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Introduction
Polycystic ovary syndrome (PCOS) is the most 
common endocrine disorder in women of repro-
ductive age with a prevalence up to 20%. In con-
junction, with its reproductive, metabolic, and 
psychological features, PCOS poses a significant 
public health issue.1 More than 105 million 
women aged 15–49 years have been diagnosed 
with PCOS worldwide.2 Moreover, the economic 
burden of the disorder is considerable; healthcare 
costs are estimated to be over $4 billion in the 

United States annually.2 Women with PCOS can 
present with diverse symptoms, including irregu-
lar menstrual cycles, excessive hair growth, sub-
fertility, and pregnancy complications. Moreover, 
PCOS is associated with psychological issues 
such as anxiety, depression, and disturbed bodily 
images as well as reduced self-esteem. With 
increasing age, the syndrome evolves from a 
reproductive disease to a more metabolic disor-
der. The metabolic features include insulin resist-
ance, impaired glucose tolerance, type 2 diabetes 
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mellitus (DM2), dyslipidemia, and cardiovascu-
lar risk factors.3 The diversity of the phenotype 
emphasizes the need for individual health-risk 
estimation for a patient with PCOS and her fam-
ily members to provide appropriate clinical care.

Treatment targeting metabolic abnormalities 
includes lifestyle changes, medication, and some-
times even bariatric surgery for the prevention 
and management of obesity. Goals of therapy 
include fertility, decreased hirsutism and/or alo-
pecia, and providing endometrial protection in 
order to avoid endometrial cancer. Timely diag-
nosis and appropriate management strategies of 
the long-term health sequelae such as DM2, 
hypertension, and risk factors for cardiovascular 
disease (CVD) are of paramount importance. 
Early identification of high-risk patients enables 
thorough preventive screening and early treat-
ment of adverse complications. At least four clini-
cal phenotypes have been delineated according to 
current diagnostic criteria. Nevertheless, diagnos-
ing PCOS can be challenging due to variations in 
clinical features and ethnic differences.4,5

Adolescence
Irregular menstrual cycles as a result of ovulatory 
dysfunction is a key symptom in PCOS according 
to the Rotterdam criteria. Among adult women, 
the menstrual cycle varies from 21 to 35 days, and 
its duration is on average 28 days. Irregular men-
ses and anovulatory cycles are typical during nor-
mal pubertal transition. Hence, it may be difficult 
to differentiate between normal pubertal develop-
ment and early signs of PCOS. About half of the 
menstrual cycles range from 21 to 45 days during 
the second year after menarche.6 Overall, the 
majority of irregular cycles may be anovulatory 
2 years after menarche.7–10 By the third postme-
narchal year, 95% of cycles are within 21-45 days; 
however, cycles can remain irregular until the 
fifth year after menarche.11,12 In other words, with 
increasing gynecological age, that is, the number 
of years following menarche, fewer females expe-
rience menstrual cycles exceeding 45 days.13 The 
onset of regular ovulatory cycles is also associated 
with age at menarche.11 Later age at menarche is 
associated with a higher chance of remaining 
oligo-anovulatory during the reproductive life. In 
girls who will start their period after 13 years of 
age, half of cycles are ovulatory during the first 
4.5 years after menarche.11 More than 50% of 
girls who are oligo-amenorrheic at age 15 remain 

so during their adult life.14 The evidence-based 
international guidelines state that for adolescent 
girls who are less than 2 years after menarche and 
have features suggestive of PCOS, the label 
‘increased risk for PCOS’ could be used. Girls 
considered to be ‘at risk’ for PCOS should be fol-
lowed longitudinally and reevaluated by 8 years 
following menarche.3

Ascertainment of hyperandrogenism may be  
difficult. Hyperandrogenism includes clinical 
(hirsutism, acne, and alopecia) and biochemical 
(elevated circulating androgen concentrations). 
Hirsutism is defined as the presence of excessive 
terminal hair growth in androgen-dependent 
regions. In the general population, it is estimated 
that 5–15% of the female population suffers 
from hirsutism.15 Scoring systems, for example, 
modified Ferriman–Gallwey (mFG) score, can 
be used to characterize the extent of hirsutism 
for an individual woman. Ethnicity and life stage 
may influence the mFG score. Acne is common 
during puberty. During puberty, androgen levels 
increase physiologically characterized by the 
high prevalence up to 80% of acne in teenag-
ers.16 Hyperandrogenism should be considered 
for acne resistant to topical treatment. Several 
methods to assess for biochemical hyperandro-
genism can be used. The most commonly used 
methods are measurements of bioavailable tes-
tosterone and calculated free androgen index 
(FAI-100 × (total testosterone / SHBG). Direct 
free testosterone assays should be avoided. Not 
all women suffering from an androgen excess 
disorder manifest hirsutism. However, 80–90% 
of patients with hirsutism will have an androgen 
excess disorder.17 PCOS is a diagnosis of exclu-
sion. Hence, nonclassic congenital adrenal 
hyperplasia, Cushing’s syndrome, hyperprol-
actinemia, and androgen-secreting tumors need 
to be excluded.5,18

Polycystic ovary morphology (PCOM) is a com-
mon finding identified in women with clinical fea-
tures typical of PCOS. The 2003 Rotterdam 
criteria included PCOM in the diagnostic criteria 
for PCOS.5 This introduced milder phenotypes 
into the PCOS definition with limited data on nat-
ural history, prompting calls for phenotype identi-
fication and more research.19 In adolescents, 
PCOM can also be detected without any of the 
accompanying features of PCOS, making it a com-
mon normal finding in these girls. Studies report 
the presence of PCOM in up to 40% of adolescent 
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girls.20 Because of the high incidence of PCOM 
and its nonspecificity in those with a gynecological 
age of less than 8 years after menarche, ultrasound 
is not recommended at this life stage for the pur-
poses of diagnosis.3,4 However, it has been shown 
that eumenorrheic women with PCOM have 
higher androgen levels than eumenorrheic women 
without PCOM, suggesting they might be at risk 
for anovulatory menstrual cycles later in life.21

A recent study shows that weight gain in early 
adulthood is significantly associated with symp-
toms or diagnosis of PCOS.22 Weight gain pre-
vention and lifestyle counseling should start from 
adolescence to attenuate the severity of PCOS. 
There are only a few studies on emotional well-
being or psychosocial features in adolescents 
with PCOS. These reports indicate that amenor-
rhea is associated with a lower self-esteem, greater 
fear of negative appearance, and earlier sexarche.23 
Hyperandrogenism and acne seem to be asso-
ciated with poorer body satisfaction. Finally,  
hirsutism and body mass index (BMI) were 
negatively associated with several psychological 
variables. These results suggest that menstrual 
irregularities might be related to sexarche. 
Moreover, it should be stressed that the treatment 
of women with PCOS should notably focus on 
physical and also on psychological and sexual 
characteristics during adolescence.23

Summarizing, the normal physiologic events that 
occur during puberty confound the diagnosis of 
PCOS among adolescent girls. It is strongly rec-
ommended to reevaluate adolescent girls within 
8 years of menarche or sooner.3

Reproductive age

Subfertility and pregnancy complications
PCOS accounts for up to 70% of patients with 
anovulatory subfertility.24 Subfertility was 15-fold 
higher in women reporting PCOS compared with 
controls independent of BMI. Among women 
reporting subfertility, fertility hormone treatment 
was used more often in women reporting PCOS 
(62% versus 33%, respectively) compared with 
women without PCOS. Nevertheless, IVF use 
was similar in women with and without PCOS.25

Several meta-analyses reviewed the pregnancy and 
delivery complications in women with PCOS. 
Most meta-analyses reported an increased risk for 

gestational diabetes mellitus (GDM), gestational 
hypertension, pre-eclampsia (PE), and cesarean 
section in women with PCOS compared with con-
trols.26–29 Some studies report a higher risk for mis-
carriage. However, the independent influence of 
PCOS in miscarriage is difficult to determine, and 
overall, it appears likely that other factors, such as 
fertility treatment, obesity, and age, significantly 
contribute to miscarriage in PCOS.30 Women with 
PCOS have a four-fold increased risk of develop-
ing gestational diabetes compared with the refer-
ence group of pregnant women without PCOS. 
Moreover, the children born from mothers diag-
nosed with PCOS seem nearly 4 times more often 
small for gestational age.31 The association of 
PCOS with these outcomes is worsened in hyper-
androgenic and obese PCOS phenotypes.29,30,32 
Moreover, the prevalence of the adverse obstetric 
and neonatal outcomes differed by geographical 
continent.30 PCOS women from Africa seem to be 
at increased risk for miscarriage, women from 
Europe for gestational diabetes, women from 
America for gestational hypertension, and women 
from Asia for PE and induction of labor.30 Timely 
surveillance during pregnancy in women with 
PCOS and identification of high-risk groups 
improve preventive strategies and manage-
ment.29,30 No published studies have characterized 
postpartum depression among women with PCOS.

Obesity and dyslipidemia
The close relation between elevated BMI levels 
and PCOS is obvious considering the fact that 
PCOS is associated with overweight and obesity 
(33–88%).33 However, whether obese patients 
are predisposed to PCOS or whether they are 
obese because of their PCOS status is continu-
ously debated.34 Current evidence suggests that 
obesity is a modifying rather than a causal factor 
for PCOS. Indeed, it has been shown that the 
incidence of PCOS among different BMI groups 
was quite similar.35 Hence, it seems that obesity 
aggravates the reproductive and metabolic phe-
notype of PCOS.35,36

Obesity increases insulin resistance and the result-
ing hyperinsulinemia, which in turn increases 
adipogenesis and decreases lipolysis. Obesity 
also sensitizes thecal cells to luteinizing hormone 
(LH) stimulation, resulting in functional ovarian 
hyperandrogenism. Moreover, obesity affects 
inflammatory adipokines, which, in turn, increases 
insulin resistance and adipogenesis.37 Lifestyle 
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intervention, preferably including diet, exercise, 
and behavioral strategies, should be recommended 
in overweight or obese women with PCOS to 
effectively reduce weight, central obesity, and 
insulin resistance.38 Appropriate first-line treat-
ment for patients with PCOS during their repro-
ductive age is lifestyle modification.3,39

A meta-analyses including 30 studies with the 
mean age of women <45 years found higher mean 
serum low-density lipoprotein (LDL) cholesterol 
(LDL-C), non–high-density lipoprotein (HDL) 
cholesterol (non-HDL-C), and triglyceride (TG) 
levels and lower HDL-C levels in women with 
PCOS compared with control women.40 It is  
suggested that PCOS constitutes an increased 
risk for dyslipidemia associated with obesity.41 
Although few studies examine the prevalence of 
dyslipidemia in older women with PCOS, availa-
ble evidence suggests that dyslipidemia is com-
mon in young women with PCOS and likely 
persists beyond menopause.42

Insulin resistance and type 2 diabetes
PCOS is associated with insulin resistance and 
hyperinsulinemia.43,44 Women with PCOS had 
increased prevalence of impaired glucose tolerance 
and DM2 independently of BMI.45 In a Danish 
registry study, the risk of DM2 was 4 times greater 
among women with PCOS. Furthermore, DM2 
was diagnosed 4 years earlier in women with PCOS 
compared with unaffected control women.46 
PCOS is associated with impaired glucose toler-
ance in up to 30% and DM2 in up to 10% of 
women with PCOS.47 A 10-year follow-up study 
found that the age-standardized prevalence of 
DM2 in women with PCOS in their 40s or 50s is 
40%, that is, 6.8 times higher than that of the gen-
eral female population of a similar age.48 The prev-
alence of DM2 in PCOS continues to increase 
during the late reproductive years.48,49 Glycemic 
status should be assessed (using an oral glucose 
tolerance test [OGTT], fasting plasma glucose, or 
HbA1c) at baseline in all women with PCOS and 
should be repeated every 1–3 years depending on 
other individual risk factors for diabetes present.3

Metabolic syndrome
Metabolic syndrome (MetS) is a cluster of meta-
bolic disturbances, including central obesity, 
hyperglycemia and insulin resistance, dyslipi-
demia, and hypertension. Given the association 

of PCOS with many of these individual compo-
nents, it is not surprising that meta-analyses have 
shown a more than twofold increased risk of MetS 
in women with PCOS.45,50 It is suggested that the 
association of MetS with PCOS may be androgen 
driven.51 Interestingly, studies in relatives of 
PCOS women observed an increased prevalence 
of MetS in fathers and sisters, an increased preva-
lence of hypertension in fathers, sisters, and 
brothers as well as an increased prevalence of dys-
lipidemia in fathers of women diagnosed with 
PCOS.52 This suggests a clustering of metabolic 
risk in families of women with PCOS, thereby 
increasing their risk for long-term adverse health 
sequelae.

Psychosocial features
Depression and anxiety commonly occur among 
women with PCOS. Depression scores are 
increased in up to 40% of women with PCOS 
independent of BMI; both clinical and commu-
nity subjects are affected.53,54 The mechanisms 
and etiologies of depression and anxiety remain to 
be clarified; the effects of treatment regimens are 
unclear. The prevalence of psychosexual dysfunc-
tion in PCOS seems also increased and varies 
from 13.3% to 62.5%, which appears to be higher 
than the prevalence in the general population.55–57 
Although individual studies observe mixed 
results, a recent systematic review and a meta-
analysis suggest an increased prevalence of eating 
disorders and disordered eating in women with 
PCOS. In addition, women with PCOS often 
have more risk factors for eating disorders such as 
obesity, depression, anxiety, low self-esteem, and 
poor body image.58

In women with PCOS, sexual function and feelings 
of sexual attractiveness are impaired. The findings 
imply that sexual function, sexual satisfaction, and 
psychosocial functioning need to be part of every 
clinical assessment of women with PCOS.59 Health 
professionals should be aware of the high incidence 
and severity of psychological issues as well as sexual 
function and should facilitate appropriate referral 
and preventive strategies. This should be assessed 
as part of standard care in PCOS.3

Menopause
Menopause is a life stage which occurs on average 
at 51 years of age. The natural history of PCOS 
during the perimenopausal years is unknown. 
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Longitudinal natural history studies defining the 
postmenopausal phenotypes of PCOS are lim-
ited. Therefore, assessment and diagnosis of 
PCOS at this life stage leads to confusion for 
health professionals in terms of screening recom-
mendations for long-term health risks.3 The three 
key features of the PCOS phenotype seem to be 
subject to changes over time, which naturally 
occur with increasing age.60 Aging in patients 
having PCOS is similarly associated with a loss of 
follicles and, subsequently, the disappearance of 
PCOM.60 The menstrual cycle length shortens 
with increasing age as a normal physiological phe-
nomenon. In patients suffering from PCOS, a 
similar shortening is noticed over time, and a sub-
stantial number of these women become eumen-
orrheic. As some studies showed that menopause 
might be occurring later on in life in women with 
PCOS, regular ovulatory cycles might be more 
frequent toward the end of their reproductive 
years.60,61 The fact that women with PCOS might 
be entering menopause later in life compared with 
those who are not suffering from the syndrome 
seems mainly to be due to a selective enrichment 
of menopause postponing genetic variants in 
women with PCOS.62

However, postmenopausal persistence of PCOS 
could be considered likely with continuing evi-
dence of hyperandrogenism after menopause. 
Similarly, if there is a past diagnosis of PCOS, a 
long-term history of hyperandrogenism, irregular 
menstrual cycles, and/or PCOM, during the 
reproductive years, a diagnosis of PCOS after 
menopause could be considered.3

Metabolic syndrome
Several studies have observed a higher prevalence 
of MetS in older women with presumed PCOS 
diagnosis compared with control women.51 Some 
of these studies also showed a higher prevalence 
of MetS in the hyperandrogenic PCOS pheno-
type compared with the nonhyperandrogenic 
phenotype.63 Women with presumed PCOS who 
did not have MetS at baseline had higher rates of 
MetS during follow-up of 12 years (incidence 
rates: PCOS: 3.57 versus control: 2.26). This dif-
ference was not significant after adjustment for 
confounders, including BMI, suggesting that 
women with PCOS who have not developed 
MetS in their premenopausal years may represent 
a lower-risk group.51,64

Cardiovascular disease
CVD is one of the leading causes of death in 
women. Obviously, the presence of factors fur-
ther increasing CVD risk will have significant 
public health impact. Postmenopausal women in 
the later decades of life seem to have the highest 
risk of CVD; however, some studies have shown 
the presence of CVD risk factors in PCOS women 
in early adulthood. In the Australian Longitudinal 
Study on Women’s Health, a community-based 
cohort, women with self-reported PCOS had a 
higher prevalence of hypertension than control 
women independently of BMI (ages 28–33 years; 
5.1% versus 1.0%, respectively).65 However, other 
studies showed that after correction for BMI and 
the presence of DM2, this significant effect 
becomes smaller with increasing age.66,67

No statistical differences were found between 
PCOS and non-PCOS women in myocardial 
infarction, stroke, CVD-related death, and coro-
nary artery/heart disease in a meta-analysis.3,68 
Also, the risk for angina or myocardial infarction 
between women with and without PCOS did 
not differ.68 However, these findings should be 
interpreted with caution given the methodologi-
cal and reporting limitations combined with the 
small sample sizes of these observational studies. 
Furthermore, most studies included women with 
a relatively young age, which limits the interpreta-
tion of the available data.3 Moreover, the impact 
of hyperandrogenism, assessed around perimeno-
pausal transition, on cardiovascular outcome in 
women currently between 70 and 80 years of age 
showed no relationship between androgens and 
CVD risk.66 In a subpopulation with PCOS, they 
recorded a similar incidence of CVD, stroke, and 
coronary heart disease compared with age- and 
BMI-matched women without PCOS.66 A large 
hospital-based Danish population study did 
report an increased event rate of CVD in PCOS 
compared with controls.67 They included hospi-
tal-referred PCOS patients and compared them 
with population-based controls, which might 
have caused ascertainment bias. Also, their defi-
nition of CVD was very broad, including both 
prevalent and incident events. The only prospec-
tively designed study with sufficiently long follow-
up was published by a Swedish group. This study 
did not report an increased incidence of myocar-
dial infarction, stroke, or ischemic heart disease in 
women with PCOS compared with age-matched 
controls without PCOS.69
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As stated in this article, metabolic syndrome and 
CVD risk factors are increased in PCOS. 
Cardiovascular health, however, needs to be con-
sidered. Data on clinical cardiovascular events are 
limited. Consequently, overall CVD risk and opti-
mal screening for additional risk factors remain 
highly controversial.3 CVD risk in women with 
PCOS remains unclear pending high-quality stud-
ies; however, prevalence of CVD risk factors is 
increased, warranting consideration of screening is 
needed.3 Recommendations in terms of the exact 
age at which the first screening should take place 
or the frequency of screening have not yet been 
determined. Moreover, as the diagnostic process 
accounts for only a minor part of the total health-
care costs for PCOS, screening and early treatment 
will most likely reduce these healthcare costs.

Conclusions
PCOS is a complex disease in which genetic, 
endocrine, environmental, and behavioral factors 
are intertwined, giving rise to a heterogeneous 
phenotype with reproductive, metabolic, and 
psychological characteristics that affect women’s 
health and quality of life across the life course. 
Curiously, as women age, the PCOS phenotype 
evolves with amelioration of clinical features. An 
individualized approach to diagnosis and treat-
ment benefits all women with PCOS.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Conflict of interest statement
The authors declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article.

ORCID iD
Yvonne V. Louwers  https://orcid.org/0000- 
0002-9048-7398

References
 1. Azziz R, Carmina E, Chen Z, et al. Polycystic 

ovary syndrome. Nat Rev Dis Primers 2016; 2: 
16057.

 2. Azziz R, Marin C, Hoq L, et al. Health care-
related economic burden of the polycystic ovary 

syndrome during the reproductive life span.  
J Clin Endocrinol Metab 2005; 90: 4650–4658.

 3. Teede HJ, Misso ML, Costello MF, et al. 
Recommendations from the international 
evidence-based guideline for the assessment and 
management of polycystic ovary syndrome. Hum 
Reprod 2018; 33: 1602–1618.

 4. Neven ACH, Laven J, Teede HJ, et al. A 
summary on polycystic ovary syndrome: 
diagnostic criteria, prevalence, clinical 
manifestations, and management according to the 
latest international guidelines. Semin Reprod Med 
2018; 36: 5–12.

 5. Rotterdam E-A. Revised 2003 consensus on 
diagnostic criteria and long-term health risks 
related to polycystic ovary syndrome (PCOS). 
Hum Reprod 2004; 19: 41–47.

 6. Lemarchand-Beraud T, Zufferey MM, Reymond 
M, et al. Maturation of the hypothalamo-
pituitary-ovarian axis in adolescent girls. J Clin 
Endocrinol Metab 1982; 54: 241–246.

 7. Treloar AE, Boynton RE, Behn BG, et al. 
Variation of the human menstrual cycle through 
reproductive life. Int J Fertil 1967; 12: 77–126.

 8. Flug D, Largo RH and Prader A. Menstrual 
patterns in adolescent Swiss girls: a longitudinal 
study. Ann Hum Biol 1984; 11: 495–508.

 9. Pena AS, Doherty DA, Atkinson HC, et al. 
The majority of irregular menstrual cycles in 
adolescence are ovulatory: results of a prospective 
study. Arch Dis Child 2018; 103: 235–239.

 10. Widholm O and Kantero RL. A statistical 
analysis of the menstrual patterns of 8,000 
Finnish girls and their mothers. Acta Obstet 
Gynecol Scand Suppl 1971; 14(Suppl. 14): 1–36.

 11. Apter D. Endocrine and metabolic abnormalities 
in adolescents with a PCOS-like condition: 
consequences for adult reproduction. Trends 
Endocrinol Metab 1998; 9: 58–61.

 12. Metcalf MG, Skidmore DS, Lowry GF, et al. 
Incidence of ovulation in the years after the 
menarche. J Endocrinol 1983; 97: 213–219.

 13. Witchel SF, Oberfield S, Rosenfield RL, et al. 
The diagnosis of polycystic ovary syndrome 
during adolescence. Horm Res Paediatr. 
Epub ahead of print 1 April 2015. DOI: 
10.1159/000375530.

 14. van Hooff MH, Voorhorst FJ, Kaptein MB, et al. 
Predictive value of menstrual cycle pattern, body 
mass index, hormone levels and polycystic ovaries 
at age 15 years for oligo-amenorrhoea at age 18 
years. Hum Reprod 2004; 19: 383–392.

https://journals.sagepub.com/home/reh
https://orcid.org/0000-0002-9048-7398
https://orcid.org/0000-0002-9048-7398


YV Louwers and JSE Laven

journals.sagepub.com/home/reh 7

 15. Yildiz BO, Bolour S, Woods K, et al. Visually 
scoring hirsutism. Hum Reprod Update 2010; 16: 
51–64.

 16. Friedlander SF, Eichenfield LF, Fowler JF, et al. 
Acne epidemiology and pathophysiology. Semin 
Cutan Med Surg 2010; 29(2, Suppl. 1): 2–4.

 17. Azziz R, Sanchez LA, Knochenhauer ES, et al. 
Androgen excess in women: experience with 
over 1000 consecutive patients. J Clin Endocrinol 
Metab 2004; 89: 453–462.

 18. Moria Y, Kortbawi R, El-Asmar N, et al. 
Increased androgen secretion in patients with 
prolactinomas: the impact of altered HPA 
function. Pituitary 2019; 22: 170–178.

 19. Goodman NF, Cobin RH, Futterweit W, 
et al. American Association of Clinical 
Endocrinologists, American College of 
Endocrinology, and Androgen Excess and PCOS 
society disease state clinical review: guide to the 
best practices in the evaluation and treatment of 
polycystic ovary syndrome—part 2. Endocr Pract 
2015; 21: 1415–1426.

 20. Codner E, Villarroel C, Eyzaguirre FC, et al. 
Polycystic ovarian morphology in postmenarchal 
adolescents. Fertil Steril 2011; 95: 702–706.

 21. Mortensen M, Ehrmann DA, Littlejohn E, et al. 
Asymptomatic volunteers with a polycystic ovary 
are a functionally distinct but heterogeneous 
population. J Clin Endocrinol Metab 2009; 94: 
1579–1586.

 22. Ollila MM, Piltonen T, Puukka K, et al. Weight 
gain and dyslipidemia in early adulthood 
associate with polycystic ovary syndrome: 
prospective cohort study. J Clin Endocrinol Metab 
2016; 101: 739–747.

 23. de Niet JE, de Koning CM, Pastoor H, et al. 
Psychological well-being and sexarche in women 
with polycystic ovary syndrome. Hum Reprod 
2010; 25: 1497–1503.

 24. Brassard M, AinMelk Y and Baillargeon JP. Basic 
infertility including polycystic ovary syndrome. 
Med Clin North Am 2008; 92: 1163–1192, xi.

 25. Joham AE, Teede HJ, Ranasinha S, et al. 
Prevalence of infertility and use of fertility 
treatment in women with polycystic ovary 
syndrome: data from a large community-based 
cohort study. J Womens Health (Larchmt) 2015; 
24: 299–307.

 26. Kjerulff LE, Sanchez-Ramos L and Duffy D. 
Pregnancy outcomes in women with polycystic 
ovary syndrome: a metaanalysis. Am J Obstet 
Gynecol 2011; 204: 558.e1–558.e6.

 27. Boomsma CM, Eijkemans MJ, Hughes EG, 
et al. A meta-analysis of pregnancy outcomes in 
women with polycystic ovary syndrome. Hum 
Reprod Update 2006; 12: 673–683.

 28. Qin JZ, Pang LH, Li MJ, et al. Obstetric 
complications in women with polycystic ovary 
syndrome: a systematic review and meta-analysis. 
Reprod Biol Endocrinol 2013; 11: 56.

 29. Christ JP, Gunning MN, Meun C, et al. Pre-
conception characteristics predict obstetrical and 
neonatal outcomes in women with polycystic 
ovary syndrome. J Clin Endocrinol Metab 2019; 
104: 809–818.

 30. Bahri Khomami M, Joham AE, Boyle JA, et al. 
Increased maternal pregnancy complications 
in polycystic ovary syndrome appear to be 
independent of obesity—a systematic review, 
meta-analysis, and meta-regression. Obes Rev 
2019; 20: 659–674.

 31. de Wilde MA, Lamain-de Ruiter M, 
Veltman-Verhulst SM, et al. Increased rates 
of complications in singleton pregnancies of 
women previously diagnosed with polycystic 
ovary syndrome predominantly in the 
hyperandrogenic phenotype. Fertil Steril 2017; 
108: 333–340.

 32. de Wilde MA, Veltman-Verhulst SM, Goverde 
AJ, et al. Preconception predictors of gestational 
diabetes: a multicentre prospective cohort study 
on the predominant complication of pregnancy in 
polycystic ovary syndrome. Hum Reprod 2014; 29: 
1327–1336.

 33. Barber TM, McCarthy MI, Wass JA, et al. 
Obesity and polycystic ovary syndrome. Clin 
Endocrinol (Oxf) 2006; 65: 137–145.

 34. Hoeger KM and Oberfield SE. Do women with 
PCOS have a unique predisposition to obesity. 
Fertil Steril 2012; 97: 13–17.

 35. Yildiz BO, Knochenhauer ES and Azziz R. 
Impact of obesity on the risk for polycystic ovary 
syndrome. J Clin Endocrinol Metab 2008; 93: 
162–168.

 36. Welt CK, Gudmundsson JA, Arason G, et al. 
Characterizing discrete subsets of polycystic ovary 
syndrome as defined by the Rotterdam criteria: 
the impact of weight on phenotype and metabolic 
features. J Clin Endocrinol Metab 2006; 91: 
4842–4848.

 37. Glueck CJ and Goldenberg N. Characteristics of 
obesity in polycystic ovary syndrome: etiology, 
treatment, and genetics. Metabolism 2019; 92: 
108–120.

https://journals.sagepub.com/home/reh


8 journals.sagepub.com/home/reh

Therapeutic Advances in Reproductive Health 14

 38. Lim SS, Hutchison SK, Van Ryswyk E, et al. 
Lifestyle changes in women with polycystic ovary 
syndrome. Cochrane Database Syst Rev 2019; 3: 
CD007506.

 39. Bates GW and Legro RS. Longterm management 
of Polycystic Ovarian Syndrome (PCOS). Mol 
Cell Endocrinol 2013; 373: 91–97.

 40. Wild RA, Rizzo M, Clifton S, et al. Lipid levels in 
polycystic ovary syndrome: systematic review and 
meta-analysis. Fertil Steril 2011; 95: 1073–1079.

 41. Valkenburg O, Steegers-Theunissen RP, Smedts 
HP, et al. A more atherogenic serum lipoprotein 
profile is present in women with polycystic ovary 
syndrome: a case-control study. J Clin Endocrinol 
Metab 2008; 93: 470–476.

 42. Wang ET, Calderon-Margalit R, Cedars MI, 
et al. Polycystic ovary syndrome and risk for long-
term diabetes and dyslipidemia. Obstet Gynecol 
2011; 117: 6–13.

 43. Dumesic DA, Oberfield SE, Stener-Victorin 
E, et al. Scientific statement on the diagnostic 
criteria, epidemiology, pathophysiology, and 
molecular genetics of polycystic ovary syndrome. 
Endocr Rev 2015; 36: 487–525.

 44. Thong EP, Codner E, Laven JSE, et al. Diabetes: 
a metabolic and reproductive disorder in women. 
Lancet Diabetes Endocrinol 2020; 8: 134–149.

 45. Moran LJ, Misso ML, Wild RA, et al. Impaired 
glucose tolerance, type 2 diabetes and metabolic 
syndrome in polycystic ovary syndrome: a 
systematic review and meta-analysis. Hum Reprod 
Update 2010; 16: 347–363.

 46. Rubin KH, Glintborg D, Nybo M, et al. 
Development and risk factors of type 2 diabetes 
in a nationwide population of women with 
polycystic ovary syndrome. J Clin Endocrinol 
Metab 2017; 102: 3848–3857.

 47. Legro RS, Kunselman AR, Dodson WC, et al. 
Prevalence and predictors of risk for type 2 
diabetes mellitus and impaired glucose tolerance 
in polycystic ovary syndrome: a prospective, 
controlled study in 254 affected women. J Clin 
Endocrinol Metab 1999; 84: 165–169.

 48. Gambineri A, Patton L, Altieri P, et al. Polycystic 
ovary syndrome is a risk factor for type 2 
diabetes: results from a long-term prospective 
study. Diabetes 2012; 61: 2369–2374.

 49. Hudecova M, Holte J, Olovsson M, et al. 
Diabetes and impaired glucose tolerance in 
patients with polycystic ovary syndrome—a 
long term follow-up. Hum Reprod 2011; 26: 
1462–1468.

 50. Behboudi-Gandevani S, Amiri M, Bidhendi 
Yarandi R, et al. The risk of metabolic syndrome 
in polycystic ovary syndrome: a systematic review 
and meta-analysis. Clin Endocrinol (Oxf) 2018; 
88: 169–184.

 51. Cooney LG and Dokras A. Beyond fertility: 
polycystic ovary syndrome and long-term health. 
Fertil Steril 2018; 110: 794–809.

 52. Yilmaz B, Vellanki P, Ata B, et al. Metabolic 
syndrome, hypertension, and hyperlipidemia in 
mothers, fathers, sisters, and brothers of women 
with polycystic ovary syndrome: a systematic 
review and meta-analysis. Fertil Steril 2018; 109: 
356–364.

 53. Dokras A, Clifton S, Futterweit W, et al. 
Increased risk for abnormal depression scores 
in women with polycystic ovary syndrome: a 
systematic review and meta-analysis. Obstet 
Gynecol 2011; 117: 145–152.

 54. Cooney LG, Lee I, Sammel MD, et al. High 
prevalence of moderate and severe depressive and 
anxiety symptoms in polycystic ovary syndrome: a 
systematic review and meta-analysis. Hum Reprod 
2017; 32: 1075–1091.

 55. Ercan CM, Coksuer H, Aydogan U, et al. 
Sexual dysfunction assessment and hormonal 
correlations in patients with polycystic ovary 
syndrome. Int J Impot Res 2013; 25: 127–132.

 56. Veras AB, Bruno RV, de Avila MA, et al. 
Sexual dysfunction in patients with polycystic 
ovary syndrome: clinical and hormonal 
correlations. Compr Psychiatry 2011; 52: 
486–489.

 57. Eftekhar T, Sohrabvand F, Zabandan N, et al. 
Sexual dysfunction in patients with polycystic 
ovary syndrome and its affected domains. Iran J 
Reprod Med 2014; 12: 539–546.

 58. Lee I, Cooney LG, Saini S, et al. Increased 
odds of disordered eating in polycystic ovary 
syndrome: a systematic review and meta-analysis. 
Eat Weight Disord 2019; 24(5): 787–797.

 59. Pastoor H, Timman R, de Klerk CWMB, et al. 
Sexual function in women with polycystic ovary 
syndrome: a systematic review and meta-analysis. 
Reprod Biomed Online 2018; 37: 750–760.

 60. Brown ZA, Louwers YV, Fong SL, et al. 
The phenotype of polycystic ovary syndrome 
ameliorates with aging. Fertil Steril 2011; 96: 
1259–1265.

 61. Elting MW, Kwee J, Korsen TJ, et al. Aging 
women with polycystic ovary syndrome who 
achieve regular menstrual cycles have a smaller 

https://journals.sagepub.com/home/reh


YV Louwers and JSE Laven

journals.sagepub.com/home/reh 9

follicle cohort than those who continue to have 
irregular cycles. Fertil Steril 2003; 79: 1154–1160.

 62. Day FR, Hinds DA, Tung JY, et al. Causal 
mechanisms and balancing selection inferred 
from genetic associations with polycystic ovary 
syndrome. Nat Commun 2015; 6: 8464.

 63. Pinola P, Puukka K, Piltonen TT, et al. Normo- 
and hyperandrogenic women with polycystic 
ovary syndrome exhibit an adverse metabolic 
profile through life. Fertil Steril 2017; 107: 
788–795.

 64. Polotsky AJ, Allshouse AA, Crawford SL, et al. 
Hyperandrogenic oligomenorrhea and metabolic 
risks across menopausal transition. J Clin 
Endocrinol Metab 2014; 99: 2120–2127.

 65. Joham AE, Boyle JA, Zoungas S, et al. 
Hypertension in reproductive-aged women with 
polycystic ovary syndrome and association with 
obesity. Am J Hypertens 2015; 28: 847–851.

 66. Meun C, Franco OH, Dhana K, et al. High 
androgens in postmenopausal women and the risk 
for atherosclerosis and cardiovascular disease: the 
Rotterdam study. J Clin Endocrinol Metab 2018; 
103: 1622–1630.

 67. Glintborg D, Rubin KH, Nybo M, et al. 
Cardiovascular disease in a nationwide population 
of Danish women with polycystic ovary syndrome. 
Cardiovasc Diabetol 2018; 17: 37.

 68. de Groot PC, Dekkers OM, Romijn JA, et al. 
PCOS, coronary heart disease, stroke and the 
influence of obesity: a systematic review and 
meta-analysis. Hum Reprod Update 2011; 17: 
495–500.

 69. Schmidt J, Landin-Wilhelmsen K, Brannstrom 
M, et al. Cardiovascular disease and risk factors 
in PCOS women of postmenopausal age: a 
21-year controlled follow-up study. J Clin 
Endocrinol Metab 2011; 96: 3794–3803.

Visit SAGE journals online 
journals.sagepub.com/
home/reh

SAGE journals

https://journals.sagepub.com/home/reh
http://journals.sagepub.com/home/reh
http://journals.sagepub.com/home/reh



