a potential cause of recurrent miscarriages in women with PCOS [103,104]. To sum up,
the connections between clinical and biochemical PCOS features and increased risk of
miscarriages need further research.

So far, only a few longitudinal studies evaluating changes in PCOS features have been
published, and therefore, the natural history of PCOS is unclear. To our best knowledge, this
is the first longitudinal study in which the biochemical predictors of PCOS persistence were
assessed. We found that serum FSH, E-selectin and AMH concentrations determined in the
young women at the first diagnosis of PCOS may announce or impact the further course of
the syndrome. Moreover, we are the first to describe connections between E-selectin and
ovarian morphology, sex hormones and the number of miscarriages. Although low-grade
chronic inflammation with increased levels of E-selectin in PCOS women compared to
controls have been reported already [105,106], the role of E-selectin in the PCOS phenotype,
the course of PCOS and fertility has not been described so far. Further research is needed
to explain this phenomenon. Interestingly, we found no metabolic parameter to affect the
changes in PCOS profile, which may confirm that metabolic complications in PCOS are
secondary to hormonal imbalance.

The main limitation of the present study is the small cohort size which precludes
extensive analysis of aging in the women with PCOS according to the specific phenotypes.



J. Clin. Med. 2021, 10, 2101 14 of 19

A consecutive shortcoming is the fact that the sample was recruited from an outpatient
clinic setting which may contain women with more severe disease compared to the entire
community. Additionally, we do not possess information about dietetic habits among the
participants and detailed data concerning OFN and OVol that had been determined at the
baseline examination. Strengths of our study include the longitudinal design, appropriately
diagnosed PCOS in the studied cohort, clearly defined inclusion and exclusion criteria
and detailed biochemical assessment. Moreover, the endocrine status in participants was
comparable as all the women ceased taking OC and metformin prior to measurements and
all the tests were performed on the same day in each woman, 3–5 days after menstrual
bleeding or at random in the presence of amenorrhea. Another strength of this research is
the fact that evaluation of ovary images in the ultrasonographic examination was accom-
plished by the same practiced gynecologist for all the participants both at the baseline and
at the end of the follow-up.

5. Conclusions

In conclusion, there is a paucity of studies with longitudinal follow-up in which
detailed assessment of clinical data, hormonal profile and ovarian morphology in women
with a previous diagnosis of PCOS was done. Our study demonstrates that the PCOS
reproductive phenotype is ameliorated with aging. Moreover, determinations of serum
E-selectin, AMH and FSH concentrations in the young women with PCOS can be used
to predict the possibility of the PCOS features withdrawal years after initial diagnosis.
The role of E-selectin in the PCOS phenotype requires further research. It appears that
women with persistent PCOS are at a higher risk of subfertility and adverse metabolic
profile compared to women with resolved PCOS.
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