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ABSTRACT

Women with polycystic ovary syndrome (PCOS) in theiproductive years age present with metabolic
dysfunction and thus increased likelihood of loag#t health consequences and diminished well-b&ing i
later life. Due to their larger ovarian reservewhuer, they may experience menopause at later agde a
protection from metabolic and cardiovascular dissadoreover, previous studies have indicated Ittat
reproductive aged, normal-weight women with PCOSadibseem to have the expected high risk for type 2
diabetes (T2D), as previously thought. Health eslajuality of life (HRQoL), nevertheless, is deseshin
women with PCOS up until late fertile age, warnagtattention and actions from the health care perlo
Given conflicting reports regarding the risk of diavascular diseases, future research with well
characterized and adequately sized PCOS populai@nseeded as well as studies aiming to improsie th

HRQoL.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most commadocrinopathy among women in their
reproductive years with life-long adverse healtipatt reflected by decreased health related quatity

life (HRQoL) (1, 2). PCOS is characterized by theegence of hyperandrogenism, oligo- or
anovulation, and polycystic ovary morphology, ahd syndrome associates with high risk of obesity
and metabolic derangements (3). Prior studies h@perted that severity of PCOS phenotype
diminishes with age (4), with aging-related decesam ovarian and adrenal androgen levels (5-8),
ovarian volume and follicle numbers, accompanyingreasingly regular menstrual cycles (9-11).

Testosterone levels, however, remain higher tharomPCOS women (5-8).

Given that women with PCOS have higher anti-Miderhormone (AMH) levels and ovarian antral
follicle count (9, 12), it has also been speculatéadt they might have a longer reproductive lpars
and later menopause (13). As the number of ovaidral follicles decline, menstrual cycles become
more regular, and androgen levels decrease oves, timhas led to an idea that the metabolic
derangements might also resolve. Long-term studieomen with PCOS reaching beyond menopause
are, however, scarce and the hormonal and metablotinges during the late reproductive years and
beyond menopause are poorly understood. This mewiew aims to provide a brief insight into the
literature regarding the effects of ageing and mpanse on reproductive and metabolic features, and

long-term HRQoL outcomes, in women with PCOS.
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MAIN TEXT OF REVIEW

Reproductivelife span and age at menopause

Women with PCOS have higher number of ovarian &ftliécles and possibly greater ovarian resernth
non-PCOS women (14). A previous study reported thaten with PCOS may gain regular menstrual
cycles with aging (11), however, only a few studiese investigated ovarian aging or age at men@paus
the affected women. A longitudinal study of 31 womegith PCOS and 266 controls, recruited from a
tertiary academic centre, reported women with P@@& control women having a similar decline rate of
antral follicles, after adjusting for baseline ahfiollicle count and age (15). In our previousdst@ssessing
109 women (44 controls and 65 women with PCOS),dénedine in AMH levels was comparable in both
study groups, although AMH levels were always 234#wld higher and remained elevated until 40 yedirs
age in in women with PCOS (9). As for menopausal agcohort study with a 24-year follow up foundtth
women with PCOS diagnosed by having oligomenordr@hhyperandrogenism (n=27) reached menopause
four years later than control women (n=94) (16)lime with this result, another Swedish study fouhalt
PCOS was associated with a later age at menopblagard ratio: 0.44 [0.28 — 0.71]) (13). Similartiie
Tehran Lipid and Glucose Cohort study using a jptexii model based on AMH levels, estimated theaige
menopause to be 51.4 years in women with PCOS @iTdyars in the controls (17). Interestingly, wome

with PCOS have also been suggested to have eaieopause than their non-PCOS counterparts (18).

Taking together, only a few studies have investiddahe age at menopause in women with PCOS, but the
available evidence indicates that women with PCOftere menopause later than their non-PCOS
counterparts. In agreement with this, a previousASVgtudy demonstrated that genetic variants agsaocia
with menopausal age have a robust association waitlants associated with PCOS (19). Whether ad thi
translates into fertility in the late reproductiwears for women with PCOS and consequently longieogen
exposure, remains to be determined. As the altelated to later menopause have also been assbueidte
more effective DNA repair, women with PCOS may eaperience increased cardiovascular events as
predicted from their metabolic profile during theiarlier reproductive years. A recent study, howeve
reported shorter telomere length in women with PG@& infertility compared to controls, and thus dat

support longer life expectancy in this populati@®)( Whether diminished telomere length applieslto
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women with PCOS and not just those suffering frorfiertility remains to be investigated. This questio

warrants larger future studies that employ a larjital design of the same individuals.

Excess weight

Women with PCOS are commonly overweight or obedg, (&ith the rate of obesity depending on ethnicity
and cultural background (22). Recent studies hdeatified a causal link between PCOS and BMI-relate
genes (19, 23), although the susceptibility to ipeaa affected women is complex, with environménta
factors also playing a role. Increased body wemgtdurs early in girls who ultimately manifest PCOS
phenotypes as shown in our previous populationdasth cohort (The Northern Finland Birth Cohort,
NFBC66) data assessing BMI trajectories from bintil 18 years in women with and without PCOS (24).
Interestingly, the rise in BMI around the age oféars in children, termed adiposity rebound (ARKus
almost 5 months earlier on average in girls latagmbsed with PCOS. Given that the early timingA&¥
was also associated with a PCOS diagnosis indepéna¥ BMI (24), precocious AR could be a sign of
increased PCOS risk. Recently published longituditadies have also indicated that rapid weightgai
during adolescence or the early reproductive ysatemmon in PCOS (25, 26). Furthermore, the NFBC66
study with an ongoing follow-up up until 46 yearfsage, found that women with self-reported PCOS had
greater weight gain between the ages of 14 anded@isywhile they exhibited comparable degrees of BM
increase between the ages of 31 and 46 yearslg@&estingly, an Australian longitudinal populatibased
study assessed three BMI trajectories (low-stablederately-rising and high-rising) and found that
compared with controls, women with PCOS were Iné$s more likely to belong to the moderately-rising
trajectory and 4.7 times more likely to belonghe high-rising trajectory (27). Taken together sthetudies
indicate that young women with PCOS have higher BRt weight gain than similarly aged women without
PCOS, which might expose the women with PCOS toeased risk for abnormal glucose metabolism,

dyslipidemia, hypertension and cardiovascular disggCVD).

Abnormal glucose metabolism

A systematic review and meta-analysis recently kmsd that women with PCOS have an increased fisk o

prediabetes and T2D and that the risk differed thyieity and BMI (28). Interestingly, among Europea
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women, the prevalence of T2D did not differ betwaamen with and without PCOS (28), however, the
effect of aging was not investigated. In genergin@ and hypoestrogenism promote obesity and imsuli
resistance in all women, increasing the risk fetutbances in glucose metabolism later in lifeefethough
women with PCOS present with impaired glucose nadisin at an earlier age than women without PCOS, it
seems that beyond menopause women without PCO&h“agt with the risk for T2D found in women with
PCOS and consequently exhibit comparable rate26f (9). Indeed, the NFBC66 study showed that by
age 46, the normal weight women with PCOS do nweelan increased risk of pre-diabetes or T2D when
compared to normal-weight controls (30). Overweigbese women with PCOS, however, demonstrated

higher risk of T2D compared to controls in the s&M category (30).

Likewise, a prospective population-based coharthst(Tehran Lipid and Glucose Study) reported that
among women over 40 years, the incidence of preetigs and T2D was similar in PCOS (based on NIH
criteria) and control women (31), whereas among ammged less than 40 years, the women with PCOS
had significantly higher incidence of prediabetad @2D than controls. Unfortunately, it was notoepd
whether PCOS women developing abnormal glucoseholiten after the age of 40 years experience greater
weight gain or whether they are more obese thatralsn Moreover, a large Danish nationwide register
study reported that women with PCOS were diagnesedaving T2D at a younger age than controls and
that a higher proportion of PCOS women with T2D ever40 years than found in controls with T2D (32).
The opposite was found in a cross-sectional Nonalidticenter study of 876 women with PCOS, which
reported the prevalence of T2D and prediabete®mparable between women < 40 years and > 40 years.
Women with prediabetes and T2D, however, were atderpared to women with normal glucose tolerance
(33). Interestingly, in the latter study, none lo¢ normal-weight women with PCOS had T2D. Consitlere
together, these studies suggest that while etgrimjpacts the risk of T2D, the prevalence of T2[2slmot
increase with aging in women with PCOS. Long-teafiofv up studies are needed, however, with adequate
sample sizes and well characterized PCOS poputatfasith adjustments for BMI and weight gain) to

confirm these findings.

Other common CVD risk factorsin PCOS
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A recent systematic review and meta-analysis refdricreased prevalence of metabolic syndrome (MetS
in overweight or obese women with PCOS but noeanlones (34). In the Tehran Lipid and Glucoseystud
the incidence of hypertension, MetS, dyslipidenmd abesity were comparable between PCOS women aged
> 40 years and similar aged controls, whereas amnmmgen < 40 years, women with PCOS had higher
incidence of hypertension and MetS than control ewr(85). A Nordic cross-sectional multicenter case-
control study found that in women over 39 yearagd, the prevalence of MetS was twofold highehin t
hyperandrogenic-PCOS (HA-PCOS) group compared with normoandrogenic-PCOS (NA-PCOS) or
control groups (36). Moreover, the women over 38rgavith the HA-PCOS had higher serum levels of low
density lipoprotein (LDL) and triglycerides compdravith controls, and higher serum levels of LDL

compared with the NA-PCOS population (36).

A longitudinal study of 38 PCOS and 296 control veonrecruited from an academic medical center
demonstrated that triglyceride levels and HOMA-I&uwe increased more in the PCOS group than in the
control group (37). In line with this, in a 11-yefnllow-up study, women with PCOS-like status (the
presence of two of the following three featurestdry of irregular menstrual cycles, high free ag@n
index or high AMH-level) developed MetS almost #hgears than controls (38). Moreover, the NFBC66
study found that PCOS was associated with elevialisad pressure at age 31 and hypertension at age 46

independently of overweight/obesity (39).

Cardiovascular disease events

Hyperandrogenemia, a key feature of PCOS, hastheeight to be a risk factor for metabolic abnoriresi
and CVD both in PCOS and in non-PCOS women, althdhg existing literature is inconsistent. In women
with PCOS, hyperandrogenemia is associated witbrabthl obesity and insulin resistance and is thotgh
associate with an increased risk of T2D and Metd, eventually an increased prevalence of CVD events
This assumption has been challenged by a recedy shcluding both a meta-analysis of previously
published prospective studies and a prospectivellpbpn-based cohort study of 3,117 postmenopausal
women with an average follow-up time of 11.1 ye@Retterdam study). That study reported that total

testosterone or bioavailable testosterone levalsndit associate with T2D, whereas low level of sex-
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hormone binding globulin and high levels of totatradiol were associated with increased risk of ;T2D

implicating obesity rather than hyperandrogenisrthasnore critical risk factor (40).

Another publication from the Rotterdam Study inédda total of 2,578 women with a mean age of 70.2
years and reported that there were no associatietvgeen high androgen levels and incidence of strok
coronary heart disease or CVD (41). The investigatitso made a sub-analysis on CVD risk in womeh wi
PCOS, in which PCOS was defined based on a repbrgtdry of cycle irregularities and current high
androgen levels. Women with PCOS (n=160) had &tasgist/hip ratio, a higher BMI, higher prevalemte
T2D and dyslipidemia, but no increased risk foideat CVD was observed after adjusting for confongd
factors (41). In line with these findings, a followp of a relatively small cohort (n=25) of
postmenopausal women, those with previous PCOS ma@rassociated with angiographic coronary artery

disease nor increased 10-year mortality (18).

The exact opposite results, however, have also bmemd. In the NFBC66 study, compared to controls
women with PCOS had higher prevalence of acute arglial infarction and CVD events, already by the ag
of 46 years (39). In line with that study, a lamgionwide register study from Denmark reportechlig
CVD event rate in women with PCOS compared to ais1t{22.6 per 1000 patient years in PC@S13.2

per 1000 patient years in controls) (42).
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Health related quality of life (HRQoL)

As PCOS is assaociated with high morbidity, it is sorprising that women with PCOS have been shawn t
experience decreased quality of life, although {tevgh studies are scarce (2). Given that the HRQad
been shown to decrease with ageing in women inrgenée question is whether PCOS has additional
effects on the long-term quality of life. Duringethreproductive years, anxiety and depression (43-45
hirsutism (46), infertility (47, 48) and obesity9450) have all been shown to associate with deerka
HRQoL in PCOS, psychological distress being thetrnosmmonly reported contributor. As there is a grea
of individual variation in symptomology, the mosttbersome symptoms should be identified and treated

effectively, preferably by utilizing a multidisciplary approach (1).

Given that several of the PCOS features, like nmaabtrregularities and hyperandrogenism, decredseg

age HRQoL may improve with age in women with PCOS8r recent publication on age-related HRQoL in
women with PCOS showed that decrease in HRQoL gietsbetween the ages of 31 and 46 years compared
to controls after adjusting for BMI, education, iterstatus and self-reported infertility (51). én¢stingly,
clinical hyperandrogenism also associated with foMRQoL, whereas testosterone levels or free amafrog
index (FAI) did not. This underlines the fact thesthetic aspects should not be underestimatediiny ag
women with PCOS and that hirsutism warrants effectieatments. The research community should assess
in the future whether HRQoL remains low in womerthwPCOS beyond menopause. In addition, the
intervention studies should also routinely inclllflRQoL questionnaire in addition to clinical measuie

order to evaluate health outcomes more widely.

CONCLUSION

The long-term follow-up and high-quality studies large PCOS population are lacking, and the oldest
women with reliable PCOS diagnosis are not moren ti@-75 years old. Only a few studies have
investigated the age at menopause in women with§®0t the available evidence indicates women with
PCOS have a later age at menopause than womenutvit©OS. Whether this translates into increased
fertility for women with PCOS in their later repnactive years remains to be determined. The recent

publications indicate that late reproductive ageanen with PCOS have an increased risk for obesity a
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that overweight and obese women with PCOS, buthaoste with normal BMI, seem to present risk for T2D
Later age at menopause and consequently longegestexposure might protect women with PCOS from

CVDs.

In most studies, however, the PCOS exhibiting CV®younger than women without PCOS and exhibiting
CVD. Most of the studies have been limited with &mall sample sizes to detect a difference between
women with PCOS and non-PCOS controls. Moreover définitions of PCOS and the CVD events have

been very variable.

In conclusion, future research is needed to estalihe metabolic and cardiovascular disease psoiiie
women with PCOS in their late reproductive yearsvai as beyond menopause. Although there are no
long-term data on the morbidity for CVD in PCOS,istadvisable to perform a careful metabolic and
cardiovascular assessment in affected women inra@eprevent conditions leading to CVD. Those
individuals at increased risk (obese, family higiahould be identified early during childhood. Fimeans
targeted screening of girls at risk for PCOS tobémdifestyle changes and prescription of medicatio
according to generally accepted criteria. In additiwvomen with PCOS should be systematically se@en

using HRQoL so that comprehensive improvementkeir HRQoL can be achieved.
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