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Abstract
Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting 5–15% of women
of reproductive age. The syndrome is characterized by menstrual irregularities, hyperandrogenism
and polycystic ovaries. Infertility is a major problem in PCOS and it can be explained partially by
chronic anovulatory cycles. Excess body weight and insulin resistance are common among women
with PCOS, exposing them to the most common pregnancy complication, gestational diabetes
mellitus (GDM) and, later in life, to a higher risk of developing glucose metabolism disorders
eventually leading to outbreak of type 2 diabetes mellitus (T2DM). However, the respective roles
of the syndrome per se, excess body weight and hyperandrogenism regarding the aforementioned
complications are still to be clarified.
The objectives were first to determine the risks of PCOS, infertility problems and decreased
fertility at age 26 in women with a history of menstrual irregularity or elevated androgen levels in
adolescence (at age 16). We also aimed to clarify whether PCOS per se is associated with
decreased fertility and increased incidence of miscarriage, GDM, prediabetes and T2DM. Lastly,
we focused on the respective roles of excess body weight and hyperandrogenism as regards the
development of GDM and impaired glucose metabolism.
The study populations were derived from the prospective Northern Finland Birth Cohorts 1966
and 1986, comprising all expected births in 1966 (n = 5889 females) and 1986 (n = 4567) in the
two northernmost provinces of Finland. The data was complemented with fertility rates and
diagnoses of GDM and T2DM from registers held by the National Institute for Health and Welfare
and The Social Insurance Institution of Finland.
Menstrual irregularity or elevated androgen levels in adolescence were associated at age 26
with increased risks of PCOS and infertility problems, but not with decreased fertility rates. At the
end of their reproductive life women with symptoms of PCOS were not more often childless, had
had a similar incidence of miscarriages but had a smaller family size compared with healthy
women, and obesity further decreased family size in this group. Excess body weight and elevated
androgen levels, but not PCOS per se, were independent risk factors of GDM. The increased risk
of T2DM in PCOS was mainly due to excess body weight, although both factors had a synergistic
effect on the development of T2DM.

Keywords: excess body weight, gestational diabetes mellitus, hyperandrogenism,
polycystic ovary syndrome, prediabetes, reproduction, type 2 diabetes mellitus
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Tiivistelmä
Monirakkulainen munasarjaoireyhtymä (PCOS) on yleinen naisilla esiintyvä hormonaalinen häiriö, josta kärsii 5-15% lisääntymisikäisistä naisista. Kuukautiskierron häiriöt, mieshormoniylimäärä ja monirakkulaiset munasarjat ovat ominaisia oireyhtymälle. Lapsettomuus on keskeinen
ongelma oireyhtymässä, mikä johtuu osittain kroonisesta ovulaatioiden epäsäännöllisyydestä tai
niiden puuttumisesta. Ylipainoa ja insuliiniresistenssiä esiintyy usein oireyhtymää sairastavilla
naisilla ja ne altistavat raskausajan diabeteksen puhkeamiselle. Myöhemmällä iällä PCOS-naisilla on suurentunut riski sairastua sokeriaineenvaihdunnan häiriöihin, jotka lisäävät riskiä tyypin 2 diabeteksen (T2DM) puhkeamiselle. PCOS:n, ylipainon ja mieshormoniylimäärän itsenäiset roolit edellä mainittujen häiriöiden kehittymisessä ovat kuitenkin edelleen epäselviä.
Ensimmäisenä tavoitteena oli selvittää PCOS:n, lapsettomuusongelmien ja alentuneen hedelmällisyyden riskiä 26-vuotiaana naisilla, joilla todettiin kuukautiskierron häiriö tai kohonneet
mieshormonipitoisuudet nuoruusiällä (16-vuotiaana). Toiseksi selvitimme, liittyykö PCOS itsessään alentuneeseen hedelmällisyyteen sekä kohonneeseen keskenmenojen, raskausdiabeteksen,
diabeteksen esiasteiden ja T2DM esiintyvyyteen. Lisäksi selvitimme ylipainon ja mieshormoniylimäärän itsenäisiä rooleja raskausdiabeteksen ja muiden sokeriaineenvaihdunnan häiriöiden
kehittymisessä.
Tutkimusaineistoina olivat Pohjois-Suomen syntymäkohortit 1966 (<em>n</em> = 5889
naista) ja 1986 (<em>n</em> = 4567 naista), joihin sisältyivät kaikki elävänä syntyneet lapset
vuosina 1966 ja 1986 kahdesta Suomen pohjoisimmasta läänistä. Tutkimusaineistoja täydennettiin hedelmällisyyslukujen ja GDM- sekä T2DM-diagnoosien osalta Terveyden ja hyvinvoinnin
laitoksen ja Kansaneläkelaitoksen ylläpitämistä rekistereistä.
Nuoruusiän kuukautiskierron häiriöt ja mieshormoniylimäärä olivat yhteydessä suurentuneeseen riskiin kehittää PCOS ja kärsiä lapsettomuusongelmista, mutta näiden yhteyttä alentuneisiin
hedelmällisyyslukuihin 26-vuotiaana ei todettu. PCOS-oireiset naiset eivät kärsineet lapsettomuudesta lisääntymisiän aikana verrokkinaisia enemmän ja keskenmenojen esiintyvyys ei eronnut oireisten ja terveiden naisten välillä. Oireisilla naisilla oli kuitenkin pienempi perhekoko
kuin verrokeilla, ja lihavuus entisestään pienensi perhekokoa oireisilla naisilla. Ylipaino ja mieshormoniylimäärä olivat itsenäisiä riskitekijöitä raskausdiabeteksen kehittymiselle. PCOS ei ollut
riskitekijä raskausdiabeteksen kehittymiselle. Kohonnut T2DM-riski PCOS:ssa johtui lähinnä
ylipainosta, vaikkakin molemmat tekijät olivat itsenäisiä riskitekijöitä T2DM:n kehittymiselle.

Asiasanat: diabeteksen esiaste, lisääntyminen, mieshormoniylimäärä, monirakkulainen
munasarjaoireyhtymä, raskausdiabetes, tyypin 2 diabetes, ylipaino

Keep your eyes on the stars, and your feet on the ground.

- Theodore Roosevelt
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1

Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder,
suffered by approximately 5 to 15% of fertile-aged women (March et al. 2010).
According to the Rotterdam criteria, PCOS is defined by two or all three of the
following features: 1) polycystic ovaries (PCOs) in ultrasonography (polycystic
ovary morphology, PCOM), 2) oligo-anovulation or anovulation, 3) biochemical
(high serum testosterone or free androgen index [FAI]) or clinical (hirsutism)
hyperandrogenism (Rotterdam ESHRE/ASRM-Sponsored PCOS consensus
workshop group 2004).
Although the syndrome has its origins early during fetal programming in the
intra-uterine environment, the clinical characteristics generally do not appear until
adolescence and the syndrome is most often diagnosed even later in early adulthood.
Menstrual irregularity, a common symptom in adolescent girls, has been shown to
be a good marker of hyperandrogenemia (i.e. elevated androgen levels) in
adolescence and it has been proposed to be a risk factor for the development of
PCOS in adulthood (Pinola et al. 2012). However, there is limited data on the
relationship between early menstrual irregularity or hyperandrogenemia and later
risk of PCOS and clinical manifestations associated with it.
Infertility is a major problem in this syndrome and it can be explained partially
by chronic oligomenorrhea or amenorrhea. It has also been suggested that obesity
together with insulin resistance impairs fertility (Davies 2006). In women with
PCOS, ovulation induction or assisted reproductive technology (ART) is often
required to conceive (Roos et al. 2011). However, only a few studies have explored
reproductive performance in PCOS and there are no longitudinal studies assessing
the reproductive capacity of women with PCOS until the end of their reproductive
age.
Women with PCOS also exhibit multiple hormonal and metabolic
abnormalities. Most women with PCOS are either overweight or obese (Balen et
al. 1995, Ehrmann et al. 1999). Insulin resistance (IR), which plays a key role in
the development of altered glucose tolerance, is present in 50 to 70% of women
with PCOS (Legro et al. 2004, Venkatesan et al. 2001). Moreover, compensatory
hyperinsulinemia, which accompanies insulin resistance, has been shown to
augment androgen production (Baptiste et al. 2010). During gestation, insulin
sensitivity decreases and insulin secretion increases, leading to a transient state of
abnormal metabolism in pregnant women. As excess body weight and insulin
resistance are commonly present in PCOS, it can be expected that women with
17

PCOS are susceptible to developing GDM, the most common pregnancy
complication in women (Raatikainen et al. 2006, Torloni et al. 2009). In fact, the
risk of GDM is estimated to be almost three times higher in women with PCOS
compared with control women (Boomsma et al. 2006, Kjerulff et al. 2011, Qin et
al. 2013). In later life, women with PCOS are exposed to a higher risk of developing
type II diabetes mellitus (T2DM) and cardiovascular diseases (CVDs) (Moran et
al. 2010, Solomon et al. 2002). Given the reproductive and metabolic risks related
to PCOS, it is important to identify the respective roles of PCOS per se and excess
body weight on the development of GDM and T2DM, to provide more information
on optimal use of regular screening methods, particularly in times of limited
sources of healthcare systems.

18

2

Review of the literature

2.1

Polycystic ovary syndrome (PCOS)

2.1.1 Definition and prevalence
Originally, Stein and Leventhal were the first scientists to find an association
between bilateral PCOM and oligo-anovulation, in 1935. In the 1960’s, the
diagnosis of PCOS was based on histological criteria (Goldzieher & Green 1962),
but later in the 1980’s transvaginal ultrasonography replaced ovarian biopsy as a
non-invasive, simple technique to assess the size and internal morphology of the
ovaries (Dewailly 1997). In the last three decades, three alternative definitions have
been generated for diagnosing PCOS. In 1990, a conference sponsored by the
National Institutes of Health (NIH) developed and agreed the first universal
diagnostic criteria of PCOS. The syndrome was defined by clinical and/or
biochemical hyperandrogenism together with chronic oligo-anovulation after
exclusion of other known endocrinological conditions such as non-classical
congenital adrenal hyperplasia owing to steroid 21-hydroxylase deficiency,
hyperprolactinemia and thyroid diseases (Zawadski & Dunaif 1992). Despite the
NIH diagnostic criteria, varying definitions of PCOS were still used in different
studies, resulting in heterogeneous populations of PCOS women, which made
comparisons between the different studies difficult.
After this first consensus, the debate on the diagnosis of PCOS went on for
over a decade. Broader diagnostic criteria were needed, as it was recognized that
some women with PCOM displayed ovarian dysfunction without disturbances in
androgen secretion. In May 2003, a conference of the European Society for Human
Reproduction (ESHRE) and the American Society for Reproductive Medicine
(ASRM) was held in Rotterdam to revise the diagnostic criteria. The new diagnosis
required at least two out of the three following criteria after exclusion of other
endocrinopathies: 1) oligo- or anovulation, 2) clinical and/or biochemical signs of
hyperandrogenism, 3) PCOM (Rotterdam ESHRE/ASRM-Sponsored PCOS
consensus workshop group 2004). Clinical hyperandrogenism should be evaluated
by assessing the degree of hirsutism (H) and biochemical hyperandrogenism by
measuring free or total testosterone (T) or calculating the free androgen index (FAI).
As a consequence of that new consensus, women with PCOS could be divided into
four distinct phenotypic subgroups displaying great hormonal and metabolic
19

heterogeneity (Barber et al. 2007, Vaggopoulos et al. 2013, Zhang et al. 2009):
phenotype A (hyperandrogenism, oligo-anovulation and PCOM), phenotype B
(hyperandrogenism and oligo-anovulation), phenotype C (hyperandrogenism and
PCOM) and phenotype D (oligo-anovulation and PCOM).
Later, the Androgen Excess and PCOS (AE-PCOS) Society emphasized the
importance of hyperandrogenism in the diagnosis of PCOS, as recommended by
the NIH criteria (Azziz et al. 2006) and the AE-PCOS society recommends the
following diagnostic criteria: 1) hyperandrogenism, 2) ovarian dysfunction (oligoanovulation and/or PCOM) and 3) exclusion of other causes of androgen excess or
related disorders (congenital adrenal hyperplasia, and ovarian and adrenal
androgen-secreting tumors and other endocrinological disorders). The three
different diagnostic criteria used for the diagnosis of PCOS are described in Table
1.
Table 1. Diagnostic criteria used for the diagnosis of PCOS.
Diagnostic criteria
NIH criteria

Hyperandrogenisma

Oligo- or anovulation

+

+

PCOMb

Rotterdam criteria
Phenotype A

+

+

Phenotype B

+

+

Phenotype C

+

Phenotype D
AE-PCOS Society criteria
a

+
+

+

+

+

+

Hirsutism, elevated serum testosterone levels, elevated free androgen index. bTwelve or more follicles

(diameter 2–9mm) and/or increased ovarian volume (> 10 mm) in at least one ovary.

Prevalence of PCOS
The prevalence of the syndrome varies depending on the diagnostic criteria applied.
Previous publications on the prevalence of PCOS reported rates to be 4–8% based
on the NIH criteria (Asuncion et al. 2000, Azziz et al. 2004, DiamantiKandarakis et al. 1999, Knochenhauer et al. 1998, March et al. 2010, Moran et al.
2010ab, Yildiz et al. 2012), 2.4–19.9% based on the Rotterdam criteria (Chen et al.
2008, Kumarapeli et al. 2008, March et al. 2010, Yildiz et al. 2012) and 2.2–15.3%
based on the AE-PCOS Society criteria (Chen et al. 2008, March et al. 2010, Yildiz
et al. 2012). Discrepancy among studies involving the same diagnostic tool might
be explained by differences in study populations, difficulties in phenotypic
definition and design limitations including selection bias. Of note, the prevalence
20

of symptoms of PCOS has been shown to decline significantly with age (Lauritsen
et al. 2014).
2.1.2 Characteristics of PCOS
The clinical characteristics of PCOS can be divided into two main categories: 1)
disturbances in menstrual pattern that include oligomenorrhea (irregular cycles) or
anovulation (absent menses), and 2) hyperandrogenic characteristics featuring
hirsutism (excessive growth of body hair), acne, and androgenic alopecia (malepattern hair loss) (Franks 1995).
Menstrual pattern
Anovulatory cycles in PCOS can be classified as oligomenorrhea (menstrual cycle
length ≥ 35 days more than twice a year or < 10 menstruations per year) or chronic
amenorrhea (absent menses for three months or more) (Azziz et al. 2009).
Oligomenorrhea and/or amenorrhea are usually classified as oligo-amenorrhea
(OA), which is a typical symptom among women with PCOS. Importantly, primary
amenorrhea (genetic disorders and malformations) and secondary OA due to other
causes (e.g. thyroid dysfunction, eating disorders, congenital adrenal hyperplasia,
Cushing’s
syndrome,
androgen-secreting
tumors,
hyperprolactinemia,
hypogonadotropic hypogonadism and premature ovarian insufficiency should be
excluded (Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop
group 2004). The prevalence of OA among women diagnosed with the syndrome
varies from 75% up to 90% depending on the age of the study population and the
diagnostic criteria applied to define OA (Adams et al. 1986, Burgers et al. 2010,
March et al. 2010). According to the NIH criteria, OA is required for the diagnosis
of PCOS, but the Rotterdam and AE-PCOS criteria provide more freedom
regarding the diagnosis, as it can be set without disturbances in menstrual pattern.
On the other hand, the occurrence of PCOS among women with menstrual
disturbances is estimated to be 60 to 90% (Kumarapeli et al. 2008, Taponen et al.
2004a). Menstrual cycles in women with PCOS tend to become more regular as
they approach menopause (Dahlgren et al. 1992, Elting et al. 2001).
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Androgen secretion and its regulation
The secretion of androgens rises in response to their regulating hormones:
luteinizing hormone (LH) stimulating the ovaries and adrenocorticotropic hormone
(ACTH) stimulating the adrenal gland (Figure 1). In women, androgens are
secreted by both the ovaries and the adrenal cortex, and the remaining androgen
production originates from the peripheral conversion of other steroids (Burger 2002,
Norman 2002). The ovary is responsible for approximately 25% of T production in
reproductive-age women, the adrenal glands for another 25% and the peripheral
tissues for the remaining 50%. In the circulation, testosterone is mostly bound to
the steroid-binding protein sex hormone-binding globulin (SHBG), which is a
glycoprotein synthesized by the liver (Hammond & Bocchinfuso 1996). SHBG
levels are mainly regulated by sex hormones, but other hormones and cytokines
also influence the serum levels of SHBG (Thaler et al. 2015). Biologically active
circulating T is unbound, and therefore changes in circulating levels of SHBG
affect the amount of bioavailable T, thus affecting the degree of clinical
presentation of hyperandrogenism. Hyperinsulinemia due to IR seems to be
associated with decreased synthesis of SHBG, but evidence behind the exact
mechanism has never been described (Simo et al. 2015).
The inner layers of the adrenal cortex (the zona fasciculata and the zona
reticularis) are mainly responsible for the production of androstenedione (A4),
dehydroepiandrosterone (DHEA) and its sulfate conjugate dehydroepiandrosterone
sulfate (DHEAS). The ovaries produce approximately 20% of total circulating
DHEA, but DHEAS originates mostly from the adrenal glands after conversion
from DHEA (Goodarzi et al. 2014). Androstenedione, DHEA and DHEAS require
conversion to T and dihydrotestosterone (DHT) to have an androgenic effect
(Burger 2002).
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Fig. 1. The signaling pathways regulating androgen synthesis in the ovaries and adrenal
glands.

Hyperandrogenism in PCOS
Hyperandrogenism is one of the key elements in the diagnosis of PCOS, as up to
80% of hyperandrogenic women are diagnosed with PCOS (Azziz et al. 2004a). In
PCOS, excess production of androgens or failure of aromatization leads to higher
circulating androgen levels (Rosenfield 1999). There also seems to be an intrinsic
hyper-responsiveness of thecal cells in PCOS leading to excess production of
androgens (Gilling-Smith et al. 1994). Hypertrophy of the theca-cell layer, and
greater size and number of cells producing androgens also contribute to
hyperandrogenemia in PCOS women (Norman 2002). Although the ovaries are the
main source of hyperandrogenemia in PCOS, between 20 and 50% of patients also
show adrenal androgen excess, suggesting adrenocortical hyperfunction, which is
maintained until menopause and might be caused by a generalized exaggeration in
the responsivity to ACTH (Puurunen et al. 2009, Yildiz & Azziz 2007). Combined
with decreased levels of SHBG secondary to IR, the hypersecretion of androgens
results in elevated levels of biologically active androgen metabolites.
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Hyperandrogenemia
In women, biochemical hyperandrogenism, i.e. hyperandrogenemia, is defined as
elevated (i.e. higher than the upper limit of the normal range) circulating levels of
T or calculated indices of androgenicity, such as the free androgen index (FAI) and
calculated free testosterone (cFT). The FAI is calculated from serum T and SHBG
concentrations (Table 2). Calculated free testosterone (Table 2), which also takes
into account plasma albumin concentrations, has been shown to be an even better
method to evaluate biochemical androgenicity, and it has been shown to correlate
well with free T concentrations (Rosner et al. 2007, Vermeulen et al. 1999).
When measuring the relatively low levels of androgens in women, the method
must be highly accurate (Stanczyk 2006). The limitations of defining androgen
excess by the measurement of circulating androgen levels are often due to the
inaccuracy and variability of the laboratory methods that are used, which must be
considered when evaluating the reliability and clinical relevance of previous reports
(Vermeulen et al. 1999). Routine clinical direct assays without organic solvent
extraction or chromatography, have been shown to be inaccurate and not
sufficiently precise when measuring the low androgen concentrations in women
(Handelsman & Wartofsky 2013). It is suggested that when assessing total T levels
in women, one should use immunoassays after extraction, or liquid
chromatography-tandem mass spectrometry (LC-MS/MS) (Rosner et al. 2007).
The benefits of LC-MS/MS are high analytical sensitivity, specificity and the low
possibility of error (Häkkinen et al. 2018, Shea et al. 2014).
The Rotterdam consensus encourages use of the FAI or cFT instead of total T
when evaluating biochemical hyperandrogenism in women with PCOS (Rotterdam
ESHRE/ASRM-Sponsored PCOS consensus workshop group 2004).
Table 2. Equations used for evaluation of androgenicity.
Androgen index

Equation

Free Androgen Index (FAI)

FAI = 100 × (total T / SHBG) (both concentrations nmol/L)

Calculated Free Testosterone (cFT)1

cFT = {-b + √(b2 + 4a[TT]} / 2a
a = kat + kt + (kat × kt)([SHBG] + [albumin] – [T])
b = 1 + kt[SHBG] + kat[albumin] + (kat + kt)[T]

1

Vermulen et al. 1999

24

Clinical hyperandrogenism
Hirsutism is thought to be the most reliable symptom used for the evaluation of
clinical hyperandrogenism even though it seems to be less prevalent in
hyperandrogenic women of East Asian origin, or in adolescence (Carmina et al.
1992, Diamanti-Kandarakis et al. 1999, Ruutiainen et al. 1988). Hirsutism is
present in approximately 50–70% of women with PCOS, and it has been shown to
have a positive correlation with body weight (Kiddy et al. 1990). In comparison,
the sole presence of acne or alopecia as indicators of clinical hyperandrogenism
appears to be a relatively poor diagnostic tool (Schmidt & Shinkai 2015, Slayden
et al. 2001). However, clinicians should assess the androgenic profile of patients
presenting a severe clinical picture of acne or alopecia (Yildiz 2006).
Androgens, primarily T and DHT, through their action on androgen receptors
in the hair follicle determine the amount and distribution of hair-growth expressed
as excess male-pattern terminal hair-growth. Generally, hirsutism is evaluated by
using Ferriman-Gallwey (F&G) scale, which gives scores from 1 to 4 depending
on the presence of hair growth in eleven areas of the body (Ferriman & Gallwey
1961, Table 3). Other scoring charts are also used, such as modifications of the
original F&G scale (Yildiz 2006). Women are considered as being hirsute when
they present a total hirsutism score of > 7 according to the F&G chart. Hirsutism is
obviously a subjective symptom and it is influenced by differing perceptions of
excess body hair and is therefore easily over-reported when using self-reported
charts. However, previous studies show that self-reported hirsutism can distinguish
most women with the typical characteristics of PCOS (Kazemi et al. 2015, Taponen
et al. 2003, Taponen et al. 2004).
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Table 3. Definition of hair growth grading according to Ferriman and Gallwey.
Site

Grade

Definition

1. Upper lip

1

A few hairs at outer margin.

2

A small moustache at outer margin.

3

A moustache extending halfway from outer margin.

4

A moustache extending to mid-line.

1

A few scattered hairs.

2. Chin

3. Chest

4. Upper back

5. Lower back

6. Upper abdomen

7. Lower abdomen

8. Arm

2

Scattered hairs with small concentrations.

3&4

Complete cover, light and heavy.

1

Circumareolar hairs.

2

With mid-line hair in addition.

3

Fusion of these areas, with three-quarter cover.

4

Complete cover.

1

A few scattered hairs.

2

Rather more, still scattered.

3&4

Complete cover, light and heavy.

1

A sacral tuft of hair.

2

With some lateral extension.

3

Three-quarter cover.

4

Complete cover.

1

A few mid-line hairs.

2

Rather more, still mid-line.

3&4

Half and full cover.

1

A few mid-line hairs.

2

A mid-line streak of hair.

3

A mid-line band of hair.

4

An inverted V-shaped growth.

1

Sparse growth affecting not more than a quarter of the limb surface.

2

More than this; cover still incomplete.

3&4

Complete cover, light and heavy.

9. Forearm

1, 2, 3 & 4

Complete cover of dorsal surface; 2 grades of light and 2 of heavy

10. Thigh

1, 2, 3 & 4

As for arm.

11. Leg

1, 2, 3 & 4

As for arm.

growth.

Polycystic ovarian morphology (PCOM)
In PCOS, the microscopic and macroscopic anatomy of the ovary is abnormal and
the ovaries display a greater density of primordial, primary, preantral and antral
follicles when compared with normal ovaries (Dewailly et al. 2010). Histologic
studies show that ovarian folliculogenesis is arrested at the antral stage, resulting
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in the accumulation of multiple arrested preantral and antral follicles, thus
generating the appearance of PCOM. The arrest in follicular development occurs
typically when the follicles reach a diameter of 4 to 7 mm (Franks et al. 1998).
Originally a diagnosis of PCOM was set when ten or more follicles with a
diameter of 2 to 8 millimeters and/or increased ovarian volume (> 10 milliliters) in
at least one ovary were identified in transabdominal ultrasonography (Adams et al.
1986). Later, according to the Rotterdam consensus, PCOM was defined as the
presence of 12 or more follicles with a diameter of two to nine mm and/or increased
ovarian volume (over 10 mL) in at least one ovary (Rotterdam ESHRE/ASRMSponsored PCOS consensus workshop group 2004). However, with modern highresolution imaging technology, it has been suggested that a follicle number count
of 25 or more could be a more accurate evaluation of PCOM (Dewailly et al. 2014).
Up to now, there is still no consensus on the criteria to define PCOM and the use
of Rotterdam criteria is still recommended in clinical practice.
PCOM is a common but not necessary finding for the diagnosis of PCOS. One
group of investigators reported that as much as 87% of women with OA and 92%
with isolated hirsutism also display PCOM (Adams et al. 1986). In a Finnish cohort
study (Taponen et al. 2004)), PCOM was detected in 18% of women reporting only
hirsutism, in 48% of those reporting only OA, and in 70% of those reporting both
symptoms. On the other hand, PCOM at ultrasonography has been observed in 17–
33% of randomly selected women (Balen et al. 1995, Clayton et al. 1992), and even
in 14–23% of regularly menstruating healthy young women (Polson et al.
1988, Koivunen et al. 1999). The question of whether PCOM alone is pathological
or a normal variant of ovarian morphology still remains unclear.
2.1.3 Obesity and insulin resistance
Obesity
Over the last few decades obesity has become a major worldwide public-health
problem. The World Health Organization (WHO) defines overweight as a body
mass index (BMI) of 25.0–29.9 kg/m2 and obesity as a BMI of 30 kg/m2 or more.
Additionally, distribution of the adipose tissue should be considered, as abdominal
obesity is generally associated with more severe metabolic dysfunction compared
with female-type obesity. The clinical measurements of waist circumference and
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waist-to-hip ratio (WHR) are simple and commonly used tools for evaluating
abdominal adiposity.
The association between PCOS and obesity is clear, and obesity tends to
exacerbate the symptoms and the metabolic abnormalities of the syndrome (Dunaif
et al. 1992, Hoeger & Oberfield 2012, Legro 2012). Epidemiological studies reveal
that most women (38–88%) with PCOS are either overweight or obese (Balen et al.
1995, Ehrmann et al. 1999). The highest occurrence of obesity has been reported
in studies conducted in the United States and Australia, with 60–80% of women
with PCOS considered obese (Glueck et al. 2005). By contrast, studies conducted
on European populations show much lower prevalences of obesity (10–38%)
(Asuncion et al. 2000, Diamanti-Kandarakis et al. 1999, Lauritsen et al. 2014). All
in all, there is much evidence to suggest that obesity plays a significant role in the
pathophysiology and development of PCOS (Legro 2012). In a population-based
cohort study, symptoms or diagnosis of PCOS were associated with significantly
increased weight gain, especially in early adulthood (Ollila et al. 2016), and an
observational study indicated that even a weight loss of only 5% in obese women
with PCOS translated into improved metabolic and hormonal profiles (Moran et al.
2009). Additionally, lifestyle modifications can improve body composition, insulin
sensitivity and hyperandrogenism (Hutchison et al. 2011). On the other hand, PCOS
is also observed among lean women, suggesting a multifactorial etiology of the
syndrome.
Obesity worsens many features of the syndrome, and when associated with
PCOS it is especially related to general cardiovascular risk factors, such as
decreased insulin sensitivity, abnormal glucose metabolism, dyslipidemia,
metabolic syndrome (MetS) and obstructive sleep apnea (Barber et al 2007,
Ehrmann et al. 1999, Nitsche & Ehrmann 2010, Legro et al. 1999, Moran et al.
2010, Wild et al. 2010). Importantly, MetS, a significant risk factor of CVD, is
present in 8–25% women with PCOS, and the prevance of MetS in cases of PCOS
is estimated to be two or three times higher compared with age-matched controls
(Wild et al. 2010). Excess body weight also exacerbates symptoms of PCOS, as
BMI has been shown to correlate well with increased occurrence of hirsutism,
serum T levels and irregular menstruation (Kiddy et al. 1990, Liou et al. 2009).
Furhermore, there is evidence showing that MetS is most prevalent in the
hyperandrogenic phenotype of PCOS, suggesting that careful follow-up should be
focused on this clinical subset of PCOS patients (Amsterdam ESHRE/ASRMSponsored 3rd PCOS Consensus Workshop Group 2012). These observations
emphasize the importance of early weight management in PCOS to relieve the
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clinical picture of the disease and reduce the risk of metabolic and cardiovascular
diseases later in life.
Abdominal fat comprises subcutaneous and intra-abdominal (i.e. visceral) fat
deposits. Visceral adiposity appears to be the most detrimental as it is associated
with chronic inflammation, IR, hyperandrogenemia and metabolic disturbances
(Norman et al. 2002, Pasquali et al. 1994). Most women with PCOS are considered
to have an increased abdominal body fat distribution regardless of BMI. The
prevalence of abdominal obesity (defined as a waist circumference above 88 cm or
a WHR of greater than 0.8) in PCOS varies greatly between different ethnic and
geographical populations. In the United Kingdom and the United States, as much
as 80–85% of women with PCOS have abdominal obesity (Ehrmann et al. 2006,
Glueck et al. 2003, Lord et al. 2006), whereas the prevalences were 65% in an
Italian study population (Pasquali et al. 1994) and 31% in a Chinese study
population (Zhao et al. 2010). However, direct comparisons between the studies
are limited by differences in the definition of abdominal obesity.
Women with PCOS have been observed to have more intra-abdominal fat
accumulation compared with weight-matched or WHR-matched controls (Holte et
al. 1994, Kirchengast and Huber 2001). Central subcutaneous and visceral fat
accumulation in PCOS has been reported in many studies involving
ultrasonography (Yildirim et al. 2003), dual-energy X-ray absorptiometry
(Kirchengast and Huber 2001, Puder et al. 2005) and lipometer readings (Horejsi
et al. 2004). However, these techniques suffer from limitations of high operatordependence (especially ultrasonography), inadequate image resolution and lack of
discernibility between abdominal visceral and subcutaneous fat depots.
Controversially, studies involving a magnetic resonance-based imaging technique
for assessment and comparison of fat distribution showed no differences in
abdominal fat depots between obese BMI- and fat mass-matched pairs of PCOS
cases and controls, despite a significant difference in insulin sensitivity (Barber et
al. 2008, Manneras-Holm et al. 2011). Based on these data, abdominal fat mass
seems to be proportional to total fat mass regardless of PCOS status, suggesting
that IR cannot be explained only by a preponderance of visceral adiposity in this
condition. Thus, future research in PCOS should also focus on divergences of
ectopic fat distribution and its relationship to IR.
Adipose tissue is an endocrinologically active organ producing growth factors,
lipids, and numerous peptides, inflammatory mediators and steroids (Kershaw &
Flier 2004). There is also clear evidence that adipocyte function is aberrant in
PCOS. For example, inflammatory cytokines (such as tumor necrosis factor-α and
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interleukin-6) of adipocytes derived from patients with PCOS suppress more
adiponectin secretion and insulin-mediated glucose transport than cytokines of
adipocytes derived from control women (Chazenbalk et al. 2010). Genes involved
in inflammation, lipid metabolism, and Wnt signaling are also differentially
expressed in the adipose tissue of non-obese PCOS women compared with BMImatched controls (Chazenbalk et al. 2012). Women with PCOS display larger
adipocyte volume, lower adiponectin levels, lipoprotein lipase activity and glucose
transporter 4 protein expression, and impaired catecholamine-induced lipolysis
compared with matched controls (Ek et al. 1997, Manneras-Holm et al. 2011,
Rosenbaum et al. 1993, Toulis et al. 2009). Obesity per se seems not to be the only
primary driver of PCOS, as adipose tissue dysfunction may also play an active role
in the subclinical inflammation and metabolic alterations, and consequently the
metabolic and cardiovascular morbidity linked to the syndrome.
Insulin resistance
Insulin resistance is defined as the inability of insulin to increase glucose uptake in
tissues (e.g. muscle, liver and fat tissue) as much it does in a normal population
(Lebovitz 2001). This leads to a compensatory increased release of insulin from the
pancreas, and thereby the development of compensatory hyperinsulinemia. Insulin
resistance is present in about 50 to 80% of women with PCOS, primarily in the
more severe cases diagnosed according to the NIH criteria and in those who are
overweight (Legro et al. 2004, Venkatesan et al. 2001). Normal weight and use of
the Rotterdam criteria for the diagnosis appear to be associated with less severe IR
(Moran & Teede 2009, Vrbíková et al. 2004). Insulin resistance leads to impaired
glucose tolerance (IGT), which substantially increases the future risk of developing
type 2 diabetes mellitus (T2DM) (Legro et al. 1999, Lillioja et al. 1993). There is
evidence that IR in PCOS is derived from an intrinsic defect in the post-receptor
signaling of insulin in its target tissues (described in 2.1.4). Moreover, the common
combination of PCOS and obesity synergistically promotes IR (Gambineri et al.
2012). On the other hand, lean women with PCOS have been shown to present
increased rates of IR compared with weight-matched control women (Morales et
al. 1996, Stepto et al. 2013), but controversial results have been observed (Alebic
et al. 2014). Insulin resistance has also been shown to be associated with higher
FAI values and lower circulating SHBG concentrations (Karakas et al. 2010), and
IR combined with hyperandrogenemia exerts a synergistic effect to promote
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metabolic disturbances in women with PCOS (Baptiste et al. 2010, Puurunen et al.
2011).
The most accurate technique for assessing insulin resistance is the euglycemic
hyperinsulinemic clamp, used to measure peripheral insulin sensitivity (DeFronzo
et al. 1979). Another highly accurate method for evaluating insulin sensitivity is
the intravenous glucose tolerance test (Bergman et al. 1989). Both of the
aforementioned techniques are extremely time-consuming and expensive, and
therefore insulin indices derived from fasting blood samples and oral glucose
tolerance tests (OGTTs) are preferred in clinical use for measuring IR (HOMA-IR,
calculated as: fasting glucose × fasting insulin / 22.5; the Matsuda index, calculated
as: 10,000 / (fasting glucose × fasting insulin × mean OGTT glucose × mean OGTT
insulin)0.5; QUICKI, calculated as: 1 / (log fasting insulin + log fasting glucose])
(Katz et al. 2000, Matsuda & DeFronzo 1999).
2.1.4 Pathogenesis
Polycystic ovary syndrome is a multifactorial endocrinopathy that arises from
interactions between genetic, intra-uterine and environmental factors, as described
in Figure 2. Multiple different pathways can lead to the syndrome. Although the
clinical characteristics of PCOS generally do not appear until in adolescence, the
natural history of the syndrome has its origins as early as during fetal programming
in the intra-uterine environment. This process has been suggested to arise from the
presence of glucocorticoid excess as a result of fetal hypoxia and intra-uterine
growth restriction (IUGR) (Longo et al. 2013) or because of elevated maternal
androgen levels during pregnancy (Padmanabhan & Veiga-Lopez 2011). In
addition, genetic predisposition plays a role in the onset of PCOS, as individuals
who allegedly do not undergo developmental programming, i.e. daughters of
women without PCOS, can also develop the syndrome. It has been proposed that
the characteristics of PCOS are a consequence of genetically determined
hypersecretion of androgens by the ovary during or long before puberty (Abbott et
al. 2002).
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Fig. 2. Pathogenesis of PCOS and co-morbidities associated with the syndrome later in
life. Modified after de Melo et al. 2015.

Insulin resistance in the pathogenesis of PCOS
It is estimated that IR is present in 50% to 80% of women with PCOS (Nisenblat
& Norman 2009, Venkatesan et al. 2001). Hypersecretion of insulin develops as a
compensatory response to decreased insulin sensitivity, and hyperinsulinemia, in
turn, has synergistic interactions with LH as a co-gonadotropin within theca cells
(Franks et al. 1997). This results in activation of CYP17, a key enzyme in ovarian
androgen synthesis, which enhances the production and secretion of androgens
(Rosenfield et al. 1990). In addition, a premature response of granulosa cells to LH
has been suggested to promote arrest of ovarian pre-antral follicle development,
which in turn leads to anovulation among women with PCOS (Willis et al. 1998a).
Moreover, insulin excess, by increasing the response of granulosa cells to LH,
amplifies the effects of LH (Dunaif 1997). Other extra-ovarian effects of
hyperinsulinemia include stimulation of adrenal P450c17α activity and suppression
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of SHBG release, which leads to higher bioavailable androgen levels (Legro &
Strauss 2002, Morin-Papunen et al. 2000, Yki-Järvinen et al. 1995). (Figure 3)

Fig. 3. Insulin resistance in the pathogenesis of PCOS. Modified after Barber et al. 2016.

A role of IR in the pathogenesis of PCOS is supported by studies showing that
enhancing sensitivity to insulin in this syndrome (by weight management or drug
therapy, such as use of the insulin sensitizer metformin) improves fertility rates as
well as metabolic and hormonal profiles (Barber et al. 2006, Moran et al. 2011,
Morin-Papunen et al. 2000, Morin-Papunen et al. 2012). Inversely, weight gain
together with increased IR in women who are genetically predisposed to the
development of PCOS often results in manifestation of clinical symptoms of the
syndrome (Barber et al. 2006).
At a molecular level, both IR and hyperinsulinemia are important regarding the
pathogenic pathways leading to PCOS. Interaction of insulin with its receptor
follows two main enzyme-mediated pathways via 1) phosphatidylinositol 3-kinase
(PI3K) and 2) mitogen-activated protein kinase (MAPK). Each of these pathways
has a different intracellular effect on insulin stimulation, as described in Figure 4.
The PI3K pathway mediates alterations in glucose metabolism, including
peripheral glucose intake in skeletal muscle, and the MAPK pathway is mainly
involved in the regulation of gene expression, the control of cell growth and
differentiation, and steroidogenic effects (Cusi et al. 2000). In PCOS, it seems that
only PI3K pathway signaling is disturbed, while the MAPK pathway functions
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normally (Barber et al. 2006). This results in divergent signaling of insulin, with
down-regulated metabolic effects and simultaneously increased steroidogenesis,
leading to unfavorable metabolic alterations and hyperandrogenemia (Rice et al.
2005).
The normally functioning MAPK pathway is important in the mechanism by
which IR influences the development of hyperandrogenemia in PCOS. It has been
demonstrated that PCOS is associated with enhanced 5α-reductase activity, which
results in increased conversion of T to the most effective androgen, 5α-DHT, which
is likely to contribute to clinical and/or biochemical hyperandrogenism in PCOS
(Vassiliadi et al. 2009). Importantly, 5α-reductase also inactivates cortisol, resulting
in reduced negative feedback. Thus, the hypothalamic-pituitary-adrenal (HPA) axis
becomes overactive in PCOS, thereby further stimulating cortisol production in the
adrenal cortex (Vassiliadi et al. 2009).

Fig. 4. Divergent signaling of insulin leading to unfavorable metabolic alterations and
hyperandrogenemia – possible pathogenic pathway leading to PCOS.
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Genetic component in the pathogenesis of PCOS
Genetic inheritance of the syndrome has been studied widely and familial
aggregation studies of PCOS show that PCOS has a genetic component. In a
monozygotic twin study of heredity it was estimated that the heritability of PCOS
could be as much as ~70% (Vink et al. 2006). Moreover, studies of first-degree
relatives of women with PCOS have demonstrated increased risks of impaired
glucose metabolism, MetS and CVD, which suggests a genetic effect of the
condition (Vipin et al. 2016, Yildiz et al. 2006).
Though the genetics of PCOS is not fully understood, multiple protein-coding
genes are thought to be associated with the pathogenesis of the syndrome. These
proteins play a significant role in the pathological processes related to PCOS such
as ovarian steroidogenesis (steroidogenic acute regulatory protein [StAR], for
example), steroid hormone actions (androgen receptor, SHBG), gonadotropin
action and regulation (LH, follicle-stimulating hormone [FSH], inhibin βA and βB),
insulin action and secretion (insulin, insulin-like growth factor-I [IGF-I], IGF-II,
the insulin variable number tandem repeat [VNTR] gene, the insulin receptor gene,
insulin receptor substrate) as well as obesity and energy regulation (leptin and
leptin receptor, POMC [pro-opiomelanocortin] fragments, UCP2 & 3 [regulators
of sterol metabolism], PPARγ [peroxisome proliferator-activated receptor gamma])
(Blomquist et al. 1995, Cunningham et al. 1988, Escobar-Morreale et al. 2005,
Jayagopal et al. 2003, Kahsar-Miller et al. 2001, Liu et al. 2013, Nobels & Dewailly
et al. 1992, Pigny et al. 1997, Urbanek et al. 1999, Waterworth et al. 1997, Wood
et al. 2003).
In addition, recent genome-wide association studies (GWASs) performed in
European, North American and Chinese populations have demonstrated an elevated
frequency of genetic polymorphisms of the FSH receptor, and LHCGR, THADA
and DENND1A genes in women with PCOS (Chen et al. 2011, de Melo et al. 2015,
Louwers et al. 2013, Mutharasan et al. 2013, Shi et al. 2012, Welt et al. 2012).
Mutations and polymorphisms in the FSH receptor gene are associated with
follicular growth arrest and disturbed ovarian steroidogenesis, leading to chronic
anovulation. LHCCGR, i.e. the LH/hCG receptor gene, is associated with increased
LH levels, enlarged ovaries, oligo-amenorrhea (resistance to LH or hCG) and
infertility. THADA is a thyroid adenoma gene associated with impaired glucose
metabolism, PCOM, increased levels of LH, hyperandrogenism and dyslipidemia.
DENND1A (codes for a modifier of guanine) is associated with malfunction of the
ovaries, the HPA axis and tissue-specific insulin sensitivity, T2DM and obesity.
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However, the proportion of heritability of PCOS accounted for by loci identified
by GWASs is estimated to be lower than 10%. In the future, larger genomic
structural variations and epigenetic factors of PCOS should be identified to
understand better the heritability of PCOS.
Previous data also include analysis of telomere length in women with PCOS.
The telomere is a structure of repetitive nucleotide sequences located at the end of
a chromosome that is involved in chromatin organization, the control of cell
proliferation, the protection of genome deterioration and the prevention of
chromosome fusion (Allsopp et al. 1992). Telomere shortening is a physiological
process of ageing, but this shortening can be accelerated in conditions (e.g. CVD,
T2DM and PCOS) that are characterized by inflammation and oxidative stress
(Cussons et al. 2006, Fuster & Andres 2006). However, there are only a few
comparative studies on telomere shortening in women with PCOS vs. controls (at
reproductive age or menopause), with controversial results (Li et al. 2014,
Pedroso et al. 2014). The discrepancy in these findings might result from
differences between study populations (reproductive age vs. menopausal women),
and therefore more research with longitudinal analysis is needed to assess telomere
shortening in women with PCOS.
2.1.5 Developmental programming
Polycystic ovary syndrome is a lifelong endocrine disorder with a significant
impact on female health. The predominant characteristics of the syndrome in
fertile-aged women are well described in the literature. However, understanding of
the early manifestations in the intra-uterine environment is still to be elucidated.
The intrauterine environment plays a key role in the balance between anabolic
and catabolic processes during the functional maturation and differentiation of fetal
organs and tissues. If fetal hypoxia is present during this period because of
malnutrition or maternal/placental disease, the catabolic process will predominate,
resulting in poor intrauterine growth and eventually a small-for-gestational-age
(SGA) newborn. To maintain sufficient energy supply and expenditure, blood
perfusion is redirected to essential organs (brain, heart and internal organs). As a
compensatory result, this leads to increased production of glucocorticoids because
of the hyperactivity of the HPA axis, which has an effect on epigenetic
modifications (Wells 2011, Longo et al. 2013). Consequently, developmental
programming in utero is associated with endocrinological, metabolic and
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cardiovascular diseases at later stages of life. This phenomenon, reflected in low
birth weight, was first introduced by Barker et al. in 1989.
Approximately 90% of SGA children present accelerated growth and weight
gain during their first two years of life, a phenomenon known as compensatory
growth (Albertsson-Wikland et al. 1998). Compensatory growth is related to
metabolic abnormalities in childhood such as hyperinsulinemia, visceral obesity
and adipose tissue dysfunction. Clinical follow-up studies have shown that SGA in
association with compensatory growth might expose individuals to premature onset
of puberty (Ibáñez et al. 1998, Ibáñez et al. 2007), systemic arterial hypertension
(SAH) (Elting et al. 2001), CVD (Bonamy et al. 2008), T2DM (Willemsen et al.
2008), metabolic abnormalities (dyslipidemia, obesity and MetS) and PCOS
(Melo et al. 2010).
Hyperactivity of the HPA axis due to growth restriction in utero supports the
hypothesis that developmental programming in connection with adrenal androgen
excess plays a role in the development of PCOS. This mechanism might explain
the higher risk of PCOS and its associated hormonal and metabolic conditions
presented by the offspring of mothers with PCOS (Padmanabhan & Veiga-Lopez
2011). Besides IUGR, androgen excess might also be a consequence of other
conditions such as maternal obesity, IR and diabetes. In addition, it has been
suggested that adrenal androgen excess in animals could alter the genome to favor
the development of PCOS (Reynolds 2012). Experiments conducted in Rhesus
monkeys have demonstrated that exposing a female fetus to androgen excess results
in PCOS-like reproductive and metabolic phenotypic characteristics (Abbott et al.
1998, Abbott et al. 2002), and later the development of symptoms of PCOS
(hyperandrogenism, irregular menstruation and PCOM) as well as metabolic
abnormalities associated with the syndrome (Abbott et al. 2005).
2.2

PCOS in puberty

The clinical features of PCOS usually become manifest during adolescence and
they commonly overlap with physiological changes during the pubertal period
(Carmina et al. 2010). Irregular menstruation and chronic anovulation are common
symptoms in adolescence, with a prevalence of 40–50% (Apter & Vihko 1983,
Venturoli et al. 1987). However, it is important to note that the hypothalamicpituitary-ovarian (HPO) axis takes from 2–5 years after menarche to mature (Apter
et al. 1978, Apter & Vihko 1983), and, accordingly, the proportion of menstrual
irregularities has been shown to decrease significantly from the first to the seventh
37

year after menarche, with the main drop occurring during the second year (Chan et
al. 2009). The diagnosis of PCOM is challenging because in adolescence and early
adulthood there is an overlap regarding ovarian volume and follicle count between
women with PCOS and healthy individuals (Mortensen et al. 2009). The clinical
diagnosis of hyperandrogenism is also difficult among adolescents, as acne is a
common finding in puberty and the full expression of hirsutism can occur as late
as several years after pubarche (Blank et al. 2008).
Menstrual irregularity in adolescence has been shown to be a good marker of
hyperandrogenemia and it has been proposed to be associated with the development
of PCOS in adulthood (Lewy et al. 2001, Pinola et al. 2012, van Hooff et al. 2004,
Venturoli et al. 1986). Moreover, precocious or late menarche is associated with
obesity and androgen excess (Dramusic et al. 1997, Rosenfield et al. 2009). In a
longitudinal analysis, patients with idiopathic central precocious puberty were
found to be prone to developing PCOS in early adulthood (Franceschi et al. 2010).
Inversely, insulin sensitization with 12 months of metformin therapy administered
before or after puberty had normalizing effects on the hormonal and metabolic
profile of girls with precocious pubarche (defined as having pubic hair under eight
years of age) and a history of low birth weight (Ibáñez et al. 2004a, Ibáñez et al.
2004b). There are, however, only a few longitudinal studies (with controversial
results) concerning the association between early irregular menstruation in
adolescence and the occurrence of PCOS in early adulthood (Chung et al. 2011,
Southham & Richart 1966, van Hooff et al. 2004, Venturoli et al. 1995). Additional
longitudinal reports are needed to clarify these relationships and to determine the
extent to which adolescent menstrual irregularity is associated with later
development of the syndrome and with an increased risk of later morbidity
associated with the reproductive and metabolic disorders commonly seen in PCOS.
2.3

PCOS and reproduction

2.3.1 Infertility
In PCOS, ovarian dysfunction becomes manifest as chronic irregular menstruation,
a hallmark of anovulation. Indeed, about 80% of women with anovulatory
infertility are diagnosed with the syndrome (ESHRE/ASRM 2008). However, of
the women affected by chronic anovulation, it is estimated that only 30–40% will
be diagnosed with PCOS, as hypothalamic disorders are a more common cause
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(Azziz et al. 2009, Sirmans & Pate 2013). In women with anovulatory PCOS,
failure of dominant follicle selection and ovulation is thought to result from the
untimely maturation of small antral follicles (Franks et al. 2008). There is also
evidence that granulosa cells from antral follicles of the polycystic ovary present
premature responsiveness to LH that typically occurs when follicles reach 10 mm
in diameter (Kammerman & Ross 1975, Willis et al. 1998b). Consequently,
granulosa cells produce inappropriate levels of estrogen for their size, which may
suppress FSH secretion and eventually disturb the maturation of the surrounding
follicles (Lujan et al. 2010). Hyperinsulinemia is also involved in the mechanism
of anovulation associated with PCOS (Holte et al. 1994). Hyperandrogenism may
exacerbate the effects of hyperinsulinemia and LH that lead to premature arrest of
follicle growth (Hillier & de Zwart 1982). Although the possible mechanisms
causing ovarian dysfunction in PCOS have been widely studied, we lack complete
understanding of the components implicated in this process.
Previous studies have shown that women with PCOS suffer more from
infertility problems and have lower fertility than healthy women, independently of
BMI (Boomsma et al. 2006, Joham et al. 2015, Palomba et al. 2010, Roos et al.
2011). Large community-based cohort studies have shown that women with PCOS
seek infertility treatments more frequently than control women and that they need
more time to conceive, but surprisingly their overall fertility rates are not impaired,
suggesting that fertility can usually be restored with ART (Rees et al. 2016).
Moreover, the results of one study suggested that when undergoing in vitro
fertilization (IVF), women with PCOS may display sustained fertility at a more
advanced age when compared with infertile ovulatory women (Mellembakken et
al. 2011).
2.3.2 Reproductive performance
Although PCOS is the most common cause of anovulatory infertility, there are only
a few studies (with discordant results) concerning lifetime fertility and family size
of women with PCOS. One study, performed among women aged 35 years or more
at the time of follow-up, showed that women with PCOS had delivered at least one
child as often as control women (Hudecova et al. 2009). In line with this, data from
a community-based cohort of women aged 28–33 years showed that there was no
significant difference in the number of children among women with and without
PCOS (Joham et al. 2014a). A recent longitudinal study with a large sample size
showed lower fertility rates among women with PCOS prior to diagnosis,
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particularly in younger patients. However, after treatment, fertility rates were
restored in all age groups compared with age-matched controls, suggesting that
infertility in PCOS is eminently treatable (Rees et al. 2016). On the other hand, a
report concerning a small cohort indicated that women with PCOS tended to remain
childless more often than did healthy women (24 versus 16%), although this
difference did not reach statistical significance (Dahlgren et al. 1992). Of note, that
study included women exhibiting severe symptoms of PCOS who were seeking
infertility treatment, and they thus did not represent the general PCOS population.
Similar observations were found in a register-based study comparing 3787 births
among women with a diagnosis of PCOS and 1 191 336 births among women
without such a diagnosis, and women with PCOS were more likely to be
nulliparous than controls (53 versus 43.8%) (Roos et al. 2011). Thus, although
infertility and reproductive performance have been studied in large study
populations, there is still a lack of consensus on the lifetime reproductive success
of women with PCOS. Most of the studies on this issue are cross-sectional, lack
adjustment for BMI and do not report reproductive performance until the end of
reproductive life.
Based on the results of a Finnish cohort study, women with self-reported OA
and hirsutism at age 31 had become pregnant and given birth successfully to one
or two children as often as control women, despite suffering more often from
infertility problems. However, they achieved a family size greater than two children
less frequently than women without PCOS symptoms (Koivunen et al. 2008).
2.3.3 Miscarriage risk
PCOS is associated with abnormal endometrial function and an increased
inflammatory profile of the endometrium (Giudice 2006, Piltonen et al. 2013,
Matteo et al. 2010). Endometrial aberrations might explain at least some of the
adverse reproductive outcomes in this condition. Moreover, in pregnant women
with PCOS, altered placentation due to impaired trophoblast invasion may be one
mechanism increasing the risk of subsequent complications (Palomba et al. 2012,
Paloma et al. 2013). In fact, several reports in past years have shown an increased
risk of early miscarriage in women with PCOS (Glueck et al. 1999, Glueck et al.
2002, Homburg et al. 1993, Rees et al. 2016, Palomba et al. 2014, Tulppala et al.
1993, Wang et al. 2001). Notably, a large longitudinal study revealed an almost
twofold risk of miscarriage among women with PCOS compared with age- and
BMI-matched control women (Rees et al. 2016).
40

However, opposite results also exist. The results of a large general communitybased study indicated that the miscarriage rate was higher in women with PCOS
than in controls (20% versus 15%, respectively, P = 0.003), but only BMI, and not
PCOS, was independently associated with this increased risk (Joham et al. 2014a).
Moreover, a meta-analysis of studies including women with and without PCOS
undergoing IVF showed no difference in miscarriage rates (OR 0.9, 95% CI 0.5–
1.8) (Heijnen et al. 2006). Similarly, at age 31, the cumulative incidence of at least
one miscarriage and the number of miscarriages per woman did not differ between
women with symptoms of PCOS, and control women (Koivunen et al. 2008).
These discrepancies may be explained by the presence of confounding factors
limiting interpretation of the results, such as excess body weight, use of ART and
hyperhomocysteinemia, which have been shown to be associated with an increased
miscarriage risk in these women (Chakraborty et al. 2013, Joham et al. 2014a,
Wang et al. 2001). The exact risk estimate for this complication is difficult to
establish as a result of heterogeneity in study design, sample sizes and limited
adjusting for potential confounders, and needs to be further clarified.
2.3.4 Role of obesity
In women, obesity has been linked to abnormal function of the HPO axis through
multiple mechanisms, by interrupting the physiologic function of the reproductive
system. Obesity, which is commonly associated with IR and compensatory
hyperinsulinemia, directly influences hypothalamic/pituitary function by favoring
disordered gonadotropin secretion (Adashi et al. 1981). Obesity also favors the
production of several growth and inflammatory factors which may stimulate excess
ovarian androgen release or inhibit aromatization of androgens to estrogens (Repaci
et al. 2011). Lastly, obesity affects the peripheral metabolism of sex hormones.
Adipose tissue contains aromatase, which converts androgens to estrogens, and can
lead to increased estrone levels in obese women. In PCOS, this might also be one
of the mechanisms causing anovulation (Lobo et al. 1981). Obesity and IR are
associated with suppression of the hepatic secretion of SHBG, resulting in
increased bioavailability of androgens, which impairs the development of a
dominant follicle (Nestler et al. 1991). Interestingly, insulin-sensitizing therapy has
been associated with marked increases of SHBG as well as improved menstrual
cyclicity and ovulation rates in women with PCOS (Morin-Papunen et al. 1998,
Palomba et al. 2007), and improvement of clinical pregnancy and live-birth rates
in some (Morin-Papunen et al. 2012), but not all studies (Legro et al. 2007).
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There are only a few studies showing that PCOS impairs fertility independently
of BMI (Rees et al. 2016, Roos et al. 2011). A large cohort study carried out in
northern Finland showed that self-reported OA+H and obesity, but not overweight,
exerted independent and adverse effects on fecundity, and women suffering from
both obesity and PCOS symptoms were the least fecund (Koivunen et al. 2008).
This finding is supported by data from a meta-analysis including fifteen studies,
showing that lean women with PCOS had significantly higher ovulation and
pregnancy rates than obese women with PCOS (Baghdadi et al. 2012). Moreover,
weight loss of only 2–5% has been reported to restore normal menstrual cyclicity
and the occurrence of spontaneous pregnancies in obese women with PCOS
(Pasquali et al. 1989, Huber-Buchholz et al. 1999). Of note, there have been no
longitudinal studies carried out to assess the independent impact of body weight
and PCOS on reproductive performance (delivery rates, family size) from the
beginning until the end of reproductive age.
2.4

PCOS and glucose metabolism disorders

2.4.1 Pathogenesis of diabetes mellitus
Insulin is produced by β-cells of the pancreatic islets of Langerhans as a response
to increased glucose and amino acid levels in the circulation. Insulin action is
required for the maintenance of blood glucose homeostasis by increasing glucose
uptake and storage into peripheral tissues and enabling efficient glucose utilization.
It also regulates the production of glucose by inhibiting gluconeogenesis and
glycogenolysis and promotes glycogen storage in the liver. Insulin affects lipid
metabolism by increasing lipid synthesis in the liver and adipocytes and it
attenuates fatty acid release by suppressing lipolysis from triglycerides in adipose
and muscle tissue. Abnormalities in the regulation of glucose homeostasis result in
impaired glucose metabolism, referring to a metabolic state between normal
glucose homeostasis and diabetes. Resistance to insulin-stimulated glucose uptake
is present in the majority of patients with impaired glucose metabolism. In this
condition, deterioration of glucose tolerance can be prevented only if the β-cells
are able to increase their insulin secretory response and maintain compensatory
hyperinsulinemia. When this goal cannot be achieved, the development of diabetes
mellitus occurs.
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2.4.2 Gestational diabetes mellitus
Gestational diabetes mellitus (GDM) is defined as any sign of glucose intolerance
with onset or first recognition during pregnancy (Metzger et al. 1998). In GDM, βcell function is insufficient to meet the increased insulin need which occurs during
pregnancy. Although excess body weight is recognized as the most important risk
factor of GDM, it should be noted that 10–15% of cases of gestational diabetes are
caused by Latent Autoimmune Diabetes in Adults (LADA) or Maturity-Onset
Diabetes in the Young (MODY), in which mothers generally sustain a normal body
weight. Global prevalence estimates of GDM are 5.8% in Europe, 7.0% in North
America and the Caribbean, 8.9% in Africa, 11.2% in South and Central America,
11.7% in South-East Asia and the Western Pacific and 12.9% in the Middle East
and North Africa (Zhu & Zhang 2016). However, direct comparison of GDM
prevalence across countries is difficult, given the great heterogeneity in screening
approaches, diagnostic criteria, and underlying population characteristics.
According to the National Institute for Health and Welfare (THL), the cumulative
incidence of GDM in Finland was estimated to be 12.5% in 2011 (Finnish Medical
Society Duodecim 2008).
Definition and screening
The original diagnostic criteria for GDM were based on a linear perception of the
elevated risk of subsequent T2DM, and the diagnosis was set statistically to achieve
acceptable values of sensitivity and specificity for that risk (O’Sullivan et al. 1964).
More than five decades after publication of the original diagnostic criteria there is
still no global consensus on screening policies or diagnostic criteria for GDM. As
there are no global recommendations on screening strategies for GDM, it has been
suggested that selection of a screening policy should follow national guidelines
based on local clinical considerations (Yogev et al. 2009). The indications for
routine screening of GDM during pregnancy, and diagnostic criteria have changed
in Finland over the last few decades (Table 7 in 4.1.1).
Gestational diabetes mellitus in PCOS
Pregnancy has been described as a window to women’s health (Kaaja & Greer
2005). Metabolic adaptations are essential to enable normal growth and
development of the fetus and to meet the altered demands of the mother. During
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pregnancy insulin sensitivity decreases and insulin secretion increases to ensure
sufficient glucose input to the fetus (Catalano et al. 2003). The characteristics of
the changes in insulin sensitivity and secretion during pregnancy have been
described as a transient state of MetS (Sattar & Greer 2002).
It is well established that basal insulin secretion is elevated in PCOS, which
results from an elevated degree of IR. As one of the key components regarding the
pathogenesis of GDM is decreased insulin sensitivity, it can be assumed that
women with PCOS are at risk of developing GDM (Raatikainen et al. 2006, Torloni
et al. 2009). In fact, GDM is the most commonly diagnosed pregnancy
complication in women with PCOS. Early diagnosis of GDM is essential, as its
careful management significantly reduces the risk of maternal and neonatal
complications (Poolsup et al. 2014).
Almost all retrospective and prospective studies concerning the risks of GDM
and other pregnancy complications have been summarized in three systematic
reviews with meta-analyses (Boomsma et al. 2006, Kjerulff et al. 2011, Qin et al.
2013). The risk of GDM is estimated to be almost three times higher in women
with PCOS compared with controls (odds ratio [OR] 2.81–2.94) (Boomsma et al.
2006, Kjerulff et al. 2011, Qin et al. 2013). However, most of the eligible studies
included in these three meta-analyses are compromised by potential confounding
factors, such as lack of adjustment for BMI, retrospective or cross-sectional design,
relatively small sample size and use of ART. Thus, additional research is required
to assess the lifelong risk of GDM in women with PCOS, independent of potential
confounders such as BMI.
Role of body weight
All pregnant obese women, regardless of PCOS status, should be informed about
the beneficial effects of a healthy diet and exercise on gestational weight gain
(Agha et al. 2014). In addition, the effect of weight loss in regard to a trend in
reduction of the risk of GDM should also be highlighted (Thangaratinam et al.
2012). Previous evidence suggests that excess body weight exerts the most
important effect on the development of GDM, while PCOS per se is a much weaker
predictor of GDM (Haakova et al. 2003, 2014, Joham et al. 2014, Mikola et al.
2001, Rees et al. 2016). However, it is important to note that lifelong populationbased reports focusing on the independent associations between excess body
weight and PCOS per se versus the occurrence of GDM throughout the
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reproductive lifespan do not exist, and therefore longitudinal studies focusing on
this aspect are needed.
2.4.3 Prediabetes and type 2 diabetes mellitus
Definitions and screening
Abnormal glucose metabolism is defined as impaired fasting glucose (IFG) and/or
impaired glucose tolerance (IGT) or T2DM. The presence of IFG or IGT is defined
as prediabetes (Pre-DM). The diagnosis and classification of abnormal glucose
metabolism is based on the levels of glucose in fasting blood samples or OGTTs.
The OGTT is the fist-line measurement for assessing glucose tolerance in clinical
practice. Under physiological conditions it provides useful information on the
efficiency of the body to dispose of glucose after an oral glucose load (Phillips et
al. 1994). Although oral glucose-stimulated assessments reflect well the metabolic
clearance of blood glucose, insulin sensitivity should be evaluated as
mathematically calculated indexes (described in Section 2.1.3).
Consensus statements by the Endocrine Society, the AE-PCOS Society and in
Australian PCOS Alliance guidelines all recommend that women with PCOS,
especially those with gestational diabetes or a family history of T2DM, should be
screened for T2DM (Evidence-based guidelines for the assessment and
management of polycystic ovary syndrome 2015, Legro et al. 2013, Wild et al.
2010). The AE-PCOS Society recommends OGTTs for all women diagnosed with
PCOS and BMI > 30 kg/m2, or alternatively normal-weight women with PCOS and
advanced reproductive age (> 40 years) (Wild et al. 2010). Importantly, fasting
glucose concentrations, and those of glycated hemoglobin (HbA1c, the level of
which reflects average plasma glucose concentrations over the previous month)
correlate poorly with 2-hour glucose concentrations in women with PCOS
(Ehrmann et al. 2005, Velling Magnussen et al. 2011). According to the consensus
of ESHRE and ASRM, screening with OGTTs is indicated in the following
conditions: hyperandrogenism with OA, acanthosis nigricans, presence of obesity
(BMI > 30 kg/m2 or > 25 kg/m2 in Asian populations) and women with a family
history of T2DM or GDM (Fauser et al. 2012). The Australian PCOS Alliance
recommends OGTTs to be performed every second year in all women with PCOS
and annually in those with additional risk factors of T2DM (Evidence-based
guidelines for the assessment and management of polycystic ovary syndrome 2015).
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The latest guideline, published by the American Association of Clinical
Endocrinologists (AACE), the American College of Endocrinology and the AEPCOS Society, suggests performance of an OGTT every 1–2 years based on BMI,
and yearly in women with IGT (Goodman et al. 2015).
Prediabetes in PCOS
Prediabetes refers to a metabolic state intermediate between normal glucose
metabolism and diabetes mellitus. In an earlier study, prediabetes estimated by
using 2-hour OGTTs was detected in 45% of 122 women with PCOS, and the
prevalence of IFG alone was 15% in women with PCOS. However, the data were
not compared with data in a control group of women without PCOS (Ehrmann et
al. 1999). In another study, the prevalence of IGT was higher among women with
PCOS compared with control women (31.1 vs. 14.0%) (Legro et al. 1999). A more
recent study also showed a higher occurrence of IGT among women with PCOS
compared with controls (9.5 vs. 2.3%) (Hudecova et al. 2011). Moreover, the
association of PCOS with prediabetes was previously confirmed in a meta-analysis
including 13 studies on women with and without PCOS and diagnosed with IGT.
The results indicated that the OR (2.54) of glucose intolerance was increased in
women with PCOS compared with BMI-matched control women (Moran et al.
2010). Subgroup analysis revealed that even lean women with PCOS (BMI < 25
kg/m2) had a greater risk of IGT than lean controls (OR 3.22). The risk of IGT
seems to vary among different phenotypes of women with PCOS, and it is proposed
to be highest among hyperandrogenic women with OA, and lowest among women
with OA presenting PCOM (Barber et al. 2007, Dewailly et al. 2006). This suggests
that patients with a more metabolically disturbed PCOS phenotype are at a greater
risk of developing disorders of glucose metabolism. Future studies are needed to
assess the associations between the different PCOS phenotypes and characteristics,
such as hyperandrogenism and/or OA, with the risk of prediabetes.
Type 2 diabetes mellitus in PCOS
Although IR is present in most patients with PCOS with excess weight or the classic
PCOS phenotype (Diamanti-Kandarakis & Dunaif 2012), the development of
T2DM eventually requires the presence of β-cell dysfunction, with an imbalance
between insulin secretion and IR. The increased incidence of T2DM in PCOS is
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proposed to be due to a higher degree of IR and hyperinsulinemia, and β-cell
dysfunction (Dunaif et al. 1989, Vrbikova et al. 2002).
In most previous studies, the prevalence of T2DM in women with PCOS has
been estimated to be between 5–10% (Ehrmann et al. 1999, Hudecova et al.
2011, Joham et al. 2014b), but more variable estimates of the prevalence of T2DM
also exist (Cibula et al. 2000, Ehrmann et al. 2005, Elting et al. 2001, Wang et al.
2011). Possible explanations for these discrepancies might be the cross-sectional
design of studies, differences in study populations and sample sizes, and differences
in criteria applied for diagnosing PCOS. In addition, definitions of T2DM also vary
and most studies on OGTTs have been performed in populations arising from
clinical practices, including women with more severe disorders linked to the
syndrome (Celik et al. 2014, Hudecova et al. 2011, Norman et al. 2001).
Role of body weight
Excess body weight is one of the strongest risk factors of abnormal glucose
metabolism. A recent study showed that the impact of body weight on IR was even
greater in cases of PCOS than in controls (Stepto et al. 2013), and a previous study
showed a linear trend towards a higher prevalence of IGT by BMI category in
women with PCOS (Legro et al. 1999). Although normal-weight women have
lower risks of IGT and T2DM compared with overweight or obese women
(Ehrmann et al. 1999, Gambineri et al. 2004, Legro et al. 1999), lean women with
PCOS seem to have increased rates of IR and IGT compared with BMI-matched
control women (Dunaif et al. 1989, Legro et al. 1999, Morales et al. 1996, Stepto
et al. 2013). This is supported by data from a meta-analysis, revealing that PCOS
was associated with increased risks of IGT and T2DM independently of BMI
(Moran et al. 2010). However, again the major part of the eligible studies in the
meta-analysis lacked adjustment of the results for BMI. On the other hand, some
investigators have linked the risk of T2DM only to obesity (Boudreaux et al.
2006, Espinos-Gomez et al. 2009, Gambineri et al. 2012, Norman et al. 2001). The
discrepancy between the results of previous studies could be partly explained by
variations in study populations and criteria applied for diagnosing PCOS. Thus, the
respective roles of body weight and the syndrome per se on the development of
prediabetes and T2DM need to be further clarified.
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2.4.4 Hyperandrogenemia and glucose metabolism disorders
As described previously, IR has been proposed as the key pathophysiological factor
contributing to disturbances in glucose metabolism in PCOS. Consequently, IR
increases hyperandrogenemia through hyperinsulinemia, which acts synergistically
with LH in the ovary, resulting in increased ovarian androgen production
(Barbieri et al. 1986). Insulin resistance also contributes to suppression of SHBG
synthesis in the liver (Plymate et al. 1988), which leads to higher bioavailable
androgen levels. Considering the close relationship between IR and
hyperandrogenemia, it would be expected that androgen excess further increases
the risk of impaired glucose metabolism. In line with this, it is well recognized that
the hyperandrogenic phenotypes of PCOS are linked to more severe metabolic
disturbances compared with the non-hyperandrogenic phenotypes (Barber et al.
2007, Pinola et al. 2017).
Hyperandrogenemia and GDM
Hyperandrogenemia in PCOS, at least to some extent, seems to be responsible for
the pathogenic process of GDM (de Wilde et al. 2017). This hypothesis is supported
by the results of a retrospective patient-based study demonstrating that the
prevalence of GDM in the following pregnancy was lower in hyperandrogenic
patients
with
PCOS
treated
with
antiandrogenic
medication
(ethinylestradiol/cyproterone acetate) than in the same group not receiving any
antiandrogens (Li et al. 2018). However, controversy does exist, as women with
elevated androgen levels or hyperandrogenic phenotypes of PCOS have been found
not to display a higher risk of developing GDM (Holte et al. 1998, Wei et al. 2018).
Hyperandrogenemia and abnormal glucose metabolism (AGM)
Some evidence suggests that hyperandrogenism, independently of PCOS, may play
a role in the development of T2DM, as hyperandrogenemia has been found to be
independently associated with a significantly increased risk of T2DM (OR 5.7)
(Zhao et al., 2010). However, opposite findings have also been published, as
women with androgen excess have displayed a reduced risk of T2DM compared
with normoandrogenic women (OR 0.33) (Mani et al. 2013). Overall, the exact
molecular mechanisms underlying the role of hyperandrogenemia in impaired
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glucose regulation remain unclear, and the relationship between androgen excess
and glucose metabolism disorders needs further clarification.
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3

Purpose of the present study

Polycystic ovary syndrome is more than a disorder affecting female reproductive
functions, as it is currently considered as a syndrome with lifelong metabolic and
hormonal manifestations introducing a risk of major health problems. The
economic impact of PCOS is enormous. It has been estimated that the annual costs
for the US healthcare service to detect and manage PCOS are around 4 billion
dollars, even after excluding the treatment of consequences associated with PCOS,
such as infertility, T2DM and CVD (National Institute of Health 2012).
The specific aims of the study were:
1.

2.

3.

4.
5.

To evaluate the association between the presence of menstrual irregularity
and/or hyperandrogenemia in adolescence (at age 16), and reproductive health
(diagnosis of PCOS, infertility problems, rates of pregnancies, deliveries and
miscarriages) in early adulthood (at age 26) (Study I)
To investigate the impact of self-reported symptoms (OA+H) of PCOS in early
adulthood (age 31) on reproductive performance by the age of 44 (age at first
delivery, family size and miscarriage rates), and to determine whether women
with OA+H at age 31 have a decreased family size and/or are more often
childless than women with no symptoms of PCOS (Study II)
To determine the population-based risk estimate of abnormal glucose
metabolism (prediabetes, T2DM) and GDM by the age of 46 years among
women with PCOS compared with non-PCOS control women (Studies III and
IV)
To clarify the respective associations of excess body weight and the syndrome
per se with reproductive performance, GDM and AGM (Studies I, III and IV)
To study whether hyperandrogenism (clinical and/or biochemical) is associated
with an increased risk of gestational diabetes (Study III)
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4

Subjects and methods

4.1

Study populations, data collection and definitions

The study followed the principles of the Declaration of Helsinki. The Ethics
Committee of the Northern Ostrobothnia Hospital District approved the research.
All participants took part on a voluntary basis and signed an informed consent
document. The data were handled on a group level only, personal information being
replaced by identification codes.
The characteristics and numbers of the subjects, and the main study parameters
and main findings in the original publications are presented in Table 9.
4.1.1 Northern Finland Birth Cohort 1986 (Study I)
The Northern Finland Birth Cohort 1986 (NFBC1986) is a longitudinal birth cohort
from an unselected population. In 1986, 9362 mothers who had an expected due
date between 1 July 1985 and 30 June 1986 gave birth to 9432 live-born children
(47 stillbirths) in the two northernmost provinces of Finland. The prospective data
collection included pregnancy and antenatal records from the 10th gestational week
and clinical data of the newborns as well as data collected via postal questionnaires
at the ages of 7, 8 and 15–16, clinical examination at the age of 15–16 years, and
various hospital records and statistical register data. In addition, a separate
questionnaire on reproductive health parameters was sent at age 26.
Questionnaire and clinical examination at age 16
In 2001–2002, the girls who were alive and traceable (n = 4567) were approached
for the 16-year follow-up (mean age 15.5 years, standard deviation [SD] 0.37 years)
via a postal questionnaire and an invitation to a clinical examination. The
questionnaire included questions about puberty, smoking and use of alcohol, and
one question on the regularity and length of the menstrual cycle: “Is your menstrual
cycle (the interval from the beginning of one menstrual period to the beginning of
the next period) often (more than twice a year) longer than 35 days?” The girls who
answered “yes” to this question were considered as suffering from irregular
menstruation and were classified as “symptomatic”. The girls who answered “no”
were defined as “non-symptomatic”. In addition, 3373 girls (74%) attended clinical
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examination (including weight, height and waist-hip measurements) and gave
fasting blood samples.
Twins and triplets, pregnant girls (n = 20), hormone contraceptive users (n =
377), and subjects with incomplete data (n = 824) were excluded from the study. A
total of 2448 singleton females remained eligible at the age of 16 years.
Questionnaire at age 26
At age 26, the female participants (n = 4503) were sent another questionnaire with
questions on socio-demographic and other health background factors mainly
concerning menstruation, infertility and reproduction. Overall, 2270 (50%) women
responded to the questionnaire. After combining data from the 16- and 26-year
follow-up questionnaires, the final study sample included 2033 singleton females
(Figure 5). Women who had not been pregnant by the age of 26 were excluded from
the miscarriage analysis (n = 556). Women who had achieved pregnancy with
infertility treatments were included in the pregnancy and delivery analyses.
Specific questions in the 26-year questionnaire are listed in Table 4. The
women who marked ≥ 1 to at least one of the four options (question 1) were
considered to have been pregnant at some point of their lives. At 26 years, women
who had been investigated for infertility were categorized as having “infertility
problems” (question 2). Diagnosis of acne was self-reported in the questionnaire
(question 3). In question 4, women who reported a menstrual cycle usually longer
than 35 days (option 3), extremely irregular (option 4) or had amenorrhea (option
5) were considered to have “menstrual irregularity”. Women on hormonal
contraception were asked in the questionnaire to report menstrual patterns during
the year before using any hormonal contraception.
The degree of hirsutism was self-assessed by using a modified F&G score sheet
that was sent together with the questionnaire (Table 5). PCOS at age 26 had been
diagnosed by a physician (women who reported “yes” to question 5) and/or by the
presence of both menstrual irregularity and hirsutism in the questionnaire, which is
consistent with both the NIH (Zawadski & Dunaif 1992) and Rotterdam criteria
(Rotterdam ESHRE/ASRM-sponsored PCOS consensus workshop group 2004).
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Fig. 5. Flow-chart of the study population in Study I.
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Table 4. Questions in the 26-year questionnaire.
Question

Options

Question 1
If you have been pregnant, how many times

Option 1: miscarriages?

have you had: (mark 0, if none)

Option 2: abortions?
Option 3: extrauterine pregnancies?
Option 4: deliveries?

Question 2
Have you ever been investigated for infertility?

None

Question 3
Do you suffer from acne (spots)?

None

Question 4
How long a menstrual cycle (the interval from

Option 1: usually 23 days or less

the beginning of one menstrual period to the

Option 2: usually 24 to 35 days

next period) on average have you had during

Option 3: usually longer than 35 days

the past year? If you are using oral

Option 4: extremely irregular

contraceptives, how long was your menstrual

Option 5: no periods at all

cycle during the year before using any oral
contraceptives?
Question 5
Have you been diagnosed with polycystic ovary None
syndrome (PCOS)?

Table 5. Modified Ferriman and Gallwey score sent together with the 26-year
questionnaire.
Body site

Option

Upper lip

1) No 2) Few 3) Moustache to midway 4) Full moustache

Chin

1) No 2) Few 3) Small area 4) Large area

Breasts

1) No 2) Around nipples 3) Between breasts 4) Both

Upper back

1) No 2) Few 3) Small areas 4) Large areas

Lower back

1) No 2) Few 3) Tuft 4) More than a tuft

Upper abdominal area

1) No 2) Thin streak 3) Wide midline 4) Inverted V-shape

Lower abdominal area

1) No 2) Streak 3) Wide midline 4) Inverted V-shape

Thighs

1) No 2) Front 3) Back 4) Both

Legs

1) No 2) Front 3) Back 4) Both

Upper arm

1) No 2) Front 3) Back 4) Both

Arms

1) No 2) Front 3) Back 4) Both
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4.1.2 Northern Finland Birth Cohort 1966 (Studies II–IV)
The unselected Northern Finland Birth Cohort 1966 (NFBC1966) comprises
almost all expected births in 1966, in the two northernmost provinces of Finland.
According to Finland's central Office of Statistics, there were 12,527 births in the
study area in 1966. Of these, 12,231 (12,058 live-born) were included in the cohort,
and therefore the study population comprised 96.3% of all births during 1966 in
that area. Enrolment to this database started at the 24th gestational week and the
original data have been supplemented by data collected by way of postal
questionnaires at the ages of 1, 14, 31 and 46 years and various hospital records
and national register data. Health examinations were performed at ages 31 and 46.
Questionnaire at age 14
An inquiry to all children alive at age 14 was performed by postal questionnaire,
including questions about growth, health and social welfare. The questionnaire was
sent to 5764 young females, and if they did not respond, to their parents, regional
school offices or school health nurses. Altogether, 5455 of them answered
(response rate 95%). Clinical data were not collected at that age.
Questionnaire and clinical examination at age 31
At age 31, study subjects responded to a comprehensive postal questionnaire (n =
4523 females, response rate 80%) including anthropometric questions and two
questions on excessive body hair and oligo-amenorrhea: 1) Is your menstrual cycle
often (more than twice a year) longer than 35 days? 2) Do you have bothersome,
excessive body hair growth? Of the women who responded to the questionnaire,
10.9% reported isolated hirsutism, 10.5% reported isolated oligomenorrhea and 3.4%
reported both oligo-amenorrhea and hirsutism.
Of the women who completed the questionnaire, 4074 women living in
Northern Finland or in the metropolitan area were invited to a clinical examination,
which 3127 (76.5%) women attended. Clinical examination included
anthropometric measures, blood pressure, some blood tests, physical performance
tests, skin-prick allergy tests, spirometry and data from questionnaires completed
in the research center or at home. Examination was performed by nurses in local
health centers.
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Questionnaire and clinical examination at age 46
At age 46, a postal questionnaire and an invitation to a clinical examination were
sent to all women who were alive and traceable (n = 5123). Of these women, 3706
(72%) completed the questionnaire. The questionnaire included the question “Have
you ever been diagnosed as having polycystic ovaries and/or polycystic ovary
syndrome (PCOS) during your life?”, to which 181 responded “yes”. A question on
the occurrence of GDM was formulated as follows: “If you have been pregnant,
have you ever been diagnosed during pregnancy with gestational diabetes?”, to
which 304 responded “yes”.
A total of 3280 women (64% of 5123 women invited) participated in the
clinical examination including anthropometric measurements and fasting blood
sampling. Furthermore, a 2-hour OGTT was performed in 2780 cases.
Definition of PCOS (Studies II–IV)
In Study II, women reporting both OA+H (n = 153) at age 31 were classified as
“women with both symptoms”. The reference group (non-symptomatic women, n
= 3340) included all subjects without any symptoms of PCOS. The women with
only one symptom (n = 950) were excluded from the analyses (Figure 6). In order
to minimize possible bias, the data was re-analyzed after excluding pregnant
women and those using hormone preparations (n = 1500). Consequently, 10.9% (n
= 321) reported isolated hirsutism, 11.2% (n = 330) reported isolated
oligomenorrhea and 4.2% (n = 125) reported both oligo-amenorrhea and hirsutism.
Definition of biochemical hyperandrogenism (Study III)
Biochemical hyperandrogenism, i.e. hyperandrogenemia at age 31 (n = 165) was
defined according to the upper limits of our accredited laboratory in fertile-aged
women (calculated in this population at age 31), i.e. either a serum level of
testosterone (T) > 2.3 nmol/L and/or free androgen index (FAI) ≥ 5.6. The women
without any findings of hyperandrogenism (clinical or biochemical) were taken to
be controls (n = 1059).
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Fig. 6. Flow-chart of the study population in Study II.

In Studies III and IV, Women reporting both OA+H at age 31 years and/or selfreported diagnosis of PCO/PCOS by 46 years were considered as PCOS cases (n =
279). The women without any PCOS symptoms at age 31 and without diagnosis of
PCOS by 46 years were considered as non-PCOS controls (n = 1577). A flowchart
of the study population included is presented in Figure 7. In Study III, nulliparous
women (n = 277) were excluded from the final study population.
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Fig. 7. Flow-chart of the study population in Studies III and IV.
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Classification of glucose metabolism (Study IV)
After an overnight (12 h) fasting period, both serum insulin and plasma glucose
levels were measured at baseline and at 30, 60 and 120 min after 75 g glucose intake.
Glucose tolerance status in the OGTT was classified according to WHO criteria
(Table 6). The specific classification of glucose metabolism status is described in
Table 7. The numbers of women with PCOS and controls sorted according to
glucose metabolism status are presented in Figure 8.
Table 6. Cut-off limits for the diagnosis of impaired fasting glucose, impaired glucose
tolerance, diabetes mellitus and gestational diabetes mellitus according to the 75-g oral
glucose tolerance test.
Diagnosis

Venous plasma concentrations of glucose (mmol/l)

Normal glucose tolerance (NGT)
Fasting glucose

< 6.1

2-hour glucose

< 7.8

Impaired fasting glucose (IFG)
Fasting glucose

6.1 ≤ glucose ≤ 11.1

2-hour glucose

< 7.8

Impaired glucose tolerance (IGT)
Fasting glucose

< 7.0

2-hour glucose

7.8 ≤ glucose ≤ 11.0

Diabetes mellitus (T2DM)
Fasting glucose

≥ 7.0

2-hour glucose

≥ 11.1

Gestational diabetes mellitus (GDM)
Fasting glucose

≥ 5.3

1-hour glucose

≥ 10.0

2-hour glucose

≥ 8.6

(American Diabetes Association 2003, World Health Organization 2006)

Table 7. Abbreviations and definitions of glucose metabolism status.
Abbreviation

Definition

Pre-DM

IFG or IGT revealed by OGTT at age 46

pT2DM

Previously diagnosed T2DM

nT2DM

New T2DM diagnosis revealed by OGTT at age 46

T2DM

pT2DM or nT2DM

AGM

IFG, IGT or T2DM

nAGM

IFG, IGT or nT2DM

The classification of glucose metabolism in the OGTT is based on the WHO classification
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Fig. 8. Numbers of women with PCOS and controls sorted according to glucose
metabolism status.

Screening and diagnosis of GDM (Study III)
The indications for routine screening for GDM during pregnancy changed in
Finland during the study period (Table 8). From 1978 until 2008, risk factor-based
screening was used to detect GDM. After the Current Care Guidelines launched in
2008, it was considered that all women, except those at a very low risk, should be
screened for GDM (Finnish Medical Society Duodecim 2008). During both time
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periods, routine screening for GDM was carried out via a standard 2-hour 75-g
OGTT, with samples obtained at baseline after an overnight fast, and at 1 hour and
2 hours after the glucose load. A diagnosis of GDM was established if at least one
abnormal value was observed in the OGTT.
Table 8. Routine screening policies for GDM in Finland during the study period.
Parameters

Risk factor-based screening

Indications for screening Prior GDM
BMI > 25 kg/m2

Current Care Guidelines
All women except very
low-risk groups1

Glucosuria
Age over 40 years
Previous macrosomic offspring (4500 g or more)
Suspected macrosomia in the current pregnancy
Timing of screening

24–28 weeks of gestation

24–28 weeks of gestation

Definition of high-risk

Prior GDM

Prior GDM
BMI > 35 kg/m2

group

PCOS with IR
Timing of screening for

12–16 weeks of gestation

12–16 weeks of gestation

the high-risk group

24–28 weeks of gestation

24–28 weeks of gestation

1

Primiparous women: age < 25 years, BMI < 25 kg/m2 and no family history of diabetes; multiparous

women: age < 40 years, BMI < 25 kg/m2, no previous GDM or macrosomic infants

Register-based data (Studies II–IV)
Study II. The study was planned and published before questionnaire data and
clinical examination results at age 46 were available. Data on women’s pregnancies
and deliveries up to the end of 2010 were obtained from the Finnish Medical Birth
Register (FMBR). The FMBR, active since 1987, is currently run by the National
Institute for Health and Welfare (THL). For each delivery in Finland, a structured
form for the FMBR is completed by the delivery hospital, including demographic
and health data of the mother, the course and complications of the pregnancy and
delivery, and the perinatal health of the newborn at the age of seven days. As some
birth data are missing in the FMBR, the register was supplemented with data
compiled by the Population Register Center on live births (and with data compiled
by Statistics Finland on stillbirths and deaths during the first week of life). After
these additions, the registration of birth was almost 100%.
Study III. Data on GDM up to the end of 2013 from the FMBR, the Hospital
Discharge Register (HDR) and the questionnaire at age 46 were combined. A
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diagnosis of GDM was established if it was present in either the FMBR or the HDR.
Because the FMBR has been active since 1987 we lacked information on GDM
diagnoses before then. The HDR (active since 1969) contains data on all hospital
admissions and their diagnoses during pregnancy according to the International
Classification of Diseases (ICD-8, -9 and -10). Patient records of women with only
self-reported GDM were checked and those who did not display any GDM
diagnosis according to the patient records were excluded from the analyses. All in
all, the final group included 285 women with a confirmed diagnosis of GDM
(Figure 9). Nulliparous women (n = 1687) were excluded from the analyses.
Study IV. All cases of pT2DM reported in postal questionnaires were verified
in the HDR and the Care Register for Health Care run by THL, and statistics on
reimbursements for prescription medicines from the Social Insurance Institution of
Finland.

Fig. 9. Flowchart of GDM diagnosis.

64

4.2

Methods

4.2.1 Anthropometric measurements
In the clinical examinations participants’ weights (kg) were measured with a digital
scale, which was calibrated regularly. Height (cm) was measured twice by using a
standard and calibrated stadiometer. BMI was calculated (kg/m2) by using
measured height (average of two measurements) and weight. Waist circumference
was measured with a soft tape at a level midway between the lowest rib margin and
the iliac crest. The WHR was assessed as the ratio between the circumferences of
the waist and the hip (at the greater trochanters).
Study II. At age 31, the study population was divided into four categories:
underweight (BMI < 18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight
(25.0–29.9 kg/m2) and obese (≥ 30.0 kg/m2), according to the criteria of the World
Health Organization (WHO 2006). BMI data (obtained from the clinical
examination and supplemented with BMI from the postal questionnaire where
necessary) were available for 2086 non-symptomatic women and 90 women with
both symptoms (OA and hirsutism).
Studies III and IV. BMI was categorized as normal weight or overweight/obese
with a cut-off at 25.0 kg/m2. BMI values at age 14 were derived from the 14-year
follow-up study and they were measured and reported by the parents. BMI values
at the ages of 31 and 46 were recorded at the clinical examination and supplemented
with self-reported BMI values from the postal questionnaire when the clinically
measured BMI value was missing. There was no statistically significant difference
between the self-reported and clinically measured BMI values.
4.2.2 Blood samples and laboratory methods
Blood samples were drawn after overnight fasting in the morning (between 08:00
and 11:00). The samples were analyzed at NordLab Oulu (former name of Oulu
University Hospital Laboratory), a testing laboratory (T113) accredited by the
Finnish Accreditation Service (FINAS) (EN ISO 15189).
Hormone parameters
In Studies I, III and IV, serum samples were assayed for total testosterone by using
Agilent triple quadrupole 6410 liquid chromatography–mass spectrometry
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equipment with an electrospray ionization source operating in positive-ion mode
(Agilent Technologies, Wilmington, DE, USA). Multiple reaction monitoring was
used to quantify testosterone by using trideuterated testosterone (d3-testosterone),
with the following transitions: m/z 289.2 to 97 and 289.2 to 109 for testosterone
and 292.2 to 97 and 292.2 to 109 for d3-testosterone. The intra-assay CVs of the
method were 5.3%, 1.6% and 1.2% for testosterone at 0.6, 6.6 and 27.7 nmol/L,
respectively. The interassay CVs were 5.3%, 4.2% and 1.0% for the respective
concentrations.
In Study I, serum SHBG was analyzed by time-resolved fluoroimmunoassay
(AutoDelfia, PerkinElmer, Turku, Finland). In Studies III and IV, serum SHBG was
measured by fluoroimmunoassay (at age 31) (Wallac, Inc. Ltd., Turku, Finland) or
chemiluminometric immunoassay (at age 46) (Immulite 2000, Siemens Healthcare
Diagnostica Inc., Llanberis, UK).
In Studies II–IV, the FAI was calculated by using the equation: 100 × T
(nmol/L)/SHBG (nmol/L).
Metabolic parameters and insulin sensitivity assessment
In Studies III and IV, plasma glucose was analyzed by an enzymatic dehydrogenase
method (Advia 1800; Siemens Healthcare Diagnostics Inc., Tarrytown, NY, USA)
and serum insulin by a chemiluminometric immunoassay (Advia Centaur XP,
Siemens Healthcare Diagnostics, Tarrytown, NY, USA).
In Studies III and IV, fasting plasma glucose (f-gluc) and fasting serum insulin
(f-ins) values were used to calculate the HOMA-IR index (Homeostasis Model
Assessment – insulin resistance) (f-gluc × f-ins / 22.5). Plasma glucose and serum
insulin values during the OGTTs were used to calculate insulin and glucose areas
under the curve (glucose-AUC and insulin-AUC) and the Matsuda index of insulin
sensitivity (10 000 × ((f-gluc × f-ins) × ((f-gluc + 30min p-gluc + 60min p-gluc +
120min p-gluc) / 4) × ((f-ins + 30min s-ins + 60min s-ins + 120min s-ins) / 4))).
4.2.3 Statistical methods and data analysis
Cross-tabulation and Pearson’s Chi squared (χ2) test were used to calculate P-values
for the categorical variables between study groups. Comparisons of continuous
variables were tested by using Student’s t-test or the Mann–Whitney U test
(nonparametric), depending on the distribution of the variable. Continuous data was
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presented as means ± standard deviations (SDs) or medians with 25% and 75%
quartiles (interquartile range, IQR).
Binary logistic regression models were employed to estimate relationships
between independent predictor variables (categorical or continuous) and outcome
variables (categorical). The results were reported as odds ratios (ORs) with 95%
confidence intervals (95% CIs).
A P-value of < 0.05 was considered statistically significant.
Specific methods in different studies
Study I. In logistic regression models, the results were adjusted for the following
variables at age 16: consumption of alcohol as never/occasionally (no) or ≥ 1 days
per month (yes); smoking as never / ≤ 1 days per week (no) or ≥ 2 days per week
(yes); annual income per consumption unit, age at menarche (supplemented with
results from the 26-year questionnaire) and BMI as continuous variables. The
results were also adjusted for the following variables at age 26: consumption of
alcohol, smoking, and BMI as a continuous variable. Results from the whole study
population were stratified into serum testosterone, SHBG and FAI quartiles and the
χ2 test (Pearson’s or linear-by-linear association) was used to compare the
categorical variables (presence of PCOS, hirsutism or acne) across these quartiles.
Statistical analyses were performed by using SPSS 20.0 software (IBM Corp.,
Armonk, NY. IBM SPSS Statistics for Windows, Version 20.0, Released 2010).
Study II. In logistic regression models, results were adjusted for the following
variables: consumption of alcohol (g/day), smoking (no or occasionally/yes), BMI
(as a continuous variable) and socioeconomic status (white collar, blue collar,
workers, others, farmers).
Statistical analyses were performed by using SPSS 18.0 software (IBM Corp.,
Armonk, NY. IBM SPSS Statistics for Windows, Version 18.0, Released 2010).
Studies III and IV. In logistic regression models, results were adjusted for
consumption of alcohol (g/day), smoking (non-smoker, former smoker, current
smoker), education, current use of cholesterol-lowering drugs and of combined
contraceptive pills at age 46. Univariate general linear modeling (analysis of
covariance, ANCOVA) was employed to adjust the means of continuous variables,
where appropriate. In Study IV, the whole study population was also stratified into
serum T levels and FAI quartiles at age 31 and the χ2 test (Pearson’s or linear-bylinear association) was used to compare the categorical variable (presence of GDM)
across these quartiles.
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Statistical analyses were performed by using SPSS 20.0 software (IBM Corp.,
Armonk, NY. IBM SPSS Statistics for Windows, Version 20.0, Released 2010).

68

69

PCOS per se was not a risk

incidence of miscarriages as

Symptomatic girls had similar

observed in women with PCOS
developing T2DM

infertility than controls

hirsutism and acne at age 26

The greatest weight gain was

been treated more often for

was associated with PCOS,

T2DM;

had smaller family size and had

increased risks of prediabetes or

Hyperandrogenemia at age 16

increased risk of GDM

PCOS did not present with

Normal-weight women with

with increased risk of T2DM;

Women with OA+H at age 31

were associated with an

hyperandrogenemia

Overweight/obesity and

PCOS per se was associated

T2DM

girls;

fertility rates as non-symptomatic controls;

at first delivery and had similar

one delivery, were of similar age factor of GDM;

PCOS and infertility problems;

risks of menstrual irregularity,

Symptomatic girls had increased Women with OA+H had at least

development of Pre-DM and/or

development of GDM

hirsutism and acne

Main results

and overweight/obesity in the

hyperandrogenemia in the

and the future risk of PCOS,

(between ages 14, 31 and 46)

overweight/obesity and

Hyperandrogenemia at age 16

Roles of PCOS, weight gain

Pre-DM and/or T2DM

46 years

279 PCOS

1577 Controls

Study IV (NFBC1966)

questions

Roles of PCOS,

GDM

46 years

222 PCOS

1357 Controls

Study III (NFBC1966)

Additional study

Fertility in different BMI groups

rates and family size

fertility

Infertility, miscarriage, delivery

Menstrual irregularity, PCOS,
hirsutism, acne, infertility and

Outcome measures

44 years

26 years

Age at follow-up

3340 Controls
153 OA+H

1252 Non-symptomatic girls
482 Symptomatic girls

No. of subjects

Study II (NFBC1966)

Study I (NFBC1986)

Study characteristics

Table 9. Main characteristics and results of Studies I–IV.
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5

Results and discussion

5.1

Adolescent menstrual irregularity, hyperandrogenemia and
presence of PCOS in early adulthood (Study I)

5.1.1 Adolescent menstrual irregularity
The final study population comprised 1252 girls with regular menstruation (nonsymptomatic girls) and 482 girls with menstrual irregularity (symptomatic girls) at
age 16. Follow-up after ten years showed that girls with menstrual irregularity at
age 16 had a significantly higher prevalence of menstrual irregularity and of PCOS
at age 26 than girls with regular menstruation (Table 10). In addition, logistic
regression analyses revealed that even after adjustment for potential confounders
(described in section 4.2.3) the risks of menstrual irregularity (adjusted OR [95%
CI]: 1.4 [1.0–1.9], P = 0.049) and PCOS (adjusted OR [95% CI]: 2.9 [1.7–4.8], P
< 0.001) were increased in symptomatic girls (Table 11). However, the
symptomatic and non-symptomatic girls had a similar prevalence of hirsutism and
acne at age 26.
The differences between the study groups remained statistically significant
after excluding women using hormonal contraception at age 26 (prevalence of
menstrual irregularity: 27.7% vs. 20.3%, P = 0.012; prevalence of PCOS: 14.6%
versus 4.4%, P < 0.001).
It is well known that menstrual irregularity is frequent in adolescence, but only
a few longitudinal studies (with relatively short follow-up times) have been carried
out to investigate whether or not menstrual pattern disorders during adolescence
persist later in life (Apter & Vihko 1990, Chung et al. 2011, Southam & Richart
1966, van Hooff 2004, Venturoli et al. 1995). In line with the present results, one
study, with a follow-up period of four years, showed an almost threefold increased
risk of persistent menstrual irregularity among girls with long cycle lengths at first
consultation (Chung et al. 2011). Comparable results were observed in another (3year) follow-up study, which documented changes in menstrual pattern between the
ages of 15 and 18 years in the general population, but that study revealed a much
higher risk (31-fold) of OA among adolescents with menstrual irregularity at first
consultation (van Hooff et al. 2004). In an earlier report it was stated that about half
of the adolescents with OA at first control remained oligo-amenorrheic at an eightyear follow-up (Southam and Richart 1966).
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Of note, in the present study, most (70%) of the girls with menstrual irregularity
had regular cycles by the age of 26. Moreover, menstrual irregularity in adolescence
remained a weak predictor of the development of PCOS in early adulthood, with a
sensitivity of 50.5% and a specificity of 73.2%, a likelihood ratio for a positive
result of 1.9 and a likelihood ratio for a negative result of 0.7. One possible
explanation could be that the symptomatic girls entered menarche five months later
and probably therefore achieved full maturation of the HPO axis later than the girls
with regular cycles. The reproductive system takes approximately 2–5 years after
menarche to mature before adolescents have regular ovulatory cycles (Apter et al.
1978, Apter & Vihko 1983). In line with this hypothesis, a retrospective study of
menstrual disturbances in Chinese adolescents showed that the prevalence of
menstrual irregularities decreased significantly from the first to the seventh year
after menarche, with the main drop occurring during the second year (Chan et al.
2009).
Table 10. Menstrual irregularity, clinical hyperandrogenism and PCOS at age 26 in
women who were non-symptomatic and symptomatic at age 16.
Outcome Parameters
at age 26

Non-symptomatic girls at age 16
n/%

Symptomatic girls at age 16

OR

n/%

1.0

141/29.7

P-value

ORa (95% CI)

Menstrual irregularity
No

972/78.6

Yes

264/21.4

334/70.3
1.4 (1.0–1.9)

0.049

2.1 (1.1–4.0)

0.034

Menstrual irregularity
and hirsutism
No

1180/97.2

Yes

34/2.8

446/93.9
1.0

28/6.1

Self-reported PCOS
No

1196/98.5

Yes

18/10.5

447/94.1
1.0

28/5.9

5.5 (2.6–11.7) < 0.001

PCOSb
No

1163/95.8

Yes

51/4.2

425/89.5
1.0

50/10.2

2.9 (1.7–4.8)

< 0.001

1.3 (0.9–1.8)

NS

1.2 (0.9–1.5)

NS

Hirsutism
No

994/82.7

Yes

198/17.3

44/93.9
1.0

29/6.1

Acne

a

No

782/62.7

Yes

465/37.3

292/60.6
1.0

190/39.4

Adjusted odds ratio with 95% confidence interval, b Women with both menstrual irregularity and

hirsutism, or self-reported PCOS diagnosis. NS = nonsignificant.

72

Role of body weight
We might have expected that symptomatic women with PCOS at age 26 would
already have been heavier at age 16 and would have experienced greater weight
gain during the follow-up period than the symptomatic women without PCOS at
age 26, but this was not the case, as there was no difference between these two
groups regarding BMI and WHR values at age 16 or change in BMI during the
follow-up period (Table 11). One possible explanation for these findings might be
that symptomatic girls are already more insulin resistant during adolescence than
non-symptomatic girls, and therefore this group of girls might be susceptible to
developing PCOS later in life.
As for the symptomatic women with menstrual irregularity at age 26, they even
displayed significantly lower BMI at age 16 (median [IQR] 19.4 [18.1, 20.9] versus
20.8 [19.2, 22.5], P < 0.001) and age 26 (20.9 [19.6, 22.0] versus 23.6 [21.6, 26.5],
P < 0.001), and lower WHR (0.83 [0.77, 0.88] versus 0.85 [0.79, 0.90], P = 0.009)
at age 26 and a smaller increase in BMI (1.65 [0.73, 2.81] versus 2.70 [0.88, 4.65],
P < 0.001) during the follow-up period than the symptomatic girls at age 16 with
regular menstrual cycles at age 26. These findings suggest a hypothalamic etiology
for at least some of the subjects with menstrual disorders in our study population
Table 11. Characteristics of the girls who were symptomatic at age 16 without and with
PCOS at age 26.
Parameters

Menstrual irregularitya
b

Menstrual irregularitya

P-value

No PCOS (n = 362–410)

PCOSb (n = 43–50)

T (nmol/l)

1.63 (1.31, 2.06)

1.95 (1.63, 2.37)

SHBG (nmol/l)

48.7 (36.1, 64.9)

46.7 (31.4, 64.7)

NS

FAI

3.33 (2.29, 4.95)

4.04 (2.73, 5.89)

0.046

BMI at age 16

20.3 (18.8, 22.0)

20.3 (19.0, 22.8)

NS

BMI at age 26

0.76 (0.74, 0.79)

0.77 (0.73, 0.80)

NS

WHR at age 16

2.30 (0.79, 4.02)

2.27 (1.13, 6.00)

NS

WHR at age 26

22.5 (20.5, 25.1)

22.0 (20.1, 29.4)

NS

Change in BMI during the follow-up

0.84 (0.79, 0.90

0.85 (0.79, 0.89)

NS

0.001

The values are presented as medians (IQR). The numbers of women in separate analyses vary due to
missing data. aMenstrual irregularity at start of the study (at age 16), bPCOS (self-reported PCOS or both
menstrual irregularity and hirsutism) at end of the study (at age 26), cBetween the ages of 16 and 26
years.
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5.1.2 Adolescent hyperandrogenemia
Women suffering from PCOS at age 26 exhibited significantly higher serum
concentrations of T and FAI values at age 16 than controls. Women with hirsutism
at age 26 displayed significantly higher FAI values and lower concentrations of
SHBG at age 16 than women without hirsutism. Women with acne at age 26 had
higher serum concentration of testosterone, higher FAI values and lower levels of
SHBG at age 16 than women with no acne (Table 12).
In the whole population, after stratifying T, SHBG and FAI values into quartiles,
there was a significant linear trend in the higher testosterone quartiles (at age 16)
towards higher prevalence rates of PCOS at age 26 (from the 1st quartile, 4.2% to
the 4th quartile, 8.6%, P = 0.008) and acne at age 26 (from 34.0% to 40.5%, P =
0.036). The occurrence of hirsutism (from 14.2% to 22.7%, P = 0.005) and acne
(from 31.4% to 41.4%, P = 0.001) at 26 years increased significantly from the
highest SHBG quartile to the lowest SHBG quartile at age 16 (not all data shown).
The prevalence at age 26 of PCOS (from 4.0% to 8.6%, P = 0.005), hirsutism (from
14.5% to 23.4%, P < 0.001) and acne (from 32.2% to 43.3%, P < 0.001) increased
significantly from the lowest towards the highest FAI quartile at age 16 (Figure 10).
Table 12. Hormonal parameters at age 16 in women without and with menstrual
irregularity, hirsutism, acne and PCOS at age 26.
Parameters

T (nmol/L)

P-value

SHBG (nmol/L)

NS

54.9 (38.3, 76.6)

0.011

49.8 (34.1, 71.0)

NS

48.8 (34.6, 66.8)

NS

49.5 (35.7, 68.5)

P-value

FAI

P-value

Menstrual irregularity

a

No

1.64 (1.30, 2.05)

Yes

1.67 (1.28, 2.00)

52.0 (37.1, 73.6)

3.13 (2.03, 4.68)
NS

3.11 (2.03, 4.42)

NS

NS

3.65 (2.31, 5.55)

0.003

3.47 (2.26, 5.05)

0.003

3.42 (2.22, 4.93) < 0.001

PCOS
No

1.63 (1.29, 2.02)

Yes

1.82 (1.43, 2.25)

52.8 (37.6, 74.4)

3.09 (2.01, 4.54)
0.013

Hirsutism
No

1.64 (1.30, 2.03)

Yes

1.69 (1.33, 2.08)

53.7 (38.0, 77.7)

2.97 (1.95, 4.53)
0.001

Acne
No

1.62 (1.28, 2.00)

Yes

1.71 (1.34, 2.07)

54.6 (38.5, 78.1)

2.93 (1.93, 4.42)

The values are presented as medians and IQR (from the 25th to 75th percentile). aWomen with both
menstrual irregularity and hirsutism, or self-reported PCOS diagnosis.
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Fig. 10. Prevalence (%) of PCOS (a), hirsutism (b) and acne (c) at age 26 in the different
FAI quartiles at age 16. The P-values represent the linear relationship in prevalence of
PCOS, hirsutism and acne across the FAI quartiles. The total numbers of individuals in
the quartiles are presented in parentheses. *P-value < 0.5, **P-value < 0.01, ***P-value <
0.001 compared with the first quartile.
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It is generally accepted that puberty is characterized by an increase in IR, which
might induce the occurrence of PCOS symptoms and hyperandrogenemia more
often at this age, and that the symptoms disappear after puberty, with subsequent
normalization of IR (Amiel et al. 1986). On the other hand, earlier reports state that
the hormonal characteristics formed during adolescence are retained at least until
the age of 30 years (Apter & Vihko 1990, Southam & Richart 1966), in keeping
with our findings, as we found that women with PCOS, hirsutism or acne at age 26
already displayed greater androgenicity (measured by way of the FAI) at age 16
than women without such conditions. The present findings suggest that
hyperandrogenemia in adolescence seems to be an early manifestation of PCOS
and its symptoms later on, in adulthood.
All these observations suggest that, despite a relatively weak predictive value,
there is a clear association between adolescent irregular cycles and
hyperandrogenemia, with later occurrence of PCOS, independently of BMI and
weight gain. These results also strengthen the need for early identification and
regular monitoring of abnormal menstrual cycles and hyperandrogenemia in
adolescence.
5.2

PCOS and reproductive performance (Studies I and II)

5.2.1 Infertility
Adolescent girls with menstrual irregularity at age 16 were more likely to suffer
from infertility problems at age 26 compared with girls with regular menstrual
cycles (prevalence 7.0% versus 4.2%, P = 0.019; adjusted OR [95% CI] 2.1 [1.2–
3.7], P = 0.013) (Study I). Furthermore, women with OA+H at age 31 had been
more often treated for infertility by the age of 44 years than the non-symptomatic
women (Study II) (prevalence 6.1% versus 2.4%, P = 0.019; adjusted OR [95% CI]
2.7 [1.1–6.6], P = 0.024). After excluding pregnant women and those using
hormone preparations (Study II), the difference between the study groups remained
similar (prevalence 7.6% versus 2.8%, P = 0.021; adjusted OR [95% CI] 2.8 [1.1–
6.8], P = 0.027).
In line with the present findings, large cohort and register-based studies have
shown that women with PCOS seek infertility treatments more frequently than
control women (Rees et al. 2016, Roos et al. 2011). Importantly, the present results
agree with previous results at age 31 in the NFBC1966, suggesting that the need
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for infertility treatment is more prevalent in women with self-reported OA+H
(Koivunen et al. 2008). It should be noted that previous studies, however, have
displayed much higher rates (13.6%) of infertility treatment in women with PCOS
(Roos et al. 2011), which may be explained by the fact that women with both
symptoms in the present study were identified according to a questionnaire and
most probably exhibited a milder phenotype of the syndrome. Another possible
explanation is that it is probable that data on fertility treatment regarding women
who did not have a live birth were not registered in the FMBR.
5.2.2 Reproductive capacity
Reproductive performance of the study groups in Studies I and II are presented in
Table 13. To reduce the risk of bias regarding the results of Study II, the data was
reanalyzed after excluding pregnant women and those using hormone preparations
(Table 14).
Table 13. Reproductive performance of the study groups in Studies I and II.
Parameters

Study I

Study II

Non-symptomatic

Menstrual

Non-symptomatic

Oligo-amenorrhea

girls

irregularity

women

and hirsutism

850/67.9

328/68.0

NA

NA

0.71 (1.18)

0.64 (1.10)

NA

NA

352/28.1

124/25.7

2639/79.0

115/75.2

196/12.8

66/14.0

2059/61.6

81/52.9 *

0.47 (0.88)

0.44 (0.86)

2.4 (1.4)

1.9 (0.8) ***

103/12.1

38/11.6

611/23.2

29/25.2

0.16 (0.48)

0.15 (0.46)

0.28 (0.64)

0.24 (0.50)

At least one pregnancy
(n/%)
No. of pregnancies
[mean (SD)]
At least one delivery
(n/%)
At least two deliveries
(n/%)
No. of deliveries
[mean (SD)]
At least one
miscarriagea (N/%)
No. of miscarriagesa
[mean (SD)]

*P-value < 0.05, ***P-value < 0.001 compared with non-symptomatic girls or women, aMiscarriage
analysis included only women with at least one pregnancy in Study II. NA = not applicable.
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Table 14. Reproductive performance of the study groups in Study II after excluding
pregnant women and those using hormone preparations.
Parameters

Non-symptomatic women

Oligo-amenorrhea and hirsutism

At least one delivery (n/%)

1726/79.1

92/73.6

At least two deliveries (n/%)

1362/62.4

62/49.6 **

No. of deliveries [mean (SD)]

2.5 (1.5)

2.0 (0.9) ***

At least one miscarriagea (n/%)

429/24.5

23/25.0

0.34 (0.72)

0.29 (0.57)

No. of miscarriagesa [mean (SD)]

**P-value < 0.01, ***P-value < 0.001 compared with non-symptomatic women.

Pregnancy and delivery rates (Studies I and II)
The girls with menstrual irregularity at age 16 had experienced at least pregnancy
or delivery by the age of 26 as often as girls with regular menstruation (Tables 14).
In Study II, however, the women with OA+H at age 31 displayed a lower mean
number of deliveries and a smaller family size than non-symptomatic women at the
end of their reproductive lifespan (by age 44). The symptomatic women were also
less likely to have had at least two deliveries than the non-symptomatic women
(adjusted OR [95% CI] 0.7 [0.5–1.0], P = 0.048). However, they had had at least
one delivery just as likely as non-symptomatic women (adjusted OR [95% CI] 0.9
[0.6–1.3], P = NS). The results remained unchanged after excluding pregnant
women and those using hormone preparations, as the symptomatic women were
still less likely to have had at least two deliveries than the non-symptomatic women
(adjusted OR [95% CI] 0.6 [0.4–0.9], P = 0.013).
Our findings (Study II) expanded and confirmed the results of our previous
study performed at age 31 (Koivunen et al. 2008) in this same population, showing
that the women with self-reported OA+H at age 31 had become pregnant and given
birth successfully to one or two children as often as controls and therefore did not
remain childless more often than control women. One study performed among
women aged 35 years or more at the time of follow-up showed that women with
PCOS had had at least one delivery as often as control women (Hudecova et al.
2009). On the other hand, and also in contrast to our results, a small cohort study
showed that women with PCOS tended to remain childless more often than did
control women (24% vs. 16%), although this difference did not reach statistical
significance (Dahlgren et al. 1992). Similar observations were found in a large
register-based study showing that women with PCOS were more likely to be
nulliparous than controls (53% vs. 43.8%) (Roos et al. 2011). Unlike the present
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study, that investigation was a cross-sectional study and included only women with
an established diagnosis of PCOS, with much higher rates of assisted reproduction
treatments than in our study. These differences may also be explained by the fact
that symptomatic women with PCOS in Study II exhibited a milder phenotype of
the syndrome, and the women who had sought fertility treatments but did not have
a live birth had not been registered in the FMBR.
Menstrual irregularity in adolescence was not related to reduced fertility in
early adulthood (Study I), but follow-up of women with OA+H until the end of
their reproductive lifespan (Study II) revealed that they did not quite match the
parity of non-symptomatic women. Although the difference in family size between
women with both symptoms and non-symptomatic women (0.5 of a child) seems
quite small, it does represent a selection intensity of up to 50% per generation
against the syndrome, at a level comparable to the positive selection intensity for
sickle-cell heterozygosity in high-malaria-risk areas (Bodmer 1965). Supporting
the present findings, a recent longitudinal study with a large sample size showed
lower fertility rates in women with PCOS, particularly in younger patients. In that
study, however, fertility rates became restored in all age groups compared with agematched controls (Rees et al. 2016). Moreover, a community-based cohort (Joham
et al. 2014a) showed that there was no significant difference in the number of
children between women with and without PCOS, but the prevalence of infertility
treatments was markedly higher in women with PCOS (fertility hormone use 55.5%
and IVF use 21.4%) compared with the prevalence rates observed in Study II.
In conclusion, despite the higher prevalence of infertility problems compared
with healthy women, the fertility of women with PCOS symptoms can usually be
restored by infertility treatments, at least partly, to allow these women to give birth
to at least one child. This is an important message in clinical practice for doctors
working with women displaying PCOS-related infertility. However, it seems that
infertility treatment can only partly restore normal reproductive capacity in these
women, which is also an important message for clinical practice.
Age at delivery (Study II)
Age at first delivery in women with PCOS has not been investigated in previous
reports. We expected that women with symptoms of PCOS would have conceived
later than healthy women. However, this was not the case, as the mean age at the
time of first delivery did not differ between the study groups (mean [SD] 27.3 [4.71]
vs. 27.7 [4.81], P = NS). Furthermore, the prevalence of a first delivery at a late
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maternal age (at age 36 or later) was similar in the two study groups (7.8% vs. 7.0%,
P = NS). The results did not change after excluding pregnant women and those
using hormone preparations (data not shown). Again, one explanation for this could
be that the fertility of these women could be restored, at least partly, by infertility
treatments and that these women had probably sought help for their infertility at a
relatively young age.
Delivery rates in different BMI groups (Study II)
When comparing women in the same BMI group, women with OA+H at age 31
had had at least one delivery by the age of 44 years as often as the non-symptomatic
women (data not shown). However, normal-weight women with both symptoms of
PCOS had had significantly fewer deliveries compared with non-symptomatic
normal-weight women (1.9 [SD 0.8] vs. 2.4 [1.4], P = 0.047) and the difference
became even more significant in the obese group of women (1.7 [0.7] vs. 2.6 [1.6],
P = 0.017). After excluding pregnant women and those using hormone preparations,
the results remained similar (normal-weight group 1.9 [0.8] vs. 2.5 [1.5], P = 0.017;
obese group 1.9 [1.2] vs. 2.5 [1.7], P = 0.027).
When comparing the groups of underweight and overweight women with both
symptoms with non-symptomatic women in the same BMI group, no statistically
significant differences in the mean number of deliveries was observed. Excluding
pregnant women and those using hormone preparations did not alter the results
significantly (data not shown).
In line with the present findings, previous results concerning the same cohort
have shown that self-reported OA+H and obesity, but not overweight, had
independent and adverse effects on fertility (Koivunen et al. 2008). A previous
study also revealed that women suffering from both obesity and PCOS had lower
pregnancy rates than obese women without PCOS (Baghdadi et al. 2012). In
conclusion, it seems that obesity and PCOS have synergistic adverse effects
regarding reproductive performance. Thus, the present results encourage active
prevention and management of obesity in women with PCOS suffering from
infertility problems.
5.2.3 Miscarriages
In Studies I and II, the cumulative incidence of at least one miscarriage did not
differ significantly between the study groups. Girls reporting menstrual irregularity
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in adolescence later (by the age of 26 years) had had a similar mean number of
miscarriages per women compared with non-symptomatic girls (Study I, Table 14).
In Study II, exclusion of pregnant women and those using hormone preparations
did not alter the results (Table 15). An important limitation in Study II, however, is
that data on pregnancy losses of women who had not given birth was lacking, as
these women were not registered in the FMBR and the results of the questionnaire
at the age of 46 years was not available at the time of analysis of the data. Therefore,
these results should be interpreted with caution.
Several cross-sectional studies in previous years have shown an increased risk
of early miscarriage in women with PCOS (Glueck et al. 1999, Glueck et al. 2002,
Homburg et al. 1993, Palomba et al. 2010, Tulppala et al. 1993, Wang et al. 2001),
and a longitudinal study revealed that the risk of spontaneous abortions was double
among women with PCOS compared with age- and BMI-matched control women
(Rees et al. 2016). However, opposite findings have also been reported. A metaanalysis of studies including women with and without PCOS undergoing IVF
showed no difference in miscarriage rates (Heijnen et al. 2006). Similarly, women
with oligo-amenorrhea and/or hirsutism in the NBFC66 displayed comparable
cumulative miscarriage rates by the age of 31 years compared with control women
(Koivunen et al. 2008). Another study indicated that miscarriages were more
prevalent in women with PCOS than in controls (20 versus 15%, respectively, P =
0.003), but in the adjusted model only overweight and obesity, but not PCOS, were
associated with the increased miscarriage risk (Joham et al. 2014a). Confounding
factors limit the interpretation of previous findings, as BMI, use of ART and
hyperhomocysteinemia have been shown to be associated with an increased
miscarriage risk (Chakraborty et al. 2013, Joham et al. 2014a, Wang et al. 2001).
In order to establish more exact figures as regards this complication, future research
with appropriate adjustment for potential confounders is required.
5.3

PCOS and glucose metabolism disorders (Studies III and IV)

Baseline characteristics of the study populations (Studies III and IV)
Women with PCOS were more obese, hyperandrogenic and insulin resistant than
controls at age 46, but the differences disappeared after adjusting for BMI except
for T, the FAI and HbA1c (Table 15).
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Table 15. Baseline characteristics of controls and women with PCOS at age 46.
Parameters

Controls

PCOS women

(n = 1141–1569)

(n = 153–265)

BMI (kg/m2)

26·34±5·3

28.6±6.3

< 0.001

Waist (cm)

84.0 (77.0, 94.0)

88.5 (81.0, 99.1)

< 0.001

NA

T (nmol/L)

0.83 (0.63, 1.05)

0.89 (0.63, 1.11)

0.017

0.009

SHBG (nmol/L)

53.3 (37.7, 73.7)

49.2 (34.1, 66.0)

0.003

NS

FAI

1.53 (1.07, 2.17)

1.82 (1.38, 2.60)

< 0.001

0.006

fP-glucose (mmol/L)

5.34±0.6

5.50±0.8

0.006

NS

AUC-glucose

13.9±2.9

13.6±3.1

0.032

NS

B-HbA1c (mmol/moL)

35.78±4.6

37.1±6.8

0.008

0.029

fS-Insulin (mU/L)

P-value

BMI-adjusted
P-value
NA

7.10 (4.9, 10.8)

8.60 (6.00, 12.5)

0.001

NS

AUC-Insulin

94.9 (69.5, 148.9)

114.8 (79.2, 171.9)

0.002

NS

HOMA-IR

1.67 (1.15, 2.59)

2.06 (1.37, 3.11)

< 0.001

NS

Matsuda index

5.22 (3.35, 7.46)

4.38 (2.90, 6.55)

0.002

NS

Values are reported as mean ± SD or median (IQR). The numbers of women in separate analyses vary as
a result of some missing data.

5.3.1 Gestational diabetes mellitus (Study III)
Association with PCOS
The prevalence of GDM was 10.3% (285/2760) in the whole study population, 12.7%
(25/197) in women with PCOS and 8.5% (106/1251) in controls, in line with global
GDM prevalence estimates (5.8% in Europe, 7.0% in North America and the
Caribbean, 8.9% in Africa, 11.2% in South and Central America, 11.7% in SouthEast Asia and the Western Pacific and 12.9% in the Middle East and North Africa)
(Zhu & Zhang 2016). Unexpectedly, in the logistic regression analysis, PCOS was
not an independent risk factor of GDM (crude OR [95% CI] 1.5 [0.9–2.4]). In
addition, isolated oligo-amenorrhea (crude OR [95% CI] 1.43 [0.9–2.3]) or
hirsutism (crude OR [95% CI] 1.2 [0.7–1.9]) at age 31 were not significantly
associated with GDM.
In contrast to the present results, in previous meta-analyses the risk of GDM
has been estimated to be almost three times higher in women with PCOS compared
with controls (Boomsma et al. 2006, Kjerulff et al. 2011, Qin et al. 2013). The
results of a large retrospective study indicated that the risk of GDM was more than
doubled in women with PCOS, independently of BMI, and a recent prospective
study showed an incidence of GDM of almost three times higher in women with
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PCOS than in control women (Palomba et al. 2014a, Palomba et al. 2014b). In
addition, a population-based study revealed a 2.4-fold increased risk of GDM in
women with PCOS, independently of age, race/ethnicity, and multiple gestations
(Lo et al. 2006). An explanation for the discrepancies between the above results
and ours may be that some of the eligible studies included in the meta-analyses had
potential limitations, such as lack of adjustment for BMI, a retrospective study
design, a relatively small sample size, and use of ART. Differences in the study
populations should also be considered; in the present study, the questionnaire at age
46 did not distinguish between those women who were found to have PCOM and
those with established PCOS, and therefore the PCOS population was probably a
reflection of a milder phenotype compared with patient-based populations. This
aspect may have weakened the association between PCOS and GDM in our study.
Respective roles of PCOS and body weight
The presence of both PCOS and overweight/obesity (BMI ≥ 25 kg/m2) at age 31
(adjusted OR [95% CI] 2.4 [1.2–4.9]) and 46 (adjusted OR [95% CI] 3.0 [1.6–5.8])
was significantly associated with GDM, when compared with normal-weight
controls (BMI < 25 kg/m2). However, this association did not remain significant
when comparing normal-weight or overweight/obese women with PCOS with
normal-weight or overweight/obese control women, respectively (Table 16).
Women with PCOS and GDM also exhibited higher BMI values at ages 31 and
46, and waist circumference at age 31, as well as higher levels of fasting glucose
and decreased insulin sensitivity (assessed by using the Matsuda index) than
women with PCOS but without GDM (Table 18).
Table 16. The risk of GDM in normal-weight and overweight/obese women with PCOS
compared with controls in the same BMI group.
Outcome parameters

GDM

BMI status at age 31

BMI status at age 46

Normal-weight

Overweight/obese

Normal-weight

Overweight/obese

PCOS women

PCOS women

PCOS women

PCOS women

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

1.4 (0.8–2.4)

0.9 (0.4–1.8)

2.1 (0.8–5.3)

1.2 (0.7–2.1)

The reference groups in the analyses were controls in the same BMI group. Results were adjusted for
consumption of alcohol, smoking, education, and current use of cholesterol-lowering drugs and/or
combined contraceptive pills.
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The results of several studies suggest that the increased risk of GDM in PCOS is
largely due to overweight and obesity, while PCOS per se is a much weaker
predictor (Haakova et al. 2003, Han et al. 2011, Harville et al. 2014, Joham et al.
2014, Kun et al. 2011, Mikola et al. 2001, Savvidou et al. 2010, Wei et al. 2015).
In contrast, the results of a large retrospective British cohort study involving 9068
women with PCOS and 18 136 controls matched for BMI displayed an elevated
risk of GDM in PCOS, with an OR of 1.4 (Rees et al. 2016). Comparable results
from a Swedish study with a retrospective design have been reported, with a more
than twofold increased GDM risk in women with PCOS, independently of BMI
(Roos et al. 2011). Last, a Finnish multicenter case-control study involving 1146
women with singleton pregnancies diagnosed with GDM and 1066 non-diabetic
pregnant women indicated that PCOS was not an independent risk factor of GDM
after adjustments for the participants’ age and pre-pregnancy BMI (Mustaniemi et
al. 2018). In the light of previous research and the present results, the risk of GDM
in PCOS seems therefore to be mainly due to excess body weight, although these
two factors seem to have a synergistic effect.
Association with hyperandrogenemia
At age 31, hyperandrogenemia (elevated FAI or total serum concentrations of T)
was significantly associated with GDM, and all the associations remained
significant even after adjustment for BMI at age 31 and 46 (Table 17). There was a
significant linear trend in the higher quartiles of both T and FAI at age 31 towards
a higher prevalence of GDM (Figure 11). After excluding the women using
combined contraceptive pills from the T, SHBG and FAI analyses, the results did
not change (data not shown). Of note, women with PCOS and GDM exhibited
slightly but significantly lower T levels at age 31 than PCOS women without GDM
(Table 19). This finding may be explained by the relatively low number of subjects
analyzed. However, the two groups did not differ significantly as regards FAI
values, which have been suggested to be more reliable for assessment of androgen
excess (Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group
2004). These results need to be checked in further studies.
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Table 17. The risk of GDM in women with hyperandrogenemia at age 31.
Parameters
T > 2.30 nmol/L
FAI ≥ 5.60

Crude model

Adjusted model

OR (95% CI)

OR (95% CI)

Multivariate Model I Multivariate Model II
OR (95% CI)

OR (95% CI)

2.07 (1.18–3.63)*

2.19 (1.22–3.95)**

1.97 (1.10–3.54)*

2.22 (1.25–3.92)**

3.19 (1.66–6.11)***

3.14 (1.60–6.18)***

2.43 (1.23–4.78)*

2.52 (1.27–5.00)**

2.58 (1.62–4.13)***

2.68 (1.64–4.37)***

2.30 (1.41–3.73)***

2.50 (1.54–4.04)***

T > 2.30 nmol/L
and/or FAI ≥ 5.60

The control groups in the analyses were the women without any clinical or biochemical findings of
hyperandrogenism at age 31. Adjusted model: Crude results were adjusted for consumption of alcohol,
smoking, education, and current use of cholesterol-lowering drugs and/or combined contraceptive pills.
Multivariate Model I: Crude results were further adjusted for BMI at age 31 as a binary variable (normal
weight or overweight/obese, with a cut off at 25.0 kg/m2). Multivariate Model II: Crude results were further
adjusted for BMI at age 46 as a binary variable (normal weight or overweight/obese with a cut off at 25.0
kg/m2). *P < 0.05, **P < 0.01, ***P < 0.001 compared with controls.

Fig. 11. Prevalence of GDM in different T (a) and FAI (b) quartiles at age 31.

There are only a few studies available on the association between androgen excess
and GDM. In support of this association, there is evidence that the androgen
pathways may be over-activated in the placentas of women with GDM (Uzelac et
al. 2010). Moreover, a recently published study demonstrated that the
hyperandrogenic phenotype of PCOS, independently of weight, was predominantly
associated with GDM, suggesting that androgens may play some part in the
pathophysiology of GDM (de Wilde et al. 2017). Opposite observations also exist,
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as the results of a Swedish follow-up study did not display any association between
elevated T levels and GDM (Holte et al. 1998). Similarly, a prospective cohort
study showed that compared with women with normoandrogenic PCOS, women
with hyperandrogenic PCOS had a similar risk of GDM (Wei et al. 2018). The
discrepancies between the studies may be explained in part by different methods
used for measuring T levels. In the present study, the measurements of T were
performed by using LC-MS, which has been considered to be the “gold standard”
for measuring total T in females.
In conclusion, GDM was strongly associated with overweight/obesity, while
PCOS per se seemed to be a much weaker predictor. The present results strengthen
the importance of weight management to reduce the risk GDM. In addition, our
results suggest that hyperandrogenemia together with overweight might play an
important role in the emergence of GDM, thus opening new and interesting insights
into the pathophysiologic process of GDM.

86

87

<0.001
0.005*

76.0 (70.5, 83.0) 81.0 (73.6, 89.0) 81.5 (73.0, 92.0) 79.8 (72.9, 99.4)

Waist 31 yr (cm)

Fasting glucose 31 yr (mmol/l) 4.90 (4.60, 5.10) 5.00 (4.60, 5.30) 4.90 (4.70, 5.20) 5.10 (4.70, 5.40)

2.01 (1.39, 2.72) 2.69 (1.74, 3.97) 3.40 (1.85, 4.80) 4.50 (2.34, 5.27) <0.001*** <0.001*** 0.002***
83.5 (77.0, 93.5) 91.0 (82.5,103.0) 88.0 (81.0, 99.0) 93.3 (82.0,105.6)

Waist 46 yr (cm)

0.002NS

0.037NS

NS

NS

0.049NS

Ns

NS

NS

NS

NS

NS

NS

NS

0.029NS

NS

NS

NS

Ns

NS

NS

NS

NS

Pe

GDM vs. Controls with GDM. *BMI-adjusted P-value < 0.05, **BMI-adjusted P-value < 0.01, ***BMI-adjusted P-value < 0.001.

GDM, bPCOS without GDM vs. Controls without GDM, cPCOS with GDM vs. Controls without GDM, dPCOS with GDM vs. PCOS without GDM, ePCOS with

Data are expressed as medians (IQR). The numbers of women in separate analyses vary due to some missing data. aControls with GDM vs. Controls without

56.5 (42.7,108) <0.001***

0.007NS

85.5 (59.5,130)

1.62 (1.11, 2.44) 2.29 (1.51, 3.63) 1.96 (1.44, 2.97) 2.45 (1.31, 4.09) <0.001NA <0.001NA

HOMA-IR 46 yr
72.0 (45.4,103)

0.003NS

7.00 (4.88, 10.2) 8.90 (6.33, 13.7) 8.20 (6.10, 12.3) 10.4 (6.00, 14.1) <0.001NA <0.001NA

Fasting insulin 46 yr (pmol/l)
101 (66.2, 144)

0.005NS

0.028**

Fasting glucose 46 yr (mmol/l) 5.20 (5.00, 5.50) 5.60 (5.20, 6.00) 5.30 (5.00, 5.70) 5.60 (5.20, 5.90) <0.001NA

Matsuda index 46 yr

0.003**

<0.001

<0.001

0.007

0.019NS

<0.001NS

FAI 31 yr

0.003***

46.4 (35.9, 62.4) 38.9 (27.7, 56.2) 41.4 (27.8, 58.8) 29.8 (22.4, 39.5) 0.001***

SHBG 31 yr (nmol/l)

NS
0.027*

0.92 (0.72, 1.21) 1.06 (0.75, 1.43) 1.29 (0.96, 1.72) 1.04 (0.80, 1.40) 0.001*** <0.001***

T 31 yr (nmol/l)

NS

0.025NS

0.91 (0.75, 1.11) 1.03 (0.85, 1.36) 1.00 (0.75, 1.31) 1.12 (0.81, 1.49) <0.001NA <0.001NA

HOMA-IR 31 yr

NS

NS

0.038NS
0.025NS

NS

NS

NS

NS

Pd

0.020

0.002

0.027

NS

Pc

7.00 (5.80, 8.50) 8.10 (6.58, 10.7) 7.80 (5.90, 10.1) 8.60 (6.35, 11.4) <0.001NA <0.001NA

NS

<0.001

<0.001

<0.001

<0.001

Pb

Fasting insulin 31 yr (pmol/l)

<0.001

<0.001

25.3 (22.6, 28.7) 28.1 (24.4, 32.0) 27.1 (24.0, 31.6) 29.7 (24.6, 32.7)

0.01

Pa

BMI 46 yr (kg/m2)

215)

(n = 18–26)

PCOS with GDM

22.6 (20.8, 25.0) 24.5 (22.2, 27.9) 24.3 (22.1, 28.9) 25.2 (21.7, 27.0)

1137)

PCOS without
GDM (n = 138–

18.7 (17.5, 20.2) 19.1 (17.6, 20.9) 19.5 (18.0, 21.2) 19.1 (17.8, 20.2)

260)

GDM (n = 779–

BMI 14 yr (kg/m )

2

Controls with
GDM (n = 116–

Controls without

BMI 31 yr (kg/m2)

Parameters

Table 18. Clinical characteristics of controls and women with PCOS, sorted according to GDM status.

5.3.2 Prediabetes and type 2 diabetes mellitus (Study IV)
Prevalence rates
Women with PCOS had a significantly higher prevalence of T2DM, and especially
AGM and new AGM (nAGM), compared with control women in the whole
population, and also when comparing overweight/obese (BMI ≥ 25 kg/m2) women
with PCOS with overweight/obese control women. Most of the normal-weight
(BMI < 25 kg/m2) women with PCOS had NGT and only four of them exhibited
Pre-DM and none of them T2DM (Table 19).
Most of the T2DM cases in PCOS women had already been diagnosed by age
46 (n = 19, 82.6%), whereas only four new T2DM cases among women with PCOS
were revealed by OGTTs at age 46, the mean BMI of these women being 36.0 ±
5.3 kg/m2.
Table 19. Prevalence of NGT, Pre-DM, T2DM, nAGM and AGM.
Population

NGT

Pre-DM

T2DM

nAGM

AGM

n/%

n/%

n/%

n/%

n/%

Whole Study
population
Controls

1004/85.8

116/9.9

50/4.3

147/12.6

116/14.2

PCOS

138/74.6NS

24/13.0NS

23/12.4***

34/19.8*

47/25.4***

Normal-weight
Population
Controls

519/92.8

30/5.4

10/1.8

38/6.7

40/7.2

PCOS

58/93.5NS

4/6.5NS

0/-NA

4/6.5NS

4/6.5NS

Overweight/obese
population
Controls

485/79.4

86/14.1

40/6.5

109/18.0

126/20.6

PCOS

80/66.1**

20/16.5NS

21/17.4***

30/27.3*

41/33.9**

*P < 0.05, **P < 0.01 and ***P < 0.001 compared with controls. BMI status is based on 46-year data.

In most previous reports, the prevalence of T2DM in women with PCOS has varied
between 5% and 10% (Ehrmann et al. 1999, Hudecova et al. 2011, Joham et al.
2014). Our study population exhibited a prevalence of 12.4% for T2DM in women
with PCOS by age 46, the prevalence being over twofold compared with controls
and also when compared with a general Finnish female population of similar age
(5.2%) (Ilanne-Parikka et al. 2004).
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Associations with PCOS
In logistic regression analyses, PCOS per se was significantly associated with the
presence of T2DM (adjusted OR [95% CI] 2.5 [1.4–4.6]), nAGM (adjusted OR [95%
CI] 1.7 [1.1–2.6]) and AGM (adjusted OR [95% CI] 1.8 [1.1–2.8]). PCOS per
se did not significantly increase the risk of Pre-DM (adjusted OR [95% CI] 1.5
[0.9–2.5]). The present results are in contrast with the results of a meta-analysis
that indicated that the OR (2.54) for glucose intolerance was increased in women
with PCOS compared with BMI-matched control women (Moran et al. 2010). This
unexpected result could be explained by the fact that the PCOS population in the
present study probably exhibited a milder phenotype of the syndrome. However, in
our study population, the risk of T2DM was clearly increased in women with PCOS,
in line with results of the aforementioned meta-analysis (Moran et al. 2010).
Respective roles of PCOS and body weight
The risk of T2DM and AGM (adjusted OR [95% CI] 1.8 [1.1–2.8]), but not nAGM,
remained significantly increased when comparing overweight/obese women with
PCOS with overweight/obese control women at the ages of 31 and 46. In contrast,
however, normal-weight women with PCOS did not display increased risks of any
abnormalities of glucose metabolism (Table 20).
The presence of both PCOS and overweight/obesity at age 46 was dramatically
associated with the risks of prediabetes (adjusted OR [95% CI] 4.4 [2.3–8.5]),
T2DM (adjusted OR [95% CI] 12.4 [5.1–30.1]), AGM (adjusted OR [95% CI] 6.2
[3.7–10.6]) and nAGM (adjusted OR [95% CI] 5.4 [3.1–9.5]), when compared with
normal-weight controls. Logistic regression analysis, including PCOS and BMI at
age 46 as separate covariates, showed that both remained independently associated
with T2DM (PCOS: crude OR [95% CI] 2.2 [1.2–4.0]; BMI: crude OR [95% CI]
1.18 [1.1–1.2]). However, we were unable to statistically assess the interaction
between PCOS and BMI as a result of a lack of normal-weight women with both
PCOS and T2DM.
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Table 20. The risks of Pre-DM and T2DM in normal-weight and overweight/obese women
with PCOS compared with controls in the same BMI group.
Outcome parameters

BMI status at age 31

BMI status at age 46

Normal-weight

Overweight/obese

Normal-weight

Overweight/obese

PCOS women

PCOS women

PCOS women

PCOS women

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

Pre-DM

1.3 (0.6–2.8)

1.4 (0.7–2.9)

1.2 (0.4–3.7)

1.4 (0.8–2.4)

T2DM

1.1 (0.3–3.8)

3.1 (1.4–6.8)

-

2.5 (1.3–4.7)

The reference groups in the analyses were controls in the same BMI group. Results were adjusted for
consumption of alcohol, smoking, education, and current use of cholesterol-lowering drugs and/or
combined contraceptive pills.

Subgroup analyses
Women with PCOS and AGM had greater BMIs and waist circumferences at the
ages of 31 and 46 as well as greater weight gain throughout life compared with
PCOS women with NGT (Figure 12). In particular, the increase in weight between
14 and 31 years of age was significantly greater in women with PCOS and T2DM
compared with PCOS women with NGT (median with [25%; 75% quartiles]: 27.25
kg [20.43; 34.78] vs. 13.80 kg [8.55; 20.20], P < 0.001). Women with PCOS and
AGM had similar levels of testosterone at the ages of 31 and 46 years when
compared with women with PCOS and NGT (Table 21).
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Table 21. Clinical characteristics of the women with PCOS according to glucose
metabolism.
Parameters

NGT

T2DM

Pre-DM

AGM

(n = 91–138)

(n = 10–22)

(n = 17–24)

(n = 29–45)

BMI 14 yr (kg/m2)

19.2 (18.0, 20.6)

20.0 (19.0, 23.2) a

18.7 (17.4, 22.2)

19.5 (18.2, 22.4)

BMI 31 yr (kg/m2)

23.6 (21.5, 26.3)

31.7 (26.5, 35.1) c

25.7 (22.9, 29.2)

26.7 (24.2, 33.0) c

BMI 46 yr (kg/m2)

25.7 (23.5, 29.5)

34.6 (31.9, 37.7) c

29.5 (26.7, 33.2) b

31.9 (28.7, 36.8) c

13.8 (8.55, 20.2)

27.3 (20.4, 34.8) c

18.4 (11.5, 26.4) a

22.5 (15.6, 32.5) c

5.30 (1.28, 11.1)

12.2 (-1.00, 20,0) a

9.70 (4.90, 13.6) a

10.8 (3.30, 15.5) b

14–46 yr (kg)

19.4 (13.5, 27.9)

41.4 (25.5, 53,6) c

27.9 (20.4, 37.1) b

34.3 (22.2, 43.4) c

Waist 31 yr (cm)

79.0 (72.0, 88.0)

95.0 (84.0, 105) b

85.5 (76.3, 92.6)

86.8 (79.4, 98.1) b

Waist 46 yr (cm)

86.0 (80.0, 92.6)

106.5 (99.8, 114) c

94.0 (86.0, 101) b

99.0 (92.0, 108) c

Change of weight
14–31 yr (kg)
Change of weight
31–46 yr (kg)
Change of weight

Change of waist
31–46 yr (cm)

6.85 (1.40, 13.0)

19.3 (7.1, 30.3) a

9.90 (1.60, 17.3)

11.5 (4.00, 22.8) a

T 31 yr (nmol/l)

2.20 (1.70, 2.98)

2.15 (1.68, 3.05)

2.20 (1.80, 2.50)

2.20 (1.80, 2.60)

T 46 yr (nmol/l)

0.90 (0.69, 1.08)

0.78 (0.53, 0.94)

0.89 (0.61, 1.12)

0.81 (0.57, 1.08)

SHBG 31 yr (nmol/l)

54.4 (37.1, 75.8)

28.2 (18.1, 43.8) c

39.3 (23.8, 47.1) b

32.2 (21.5, 46.5) c

SHBG 46 yr (nmol/l)

54.0 (40.1, 70.9)

31.7 (25.0, 45.3) b

30.5 (24.1, 42.7) c

30.6 (24.4, 42,8) c

HbA1c 46 (nmol/mol)

35.4±3.98

43.0±6.01 c

37.8±4.05 b

39.7±5.41 c

Values are reported as mean ± SD or median (IQR). a P-value < 0.05, b P-value < 0.01, c P-value < 0.001
compared with women with NGT. The numbers of women in separate analyses vary due to some missing
data. The women using combined contraceptive pills at current age were excluded from the testosterone
and SHBG analyses.
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Fig. 12. Development of BMI during life in the women with PCOS according to the level
of glucose tolerance assessed at age 46.

It is well established that PCOS exposes women to the development of abnormal
glucose metabolism. On the other hand, the results of previous studies have been
inconsistent regarding whether or not PCOS per se is an independent risk factor of
the development of T2DM (Boudreaux et al. 2006, Joham et al. 2014, Legro et al.
1999) or whether the association between PCOS and T2DM is mainly attributable
to obesity (Gambineri et al. 2012). The present results in this prospective
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population-based follow-up study indicated that the risk of T2DM in women with
PCOS was mainly attributable to overweight/obesity and that normal-weight
women with PCOS were not at an increased risk of developing Pre-DM or T2DM.
In agreement with this finding, studies on patient-based populations have revealed
that only obese women with PCOS are prone to developing T2DM (Boudreaux et
al. 2006, Espinos-Gomez et al. 2009, Gambineri et al. 2012). Moreover, a recent
cross-sectional study involving 876 Nordic women with PCOS aged 14–57 years
investigated for T2DM and Pre-DM by OGTT assessment, showed that only
increased BMI and waist circumference were significantly associated with the
prevalence of Pre-DM and T2DM. In the study, none of the normal-weight women
were diagnosed with T2DM (Pelanis et al. 2017). Conversely, however, other
investigators have reported that normal-weight women with PCOS are also at risk
of developing T2DM (Legro et al. 1999, Wang et al. 2011). However, these two
studies were focused on hospital-based PCOS patients and it is likely that the
diagnoses of PCOS were set according to NIH criteria, and thus the patients
probably displayed a more severe phenotype compared with the PCOS population
in our study. All in all, the risk of T2DM in women with PCOS in our study was
mainly due to overweight/obesity, and these two factors seemed to contribute to the
development of glucose metabolism disorders.
Our longitudinal data provided a unique opportunity to address the impact of
long-term weight gain, from adolescence until late adulthood, in connection with
the development of prediabetes and T2DM in women with the syndrome. Weight
gain between all three time-points (14, 31 and 46 years), was significantly greater
in women with PCOS diagnosed with T2DM compared with the NGT population,
in line with the results of previous studies (Ehrmann et al. 1999, Norman et al.
2001, Morgan et al. 2012). More specifically, in our study populations, weight gain
during early adulthood seemed to be a crucial risk factor as regards the development
of AGM.
Surprisingly, elevated testosterone levels did not seem to be an additional risk
factor of Pre-DM or T2DM among women with PCOS, which may at least partly
be a result of the relatively small number of subjects in the subgroups. Whether or
not elevated testosterone levels in cases of PCOS are associated with an increased
risk of AGM is still unclear. In the aforementioned Nordic population of women
with PCOS, and in line with our results, testosterone levels and PCOS phenotype
did not predict 2-hour glucose levels OGTTs after adjustment for BMI and age
(Pelanis et al. 2017). Inversely, a retrospective cohort study involving 2301 women
with PCOS showed that the hyperandrogenic (clinical or biochemical) phenotype
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of PCOS was associated with an even lower risk of developing T2DM (Mani et al.
2013). However, that study did not include healthy controls. Lastly, the results of a
Chinese retrospective analysis of 883 women with PCOS and 717 controls
suggested that isolated hyperandrogenemia (OR 5.7) and obesity (1.7) were
independently associated with the risk of T2DM (Zhao et al. 2010). Again, these
discrepant results may be explained by different study populations (populationbased vs. hospital-based), and disparities in the definitions of PCOS and
hyperandrogenemia. Of note, in Study IV, we did not specifically investigate the
association between isolated hyperandrogenemia (elevated levels of T or FAI) and
AGM in the whole study population independently of the presence of PCOS or its
symptoms. We have now performed analyses concerning this issue which showed
that hyperandrogenemia at age 31 was significantly associated with Pre-DM and
T2DM at age 46, and that the associations remained significant after adjustments
for BMI at age 31 and 46 (unpublished data). These results will be integrated into
a study specifically concerning the impact of hyperandrogenemia on metabolic
risks in women in the NFBC1966.
All in all, the risks of AGM and T2DM in women with PCOS seemed to be
mainly associated with excess weight. The novel and clinically important finding
in the present study was that the greatest weight gain in the women with PCOS
developing abnormal glucose metabolism occurred in early adulthood. This may
identify a sensitive time-window when preventive actions (such as exercise and
dietary counseling) against T2DM development in women with PCOS should be
implemented. Another important issue was that according to our results, routine
OGTT assessment may not be indicated in normal-weight women with PCOS. In
our study population, women with both elevated T levels and PCOS presented no
additional risk as regards AGM. However, the nature and exact mechanisms of
androgen excess in the pathogenesis of glucose metabolism disorders are still to be
clarified.
5.4

Strengths and limitations of the studies (NFBC1986 and
NFBC1966)

The main strength of the studies is that they have been conducted in large
population-based, unselected birth cohorts with longitudinal design and
prospective data collection. Despite the long follow-up of cohort participants, the
studies were characterized by high participation and response rates, and low
dropout rates (with the exception of subjects in Study I at age 26). The study
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populations in both cohorts were remarkably homogeneous regarding ethnicity (all
were Caucasians) and residence during the follow-up period. Anthropometric
parameters (weight and waist circumference) were mostly clinically measured. All
blood samples were analyzed in our accredited laboratory. Moreover, the serum
levels of total T were analyzed by using LC-MS/MS equipment, which many
consider to be the most accurate and preferable method for T measurement.
A limitation of these studies is that the documentation of symptoms and
diagnoses of PCOS was based on questionnaire data, and therefore the study groups
were likely to have included women with relatively mild symptoms of PCOS,
possibly decreasing the differences between the study groups. Hirsutism is the most
obviously subjective symptom and is influenced by differing perceptions of excess
body hair and is therefore easily over-reported. Ovarian ultrasonography was not
available to aid the diagnosis of PCOS. However, the validity of this questionnaire
has been previously shown in the NFBC1966, as self-reported menstrual
irregularity and hirsutism at age 31 could identify most of the women with the
typical endocrine and metabolic profile of PCOS (Taponen et al. 2003, Taponen et
al. 2004). Moreover, the presence of both oligo-amenorrhea and hirsutism is
consistent with both the NIH and Rotterdam criteria for the diagnosis of PCOS
Study I. We were able to use a symptom-based approach with information on
menstrual cycles to investigate the association between adolescent menstrual
irregularity versus PCOS and PCOS-related symptoms in early adulthood.
Moreover, the study allowed us to follow the reproductive characteristics of this
population until early adulthood. Hirsutism was self-evaluated by using a modified
F&G score chart, which increases the reliability of our results. As previously
published, the study groups were statistically comparable considering alcohol
consumption, smoking habits, and socioeconomic status (Pinola et al. 2012). The
main drawback of this study was the relatively low response rate at age 26, which
may have biased the results and decreased the statistical power of the analyses.
Study II. This study is by far the largest general population-based study
concerning associations between self-reported symptoms of PCOS and
reproductive performance in women until the end of their reproductive lifespan.
One important limitation was that only the women who had delivered at least once
were recorded in the FMBR, thus excluding from the study those who had
experienced miscarriages and/or infertility treatments but did not have a live birth.
This feature could potentially decrease the differences in incidence of miscarriages
and/or infertility treatments between symptomatic and non-symptomatic subjects.
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Study III. The main strength of this study is the longitudinal design together
with the longest follow-up time compared with previous studies concerning the
respective roles of PCOS and excess body weight on the development of GDM.
Additionally, in Finland, free maternal care in public hospitals is offered to all
pregnant women, which enabled us to perform data collection on GDM covering
virtually all women included in the study. By taking advantage of the FMBR, the
HDR and the questionnaire, we were able to make an accurate estimate of GDM in
our study population. A potential limitation of the study is the fact that the original
study groups in the analyses included pregnant women and those using hormone
preparations, which could have biased the results. However, the results remained
unchanged after exclusion of pregnant women and those using hormone
preparations. Another limitation of the study was the fact that we could not exclude
from the analyses women suffering from GDM caused by LADA or MODY.
Study IV. The longitudinal nature of this study provided the longest follow-up
time compared with longitudinal studies concerning the relationship between BMI
and glucose metabolism in women with PCOS. All the previous T2DM cases
reported in the 46-year questionnaire were checked according to the HDR and
national drug registers from the Social Insurance Institution of Finland, which gave
us a reliable estimation of T2DM prevalence in the cohort.
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Conclusions
Menstrual irregularity at age 16 was associated with an increased risk of
menstrual irregularity and infertility problems at age 26. Women with PCOS,
hirsutism and acne at age 26 exhibited significantly higher values of the FAI in
adolescence than controls. Girls with menstrual irregularity at age 16 later had
a similar prevalence of at least one pregnancy or delivery, and miscarriage, as
girls with regular menstruation at age 16. These findings confirm that
adolescent menstrual irregularity and elevated androgen levels are risk factors
of PCOS and infertility in early adulthood, which strengthens the importance
of early identification of menstrual irregularity. However, menstrual
irregularity in adolescence was not associated with a decrease of reproductive
performance in early adulthood.
Women with OA+H at age 31 had delivered at least one child as often as nonsymptomatic women, and had a similar prevalence of miscarriage, but they had
been treated more often for infertility than non-symptomatic women. However,
non-symptomatic women had more often had more than two deliveries and on
average had a significantly larger family size. These results suggest that at the
end of their reproductive lives, women with OA+H did not quite match the
parity of healthy non-symptomatic women, and that infertility treatment did
not fully restore normal reproductive capacity in these women. These are
important messages for doctors working with women displaying PCOS-related
infertility, showing, however, that women with PCOS are not more often
childless than healthy women, although they eventually achieved a smaller
family size on average than healthy women.
PCOS per se was significantly associated with the emergence of T2DM.
However, PCOS per se did not significantly increase the risk of GDM.
Obese women with OA+H had the worst prognosis as regards reproduction.
PCOS significantly increased the risk of T2DM in overweight/obese women
when compared with overweight/obese controls. Normal-weight women with
PCOS did not have increased risks of GDM, Pre-DM or T2DM. A novel and
important finding was that weight gain, especially between the ages of 14 and
31, seemed to be a crucial risk factor as regards the development of Pre-DM
and T2DM in women with PCOS. All in all, the risks of GDM, Pre-DM and
T2DM in women with PCOS were mainly due to excess body weight, although
these two factors seem to have a synergistic effect on the development of
glucose metabolism disorders. These results emphasize the role of weight
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management in order to improve fertility and prevent the development of
glucose metabolism disorders in women with PCOS. In addition, the present
findings support the view that routine screening for glucose metabolism
disorders should be targeted at overweight and obese women with PCOS, thus
encouraging the use of optimal screening strategies in times of limited medical
resources.
Hyperandrogenemia (defined as elevated total T levels or FAI), but not
hirsutism, was significantly associated with GDM, and the associations
remained significant after adjustment for BMI. These observations suggest that
hyperandrogenemia plays an independent role in the emergence of GDM, thus
opening new and interesting insights into the pathophysiologic background of
glucose metabolism disorders.
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