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ARTICLE INFO ABSTRACT

Keywords: Polycystic ovary syndrome (PCOS) is a common endocrine disorder with heterogenous clinical manifestations.
PCOS The evidence indicates that PCOS is associated with long-term health risks including type 2 diabetes, metabolic

Obesity syndrome, obstructive sleep apnea, endometrial cancer, and mood disorders. Although cardiometabolic risk
HYPe'rtEHSiOD ) factors are more common among women with PCOS, currently there is no strong evidence for increased car-
g:;izvascular disease diovascular morbidity and mortality in these patients. The effect of menopausal transition on the long-term
Depression health consequences of PCOS is mostly uncertain. The PCOS phenotype improves with aging in affected women.

Accordingly, the differences in the cardiometabolic risk profiles of PCOS patients and of the general population
seem to disappear after menopause. However, it is not clear whether this phenotype amelioration is associated
with changes in other long-term health risks after the menopause. There are also gaps in our knowledge about
the impact of long-term use of oral contraceptives on the prevalence of PCOS-related comorbidities. This review
summarizes the current knowledge regarding the long-term health consequences of PCOS and their clinical

implications in peri- and postmenopause, and highlights areas for future research.

1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine
disorder in women of reproductive age. Depending on the diagnostic
criteria used and the population studied, its prevalence ranges between
4-21% [1,2]. According to the widely accepted 2003 Rotterdam cri-
teria, PCOS diagnosis requires at least two of the following three fea-
tures: oligo-anovulation (OA), clinical/biochemical hyperandrogenism
(HA) and presence of polycystic ovarian morphology (PCOM) on ul-
trasonography [3]. Based on the presence and/ or absence of these
diagnostic features, different phenotypes have been identified
(Table 1). Phenotypic presentation of PCOS differs between referral and
unselected populations [4] and varies within an individual over time
and between individuals of different ethnic and geographic regions [5].

PCOS is a life-long condition and is associated with a number of
metabolic and non-metabolic long-term health risks that may transcend
well beyond the reproductive age including obesity, glucose intolerance
and type 2 diabetes, hypertension (HTN), dyslipidemia, metabolic
syndrome (MetS), obstructive sleep apnea (OSA), endometrial cancer,
depression and anxiety. Nevertheless, few data are available concerning
long-term health implications of PCOS after menopause. The aim of this
review is to outline the available data about the impact of PCOS on

long-term health in aging women and consider the current evidence
that is valid for the postmenopausal period.

2. Methods

A thorough literature search was conducted on PubMed database for
clinical studies, review articles, and meta-analyses written in English
between 1990 and January 2020. MeSH terms, alone or in combination,
for the search included ‘polycystic ovary syndrome’, ‘menopause’,
‘cardiometabolic’, ‘cardiovascular disease’, ‘metabolic syndrome’, ‘dia-
betes’, ‘obstructive sleep apnea’, ‘endometrial cancer’, ‘breast cancer’,
‘ovarian cancer’, ‘mood disorders’, ‘depression’, ‘anxiety’, and ‘oral
contraceptives’. In addition, reference lists of identified papers were
manually checked for additional related articles.

3. PCOS phenotype and menopausal transition

PCOS phenotype ameliorates with aging, indicated by the increase
in regular menstrual cycles, decrease in ovarian volume and follicle
number, and decrease in serum androgen levels [6,7]. Confirming this,
a longitudinal study with a follow-up of 20 years, demonstrated that the
prevalence of more severe phenotypes (phenotypes A and B) were
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Table 1
PCOS phenotypes according to the 2003 Rotterdam Criteria.
Phenotypes
PCOS features A B C D
HA + + + -
OA + + - +
PCOM + - + +

Abbreviations: HA, hyperandrogenism; OA, oligo-anovulation; PCOM, poly-
cystic ovarian morphology.

reduced by the fourth decade of life in women with PCOS. In many
patients, the diagnosis of PCOS could no longer be made; and in others,
the phenotype was less severe during this age period [8]. However, it is
not clear whether the improvement in PCOS phenotype during peri-
and postmenopause is associated with reduction in long-term health
risks associated with PCOS.

4. PCOS and long-term complications

PCOS affects multiple aspects of a woman’s health that can change
throughout the life (Fig. 1). The health and economic burden due to the
high prevalence of PCOS requires greater recognition of its long-term
health implications. Accordingly, the new international evidence-based
guideline in PCOS emphasizes screening for these PCOS-related com-
plications [9].

4.1. Obesity

Obesity, in particular of visceral origin, is a common feature of
PCOS and significantly influences the severity of both reproductive and
cardiometabolic features in these patients. In a large meta-analysis,
including 35 studies, the risk ratios for obesity and central obesity in
reproductive-aged women with PCOS were 2.8 [95% confidence in-
terval (CI): 1.9-4.1] and 1.7 [95% CI: 1.3-2.3), respectively [10].
However, in most of the studies investigating the association between
PCOS and obesity, women with PCOS were recruited from clinic po-
pulations. Referral PCOS subjects seem to have a greater BMI than non-
PCOS women, a difference that is not immediately apparent or less
severe in unselected PCOS [4].

Increasing body mass index (BMI) is an important finding in women
after menopause. Current evidence indicate that weight gain at midlife
is primarily influenced by aging, but the changes in the hormonal
milieu during menopausal transition are significantly associated with
changes in body composition in favor of abdominal obesity [11]. Ac-
cordingly, it is suspected that women with PCOS who have transitioned
through menopause will have increased rates of obesity, in particular of
visceral origin. However, available data regarding the prevalence of
obesity and central adiposity in older women with PCOS are very
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limited. In a previous cross-sectional study where 190 women with
PCOS and 99 controls were distributed into 3 stages of reproductive life,
BMI and waist to hip ratio (WHR) values, which were found to be
higher in the early and late reproductive periods in PCOS patients, did
not differ between the patients and controls in the perimenopausal
period (mean age 47 years) [12]. On the other hand, Meun et al., in a
very recent cross-sectional study including 200 women with PCOS
aged > 45 years (mean age 50.5 years; 12.6% were postmenopausal)
and 200 age-matched controls (40.5% were postmenopausal), observed
a higher BMI and increased waist circumference (WC) in women with
PCOS [13]. There are only a few studies reporting on anthropometrics
which include mainly postmenopausal women with PCOS [14-16]. In a
21-year follow-up study of a small cohort of women with PCOS aged
61-79 years (n = 25), there were no differences regarding BMI or WHR
between patients and age-matched controls (n = 68) [14]. The higher
WHR found in women with PCOS at the initial assessment had dis-
appeared during follow-up because of the weight gain among controls
[14]. On the contrary, in a 31-year follow-up study of 319 women with
PCOS and 1060 age-matched controls (mean age of participants 56.7
years; approximately 80% of women with PCOS and controls were
postmenopausal), Wild et al., reported that BMI and self-reported WHR
were significantly higher in the PCOS group [15]. Similarly, in the
Rotterdam Study, a population-based prospective cohort study in-
cluding only postmenopausal women, patients with PCOS (n = 106)
had higher BMI and WHR compared to age-matched controls (n = 171)
[16]. Overall, most, but not all, evidence indicate that women with
PCOS remain more obese than controls after menopause.

4.2. Glucose intolerance/Type 2 diabetes

Insulin resistance (IR) is a prominent and intrinsic feature of PCOS
[17]. Accordingly, dysglycemia is more often encountered in women
with PCOS. In a recent meta-analysis including 40 studies, women with
PCOS (mean age was around 30 years in most of the included studies)
had approximately three times higher risk for impaired glucose toler-
ance (IGT) [Odds ratio (OR): 3.3, 95% CI: 2.2-4.9] and type 2 diabetes
mellitus (T2DM) (OR: 2.9, 95% CI: 1.4-5.7), compared to controls.

Menopause is associated with increased insulin resistance and a
propensity to develop glucose intolerance and T2DM [18]. Therefore, it
is reasonable to assume that the prevalences of IGT and T2DM would
remain higher in PCOS women making transition into menopause.
However, there are limited studies that have assessed the association of
PCOS and IGT/T2DM in older women and the results are conflicting. In
a cross-sectional study by Meun et al., no difference was observed in the
prevalence of T2DM between women with PCOS around the age of 50
and age-matched controls, despite a higher BMI and increased WC [13].
On the other hand, in a previous retrospective cohort study including
28 women with PCOS aged 45-59 years (mean age, 51.9 years) and 752
age- and BMI-matched controls, the prevalence of T2DM was
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Fig. 1. PCOS and health outcomes across the life course. T2DM, type 2 diabetes mellitus.
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significantly higher in PCOS patients (32% vs. 8%; p < 0.001) [19].
Similarly, a very recent 24-year follow-up study including 27 women
with PCOS with an age range of 42-63 years (mean age 52.4 years, 37%
postmenopausal) and 94 age-matched controls (57% postmenopausal),
women with PCOS had a higher prevalence of T2DM than controls
(19% vs. 1%; p < 0.01) [20]. However in this study, women with
PCOS, initially recruited from a hospital setting, had significantly
higher BMI and WHR both at baseline and during follow-up, and risk of
T2DM was not adjusted for these parameters [20].

There are four studies reporting risk of T2DM in postmenopausal
women with PCOS. In the 21-year follow-up study by Schmidt et al., the
statistically significant increase in the prevalence of T2DM in women
with PCOS found at the initial assessment had disappeared at late
menopause [21]. Similarly, Merz et al., in a long-term follow-up study
including 25 postmenopausal women with PCOS (mean age 62.6 years)
and 270 age- and BMI-matched controls, did not find a significant dif-
ference in the prevalence of T2DM between the groups [22]. In the
study by Wild et al., aforementioned above, BMI-adjusted prevalence
rates of T2DM were not significantly different between women with
PCOS and controls after an average follow-up of 31 years [15]. On the
other hand, in the Rotterdam study, a higher rate of T2DM was reported
in postmenopausal women with PCOS (n = 106; mean age, 69.6 years)
compared with age-matched controls (n = 171) (18.9 vs. 7%, respec-
tively; p < 0.01) [16]. However, rate of T2DM was not adjusted for
BMI and WHR which were significantly higher in women with PCOS in
this study [16]. Thus, most of the available data, although limited, do
not indicate a substantial increase in risk of T2DM in postmenopausal
women with PCOS.

4.3. Hypertension

There have been inconsistent findings so far among studies re-
garding the prevalence of HTN in women with PCOS. Recently, a meta-
analysis including 30 studies reported that the prevalence of HTN was
higher in patients with PCOS compared to control population [23].
Subgroup analysis based on the age groups revealed that the pooled
relative risk of HTN was higher in reproductive-aged PCOS, while no
significant difference was observed for menopausal/aging group. The
same results were obtained when only population-based studies were
included in the meta-analysis [23]. However, there was a considerable
heterogeneity among studies included in this meta-analysis which re-
quires caution for interpretation of the results. Overall, available evi-
dence indicates that the increased risk of HTN in women with PCOS
during reproductive years ameliorates with aging and become similar
with healthy women after menopause.

4.4. Dyslipidemia

Atherogenic dyslipidemia defined as low high-density lipoprotein
cholesterol (HDL-C), elevated triglycerides, and lower low-density li-
poprotein (LDL) particle size is highly prevalent in reproductive-aged
PCOS women, encountered in up to 70% of patients with the syndrome
[24]. This lipid pattern is also common in general women population
after menopause and it is mainly the consequence of IR [25]. The im-
pact of PCOS on the severity of dyslipidemia in women making the
transition into menopause is not clear. No differences were found in
serum lipid levels in perimenopausal women with PCOS compared with
controls in studies by Echiburu et al. [12], Meun et al. [13], and Cibula
et al. [19]. In the Rotterdam study, lower HDL and higher triglyceride
levels were observed among postmenopausal women with PCOS [16].
Similarly, in the study by Schmidt et al., the only persistent lipid ab-
normality in postmenopausal women with PCOS compared to controls
was higher TG levels [21]. On the other hand, Merz et al. [22] reported
similar prevalences of dyslipidemia between postmenopausal women
with PCOS and controls. Nevertheless, the small sample size of some of
these studies should be kept in mind while interpreting the results. In
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summary, more data are needed to determine the risk of dyslipidemia
in women with PCOS across and beyond menopause.

4.5. Metabolic syndrome

IR plays a pivotal role in the pathogenesis of MetS which is a cluster
of common cardiovascular (CV) risk factors, including abdominal obe-
sity, HTN, low HDL-C, elevated triglyceride concentration, and hy-
perglycemia. Consistent with the high prevalence of individual com-
ponents in women with PCOS, MetS is reported to be more common in
this population. A recent meta-analysis including only good and fair
quality studies, demonstrated that the prevalence of MetS was three
times higher in reproductive-aged PCOS women compared with con-
trols (OR: 3.4; 95% CI: 2.4-4.6), which remained significantly higher in
the subgroup analysis of BMI-matched studies, but not in studies solely
assessing lean women [26].

Menopause increases the incidence of MetS in aging women [27].
However, there are only a few studies examining the prevalence of
MetS in women with PCOS during menopausal transition. In the cross-
sectional study by Meun et al., the prevalence of MetS was not sig-
nificantly different between women with PCOS and controls at the age
of 50 [13]. Similarly, the SWAN study, a 12-year prospective cohort
study of 1929 women between the ages of 42-52 years at screening,
reported that the BMI-adjusted incidence of MetS was not significantly
higher in women with presumed PCOS (defined by the presence of high
androgens and a history of menstrual irregularity) compared with their
counterparts [28]. Consequently, limited available data do not seem to
suggest a continued risk of MetS in women with PCOS transitioning to
menopause.

4.6. Cardiovascular disease

The high prevalence of cardiometabolic risk factors in women with
PCOS is assumed to be associated with accelerated cardiovascular dis-
ease (CVD) in this population (Fig. 2). Indeed, there is substantial data
reporting that surrogate markers of early subclinical arterial disease
such as increased carotid intima media thickness and coronary artery
calcification or decreased flow-mediated dilatation are more prevalent
in PCOS patients [29]. However, studies published so far have con-
troversial results on the association between PCOS and actual CVD
events. Most of the studies on this topic suffer from several limitations,
including retrospective or cross-sectional design, different study popu-
lations (community- or hospital-based), small sample sizes, incomplete
diagnostic criteria, limited follow-up, suboptimal measurement of CVD
events, and inappropriate control of confounders, all of which make it
difficult to interpret the reported results [30].

In the recent International Evidence-Based Guideline [9], meta-
analyses were conducted with two or more observational studies
[15,19,21,31,32] to examine the association between PCOS and CV
outcomes. Among the included studies in these meta-analyses, two did
not report on menopausal status of the participants [31,32], one in-
cluded only postmenopausal women [21], other two included both pre-
and postmenopausal women [15,19]. The results showed that there was
no statistical difference between PCOS and non-PCOS groups in terms
of myocardial infarction [3 studies; 472 PCOS and 1161 controls; risk
ratio (RR), 1.2; 95%CI, 0.7-2.1], stroke (4 studies; 791 PCOS and 2221
controls; RR, 1.6; 95%CI, 0.9-2.9), coronary heart disease (CHD)/cor-
onary artery disease (CAD) (2 studies; 349 PCOS and 1812 controls; RR,
2.4; 95% CI, 0.9-6.7), or CVD-related death (2 studies; 341 PCOS and
438 controls; RR, 1.8; 95% CI, 0.6-5.9) [33]. A recent meta-analysis
reported that on subgroup analysis of 12 population-based studies, the
HR of CV events was increased in reproductive-aged patients with PCOS
(HR, 1.4; 95% CI, 1.3-1.6), whereas the difference was not statistically
significant in menopausal/aging PCOS women compared to healthy
controls (HR, 1.0; 95% CI, 0.4-2.6) [34]. Nevertheless, given the
abovementioned limitations of these studies, these findings should be
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Fig. 2. Postulated mechanisms of increased cardiovascular risk in PCOS. CVD, cardiovascular disease; PCOS, polycystic ovary syndrome; SHBG, sex hormone-binding
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interpreted with caution.

In most of the previous studies, both pre- and postmenopausal
women were included where the majority had not reached the ages at
which CVD becomes prevalent. However, available prospective cohort
studies reporting on advanced aged postmenopausal women with PCOS
at follow-up, have also failed to show increased risk for CVD events. In
the Rotterdam study, there was not any difference in event-free survival
for CHD, stroke, or the composite CVD outcome between a subset of
women with PCOS with a mean age of 69.6 years (n = 106) and age-
matched controls (n = 171), after adjusting for CV risk factors [16].
Similarly, Schmidt et al. reported no increased risk of MI, stroke, or
death caused by CVD in postmenopausal women with PCOS when fol-
lowed to a mean age of approximately 70 years [21]. Also, Merz et al.,
demonstrated that, despite a trend toward more frequent angiographic
evidence of multivessel CAD, CV mortality rates or non-fatal CV events
were not increased in women with PCOS with a mean age of 62.6 years
[22]. Although, the latter two studies included small numbers of
women with PCOS (35 and 25, respectively), these data suggest that
PCOS may not confer additional risk for CVD events in aging women
even in late menopause.

4.7. Obstructive sleep apnea

Obstructive sleep apnea (OSA) is a chronic sleep disorder char-
acterized by recurrent complete (apnea) or partial (hypopnea) upper
airway obstructions during sleep leading to intermittent hypoxia, cor-
tical microarousals, sleep fragmentation, and increased sympathetic
neural activity. Numerous studies have suggested an increased risk of
OSA in reproductive aged women with PCOS. In the first meta-analysis
on this topic, we have reported a pooled prevalence of OSA in adult
PCOS patients as 32% (95% CI: 13%-55%; 8 studies) [35]. Confirming
our results, in a more recent meta-analysis, the pooled prevalence of
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OSA in PCOS patients was reported to be 35.0% (95% CIL: 22.2-48.9%;
9 studies) [36]. However, most of the studies included in these meta-
analyses are limited by cross-sectional study design, small sample sizes,
inclusion of mostly obese women, and lack of adequate adjustments for
confounding factors [35]. Furthermore, recruitment of women with
PCOS who are referred to specialized clinics may have given rise to
inclusion bias in these studies. Clinic-based samples are likely to include
subjects with more severe symptoms and may not fully represent the
women with PCOS in the general population. Nevertheless, evidence for
an association between PCOS and OSA has also been confirmed in re-
cent population-based studies [37,38].

The pathophysiological mechanisms leading to increased risk of
OSA in PCOS have not yet been fully identified. Findings from popu-
lation-based studies indicate that older age and obesity are associated
with increased risk of OSA in women with PCOS [37,38], in accordance
with the data in the general population [39]. However, the persistence
of increased risk even in normal weight women with PCOS [38], and
after adjustment for age and BMI in the whole cohort [37,38] confirms
the presence of other risk factors. Insulin resistance, hyperan-
drogenemia, and low levels of estrogen and progesterone associated
with PCOS are all proposed to play a role in the development of OSA in
these patients (Fig. 3) [35,40].

There is a marked increase in the prevalence of OSA in women
during the age period corresponding to menopausal transition in gen-
eral population [41]. However, among women with PCOS, currently
there are no studies that assessed the prevalence of OSA in peri- and
postmenopause. Therefore, it is not clear whether the risk of OSA is
modified after menopause in this population.

4.8. Cancer

Chronic oligo- or anovulation causing prolonged exposure to
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unopposed estrogen may place women with PCOS at increased risk for
estrogen-dependent tumors, including endometrial, ovarian, and breast
cancers. Other well-known risk factors for these cancers, such as obe-
sity, T2DM, nulliparity, first birth at older age, are also more common
among PCOS women [42]. These cancers are age-related and most cases
occur in the postmenopausal period [43]; therefore vigilance may be
required in the gynecological evaluation of women with PCOS transi-
tioning into menopause.

Current data regarding the relationship between PCOS and cancer is
most convincing for endometrial cancer (EC). The most recent sys-
tematic review and meta-analysis of observational studies revealed that
the risk of EC was 2.8 times higher in women with PCOS compared to
controls (OR: 2.8; 95% CI: 1.3-5.9; p = 0.008]. When studies including
women aged over 54 years were excluded from the analysis, the risk of
EC increased further in PCOS women (OR, 4.1; 95% CI, 2.4-6.8,
p < 0.001) [44]. However, studies in this meta-analysis were limited
by small number of exposed cases, case-control study design, self-report
of PCOS diagnosis, and lack of control for confounders including obe-
sity, T2DM, and PCOS treatment which may influence the risk of EC.
There are only a few cohort studies assessing the risk of cancer in
women with PCOS. A long-term retrospective cohort study including
319 women with PCOS (mean age 56.7 years) and 1060 age-matched
controls who were followed for an average of 31 years, reported a 5.3-
fold increased odds of endometrial cancer in PCOS subjects (OR, 5.3;
95% CI, 1.5-18.6, p = 0.009) [45]. Similarly, in a recent registry-based
Danish cohort study comprising more than 12,000 women with PCOS,
authors found an overall 4-fold increased risk for EC [standardized
incidence ratio (SIR) = 3.9; 95% CI = 2.2-6.3]. In this study, when the
analysis was restricted to women aged over 50 years, the risk of EC was
no longer significantly increased in PCOS women (SIR = 2.0; 95%
CI = 0.5-5.1) [46]. These studies support an evidence for increased
risk of EC in women with PCOS. The increased risk for this malignancy
may be attenuated after menopause, but further studies are needed to
clarify this issue.

Although some inconsistent findings exist regarding ovarian cancer,
collective data coming from recent meta-analyses [44,47] and the
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recent Danish cohort study [46] suggest that there is no significant
elevation in risk for ovarian or breast cancer in women with PCOS.

4.9. Mood disorders

There is growing data that women with PCOS are more likely to
suffer from mood disorders. A recent systematic review and meta-
analysis by Cooney et al., reported significantly increased odds of de-
pressive (OR: 3.8; 95% CI: 3.0-4.7; 18 studies) and anxiety symptoms
(OR: 5.6; 95% CI: 3.2-9.8; 9 studies) in women with well-defined PCOS
compared with controls [48]. The association remained significant
when the analysis was restricted to the prevalence of moderate and
severe depression and anxiety scores. This meta-analysis also confirmed
that the increased risk of depressive and anxiety symptoms was in-
dependent of BMI and seen in both clinic and community recruits [48].

The underlying causes of the association between PCOS, depression
and anxiety are not clear. Obesity, infertility, hyperandrogenism, IR are
all proposed to have a potential role [49]. However, current evidence
on the interaction of these PCOS associated conditions and depression
and anxiety scores are very limited and have conflicting results [50]. In
the meta-analysis by Cooney et al., women with PCOS and depressive or
anxiety symptoms had a higher mean BMI and higher odds of hirsutism
and/or increased Ferriman-Gallwey scores than those without depres-
sion or anxiety. Women with PCOS and depressive symptoms also had a
higher mean value of homeostatic model assessment-insulin resistance
(HOMA-IR). However, the effects sizes of all these associations were
small, thus may not fully explain the strong link between PCOS and
these emotional disorders [48].

The menopausal transition constitutes a critical phase for mood
disorders in the general population. Data from longitudinal studies have
suggested an increased risk for depressive and anxiety symptoms during
perimenopausal years [51,52]. Increased vulnerability to depression
and anxiety during this life stage has been attributed to hormone var-
iations, somatic symptoms of menopausal transition (vasomotor
symptoms, sleep problems), health factors (increased BMI, chronic
medical conditions), psychosocial stressors, and history of anxiety or
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previous episode of depression [51,52]. Regarding the impact of aging
on prevalence of depressive and anxiety symptoms in women with
PCOS, a few longitudinal studies have demonstrated that the risk re-
mains high during follow-up in this population [53,54]. In the popu-
lation-based Northern Finland Birth Cohort 1966 (NFBC66) study [55],
depression and anxiety scores were significantly increased in both 31
and 46 years in women with PCOS compared with controls, suggesting
that symptoms of mood disorders persist up until premenopausal age in
these women. However, currently there is no data concerning the pre-
valence of depressive and anxiety symptoms in PCOS throughout me-
nopausal transition and during postmenopause. Risk of negative mood
and depressive symptoms seem to decrease in the postmenopausal years
in general population [56]. Considering the improvement in PCOS
phenotype and attenuation of the differences between women with
PCOS and age-matched controls regarding cardiometabolic risk profile
with aging, it is reasonable to assume that the risk of depression and
anxiety may decrease during postmenopause also in PCOS women.

5. Oral contraceptive use and its consequences after menopause
in aging women with PCOS

Oral contraceptives (OCs) are recommended as first-line medical
treatment for the management of menstrual abnormalities and clinical
signs of hyperandrogenism in women with PCOS who do not desire
pregnancy. Potential risks of OCs including weight gain, mood changes,
and adverse CV and metabolic effects have raised some concerns about
the long-term use of these drugs in PCOS. However, current data do not
endorse the idea that OCs would bring additional harm to women with
PCOS [57].

In most of the available studies, OC use in women with POCS did not
significantly influence BMI, anthropometric parameters, blood pres-
sure, or surrogate markers of carbohydrate metabolism [58,59]. Long-
term observational data also did not demonstrate a significant impact of
prolonged use of OCs on the development of T2DM in either PCOS
patients or healthy women [60,61]. OC use was found to be sig-
nificantly associated with an increase in HDL-C, triglycerides [59], and
high-sensitivity C-reactive protein in women with PCOS [62], but
clinical implications of these changes need further investigation.

Epidemiologic data suggest that, in general population, current use
of OCs is associated with an increased risk of arterial thrombosis, par-
ticularly in women who smoke and are over the age of 35 years, al-
though that risk does not continue once OCs are stopped [63]. How-
ever, in the Women’s Ischemia Syndrome Evaluation study, which
evaluated the association between past OC use and angiographic cor-
onary artery disease in postmenopausal women, past OC use was found
to be a significant independent negative predictor of coronary artery
disease severity after adjustments for several coronary risk factors [64].
Furthermore, a prospective cohort study demonstrated a significantly
lower rate of death from circulatory disease among OC users compared
with never users [65]. Although, there are no longitudinal follow-up
studies assessing the potential association of OC use and CVD outcome
in PCOS, available evidence do not suggest an increased risk of CV
events with OC treatment in PCOS [66]. In fact, based on the findings of
studies assessing OCs and CVD in general population, as mentioned
above, OC use in reproductive years might potentially be protective
against CV morbidity and mortality later in life.

Prolonged use of OCs is associated with decreased risk of en-
dometrial and ovarian cancers in general population. The protective
effect of OCs against these cancers increases with longer duration of use
and persists for more than 20 years after ceasing [67]. In contrast, OC
use may result in a slight increase in breast cancer risk in short-term;
however 10 years after cessation the risk becomes similar to those who
never used OCs [68]. Although there are very limited data assessing
potential association between the use of OCs and cancer in PCOS, re-
duced risk of endometrial and ovarian cancers with OC use in general
population might also be valid for women with PCOS.
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Early community-based, observational studies suggested a protec-
tive effect of hormone replacement therapy on sleep disordered
breathing [69]. However, to date, no studies have evaluated the impact
of OC use on the prevalence of OSA in PCOS.

There is some evidence that estradiol improves depressive symp-
toms in perimenopausal women. However, most studies have examined
the effects of unopposed transdermal estradiol. Available data on oral
estrogens and menopausal hormonal therapy are limited and incon-
clusive [70]. Among women with PCOS, only a few studies are available
regarding the effects of OCs on depressive and anxiety symptoms. These
studies, although limited by small number of subjects and relatively
short follow-up, indicate either a beneficial or no adverse effect of
short-term OC use on depressive and anxiety symptoms in this popu-
lation [50,71].

6. Conclusions

PCOS is a lifelong endocrine, metabolic, and reproductive disorder
affecting millions of women worldwide. Current evidence indicates that
reproductive-aged women with PCOS have increased cardiometabolic
risk factors and are at increased risk for developing T2DM, MetS, OSA,
endometrial cancer, and mood disorders. Despite of a worse cardio-
metabolic profile and increased prevalence of surrogate markers of
subclinical arterial disease at a younger age, available evidence does
not strongly suggest an increased or premature CV morbidity and
mortality in women with PCOS. However, data in older age group are
very limited and come from studies with serious limitations.

Consistent with the improvement in the phenotypic features of
PCOS, cardiometabolic health does not appear to deteriorate after
menopause in women with PCOS. Moreover, the differences in some
cardiometabolic risk factors between PCOS patients and general po-
pulation seem to lose their significance in peri- and postmenopause. On
the other hand, the impact of menopausal transition and menopause on
long-term health consequences of PCOS including OSA, endometrial
cancer, and anxiety/depression is uncertain (Table 2).

The clinical heterogeneity of the syndrome might indicate that not
all PCOS patients are exposed to the same long-term complications.
Nevertheless, data are lacking regarding the effects of PCOS pheno-
types, race, and ethnicity on long-term health. Considering the con-
founding factors such as obesity, insulin resistance, hyperan-
drogenemia, anovulation, infertility, and long-term use of OCs, it also
remains to be clarified to what extent PCOS per se is responsible for the
associated long-term health consequences.

In order to answer the questions on the issues mentioned above,
further studies on large community-based cohorts free from clinical
referral bias, where both healthy controls and well-phenotyped PCOS
patients are followed from early reproductive age into late menopause
are needed. The findings of these future studies may facilitate to de-
termine optimal screening, counseling, and management strategies in
this population.
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Table 2
Comparison of the modifications in the health outcomes between general population and PCOS patients after menopause.
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Changes after menopause

Characteristic
Obesity
Glucose intolerance/T2DM

Hypertension

Dyslipidemia
Metabolic syndrome

General population
Increased prevalence
Increased prevalence

Increased prevalence

Increased prevalence
Increased prevalence

CVD events Increased risk

CV mortality Increased risk

OSA Increased risk

Endometrial cancer Increased prevalence

Anxiety/Depression Increased risk during menopausal transition that declines in

postmenopause

PCOS

Unaltered or increased prevalence [14,15,16]

Increased prevalence in premenopausal women becomes similar to controls
[15,21,22]

Increased prevalence in premenopausal women becomes similar to controls
[23]

Unaltered or increased prevalence [16,21,22]

Increased prevalence in premenopausal women becomes similar to controls
[28]

No apparent increase in risk [15,16,21,22]

No apparent increase in risk [15,21]

No direct comparative studies

No direct comparative studies

No direct comparative studies

Abbreviations: CV, cardiovascular; CVD, cardiovascular disease; OSA, obstructive sleep apnea; PCOS, polycystic ovary syndrome; T2DM, type 2 diabetes mellitus.
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